* 32080 " | -

. ' National Library  Bibliothdque nationale ~ CANADIAN THESES THESES CARADIENNES
of Canada du Canada ON MICROFICHE. . SUR MICROFICHE

“ ;
NAME OF AUTHOR/NOM DE &*AUTEUR \//Lm A /l—‘- KL 5/77/7/?//‘7/77 ' _
TITLE OF THESIS/T/TRE DE LA THESE__. Wﬁ’ ZE'F A D /4GE/C ULTURA. l DJKZQP/”G"NT
.r /_., IN ETHI0PIA AN Economic Awnatysrs 0/:

Porenzigl BETueNS To Pusiic INyESTMENT
IN RGRICUlrumeme WABTELR PoTECTS

7

UNIVERSITY/UNIVERSITE . AN ERSITY O/~ ALESERTH B
DEGREE FOR WHICH THESIS WAS PRESENTED/ P /’ D .
GRADE POUR LEQUEL CETTE THESE FUT PRESENTEE : ' ’ _

) o
YEAR THIS DEGREE CONFERRED/ANNE‘E o} OJTENTIGV DE CE DEGAE / ? 7 7 i ——

NAME OfF SUPERVISOR/NOM DU DIRECTEUR DE THES[ D/l &/ E Pﬁ / /7/P‘S e e

v
]

Permission is hereby granted to the NATIG\JAL LIBRARY OF L'autorisation est, par s prédsente, accordée 3 la BIBLIOTHEF

CANADA to microfilm this thesis and to lend or sell copies  QUE NATIONALE DU CANADA de microfilmer cotte thise et

of the film. o 4 de préter ou de ven&re des exemplaires du film
. ,
"The auther reserves other publ_icatipn’rights, and neither the L’auteur se‘r'dsarve les autres droits de publication: ni la
" thesis nor extensive extracts from it may be printed or other- ~ thaseni de longs ;xtraits de cel/c_y.ci ne doiveht étre jmprimé:sx
wise reproduced without the author’s written permission. " o autrement roproduit; sans [‘autorisation dcrite de I'auteur.

DATED/DATE d/@i,/ ‘2/177 GIQNED/SIGNE’ Wf”f m—/

PERMANENT ADDRESS/RESIDENCE FIXE ? 0 E ox 3 S : e

NL-91 (11-73)




l* National Library of Canada

Cataloguing Branch
Canadian Theses Division

Ottawa; Canada
K1A ON4

NOTICE

]

The quality-of this microfiche is heavily dependent upon

the quality of the original thesis submitted for microfilm-
ing. Every effort has, been made to ensure the highest
quality of reproduction possible.”

If .pages are missing, contact the univ.ersity which

granted the degree. -~ ,

" Some pages may have indistinct print especially if
the original pages were typed with a. poor typewriter
ribbon or if the university sent us a poor photocopy.

EY o j

Previously copyrighted matenals (|ournal artlcles
publlshed tests, etc.) are not filmed. S~

Reproduction in full or in part of this film is governed
by the Canadian Copyright Act, R.S.C. 1970, c. C-30.
Please read the authorization forms whuch accompany

> tHis t heSlS

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL-339 (3/77)

e

Bibliothaque nationale du Canada L
\

Direction du catalogage

_ Division des théses canadiennes

AVIS

©

La qualité de cette microfiche dépend granéement de la
quatlité de ta thése soumise au microtilmage. Nous avons
tout fait pour assurer une qualité supérieure de repro-
duction.

<> Sl manqu= deq pipges. veuillez commumquer avec

I’ umversnté qu: a conféré le arade.

La qualité d mpression de certaines pages peut
laisser a désirer, surtout si les pages originales ont été
dactylographiées a |'aide d'un ruban usé ou si l'université
nous a fait parvenir une photocopie de mauvaise qualite.

Les documents qui font déja I'objet d'un droit d'au-.

teur (articles de revue, examens publiés, etc. ) ne sont pas
microfilmés:

La reproduction, méme partielle, de ce microfilm est
soumise # la Loi canadienne sur le droit d'auteur, SRC

. 1970, c. C-30. Veuillez prendre connaissance des for-

mules d'autorisation qui. accompagnent cette these.

LA THESE A ETE
MICROFILMEE TELLE QUE
\_ NOUS L'AVONS REGUE

~

1
- .~.-¢-xg:..\‘~._~:.— P T 4

D T




| .
IHE e sy OF PALRERTA
b . ' I . ' : .
L WAVLR AND AGRICULTURAL DEVILOPMINT IN ETHIOPIA:

AN [CONOMIC AHALYSIS OF POTCHTIAL RETURHS 70
(. o |
PUBLIC INVESTMIRT TN AGRICU(TURAL UATER PROJECTS

o

: 1
! ~ by
@ YILMA TCKLEMAR]AM
( . I 4
> . N THESIS

, : @
SUBKITIED 0 THE FACULTY OF GRADUATE STUDIES AND RESTARTH

[aliala e

IN PARTI/AL fULFILHENT OF THE‘RLQUIREH[HTS FOR THE DEGRZE

bl

OF DOCTOR OF .PHILOSQPHY
AGRICULTURAL ECONONICS

"DEPARTHENT OF RURAL “ECONOMY

EDMONTON ) ALBERTA

. ' ‘ SPRIWNG, 1977,




A Y

THE UNIVERSITY OF ALBERTA

_FACULTY OF GRADUATE.STUDIES AND RESEARCH

The‘undersfgneq éertify tﬁ;t they ha;eAqea&,,and
;écommend,to the Faculty of'Graduaté Studies and Research,
for acce;tancé, a theﬁis entitled'"Water and Agr1cuTturq1_"
beve]oé;enf in Ethiopia: An Economic Analysis of- Potential
Returns to Pub]1c Investment in Agr1cu1tura1 Water Proaects"
submitted by Y11ma Tek]emariam in partial fu]f11ment of

the requirements for the degree of Doctor of Ph1]osophy.

'\

------------------------

1 Examiner

-



. « Lo : .
! ) . ?"{‘m‘\r -
L i e o s e U
. v e, . :
" oo .
.o ‘ (R

3

AESTRACT
[ . . . . \ R
The-primary objective of this study was to examine

the economic feasibiTity of agricultural water projects

) specifically designed to expand foodgrain production and
’ labor employment in Ethiopia.

The nature, magnitude and impTications of the food
and unemp]oyment problems in Ethiopia are ana]yzed in some
detail, The role public investment can pTay in developing

. and making water avaklable for a range of agricultural pur—
poses including irrigation. Tivestock water supply and
rural household water supply is examined both theoretica]iy
and empiricaTTy NeocTassicaT .theory of production and
public investment theory provided the theoretical under-“
pinnings of the‘s_tudy.~ Recursive programming and benefi,tfl
cost‘analysis'were.employed'to conduct the empiricalv
anaTysist ;6ata were anaTyzed‘for representative areas of
the two major agro cTimatic regions of Ethiopia. |

The . first proaect area is the Megech River area

o - located in the Abay River BaSin It encompasses 5,890
hectares o? irrigable Tand This area was seTected to
represent ‘the highland regions of Ethiopia The initia]
capital requirement of this proygéf was estimated at E $2 1
miilion (1970 doTTars) with E $T 4 million being required

annua]ly over the first ten year expan51on period The

o ~ ; o
-~ . ' » i

' . e .
‘ : : ' -
© -
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economic feasibility of this project was analyzed under
three different strategies. Under its most desirable
fstrategy. the'Megech'Project yields an 1nterna] rate‘of
return of 17 percent over a 40 year planning'hor1zon;‘ The
project will break- -even at the end of the sixth year. Cash
flow discounted at 10 percent shows that the’ project has a
“pay-off- per1od of . 14 years.

Afterrfu11‘deve10pment 'the Med%ch Project could
‘produce an estimated 22,975 tons of foodgrain annually,
roughly a two-fold increase over the annua] 1eve1 of produc-
tion that would be expected under, 1mproved practices with-
out the project The d1rect pernanent emp]oyment\effect
| of the Megech Project is estimated at 4, 672 persons as com-

pared to 4 493 persons under improved practices without the
] : : :

A

.‘project
" The second project area is the Kesem River area
located in the sem1-ar1d plains of the' Midd]e Awash Va11ey?f
“The prOJecf area covers 5,650 hectares of, irrlgable land. l
The {nitial cap1ta1 requ1rement of this proaect is estimated

at' E $2 4 m1111on About E $1.0 m1111on wouid “be required

L-)

in annuaP capital outlay dur1ng the first ten year expansion

period : ’ .

Analysis of the rate of return shows that the Kesem

_Proaect has an 1nterna1 rate of return of 27 percent over

2 40 year_planntng horizon. The project wi]] break even at =

v . PR

g



the end of the fifth year Cash flow analysis discounted at
10 percent 1nd1cates that th1s project has a pay-back period
of ]l years. The successful 1mp1ementat1on of this proaect :
can add up to 24,577 tons of foodgrain to the nation's’
food supply annually. It a]so‘has.the potential to gene-
rate direct permanent employment for aoproximately Q,499~
"persons. In addition, both prosects have wide ranging
impacts on balance of payments,‘interindustry 11nkages,
f,cap1ta1 accumu]ation and genera1 soc1a1 we]fare
The major po]1cy 1mp11cat1on of the study is that
.agricultural water deve]Opment should be an integral part
of agricultural and rural development planning in Ethiop%a.
In this respect, wnot only shou]d‘government investment
p011cy emphas1ze 1rr|gat1on and rural water supp]y develop-
ment but 1ncent1ves and various forms of inducement shou]d'
be prov1ded to commun1ty groups to COnserve, deve]op and’
manage eff1c1ent1y the watersheds in wh1ch they 11ve

It is émphdsized that before- 1mp1ement1ng a broad
policy of water deve1opment, it is essent1a1 to,jmprove
and strengthen water institutions at all levels including.
Tocal, reg1ona1 and nat1ona] The-study further recommends
that small p1lot prOJects be/1aunched to test. the practical -

\

feas1b111ty of the prop sed prOJects as a ‘step toward the 0

a

formu1at1on of rea11st1c national po11c1es and programs in

the water resources f1e1d

-~
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CHAPTER 1 5

? ! o d B

INTRODUCT ION

.

In this study an attempt has b en made to 1nvest1gate
the contr1but1on of water deve]opmént to the .expansion of
agricultural output and'rhra1 Tabor e ployment in Ethiopia.
| More specifiCa]]Y,:efforts have been m pe(tb determihe the
economic feasibility and potential impaé¢ on food produc-
"tion and employment of se]ected‘agricu]t@ra] water projects
in Ethiopia; fn this chapter aﬁ attempt|is made to put the
‘broblem 5n its ‘proper perspeetiVe by prqviding essential

backgfound\information and briefly outlining the nature and

scope of the study.
. :

Background to the Problem

2
i

A characteristic feature of the Ethiopian economy is
its -heavy dependence on traditiona] agﬁicu]ture A]though
.recent years have w1tnessed the emérgence of a modern\sec-
tor, peasant agr1cu]tura1 product1on st111 forms the’ 1argest
sector of economic activity in the country. | |

Ethiopia's real Gross‘DomEStic Product (GDP at con-



stant factor cost of 1961)] rosé from approx1m§te1y E $2.32
billion in ]961 o E $3.45 b1]110n in 1970 2 thus'fegister-
ing an average annual growth rate of 4 percent over the ten
~year period (Appendix A, Table A.1). Agricultural GDP |

v

increased at an.aVeradé'annugl rate of 2 percent, up from
'approx1mate1y E $1.50 billion to E $1.83 b111uon over the
same period. , N _ -
In sharp contrast to the agricultural seéctor, the
non-agricultural sectors showed steadily incregsfng growfh
ltrends, with pract1ca]1y all of them registering aQerage
'annua1 growth rates of 6 percent or h1gher between ]961 and'
1970 (Append1x A, Tab]e A.}).' Consequently, the annual
share of agrrcu]ture in»thé:GDPjsteadi1y'declined from 64:8
. percent in I96! to 53.1 bercent inj]970, suggesting the '
émérgénce of a strubturalkshgft in the economy. Despite
’thg‘dec1ine in‘the share of agriculture in fhé GDP in the
1960's, émp]oymeht in égricu]turé remained relatively
;unchangéd at around 88 percent of the active 1ébor force
(Appendix A, Table A.2).‘>During the same perfod; popul?tion

increased at an average annual rate of_ 1.9 percent; and

1 Accord1ng to the Central Statistical 0ff1ce, Gross
Domestic Product at factor cost is less than Gross Domestic
Product. at market prices by the amount equal to the differ-
ence between indirect taxes and subsidies. Imperial
Ethiopian Government, Central Statistical Office, Ethiopia:

Statistical Abstract, 1972 (Addis Ababa:ACentral-Statistica] ,

Office, 1972), p. 117.

‘ o
2 In 1976 exchange rate, E' $1.00 = U.S. $0.50.



national per capita income_incréased at‘an average annual
rate of 2.1 percent, up from E $110.6 in 1961 to E $136.2
in 1970, |
Within the agricuitura] sector itself, crop and live-
‘stock production accsunt for tpe largestasha;e of the outr
’put. while forestry, hunting and fishing play only a minor
role. In 1970, about 94.5 percent of agricultura1»produc¥ )
tion consisted of crop ‘and livestock 0utbut. “The rest was
made up of forestry (5.2 percént), hunting (O.l‘percent),b
and ffshind (0.2 percent) (Appendix A;'Table A.T). Hunting
has Become a negligible activity,'wh{1e.f0restr& anq fish-
ing have émown‘on1y slight increases iﬁ importance'over-the
past decade. The.value of crop and 11vestock output, on
the other hand, increased at an annual aveérage rate of 1.9
percent, 1ncreasing from E $1.43 billion 'in 1961 to E $1.73
billion in 1970ﬂ Nevertpeless,;the relative share of crop
.and livestock output iﬁ the GDP‘dec]ihed,ffom 61.8 percent
in 1961 to 50.2 percent .in 1970. |
o Present]y, the crop and 11vestock sector. is the maJor
source of livelihvod for a s1gn1f1cant proport1on of the
popu]at1on It is est1mated that c]ose to 90 percent of
the populat1on lives in the: rure] areas and is engaged,
.d1rec 1y or 1nd1rect1y, in cro; and livestock raising.
Judgingvfrom‘the past performance Of'the~Ethiopian.
econom »_ the emp]oyment structure is unlikely to change

51gn1f1cant1y in the foreseeable future. The agricultural

~sector, therefore, mus t contJnue to provide emp]oymént and



a'meaQS'of live1ihood‘f0r ihcreasing numbers of'peop]e in
‘the 1980's and 1990's. This, however, is not'to say that
the éxisting labbr”force is fully emp]o}ed.q Although
official unemp]oyment'figures are unavailable, it is widely
be]ieved.that gignificant unemployment -and underemployment
exist in Ethiopﬁa.] The dnemp]oyment problem can be
expeéted to,worseh if _the population surges upwards at the
estimated annual rate of 2.5 pgrcent2 %h:the 1aie‘i970's

and 1980's. The fact that thé‘pdpulation 's disproportion-
ately distributed between the urban and,rqra] areas also )
means that most of the population pressu}é wi]]‘be felt in
the rural afeas. Howevef, tHe towns will not be spared the
onslaught as scarcity qf obpoftuﬁities int rural areas forces
mass migration io.thp cfties. The urban population %s
cdrrently éXpanding at an annual rate of about 6.6 péhtent,
of which 4hpércent is believed to be due to net in-;ﬁgr}tion
from the rural areas.3 In view of the forégbing,cft is
clear that in the foreseeable future only rapid expansion

in“rura1'develobmeﬁt'ggn prOvide relief to the unemployment

‘ ! For a broader discussion of the .unemployment problem

in Ethiopia, see Yilma Teklemariam, "Issues in Labor - .
Unemployment and Migration in Ethiopia" (Unpub]iﬁhed paper,
University of Alberta, Department of Agricultural Economics,

Edmonton, 1973).° - ' - : v B
Imperial Ethiopian Government, :Central Statistical

Officé?‘Ethiopia: Statistical Abstract, 1972, op. cit., p. 20.

~

3 Ibid.
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problem in Ethiopia.
The contribution of the agricultural sector to the
Ethiopigz\gzggomy as a wholg, is not only restricted to,

provid{ng a means of livelihood for the great majority of

the population, important as this function is.  Farm commo-

dities account~f%p—over 95 percent of Ethiopfa'sfexports,-A

| ,
wi'th coffee alone accounting for about 60 percent of :the -

foreién exchange earnings (Appendix A, Table A.3). The
agricultural sector also plays a vital role in broviding

the raw mater1a] base for mos t ef Ethiopia's manufactur1ng
1ndustry In 1970, for 1nstance, about 75.9 percent of thel
gross value of product1on 1n the manufactur1ng sector or1g1n—\
ated in agr1cu1tura1 process1ng industries. wh1ch 1nc]uded
fopd, beverage, tobacco,,?ext1]e, leather "and wood 1ndus—
tries.]'_Dufing the same year, these industries emp1oyed
7942 percent of the industrial labor force. 2 ' .

The s1ng]e most 1mportant cdntr1but1on of Eth1op1an

‘agr1cu1ture to national welfare, however, is the pr3W1s1on

of domestic food supp]y. The domestic product1on of adequate

food supp11es is of cruc1a1 importance for' Eth10p1a Because

‘scarc1ty of fore1gn exchange severe]y limits Ethiopia's -

capac1ty to augﬂ%nt her domest1c food supp]y with substan-

tial 1mports from abroad pract1ca]1y all of the nat1ona1,

©.
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food supply requirements must be nroduced at home. Ethio-
~pian agriculture, therefore, has the ‘huge task of adequately
feeding a rapidly expanding popu]ation " Unfortunately, as .
events in recent years have shown, th1s task has proven to

be exteed1ng]y difficult. If past records are any 1nd1ca-

/

’ tion, Ethiopian agr1cu]ture winless effeetively mob1112ed

is unlikely to meet sat1sfactor11y the cha]]enge of feed1hg

an expanding popu]at1pn. 8 ' T )

' The Problem’ | /

) . = I N
Per capita food output in-Ethiopia increased only

: &11ght1y between 1964 and 1972 (Appendix A, Table A. 4).
Per cap1ta product1on of cafomes and%rotems 1ncreased

"by appboximate]y 3 percent between 1964 and 1971, an ever-_
age increeée of less than 0.4 percent per yeah,A A]though
’uery'crude fndicators of nationa] nutritional intakes,
various food baTance stud1es carr1ed out between 1958 and
1971 seem to show that per cap1ta nutritional 1ntake in_
Eth1opna has in fact been det11n1ng over' the past decade
(Appendix A,'Iable_A;S). Furthermore, food produet1on and
réquirenent-orojection; based on tnend rates of ghowth“seem-,
to indicate ‘that. the mere continuation of pa:t production:
trends will not be suff1c1ent to meet the expected 1evq] of »

\ . S
~food requ1rements.] Ev1dence of food scarcity in Eth10p1a

i

! For a detailed discussion of Eth1op1a s food problem
see Append1x A :

a

i
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has already shown 1tself in soaring food prices and acute
regional shortages since the ear]y 1970's. Given the pro-
jected rate of popu]ation growth of between 2 and 2.5 pé}-”TNf
cent in the late 1970 s and 1980 s, it appears tham the
country w111 exper1ence a period of prolonged food crises

-

unless-sdbstantial investment is made to'boost‘food produc-

a

tion in the: shortest poss1b1e t1me Accord1ng]y, the problem
of how to increase food product1on in a rea;onably short
per1od of t1me is of fundamental 1mportance to. Ethiopia.
While the afood prob]em stands out as the problem of
h1ghest nat1ona1 pr1or1ty in Ethiopia, the prob]em of pro-
v1d1ng employment for the rapidly 1nc%eas1ng 1abor force i
seems to be equa1]y'urgent As has been pointed out, there/
is w1de“pread unemployment and underemp]oyment in Ethiopia.’
Furthermore, the: unemp]oyment rate may be expected to rise -
with expected increases . 1n population, The food and ﬂ
,unemployment problems 1n Eth1op1a,,therefore, const1tute
the "tw1n" problems that require urgent corrective act1on
if the well-being of the Eth]op1an peop]e is to be 1mproved
' This study attempts to focus on these two prob]ems

' More spec1f1ca11y,'1t seeks to examine whether pub11c 1nvest-

‘ment in re1at1ve]y simple agr1cu?tural water prOJects repre-

- P
s

duct1on and emp]oyment /
- - -

E \-./ L ’ ' : *
' Ce N - ‘ R
. H : ' ', . :

. sents an econom1ca1]y “feasible means of)expand1ng food pro-.
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}Purpose and Scope of the Study RS

2

Unlike many countr1es and reg1ons shar1ng consider-
uab]e climatic s1m1lar1t1es, Eth1op1a has v1rtua11y neg]ected
'1rr1gat1on deve]opment as a means ‘of increasing food produc-
tion and emp]o;ment The ex1st1ng food product1qn system
.depends a]most ent1re1y on dry]and farm1ng But the’
extremelx uneven seasonal and regional dlstrioution of rain--'
fall and its wide-interannual’variabitity casts serious .
doubts whether the presemt dry]and farming system can be
‘adequate]y deve]oped to meet the rapidly r1s1ng demand for
food and fiber. . . - o | ' ' )ﬁ§>§~

In add1t1on to food shortages, Ethiopia current]y
suffers from water stress. Under estt1ng pract1ces, farm
“water: supp]y usua]]y comes f?om undeve1oped surface sources"
and it 1s common for farm fam111es to travel cons1derab1e
~4d1stances~bvery day to water their stock and draw supp]1es
for househo]d use. In times of drought, wh1ch is not ‘
‘uncommon 1n parts of Ethiopia, water scarc1ty often resu]ts
.1n great d1sasters, as w1tnessed in 1973 . The preva111ng
'food and water crises in Ethiopia, therefore, underscore
.the urgent need for d1rect1ng attent1on to water resource

deve]opment

1]
i

Prov1s1on of suff1c1ent quant1t1es of water for
Eth1op1an agr1cu]ture requ1res a cons1derab]e amount of
1nvestment Externa11t1es and other public good character1s-'

t1cs assoc1ated with water prOJects render 1nvestment in



o
such projects unattractive to private 1nvestors It there-
fore becomes the respons1b111tv of government or an
authorized public agency to develop and make available water

_ resourcee.for irrigation and other farm uses.

-iﬁ/ ¥ | This'%tud% attempts tb,inves%?gate the economie merit

“of investing in madest agricultural- water projects and to

examine the potential of such investments as a feasible .

N

. alternative for expanding food prochtion and employment
and enhancing rural deve]ppmenf in genera]l This proposi-
“tion is prbmpted by the fact that various river basin stu-
dies] and pérsonal observations seem to indicate the exist-
ence of amp]e opportdn1t1es for bu11d1ng a wide network of
modest agr1cu1tura] water prOJects in Ethiopia. "This
dec1<$on is further strengthened by thelcons1deration that
such prOJects ho]d out the prom1se of d1rect]y contr1but1ng
to both food product1on and emp]oyment and are a]so likely
to have w1despread benefits for a given amount of f1nanc1a1
‘ out]ay, with perhaps limited adverse Tmpacts on the environ-
ment As well, since. costs are also 11ke1y to be re1at1ve]y

1ow, Eth1op1a can afford to exper1ment w1th such projects.

The broad purpose of gh‘s study, therefore, is to

analyze,Qeva1uate and determine whether public water projects/
LN, ’ . T .

A

5]

7 ]-See: U.S..Depantment of Interior, Bureau of Reclama-

. tion, "Appendix VI: Agriculture and Economics," Land and
~Water Resources of the Blue Mile Basin of Ethiopia (Washing-
ton, D.C.: U.S.D.I., 1964); and Food and Agr1cu1ture Organiza-,
tion, "’ Irr1gat1cn and Water Planning, Vol.
- Awash R1ver Basin, Ethjopia (Rome: F.A.O.

s




designed to meet the social objectivés‘of equnding food
productiop and employment and p?oviding a c]éanlrura1
comhunity water sﬁpp]y can be economically feasible. 1In
partfcu]ar the study seeks to. establish the potent1a] rate -
of return to such public 1nvestment prOJects and to 1nd1cate
the emerg1ng policy 1mp11cat1ons 50 that public econom1c
policy makers will have a sound econom1c has1s on which to

. {
assign investment priorities and make rational investment

decisions. |

Because of data restrictions, this study does not
systematical]y analyze the regional and persona],inc . e
disthibution effects of the,proposed projects, although
paséing reférence 1§ made to these considerationg in the

.various sections.

f

Objectives of the Study

The problem consideredvin and the broad burpnses/of
the present study hnve been dichsséd above. The more
spec1f1c 0bJ8Ct1V€S of the study are: |

1. To examine the role of water in the deve]opment

njof Eth1op1an agriculture.- | T

2. 'To assess Eth1op1a 5 water resources and e. a]uate

the1r ava1]ab111ty, ut1]1zat1on, and potent1a1

contr1but1on to food production and enhancement

of rural life." o '_ P
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To evaluate the economic and financial feasibility
of pub1ic-investment in agricu]tufé] water pro-
jeCts specifically designed to eipand food produc-
tion, incréase emp]oyménf and provid§ a clean
water sqpply for community use.

To examine'the féagibi]ity of imp]eménting such
bfesou;ce-based development projects andi\suggest
needed institutional arrangements that éan'¥oster,
enhance and prompte/grassroots involvement invthe
p]énnihg and imp]eﬁéntation of water<profects.

To outline, on the basis of the results of the

study, possible public policy anernatives with

regard to investment in water deVe]opment._

‘\ 0



! CHAPTER 11

THE ROLE OF WATER RESOURCE DEVELOPMENT IN THE
TRANSFORMATION OF ETHIOPIAN AGRICULTURE

It has been stated that.food reouirements and unemo]oy-
meht'eoostitute the~tWo most urgent ecohomdc~prob]ems‘con—
fronting Ethiopia today. Given the present economic struc-
ture ot Ethiopia; re]ief from these.problems can be 1ogicai1y
expeoted to come primarily from accelerated deve]opmeng\éi\

“ the agricultural sector. Because Ethiooia's ecoromy is
deoendent on traditiona] low product1v1ty agr1cu]ture |
the rapid deve]opment and transformation of this. v1ta1‘
sector will not only help solve the more 1mmed1ate problem.
of food supply but‘w11] also contr1bute s1gn1f1cant1y toward
the long term deve1opment of the economy as a who]e !

Fundamentally, agricultural output or more specific—
ally, foodgraln output, in Eth1op1a can be- 1ncreased e1ther

by 1ncreas1ng y1e1ds per hectare of land or by 1ncreas1ng

the area of land devoted to foodgrain produétion or both.

o

! For a succinct discussion of the:role and contr1bu-
~tion of agriculture to economic development see: J.W. Mellor
and B.F. Johnston,”'The Role of Agriculture in Economic.
Development," American Economic Review (September, 1961),

PP. 556-593; and W.H. Nichols, "An Agricultural Surp]us as

a Factor in Economic Deve]opment " Journal of Political

Economz (February, 1963) ﬁp ‘1-29.

12
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Fufthermore, the existence of high unemployment of under-

employment in the rura} Tabor force sdgéests that increases

in farm output oe obtained largely through Tabor tntensive
operations. Thenefore,.to attack these twin probiems,
Ethiopia's agricultural development strategy needs to be
based on a labor intensive model. = = ' _j,¥f~’
.Existing agricultural development theory as developed

by Shultz, Me]]on, and'Haylami'andl.Ru‘ttan1 seems to empnaﬁ
stze the need~for introduction of'new tecnno]ogy'into#tfadi-
tional agriculture in order to achieve se]f»sdstaining‘
growth in agrfcu]tural\output. Hayéﬁ% and Ruttan in parti-
cular: state ‘that agricultural technology(takes different
"paths" and that the specific "path" adopted by a nation
depends ‘on the nature of its r;source endowment and the
nature of the re]at1onsh1p se tween factor and. product

prices. They 1dent1fy two alternative paths of agricultural

techno]ogy - b1o]og1ca1 chem1ca1 technology and mechanical

\ {

!
_techno]ogy.2 in the1r v1ew, b1o]og1ca1 techno1ogy, which

“is a result of genet1c research, has shown a tendency to .

)

act as a catalyst to induce the substitution of 'a relatively

~];T.w Shultz, Transforming Traditional Agriculture
(New Haven: Yale University Press, 1964); John W. Mellor,
The Econcmics of. Agr1cu1tura1 Development (Ithaca: Cornell
University Press, 1966); Yujiro Hayami and Vernon W. Ruttan,
Agricultural Developirent: An International Perspectlve
TBaltimore: The Johns Hopk1ns Press, 1971).

Ibid., pp. 43-53.

—————
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abundant factor for a re]ativeﬁy scarce factort] For
instance,'théy argue that the deve]ooment of htgh-yie]ding
seed has 1hduced the substitution of fertilizer for 1and

» They further contend that mechanical techno]ogy has been
developed as a subst1tute for scarce_]abor and as such has.
remained_% characteristjc'torm of technology in the labor
‘scarce countries of the industrialized world.

Hayami and Ruttan explain d1fferences in the 1nter-
national patterns of agr1cu1tura1 techno]ogy as be1ng
~induced by_d1fferences in relative resource endowments and -
the consequent difference between input and output prices
Through an extens1ve ana]ys1s of inter- country data, they
show that 1and]scarce countries'such as Japan, the Nether-
lands; Ta1wanyand'Be1gium use relatively high rates'of‘
ferti]izer application per hectare and relatively small
amounts of tractor horsepower per male worker, while the
‘reverse seems to be true for such Tland surp]us, labor scarce'

countries as the United States, Canada, Austra11a and New

Zea]and 2 ' ‘ '
The 1mp11cat1on of this theory for the deve]opment of _

’Eth10p1an agriculture is c]ear As a ]abor surplus country,

!

Eth1op1a shou]d emphas1ze the more 1ntens1ve and w1despread

.use of fert1112er and h1gh-y1e1d1ng seed varieties. How-




- 15
ever, app11ed in 1so1at1on, such a po]1cy would 1nev1tab1y
-face serious limitations. To begin w1th massive amounts'
of fore1gn exchange would be'requ1red annually in order to
purchase suff1c1ent quantities of fertilizer for Eth1op1a S
crop lands At current exchange rates and fert1]1zer
prices, Eth1op1a wou]d need about one b1111on Ethiopian
dollars annua]]y,]fmore than twice hér currept tota] -
annual foreign exchange earnings, to perchase sufficient
 fertilizer. \ }

Even if one coaaegjent]y ignores the fofeignlexchange
1imitation, this strategy by itself wou]d be inadequate
for 1arge«sect1ons of Eth1op1a where mo1sture scarcity and
Lunre11ab111ty 1mpose severe restraints on-agricultural.
production. | While th1s theory may be va]1d -for. the rela-
~tively moist regions of Ethiopia, part1cu1ar1y the western
‘and central highlands, the.vast areas of the ?ow]ands wou1d
nbt benefit %rom thfs strategy without afpeneemitant'deve]Op_
ment of watem/resou;ces; By and large, the'natura1 resource
endowment of Ethiopia is such that moisture is a limiting
‘faetor for agricu]tura1~production in 1arge seetions of the
~country. In a 1973 surveyjconducfed by the Ministry ef-
‘Agficu]ture in four'provinces of Ethiopia; over 50.percent
of the farmers intefviewed jdentified moisturevlﬁmftation"

'

At current exchange rate, U.S. $1.00 = Eth. $2.00
(1975). Current fertilizer price is Eth. .$90.00/100 'kg. -
C.1.F. Assab Co~
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as the main cause of poor yields. In general, the avail-
“able evidence suggests that- the introduction gnd promotjgn
- of 'fertilizer and high-yielding seed varieties in large
‘parts of Ethiopia without first removing the underlying

. , .
moisture limitation would, at best, only yield partial

" results and, at worst, proVe‘td be a cost]y gamble.

~Moisture limitation édvérse]y affects agricultural
productioﬁ ih'Ethibbia‘on a broad sca]e.v-Besides reducing
crop yields, moistufe limitation also restricts thé range'
| of crops grown in the lowlands of E;hiopﬁa to a few hardy
vcrops such as'50rghum and m?]]et.' The impact of water éhort-
ageé during-the long drx season. is even mbké disastrohs on
livestock broduction. Hagtufes and grazing ‘'lands are often
very»poo} dWﬁvg ﬁo‘moistUﬁeushortages,ﬂhence;1ivestock;profu
vductivity pe} head is very 1ow,l~%urthermore; the fact that
]ivestbck must be driVen-over considerable distanceé in

orde#\to.satisfy their daily water requirements implies

L4

]~Imperia1'Ethiopian Government, Ministry of Agri-
culture, Planning and Programming Department, A Photo-
grammetic Assessment of 1966 E.C. Harvest Conditions in
- Eritreay~Tigre, Wollo, Northern Shewa and Hararghe (Addis

Ababa: 1.E.G., 1974), p. 323. (It should, however, be '
noted that these provinces are drought prone regions and
the survey was taken after the 1972 and 1973 drought’
periods. Nevertheless, the study does show the degree of
risk and uncertainty that the Ethiopian farmer faces with
regard to rainfall, and this fact will definitely have an
effect on whether he decides to use fertilizer and high-
yielding crop varieties. Given the degree of risk and
uncertainty he facas, his behavior can be predicted to be
ultra-conservative when it comes to making what to him is
a substantial investment in an uncertain venturei) '

N

i



that livestock output is sacrificed in the proceé#.‘ In
addftion, the communal and unprotected nature of the water
supply pregisposes the herds to communicable diseases and‘
p@rasites.-'lnggiew of the high incidence of 1ivestock.
diseases and pgg{gites in Ethiopia, it iélquite plausiple
that the staté of the water supply fs,.at‘1east partly,
resﬁonsib]e for the perpetuation and spread of theée dis-
eases.. | | |

The most important and devastating»impact of water
scarcity'in Ethibpia, howéver, is felt by tHe'oVér 25 million
rural popuiation. In rural areés the shortage .01 fu‘er for

i
domesg{c purposes 1is solsévere.that most farm fami ‘- ﬂdﬁt
£rave1 1ng distances gvéry day to’obtain suppliies. Sinceﬁ~ui:
the aﬁaﬁnf of.wétérwthat can be ca;;ied home at aﬂgiven h
time is su}ficient only fqr-cooking and drinking, very little
if any water is available for qther household uses. Thé
quality of thé water is also often so poor that thé rural.
water supply system as a whole is generally regarded as a
very serious comhunfty hea]th hazard. There is widespread
suspicioﬁ that waterborne diseases and parasites account
for a ponsiderabTe‘share of the‘national-hea1tﬁ cost ahd”\
loss in ]abour‘productivfty. ' |

" The ¥ole of water ip'the transformation of. Ethiopian
agficﬂlture anq rural {ife can ha#d]y be overemphasiied.
Systgmatic development of the water resoyrces'of a couﬁtry
whefe water ﬂmposés a céiling on agricu]fu#é] productivity -

1

can be expected to Significantly'increase agricultural out-



put. The development of water‘resources can alsp,provide
for improved human we1f$re'and a wholespome way .of life for
the population. In the long hun, availability of ampie
clean water supplies may attract industries and related
estab]ighments,to rurh] areaé, thereby conthibhting to thé
thansfqhmation hf rural life. |

In the remaining portion of this phapteg, the role .
of irrigation in incréasipg output andsemp1oyhent in agri-
culture will be examined w{th the use of formaﬂ production
models. In add1t1on, the exper1ence of other developing

countries with regard to 1rr1gat1on will be rev1ewed and

the other rural uses of water will be br1ef1y exam1ned

The Potential }mpact of Irrigatiqn
DeVé]opment in Ethjopia

‘f a 1 water usés; irrigation represents hy far the
great st'use df water in qgricy]tute. In regard to irriga-
tion, water reéou}cq dévé]oh@ent:can be looked at from twoh
points of view. In dne respect; irrigation deveTophent can
be considered an expanSIOn of the agr1¢u1tura] 1nfrastructure
or a form of cap]ta] accumulat1on To that effect, it is |
s1mp1y a way of substltut1ng capital for 1and and its tend-
ency is to prevent the 1he1ast1c supply of land from beqpm-
ing h’éohst;afnt‘on égricd]tura] production.’ |
On another plane, the introéuction of an irrig;tioh .9

system, with its improVed water de]iverj'and efficiéht téthni—
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fqyes of water management, represents a new farm technology
’ "\ that can increase yields per hectare. The availability

of an adequate, well controlled and prqper1y managed irriga-
tion system‘w1]1 also make the use of ihproved hibh-yie]ding
seed var1et1es more attract1ve and 1nduce the app11cat1on'
of commerc1a1 fertilizer and chem1ca1 pest1c1des In this
respect, 1rr1gat1on techno]ogy becomes a 1and augment?ng
technology which en%ﬁnces th'e product1v1ty of the land.

The deve]opment of dirrigation can also be expected to
increase ]abor‘employment. Since the_1abor ihput requ1reﬁ

ment of irrigation agriculture is re]atively'high, either

the expansion or intensification of cultivation that accom-

ate considerabwe emp]oyment opportunities. Additional

but also during mhe'prOduction, processing, .and distribution
of the additional output. To more fuTlxlexamine the_potén-ﬂ
tial jmpaét of irrfgation debelopment on adricu]turai pro-

duction Endiemployﬁent, some simple i}iustrative prodUction‘

models follow.

Aggregate Agrfcu1tUra1 Production Function

_ . |
The concept of neo-c]assica] production theory is

emp]oyed here to provide a theoret1ca1 explanation of how

the 1ntroduct1on of 1rr1gat1on 1nto a primarily dry]and

agr1cu1ture can increase farm output.. Neo—c]ass1ca] produc-

' E T
jobs will be created not only during 'the construction period,

‘panies new irrigation development ccan be expect ed to gene-

>y
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tion theory i. sco familiar®in econom;cs‘tnat it,hard]y»t
needs a detailed exp]anetion.] "The present exposition is
merely‘intended to illustrate: : | L
| - T. 'how moisture ]imitation can constrain agricultural
bfoduction; B » |
2..‘the effect of new viable in}igation ;chenes on
| farm output | : /

3. ~ the effect of the introduction of irrigation
schemes on relative factor shares (i.e., the'
relat1VE°d1str1but1on of gains: from new 1rr1gat1on

! o prOJects between Tand and. 1abor, and 9 |
| ‘4. the 1mpact of 1rrigat1on deve]opment on farm
labor emp1oyment f . .
”Fb]]owxng ‘the standard"oroductﬁOn‘functipn approach,
an7attempt‘willlbe medefto'formulate-a production relation
for tréd1t1ona1 agr1cu1ture under constant techno]og1ca1
assumpt1ons and then proceed to 1nvest1gate the factor factor

N

)

~

1 The available literature ‘on neo-classical production
theory is indeed voluminous. The following selected works
provide excellent coverane of the basic tenets of. neo-
classical production theotv S. Carlson, A Study on.the
Pure Theory of Production (London: -P.S. Xings and Co.~.Ltd.

-0of Production and Distribution (Cambr1doe Cambrxdge Univer-

'1939); C.W. €obb and Paul H. Douglas, "A Theory of Produc—

tion," American Economic Review, Papers -and Proceedings, 18
(1928), pp. T39-165; C.E. Ferqguson, The Neo-Classfcal Theory “.

sity Presss, 1971); Earl 0. deady and-John L. Dillon, Agri-

Press, 1961); John R, Hicks, Value and Capital (Second

'Ed1t1on, Oxfeorda: Glarendon Press, 194GE ‘Gerhard Tintner, L

"The Pure Theory of Production Under Technological Risk and
Uncertainty," Econometrica, 9 (1941), pp. 305-312.

NG

“cultural Production Functions (Ames: ITowa State Univercity .-



. 21

relatlonsh1ps and the nature of pioduct d1str1but1on between
factors In the second stage the assumpt1on of constant
techno]ogy will be relaxed by introducing an 1rr1gat1en
techno]ogy. The'fo]lowing possibiTities for increasing
agrjculturai productiqn will then be examined:
1. inrdgation as a means of exoanding cultivated
areasf o i

2. irrigation as a means of intensifying tultivation

on existing farm lands. . o !

etical formulation attempts“to

| The f1na1 stage of th1s the
draw some 1mp]1cat1ons of irrigation deve]opment for farm
labor employment and re]at1ve factor shares. 'f
In trad}tlonal agf]cu]ture, ]and and 1apor constitute :
-the two most-important factorsioﬁ pnoduction. fn.order to
soecify an aggregate productibn function for tradjtional
agr1cu1ture, it is necessary to assume that. these two factors
are continuously subst1tutab1e in the product1on process
It is also essent1a1 to assume that 'a unique 1eve1 of out-
put corresponds to each comb1nat1on of these 1nputs ' W1th
these assumpt1ons, an agr1cu1tura1 production function can
be specified as fo]]ows ‘

"

Q< F(NL) | TR
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Fy 2 0, FlLL f 0, Fyn <.q o
. . P
where Q = Aggregate agr?cu]tura1 outbut;
TN = Agricultural .land..
g _ . '
L= Agriqutqra] Tabor fo#ce. ‘ .
I ) ) EN and FL are marginal products of land and labor,
A r@spettiVe]y. Since along a given isoquant Q remains
constant: ' , 2 '
- . o - s
FNdN + FLdL = 0 ' (2.2)
o . ¢ ‘ .
/7 [y
? AAt equilibri f’; dL Eﬂ = m;; i } r fe'of'technﬁcal
. | 9u1 rium, - 9N < ginal ra , fnic
substi'tution (MRTS) between the two factors. It is assumed
that the MRTS decreases as labor is substituted for.land’

/ i;e., the isoquant is Zanex to the origin. ~Assume further
that the production. function isfbf the\éongtant‘returns to-
scale type. Hence: *

a4 ‘ 0‘?- L, .

i
FONAL) = AF(N,L) for all A >0 (2.3)
Then-by Euler's theorem: | - ) -
N . . , _
. Q= F\N+ FL forallNandl (2.4)
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Equation (2.4) states that if each factor is paid according’

to its. marginal product1v1ty, the total product will be

v
.

exhausted v c)

In traditiona1 agriculture, the supply of arable land -

.(N) is fixed and only labor (L) is the variable factor.” A

product1on funct1on dep]ct1ng the production re]atlonsh1p
‘of trad1t1ona1 agriculture may be represented as in F1gure
2_.1. . / ) . . . - i

" Figure 2.1 illustrates a typical neo-classical produc-

. tion function, satisfying all the standard assumptions per-

- taining thereto. In this diagram, .the labor input is mea-

£,

hsured'a]ong the“horjzontafuaxis, the Iand inputua1ong the
{ertica] axis. The isoquantsiQ], Q%, and Q3 respectively
show successively increasing levels of output that eéh be
produced by combining land and labor in var1ous proport1ons
In view of the fact that read11y cu]tﬁvab]e 1and.1s more
of a 11h1t1ng factor than lTabor in trad1t1ona1 agricuﬂture“
the available arable 1and is arbitrarily f1xed at N and the
laboer supp]y available to agr1cu1ture 1s set at L. .\\x -
w1th1n the env1ronment of unchang1ng trad1t1ona1
technology, then, the fixed supply of arab]e Tand imposes
a ce111ng an tota] agricu]tura] output. ‘As'noted in the
diagram quant1ty produced 1ncre§ses from Q] to 02 as quan—'
tity of 1abor 1npuﬁ employed increases from LA to LB’ 1and
remaining constant at N. However, Q3 represents the maximum

qudntity of agr1cu1tura1 output and' LE the maximum level of

employment that can be achieved before the marginal producti-
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AGRICULTURAL OUTPUT AND EMPLOYMENT UNDER
. CONDITIONS OF FIXED ARABLE LAND AND d
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TRADITIONAL TECHNOLOGY
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vity of laber falls be]ow.zero.\ As the-employwént level
approaches Lé, land remaining constant dt N, the marginaT
prodpctivity of Tlabor approaches zero.. At point E, the
| marginal productivity of labor.is zero and agricu]turaI
output‘is at a maxihum. Therefore, attempting to expand
emp]oyment>beyond‘LE, without first easing the land coo—‘
straint, will only pesuit in reduced total output because
‘eacp pnit of labor added after Lé contributes é negétive
quantity to total output. chcé,thélsurplus labor T - L
cannot be gainfully émployed in agricu]ture.

} in order to increase’ the quantity of aggregate agri-
cu]tura] output'beyond Q3,.pitper the efficiency oV both
labor and land must be increased through the introduction
of new techno]ogy, in which case each ex1st1ng combination
of 1and and labor produces a 1arger quantity of output, o
more arab]e land must be brought under cultivation. In the
1;tter case, total output'can be increased because there is .
surplus labor ‘that can be-combined with the additional land.'

N

‘While the concept of how the ‘expansion of cu1t1vated
‘area will Tead to 1ncreases in output and emp]oyment even
under cond1t1ons of f1xed techno]ogy, is fa1r1y self- ev1dent
the idea of how an 1ntroduct1on of new techno]ogy can remove
the ceiling on product1on and emp]oyment .mp0°ed by the
scarcity of read11y cultivable land may not be so eas11y;
ﬁnderstood; Therefoye, with,somc mddification,‘¢he precedP
.ing model can be emp]oypd.to examine the impact.of intfoduc-

' : ‘ . . l
ing a new land-augmenting farm technology on production,
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employment, and tHe‘distribution of potential gains among

“the ‘factors of production.

Technical progress in traditional agriculture can be

assumed to take one of three forms, depending on the nature
| . * 1.

of resource endowment; and the attendant factor price rela-

: tidnships;] It can be land augmenting; neutral or ‘labor

augmenting. :F0]1owing Hicks's-c]assification of technical

progréés;? a given farm technology can be said to be land

augmenting, neutra]} or labor augmenting if at 'the origin-
' : : [ .

a]]yrprevailing land/labor ratio, the marginal rate of
; < ; ,

technical substitution of 1and'for\Labor.dfminishes, remains

unchanged, or increases after the introduction of the new \

technology. To proper1y3i11ustrate these concepts and.

their implications for agricultural production, farm labor

- employment and distribution, it is convenient to assume a-
f . N .

AY

more specif%c form of the model already fmtroduced ih (Zgl).
. §

~Assume a Cobb-Douglas type agnicu]turaT prod@ction.

function: !

QNP avB=T, a0, B0 (2.5)

. For a fuller discussion of techno]bgica] progress

"and the neo-classicat theory of production see: C.E. Ferguson,

-The Neo-Classical Theory of Production and Distribution,

pp. 215-23% i

\ ) I b .

. 2 J.R. Hicks, The Theory of Wages (Second Edition;
London: Macmillan, 19637, p. 121. Tt should be noted that
Professor Hicks explains technical progress in terms of capi-
tal and labor factors ‘ratherithan land and labor as used here.




where Q, L, and Nfare as defined in (2.1). If a land-
. o . ‘
"augmenting technology, progressing at afconstant positive

rate of A, is introduced, the production function will take

the;form: ) (1\\‘; |

Q% (e M)%LB, A > 0 (2.6)
(t)
- 'l t ;
N * at,a } .
Q(f) = e NTL . (2.7)
\
.'aQ*.
‘ I
1
BQ* . ) : )
S(t) _ Aat, o, 8-1 . :
1T Be  N L v v(g_g).

!
)

Since the pfodugtioh function is linear and homogeneous and’
‘e)\dt > 1, Q?t) in (2.7).55 larger than Q in (2.5), which

. imp]ieé th@t a land—augmenting technology progressing at
"the constantApositivei?dfévqﬁ A will ihcreage.agricu{tuﬁﬂi£
output at the rate of erot .
| Since a new i(rigétion system is a land-augmenting
téchno]ogy;'its effect-on production is therefo?e]positive
.and diréct. Asgéssing ffs impact on emp]oymeht, however, |

. i
requires further analysis.

Suppose-that there is signfficant.unemp]oyﬁeht in the
. . R : !

“
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economy and that by a public policy aciign, irrigated Jand
expands at the constant propoFtional'ratg of n so that \'

Ndt
lTogarithmic form is obtained: . .

A0 Through derivation of (2.8), the following

n th) = Xat + alnN + BInL | (2.10)
1 dQ?t) ‘ | 1dL -
) ' * \ = A(! + an + B 'E aT (2. 11 )
. ) Q dt , ) N i
| (t) ‘ . ;
1 dbft) o 7 1 dL )
— = (X + n)a+ 8 N (2.12)

¢
! T

According to (2:8), giveﬁ the rate of expansion of  .
‘i?rigaieﬁ land, ‘there is a:1ipear re]ation.bé;Ween output
and employment. I[f we :assume fok ease'of‘computation that
both oﬁtput_and’employﬁeﬁt ihcrease‘by a constant probof-

tional rate (k), i.e., - o :

[~
— -

o

¥, . o -
1 t) _ 1 -
R L

: L Yy

‘equatioﬁ (2.12) can be restated as:

‘ A\d

L k't (A +n)a+tp (2.13)
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k.= i%_é_%lﬁ , since a + 8= 1 by dssumption in (2.5),

\ : | o . e

t

k =j(A + n).:‘

1 4 t

Therefore, agricultural output (Q) and lTabor employment (L)

will grow by (A + n) if irrigation téchno]ogy advances at

| the 'rate of A and irrigated land expands at the rate of.n. -
.”Thé question of‘hbw the-incregsed output is shared by

the owners of Tand and labor is fundamental to economic
i ‘ \ . ! Ty
policy. Under pure competition, relative factor shares

depend on the nature of technical brogress itself and onk

the elasticity of sdbstitytibn between the'two factors.]
\ . ' The elasticity of substitution between tand and Tlabor
given by Qhexformula S | |

f

- L

(@ e

" e A

: ' " (7%)

1 J.R. Hicks, The Theory of Wages, pp. 112-135.. Also
see: Kenneth Boulding, "The,Fruits of Progress and the
- Dynamics of Distribution," American Economic Review, ,Papers
and Proceedings, 63 (1953), pp. 472-483; Murray Brown and
' John S. Decani, "Technological Change and the Distribution
_of Income," International Economic Review, 4 (1963),
pp. 289-309; C.E. Ferguson, "Neo-Classjcal Theory of Techno-
‘ logical Progress and Relative Factor Shares," Southern
T Economic Journal, 34 (1968), pp. 490-504. Ferguson also
develops the concept in C.E. Ferguson, Micro-Economic Theory -
(Homewood, I1linois: Richard D. Irwin, Inc., 1969), p. 388.
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is a coefficient'that indicatés the percentage change in

' the land/labor ratio associated with the pefcentage change_
in Qhe ratio of the-margina]'rate,ofvtechnicaj substitutidn
bétween the two inputs.] Since at pgre]y competitive
edui]ibrium‘the marginal rate of technica] sdbstitutiqn is
equal tq'tﬁe‘input phice'ratio, chanées in the equi]ibrium
va]ué of the marginal rate of technicq] substitution can
arise from changes in ghe price level of any of the inputs.

vassuming w, r and p to represené the prices of labor, land

+and output, respectively, the é]asticity of substitution

can be restated as:

;o

dnd the relative factor éhareé can be expressed as %% for

labor and’gg for land. Thus ‘the ratfo of relative shares =
rN : ' , '

If in this model land rent increases'due to an exogen-
~ous factor, such as’popu]ation growth, the labor wage remain-
1ng constant, there will be a tendency to substitute labor
“for land through such activities as more intensive cultiva-
tion, control of erosion, the filling of gullies and other

. forms of ]andtreclématiop. This tendency to substitute
N " ‘ / : )

-+

CﬂE. Férguson; Micro-Economic Theory, p. 384. S
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labor‘for lTand will Cause the land/labor ratio to decline,
and thereby affect the re]at1ve share of the output: going
to each 1nput Prec1se]y how the relative shares.%re
affected is deternined by the magnitude of elasticity of
substitution. It the e]asticity of substitution is‘greater
than, un1ty, a given rise 1n land rent will result in a
h1gher share of the output going to labor. In general, the
re]at1ve share of 1abor will increase, réemain constant or
decrease as the‘g1asticity of substitution'js greater than,
quua] to, or‘]ess than unity.] o |

The nature of technical progress will also affect the

re]at1ve share of factors. . If technical progress is neutra]

by def1n1t1on this means that the 1and/1abor ratio and the

factor price ratio rema1n constant and, hence, relative

facton shares a]so\remain constant - However, if technology

is either land augment1ng or 1abor augment1ng, relative
factor shares are affected so as to favor the augmen -d
\ factor Hence, the land owners' share 1ncreases relative
to the share of labor if techno]ogy is 1and augmentlng and
vice versa. 2 |

Hav1ng out]1ned Ain genera] terms the effect of a new

farm technology on productyon and income shares, the sub-

1

sequent discussion will. attempt to fozus on 1rr1gat1on as

]

! C.E. Ferguson‘ The Neo- C]ass1ca1 sTheory of Produc-
tlon and Distribution, pp. 243-245, ' » o

2 ‘Ibid-, pp- 235‘252. 'v‘ \ f

'Y
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a ]and-augmenting techno]pgy and will conceptualize, with.
the use of a s1mp1e d1agram, the 11ke]y impact of introduc-
1ng this technolegy on farm product1pn and emp]oyment

In F1gure 2.2 ‘the land factor is measured along the
vertica1 axis and labor jsbmeasured along the horizontal
axis. ‘W, on the vertical axis; represents the maximum avail-.
able physical supply of Tahd, and N indicates the maximum
amount of'lanq naturally suitable for ready cultivation
under the existing traditiona] techno]og;. Moreé specificT
~ally, N signifies the area of land that is current]y cu]t1-
vated or is capable of produc1ng crops w1thout 1rr1gat1on,’
while N - N denotes the present]y non- cu1t1vab1e arid and
semi-arid regions. Scarcity of mo1sture 1s.assumed to be

the primary limitation to the expansion of crop production

1 R ——
in the semi-arid and arid areas. L, on the hor1zonta1 ax1s,

represents the maximum available supply of active labor force‘»

in agr1cu1ture at a given t1me The isoquants are assumed
to sat1sfy.a]1 the standard assumptions of neo-classical
,prduuctfon theory.

In}the'model the 1soquant Q represents the max1mum
amount of aggregate agr1cu1tura1 output that can\be pro-
duced under the ex1st1ng 1evels of resource ava11ab1]1ty
and technology Output cannot increase beyond this 1eve]
under the existing techno]ogy because the tota] supp]y of,
read11y cultivable 1and N, has been used up and any further'

addition of 1abor-beyond L widl only d1q1n1sh tota] output,

LE; thereforc, represents (ke maximum 1eve1 of emp]oywent

1
1



Land/U.T.

NIII

N

”ll

N'

A

A} \ | ] . -~ -
\ TN | | // P -
\ IS U1 ~
i ] } l //
S~ L=t ’
T
I |
¢ |
- l ‘l L | -
| N r Labor/U.T.
FIGURE 2.2

AGRICULTURAL OUTPU% AND EMPLOYMENT
UNDER CONDITIONS OF TECHNICAL PROGRESS:

33



' 34
. i

“and there exists a lahdr'Surp]us_of the magnitude Ly - Lg.
| Undef these circumstances; to increase’output and employ-
ment-in agrieulture, it is essential to remove the cei]jng
imposed on output and emh]oyment in agricu]ture'by‘the
‘limitation of readi]y cultivable ]and-' |

Natura]]y, agr1cu1tura] output and emp]oyment can be
1ncheased e1ther by 1ntens1fy1ng operat1ons on-N units of"
good qua]tt; land or by extending cu1t1vat1on 1ntoithe
currently uncultivated N - N units of'arid and semi-arid
land or.beth ~To do either or both, of course,’requtres
investment in new inputs., ' ‘ ;

Suppose that a .new techno]ogy in the form of supp]e-
mentar/ 1%r1gat1on (1nc1ud1ng all techn1ques of water control
and de11very and improved farm management) was introduced
Tnto the ex1sting cu]tivate” areas The introduction of
this new techno]ogy can be expected to 1ncrease yield per
hectare as we]l as total output per year. This’ 1ncrease in“'
output per unit of t1me may be repreBented in F1gure 2.2 bﬂ
an 1nward sh1ft of the 1soquant Q to one s1m1]ar to Q
Consequent]y, N'. and L becomes the new land/labor combinaF
tion needed to produce -the level of output that formerly
required the max1mum read11y cultivable supply of land, N,
and LE units of labor under the previous techno]ogy Under
the new situati ron, output ‘and emp]oyment can cont1nue to
expand'b:yond Q 'and'L', respcct1ve1y, unt11 the N units of

land are entire]y cevevrad by ‘the new techno]ogy

While the fchegoing'is 3 case of intensive cultivation



!

~as a result of water availability, a similar argument can
be’ used to ekp]ain'the case of expanding cultivation to
new lands through the prov1s1on of new 1rr1gat1on fac111—

ties. Cultivation can be éXtended 1nto the 1arge1y semij -
f |

“arid area indicated by W - N through the provision .of new

irrigation schemes._ If pu]ti?ab]e land is increased from

N to N' through anljnitia1 investment in irrigation and

attendant technology, total output can be increased‘from‘

tia

Q to Q''' and employment can expand from Lg to-L Aggre-

. [ . T
gate agricu]turalfoutpﬂt can then continue to expand until
the new techno]ogy covers the potentially cu]t1vab1e physi-
cal supp]y of land. - A]ternat1ve1y, an integrated p]an of

] 1ntens1f1cat1on and area expans1on can be -pursued as a long
termtagr1éu1tura1 ‘development strategy. !

‘. On purely conceptual grounds, therefore;git is quite‘
c1ear that -investment in‘water development can make signifi-

cant céntr1but1ons to the deve]opment of Ethiopian agr1cu1-

ture, In part1cu1ar, the availability of adequate azgunts

4

of irr1gat1on water at the right time and place can lead to

3

increased cr1cu]§ura] product1on through increases in yield

per unit of 1and or through mu1t1p1e corpp1ng and expans1on

¢

of cultivated area. In regions with low and uncerta1n rain-

fall, the availability of irrigation nater'can make the
adoption of high-yielding seeds, fertilizer and chemicals

economically attractive and thereby set in motion the(pro-
cess of agricultural transformation.

Labor employment canm be'expected to‘expand not only
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during canstruction of the project, but also on an ongoi:. a
| e ‘ .

basis as cultivated area js expanding, as fields dre more

intensively cultivated, and as the additional outout is

harvested, assembled, processed, and marketed.

Irrigation Experience of Other

Developing Countries

Wh11e the theoretical formu]at1on is usefu1-1n provid- >

1ng a conceptua] framewdrk the most 1mpoftant task is to
1nvestlgate the extent to which these theoret1ca1 expecta-
tions have been borne out in practice. There-1s no doubt,
that h1stor1ca]]y 1rr1get1on has p1ayed a very strategic

ro]e 1n ‘man's attempt “to produce food and fiber. . I't 15 an

vh1stor1ca] fact that some of the wor]d's|greatest civiliza-
t1ons were based upon 1rr1gat1on and theee oivi1izations
later dec11ned as the irrigation.system failed because of
salinity. bu1]d up and other re]ated prob]ems !

During the last hundred years, 1rr1gat1on technology
and ‘the amount of 1rr1gated area in the wor]d'have been

A vast]y increased. Nor]d 1rr1gated area is sa1d to have

vr1sen from a mere 8° m1111on hectares in 18802 to about 200 -

i
~

_ President’s Sc1ence Adv1sory Commvttee, The world‘
Food Problem, Volume II, Report of the Panel eon the World
Food qup]y (washIngton, D.C.: The White House, May, 19679,

440, . - R !
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mil]ion hectares in 1974, ]. Neyerthe]ess, 1rrlgated acreage

st111 accounts for a relat1ve]y small share of total culti-

‘vated area on a world ba§1s, but it is of prime 1mportance

,i~

in certa1n regions and spec1f1c countries,
[} ES

CWith the except1on of Japan 1rr1gated area constitutes

.a far Targer share of harvested area in-: the deve]op1ng

-]

countries than in- the\deve1oped countries (Tab]e 2.1).

Certain developing count?ies (see Table 2.2) depend almost

ent1re]y on irrigation for crop product1on

Even more revealing ﬁn this regard are the figures inm

Table 2.3. .Over the period 1961-63, the countrics of the

Near East and N.W. Africa received 68 pe}cen%‘of the value

~of crop production €rom irrigated lands. The comparable

figures fornAsia and tﬁe Far'East Latin America, and

) Afr1ca south of the Sahara wWere 40 percent 17 percent “and

3 percent respect1ve1y 2 B Rt

These figures merely reflect the under]ylng climatic

i

cond1t1ons in these countr1es wh1ch make the use of 1rr1ga-

- tion 1mperat1ve Since most of the deve]op1ng countries

11e w1th1n the trop1cs and’ subtropfcs, inadequacy of annual

-~

-rainfall or“unfavorab]e‘seasonal distribution and a high

<

rate of evapotranspiration make supplemental irrigation of

d F.A.O,, Production Yearbook, 1974 (Rome: F.A.0.,

.]9%* s pp. 3-7.

2 F.A.O0., Prov1s1ona1 Ind1cat1ve World Plan for Agri-
cu]tural.Deve]opnent VoTume T (Rome: F.A.O. s 1970), p. 46.
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) TABLE 2.1 ”
MAJOR IRRIGATING COUNTRIES, ACCORDING TO AMOUNT
- OF IRRIGATED AREA' (1,000 Hectares)
Eg@ﬁ " 5 Cultivated Irrigated Percentage
oA Countny + Year " Area3 Area . Irrigated

China (PRC) 1967 (1960) 110,300 - 75,980 68.9

* India 1968 164,610 27,520 16.7
United States 1969 192,318 - 15,832 8.2
Pakistan 1969 19,235 12,505 65.0
U.S.S.R. 1970 . 232,809 11,100 4.8
Indonesia - 1969, . 18,000 6,800 37.8
Iran 19N | 16,727 5,251 31.4
Mexico 1960 (1964) - 23,817 ' | 4,200 17.6
Iraq 1970 (1963) 10,163 3,675 36.2
Egypt 19N , 2,852 2,836 . 100.0
Japan 1970 5,510 2,444 . 51.5
Italy 1971 (1960) 12,409 2,435 119.7
Spain- 1970 . 20,626 . 1,830  11.8
Thailand 1965 (1969) 11,415 1,655 ., " 16.0
Argentina 1968 (1959) 26,028 1,549 6.0
Turkey 1970 (1967) 27,378 1,476 5.7
Australia 1969 - 44,610 1,091 3.3
Chile 1965 (1964) 4,632 . 1,116  23.6
Peru - 1971 2,979 1,021 37.5.
Bulgaria 1971 . 4,516 - 22.6
Total? 1,457,000 203,600 . 14.0

Includes individual countries having irrigated
areas exceeding one million hectares. :

v , N
2 Year refers to year for which data on cultivated
area apply; year in parentheses refers to year for irriga-
tion ared-data when different from year for cultivated
area data. S ' ~
:3 Cultivated area is arable 1and plus land under
permanent croeps. ' -

B ’ ; [ | ) . . N

4‘Tota1 and numerical values should be regardec .s

approxim@te because of incomparability of dataibetween '
countries and different years of data collection.

‘.< SCL&CE: U.S.D.A., Economic Research Servic » The World -
' -Food Situation and. Prospects tf 1 (Washington,
D ~.: S.D.A., 19747, p.’zgy/ ’ '
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chucia] importance to agricultural production The‘ineuh
ance that eupp1ementa1 1rr1gat1on provides aga1nst d1s- |
‘astrous droughts that occur with amazing regu1ar1ty in
these regions 1s also of vital 1mportance to the welfare
and surv1va1 of the people who 11ve in this part of the
wqr]d.
| It might vehy well be true that future breakthroughs
~in chop‘research might develop varieties suitable for arid *°
and semi-arid areas. .workvin this direction has a]ready
been 1n1t1ated 1n some 1nternat1ona] research 1nst1tut1ons ]
It will undoubted]y be several years before a spbstant1a1
breakthrough can be realized in the development of h1gh—
yie]ding‘seed harietiesbfor the arid and semi-arid-areas of
the wqr]d ‘ | | |

In the immediate future, iherefore the deve10p1ng
countr1es have to rely on the use of existing crop var1et1es
for producing the urgent]y needed food. Unfortunate?y, the
nh]gh -yielding wheat -and rice var1et1es that sparked the so-
_ called "green revo]uthon* in As1a requ1re well contro]]ed
.and properly managed supp]Jes of water as well as adequape
fertilization in order to\ produce optﬂmuh yie]d Hence, LA

they may not provide a v1ab1e a]ternat1Ve in countr1es where

1rr1gat1on is poorly deve1oped Be1ng acute]y aware of this

I

|
! The International Institute of Trob1ca] Agr1cu]ture o
in Nigeria and the Institute of International Crop Research
for the Arid and Semi-Arid Tropics in India are two main
institutions doing research re]evant to the sem1-ar1d areas

iof the tropics.
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TWENTY-FIVE MAJOR IRRIGATING COUNTRIES, ACCORDING TO

PERCENTAGE OF AREA IRRIGATED

1

(1:000 Hectares)

Cultivated

4

Irrigated Percentage
Country Year Area Area Irrigated
x
Egypt 1970 , 2,852 2,852 100.0
China 1967 .(1960) 110,300 75,980 68.9
Pakistan 1969 19,235 12,505 65.0
» Taiwan 1969 -~ 867 500 57.7
" Japan - 1970 5,510 2,836 51.5
Israel <1971 417 173 41.5
Albania 1967 556 227 40.8
Indonesia 1969 18,000, 6,800 & 37.8
Peru 1971 - 2,979 1,116 37.5
Iraq 1970 (1963) 10,163 3,675 36.2
" Korea, ; c - _
Rep. of 1969 (1968) 2,311 759 32.8
Iran 1971 16,727 . 5,251 31.4
Cyprus ! 1968 (1967) 432 102 .23.6
Chile 1965 (1964) 4,632 1,097 23.6
Ceylon 1970 »979 465 23.5
Bulgaria 1971 14,516 1,021 - .22.5
Madagascar 1966 . 2,900 - 620 21.4
Italy - 1971 (1960) 12,409 2,444 19.4,
Greece _ 1968 (1969) 3,631 711 19.6
Viet Nam, i S,
- Rep. of 1971 ' -.3,065 - 580 18.9
Mexico- 1960 (1964) 23,817 4,200 17.6 -
Somalia 1960 - . 957 . 165 17.2
India 1968 164,610 27,520 i16.7
Saudia Arabia 1967 . - - 809 131 16.2
Thailand 1965 (1969) 11,415 1,830 16.0

Includes only
hectares of irrigated area:
data on cultivated area apply
to year for irrigation area dat
_ for cultivated area data.

coun

v

plus land under permqpent crops.

tries with méfe than 100,000
Year refers to year for wﬁich
; year in parcntieses refers
a when different from year
" Cultivated area is arable land

SOURGE:[U.S;D,A., Economic Research Service, The World

Food Situation and Prospects to 1985 (Washington,

D.C.:

U.S.D.A., 1974}, p. 7T.
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problem, fhe F.A.0. Indicative World P]an‘ﬁtates:j

As modern cash inputs are succes§fully removing or
reducing the effects of many lTimiting factors, even

- in areas of moderately adequate precipitation, there
ts an in'creasing need to consider supplementary -
irrigation to avoid moisture availability becbming
the ceiling on yields.

In genera], there seems to be a‘high corréla%ion'
between irrjgation water availability and the area planted

to the new ﬁigh~yie1ding varieties.zk The F.A.0. Indicafiye

World Plan, for instance, estimated that out of 140 develop-
' . .

i

ing tountrigs, only\about.ZS were qsing‘the'high-yiélding

“crop varieties on a 1%rge scale in 1968 andbthése were
mostly countries where jrriéatioh was }e1ative1yxwe1] v
deve]oped.3 | | | o o

In’codntries.that‘haye achjéyéd agricultural break-

_throughg in recent years,_ﬁd#h as Mexico,_Pakistan and
Taiwan, ir 'gation seems fokﬁavevplayed a very important

role[(Tab;e-z,])._ On the other‘hénd,~thé adopFion bf

impfoved/variéties_has beeh've}y slow in Africa south of \

. the Sahara, wheré waper i§‘scarce and 1rrigatioh'faci]itiés
are extremeﬁ} limited (Table 2.3). Since improved seeds

and fertilizers can be imported from aBroad, there is nlo

doubt that water is the most’1im1ting factor hamperigg

t

-

_ _ O - |
) 3 F.A.0., Provisional Indicative World Plan for Agri-
. cultural DeVe]opmenl,,VoTume I, p. 47.

2 Ibid., p. 83.
-3 Ibid., p. 98. S ¢
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'

large-scale .adoption of this new technology in sub-Saharan

Africa. In fact, as Time Magazine]iputs‘it: "From Central
America to Asia, the main limit on the wider use of miracle
seeds is the lack of water. The F.A.O. estimates that

global demand for water will expand 240 percent py the“

.
"n

century's end....

\

Undoubtedly, the fliture expansion of high-yielding

\
'

" seed use will be governed by water:avéi1abi15ty. The F.A.O.

Indicative World Plan envjsaggé a large portion of the,addi-
tional areé planted with the new seeds to be irrigéted. ‘
Thé 1985 projection 6f thé‘F.A.O. plan for the adqption of
new varieties c]ear]y points to the increasing importance'
of 1rr1gat1on as a source of’ agr1cu1tura1 product1v1ty growth
in the 1ess deve]oped countr1es * '
While emp1r1;a1 ev1dence showing the positiye effects
of irrigation‘and the new high-yﬁe]ding séed techﬁo]ogy-oﬁ
production.has been mounting, the record has not Heén‘as
\impressive for emp)oyment generation and incomr distributioq.
By and large. the emp]oyment generat1ng capacity of the g@?
"green revo]ut1on" has not been as or1g1na11y expected " The
available evidence seems to 1nd1cate that the "green revolu-
in Séuth East Asia has.intensified'tﬁe‘rura1 unemp]oyment.
problem. " The process §e€ms to have accelerated the rate of .
tenant eviction because lahdlords found it increasing]y;

-

1 "Spec1a] Report on the world Food Cr1s1s," T1me,-
11 November 1974, p. 82. ‘
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[ prqfifab]e to substitute ﬁodern fqrm machinery for 1abo;ﬁ.'I
The distribution of gains frbm the new agricu]tura]
teghno]qu has also”beén skewed in\favof of the 1andlords.
“This has'further sharpened the conflict between: the shq]]
Llandowning class and the ia;ge mass of'lahdless.péasants.
0f coursé, it should be pointed out that these\pfbb]ems did
~not oﬁfginatg with ‘the green revb]qtion. Theirlorfgin jies
in_the ana;hronfstic system of property ownership that
characterizes ah%reéF\majority of the developing coﬁntriesﬂ
Superimposition of'the-new te;hng]ogy into the traditioa
bound, largely feudal system 6f property relations has‘simp]y.
exascerbated:the_ihherent defects.ahd in@quities of tﬁe ' |
system.- It is thus ]arge]y the failure qf thelsocia1 and
fnstitutiona] system to adapt itse]f.to new situations which
s resqonsibie for some of the major shortcomiqgs of the
new‘agr{cultura]‘techho]ogy,in-many developing countries.

A realistic poﬁicy of Sgricu]tura] development should, there-

fore, treat both technology and institutions as endogenous

For a[detai]ed\discussion of the unemployment and
dncome distribution problem of the green revolution see:
Walter P. Falcon, "The Green Revolution: Second -Generation
Problem," American Journal of Agricultural Economics, Vol.
52, No.\5 (December, T97C . p. 698; Laurence Hemes, Rura

~ Development: World Frontiers (Ames: The Iowa State Univer-

- sity Press, 1974); Thomas 1. Poleman and-D.K. Freebairn,
Editors, Food, Population and Employment: The Impact of the
Green Revolution (New York: Praeger Publishers, 1973).

: 2 Keith Griffinﬂ The Political Economy of Agrarian
Change::- An Essay on the Green Revolution (London: Macmillan,
1974), ? . - : B

\
1
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Non-Irrigation Uses of Water

While the benef1ts of 1rr1gat1on, part1cu]ar1y in an
arid climate, are clear and visible, the benefits of water
dgve]opmentjprograms are by no means restricted'toljrriga4
't{oh only. . As subsequent discussion will show, there are’
Some not so visible, but nevertheless vital, serv%ces that‘

can result from developed water systems.

Housého]dHWater Supply
A we]]vdevélbpéd,community water resourée can serve
as a sanitary source of dOméstit water suppﬂy.. Aside from
the immense wé]fare implication of an ample supply of fresh
water for domestic usef a clean and safe household watgr
“supply can have substantial and measurab1é economic benefits.
Reduéiion-in public health costs and savings in man-hours
lost due to 11]ness caused by water borne d1seases are on]y
a few of the readily recogn1zab1e economic benef1ts of
commun1ty water deve]opment A national program of water
deve]opment can therefore greatly contr1bute to the |
enhancement of a healthy, energetic and‘more'product1ve'

population. A‘

Livestock Water Supply

The ‘livestock.industry is a very important component
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of Ethiopia:sjagricultura]-economy. The promotion of this
industry should be an integral part of the agricultural
develebment pfogram. But the gewelopmentiof a vigorous
livestock industry depends, among other things, on the .
avai%abi]ity of adequate and clean stock water supp]ies.
A re11ab1e source of water is requ1red not on]y for d1rect
stock consumption:but also for the deve]opment of pa;tures
‘and ranéelands, which are vital for increasing the quality
ahd quantity of livestock output. An additional economic
benef1t may also be realized through the reduction of
‘ veter1nary costs over and apove those that maxgaccrue‘frpm
improved ]iQestock production if adequate ahd clean water
suppTies are provided. Lo

}

Wildlife Conservation and Development

The availability of a well developed water sysfeﬁ
would also encourage the growth of fish and w11d11fe CIf
. proper]y\managed these resources'ceuld be a goqd_supp]e—
mental source of food, partﬂcularly good_quality protein.
-Nater-basedtsports.and recreation cod]d also be expanded,g ~
thereby enhaﬁcing tﬁe Wé]]ébeing of'ﬁhe'cbmmunjty aé a

whole,

Rural industria].Deve]opmént ' . o \H

- The deve]opment and expansion of .any sort_of mode%n
- farm prpeessing industfy will require the ready availability

of large quentities of water. It is characteristic of

1
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!

modern industry to use large volumes of water either‘

directly in the .manufacturing process or for cooling,

K ‘ 1] - »
cleaning, and waste d1sposa1 purposes. This is parti-

< cularly true for agr1cu1tura1 processing 1ndustr1es In

. / .

addition, modern life-styles require increasing quantities
. ’ t / ’

of water per capita, and as industries and townsvexpand,

the demand for municipal uses of ter can be'expected_to'
1ncrease dramat1ca11y The earT%tZevelopment of water

resources, the e,ore, can 1ay the foundat1on for jyture

1ndustr1dT?5' ﬂh1p deve]opment in Eth1op1a.

x}'and 5011 Conservat1on

uThe;1ntm6d£§t1on of good watershed management and T,
water conservation associated with water development can

be of immense ;a1be in, f]dodVCOntro1,bsoi1'conservation:

and timber development. These'actjvities Ean also have
widespread economic benefit in a mountaiﬁous coﬁntry-iike
thiopfa where large éreas of pkbductive farm lands: are
belng reduced every year by eros1on resulting from rap1d
and uncontro11ed runhoff ' | |

_ These uses, of course, do not exhaust the entire
range of benef1ts that can resu]t fromawater resource
development.-,For 1nstance, medium- and largq-sca1e“water
projects could be devo]oped for hydro electric power genera-
tion. However, it is beyond the scope of th1s study to |
go into these types of projects. |

In the final analysis, two important cqnc]usiéné'seem
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B

“to emefge from the fbregongldiscussion:'(]) water deve-

Topment is vital for the stabi]izétion of food supply
and- transformation of'Ethiopfan agriculture, and (2) the
development of 1ntegrated\agr1cu]tura1 water projects can
directly and effectively contr1bute to the progres§ and

we]] be1ng of the rura] popu]at1on of Ethiopia.

L



CHAPTER TII

ETHIOPIA'S WATER RESOURCES: A
DESCRIPTIVE APPRAISAL

o P o &

In‘view of the botentia11y imbortant:role water'can.]
play in the devé]opment‘and4transfornation of Ethiopian
agricu]ture, the question that 1ogica11y.fol1ows’is: Does
Ethiopia possess sufficient quantities of water resources
that can.be developed for agricu1tura1 and other purposes?
fn_othervwords, is Ethiopia adequately endowed with the
-requisite quantity and’ouality ot water supplies that can

be deve]oped to meet the demands of the various sgctors of
the econoﬁ;7 'It is.the.purpose of this chapter to attempt
‘to prov1de some’ answers to these and related quest1ons

Although Lnow]edge ahout Eth1op1a s water resource
endowment is far from being"’ comp]e@% cons1derab1e 1nforma-
tion has been gathered over the Jast_fifteen years.
Detai]ed studies of two river. basins --'the Abay and the .
Awash Basins -- have been completed and a study of the |

|
Wabi Shebe]]e Bas1n is 1in the final stages of comp]et1oh

Minor local :and ground water surveys have,been conducted

jn'differegt parts of the‘country.] There are further

! For a broader d1scuss1on on Ethiopia's water : }
resources see: Imperial Ethiopian Government, Ministry of
Planning and.Development, Regional Aspects of National P]ann—
ing in Ethiopia, Part I, p. 26, and Part.II, Appendices B.
and D. .. = S ' : |
) T e 0

ey
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encourayging s1gns that a number of government agenC1es
are 1ntens1fy1ng efforts to comp11e anﬁhmake available
a1

Water resource data on a Continuing bas1s _ These endeavors

are contr1butJng great]y to the grow1ng know]edge of the

state of the nat1on S water resources )

¥

_The 1mportant ava1]ab1e 1nformat1on have been brought
- together in this chapter with the aim of assessing the J

prospects for irrigation development. Primary emphasis'is

[

placed on establishing ‘the genera] magnitudes of the _avail-

3

ab]e sources of water supply and the demands put on them
rather than on prov1d1ng firm quantitiative est1mates The
chapter beg1ns with a cons1derat1on of the supp]y side of

Eth1op1a s water resource ‘system, the components of which®

-

‘are precipitation and varjous types of surface and ground
i
water SOurces (F1gure 3.1). It then dlscusseSsthe var1ous

c]asses of demand for water in. Eth1op1a, 1nc1ud1ng house-

ho]d,demandb agricultural demand industria] demand and

(

demand for-flow uses of water The chapter conc1udes with’

a br1ef remark on qua11ty aspects of Eth1op1a s water
Systems ' )

[

" 4 o ) . . "° . ¢

%

Among the main agenc1es concerned W1th water and
water-related problems in-Ethiopia are The National Water
Resources Commission, The Awash Valley Aut.br1ty, The
National C]1mato]og1ca1 Servite, The Marine Department,. The

- -Addis Ababa Water and San1tat10n Author1ty,,The Eth1op1an
: . Electric Lights and Power Authomty, The Ingtitute of :
. Agricultural Research, The Ministry of Agriculture, and
The Mun1c1pa11t1es Department of the M1n1stry of“ Interior.

rog S

¥ . 1
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Precipitation

Rainfall is the principal form of precipitation and,
} : .

i

therefore, the primary source of fresh water in Ethiopia.

“ Snow is totally nonexistent and other forms of precipita-

tion such as dew and hail occdr in negligible amounts.

The fu11~significance of-reinfall to the welfare of

o

’z_the peop]e of Eth1op1a can be rea11zed only when one con-

‘..
e
‘

Lt
e ™

N |

' s1ders the ?act that almost the entire agricultural produc-
" _A e ﬁ
tion sy§9em rgsts on dry]and farm1h§ and ‘that agr1cu1ture

ge the 3§Lkbone'of the Ethiopian economy. An’ equa]]y
- U

sggmr?iéant po1nt is that-surface. and ground water sources

\:»( £

Tn E%h1op1a obta1n the1r rep]en1shment str1ct1y from the

~

annua1 rainfall: It is ‘also 1nterest1ng to note that the

40 "i' ' o o

@Available sources of water‘;tr1ctfy depend on the amount of

. .rainfall that occurs ‘within Ethiopia's borders as there are

‘ ne1ghbour1ng countr1es
14

no rivers f]owing ihtoifthiop{a from other countries. wQn
_ the contrary, most of Eth1op1a S maJor rivers f]ow across
'nat1ona1 bound1r1es to become the mainstay of 11fe
As elsewhere on the g1obe, the rainfall reg1me Jn

'Eth1op1a is governed by the hydrolog1c cyc1e So]ar radia-

‘gt1on and h]nd movement two.ﬁectors overuwh1ch man has

¢
abso]ute]y ho conurdT prov1de the energy which keeps the

'hydro]og1c c& le in perpetual motion. Although very eff172
% .

X

.:5: o ‘ .
e, Iz \

1

o Mesfin Wolde Mariam, An Atlas of Ethiopia, p. 14.

8o,
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cient as a gigantic desalination and global fresh water
conveyance system, the hydro]og1c cycle 1eaves a 1ot to

be desired as a system of g]oba] fresh water d1str1but1on |

.

"

The conveyante system 1s, by and large, very capr1c1ous
and the allocation process 1is ne1ther reliable nor ent1re1y
fair and equitable cn a ¢lobal bas1s Consequent]y, o @w$

f]uctuations from ti :blished patterns of ra1nfa1L éﬁ?

A'occas1oned by a change in the d1reat1on of the, moist dLh

_carry1ng w1nds or the amount of moisture they carry are

!
quite frequent ' Such f]uctuat1ons of course, can, énd do,

from time to t1me, produee profound impact on the econom1c
activity of a given 1ocaj1ty or reg1on.

Given the predominance of such a'stochaStic factor
in Ethiopia's agricultural production. systém, plans a1?ed

at ach1ev1n¢?acce]erated agr1cu1tura1 growth run a very
'y

high rnskiof being frustrated unless real efforts.are made

to compensate for these inadequacies. As the host crucia]:
variah]e fn'Ethiopia's'water'resoufce equation, therefore,
rainfall. needs to be looked at veryjﬁlose]y 'in partieular,
.ertain character1st1c features of ra1nfa11 that have pro-'
found 1mp11cat1on for agr1cu1tura1 brodé£}1on deed\to be
1dent1f1ed and carefu]]y scrut1nTzed The most 1mportant

of these features are: the quant1ty of annual. ra1nfa11 its

tempora1 and spatial d1str1but1on and its - 1nten57ty These

vital: features are briefly. d1scussed below:

ls
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‘Average.Annual Rainfall

|

The averagé\anndal rainfall in Ethiopia varies from

- less than 1005mm in the extreme northern ‘and southeastern

portions of t%egcountﬁy to 2,500 mm in the southwestern\
highlands (F#gqre 3.2). Over the copnfry as a whole, the

| ‘ : .
amount of ahdua] rainfall seems .to belpositively correlated

with altitudeé and negatively correlated with ]atitude and

1ong1tude ]‘!

| .
lIt is L1ff1cu1t to estimate prec1se1y the tota]

-
volume of raﬁn that fa]]s Qver Eth1op1a in any g1ven year

3 >

However, an Effort was made to obtain a rough quant1tat1ve

by us1ng th# fo]]ow1ng formula: B . é{}ﬁ:?gl

-

Total volume of ra1nfa1] forﬁﬁn average year.

where R =
‘ measured in hecta metres
A5 Average annual rainfall for the nation as a
- .| whole measured in meters. '
H = Total 1and area of the country in»heciares.

-

The cruc1a1 variable in estimating this equat1on is

the amoUnt'oﬂ average annua] ra]nfal] D1ff1cu1ty in apply--

IS
1

For further.&etai1 on th1s?po1nt see Kebede Tatu,

‘"Ra1nfa11 ini Eth1op1a,“ Ethiopian’ ‘Geographical Journa]

Vol. 2, No 2 TDecember, 1964), (fp 2§-36

‘.,est1mate of the totah volume of ra1nfa1] in an average year.(

R .t Crat
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ing the formula arises from lack of adequate rainfall data
T

4

‘to estimate precisely the amount, of average annual rain-
T . f

fall on a national basis. 1In a country where extreme rain--

|

fa]]lpatterns prevail and only a few scattered weatheh

stat1ons are ava11ab1e, average. f1gures\are bound to be

'very m1s]ead1ng \But since the intention here is to obtain

1

some 1dea_about mégﬁifddes rather thén'brecisé estimation,
the formula serves the desired purpose.

| Assum{ng A ='900 mm or .Q'h,] and H =122,200,000 ha,
the tgfal volume of raihfaliravailab}e in an‘average year
1n ﬁth1op1a w111 be approx1mate]y 109. 98 million hectare-
meters (ha-m) of water or abou% 1.099 tr1111on cubic meters.
This would amount t0x42;300vcubic meters or 42,300,000 J
1iter§ pef capita.~ This qugntigy of water,is thereforé

potentially available each year.

Judging from the above figufes, the‘countrylas a whole

~seems to rece1ve adequate annugyl - prec1p1tat1on However,

the kpat1a1 and tempora] d1strg§utﬁon of . th1s prec1y1tat1on
accounts for prob]ems 1n availability of water supp}y, i

[3 . . . _

v _ : a

Regiondl Distvibution of Rainfall - |

‘There are wide vériations in the spatié] distribétion

"L 1 Extrapolated. from isehytes shown on Figure 3.2,
‘ ‘ Y ' :

Imperial Eth1op1an Government, Ceatral Stétistica]
0ff1ce, Eth1op1a‘"5tat1st1ca1 Abstract 1972, p. 7. - .

T e .
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of rainfall in Ethiopia. _For instance, the annual average

'
1

at Assab on the Red Seq coast (elevation 11 meters) is
53.1 mm,] while the corresponding figure for Gore in the

southwestern highlands (elevation 2,002 meters)‘i@ 2,506.1

mm.2 While, in.gener.l, arid to semi-arid conditions tend

to prevail in the peripheréi‘lbwléhdshand relatively wet
cohditionsvprevaii in the highlands, considerable variations
seem to exist within each of these;broad physiographic
rehioﬁs (Figvre 3'3)’ The'southwestern high]ands; for
instance, receive conSiderabiy more rainfa]] than the cen-‘
tral and northern highlands, a]though the ﬂatter have con-
siderably higher elevations. "

In Ethiopia a]titude aione has traditionaiiy been‘

used to classify regions 1nto climatfc zones. This highly

1é51mp11fied apphoacgtu@winadequate as it ﬁaiis to fu]]y

exp]ain why regions with the samé:a]titude have different

¥

amounts of rainfall. Recent]y, more systematic studies have

N

'httempted to incorporate other determining variables.in

order to improve the explanation and predictionlof “the

‘patterns of regional raihfa]] distfibution in Ethiopia.

Significant among these is Kebede Tatu's study,% which ;

suggests that rainfall in Ethiopia is positively correlated

. /
|
1 . A
Ibid., p. 10 K
2 1bid ’ -
.3 Kebede Tatu, "Rainfall in Ethiopia." ‘

Loy . -
PR « . . .
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with altitude and negatively correlated with ]opgjtude aﬁd
latitude. According to‘tﬁe conc]Usjon‘of this stﬁdy,'there-
fore, a1titudevfehaining constant, the volume of rainfaﬁ]
in EthiopiaAdecreases from soutﬁ to nortﬁ %nd from west to
east. This conc1usion is amply supported by empirical
evidence.] The influence of altitude on rainfall, other
factors remaining constant, has also been estabjished
Ra1nfa]] data recorded‘at d1fferent elevations in the Awash
Valley 1nd1cate that the average annual ra1nfa11 increases
by 60-70 mm for every 100 meter'r1se in e]evat10n 2.
Based on the,results of his study, Kebede c]ass1f1ed
the country into nine d1fferent ra1nfa]] req1ons.
1. The. h]gh]ands of Shewa, Wallo, Begemedir, GOJam
' and Northwestern Wellega _ -
2. The western highlands of I]]ubabof, w51* ja and
Kefa. : S . v
3. The weétern'a?d fhe northwestgfn Towlands and
plains. . ] '
4. The Rift Valley (north of the lakes dﬁstriét).

5. Thé southern lowlands of Sidamo, Gemu Gofa, Kefa,

and the Ogaden Lowlands. o : w

Ibid. S | ,

\
2 Carl F. Miller et al., _1§tems Analys1s Methods for .
Ethiopian ¢ A0r1cu1ture (MenT_ Park, Catifornia: Stanford .
Research Instltu e, 1968) p. 54. oo ‘

Sy

\ | 4
o ’ \
3 Kebede Tatu, "Rainfall in Ethiopia," p. 31.

\

4.
-
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6. The“Red Sea coastal p]ainﬁ.

?. The highlands of,Arussi, Bale and Harargie.

8. The Northern Denkel Plain. _

9. The highlands of Tigré, Eritaria, Northern Wollo

and Begemder. : |

This classification seems to coincide rather closely with
an earlier c]assificatiQn by Huffnage],]:who partitioned
Ethiopia intg fen different rainfa]) regions. o

The available evidencé, therefore, c]ear]y'fndicates
that‘sigﬁificapt variations }n rainfa]] eﬁist among!the
varioﬁs region§ of Ethiopia. These variations seem to be
ade&uate]y explained by the combined effécts of altitude,
1ongffude.and 1atitudé.\,As far ds qan“be\determihed from
‘the available informat;on, most of the highland regioné
(i.e., regions 1, 2, 7 and 9 above) receive adequate amounts
 ofAhainf$11 fbr crop productfon'whi]e the lTowland regions
(i.e., regions 3, 4, 5, 6 and 8)'aﬁ€ generally beéet by ‘
scércity of_réinfa]l. The traditigna] pattern of ag;iculi '
tural practicewhas,"therefore,'close1y fbi]owed,the pattefn
of rqinfq1]‘distribhtion. Iq the wet'higﬁ]and.regions,

mixed farming pre}%&]s, while in the dry lowlands, cattle

raising tends to dominate.

R Y

O

T yp, Huffnagel, Agriculture in Ethiopia (Rome:
F.A.0., 1961), p. 60. » . - |

»
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.

Temporal ‘\/ariatio<.~of~kai'n-f’

i

The temporal variations (seasonal, interannua1, and \
cyclical variations) of rainfall are also of ;ttalrimpo}ti )
ance to agricultural production.' Rainfall is extremely
seasonal in most parts Qf.Eth%opiai Only in the western,
highlands of ITlubabor, Wallega abd‘Kefa does rain fall
most of the year. The rest ot‘the gountry is-restricteq
to a short wet season which may occur at different times
in different regions. To date very 1ittle is known about
the cyc]icaT behavior of ra1nfa11 in Eth1op1a |

In this study an - attempt was made- to compute the sea-
%\sona1 1ndex of Yainfall in the central h1gh]ands ( e., the

region roughly correspond1ng to ra1nfa11 reg1on 1 above)

! ‘
using the average of- month]y data nver a seven yy g»riod.

The perlgd of time for wh1ch data are avaﬂab]e Was not ,
considered suff1c1ent to warrant an ana]ys1s of the cyc11ca1
beha¥1op. The resu]t of the analys1s is dep1cted in F1gure
3.4.%' ‘ ) T ' I o
The data ana]yzed 1nd1cttes that about 70 percent
cof ra1nfa11 in the centra] h1gh1and< occurs between June
and September, August be]ng the month of h1ghest,ra1nfa1];.
Sometprecipitatioh occursvbetweén February and Apbt1,:but
this taiffa]] is genera11yvunreTiab1e. While 'the seas_onal.*f~
| f1uctuation of rainfall in Ethiopia as a whole‘is consider-

fab]e, the 1nterannua1 f]uctuat1ons of ra1nfa]1 part1cu1ar1y

in the central h1gh1anos, appear to be rather sma]] It

«
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'resuit 1n_gestruetive floods.
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'

, ' ; ‘ o LA
should nevertheless be emphasized that a more systematic‘vnf

study of the seasonal, trend, and cyclidal variatlgns of

rainfall in Ethiopia ne;ps to be conducted if the existing

temporal patterns are to be fully understood. o ,

Rainfall Intensity

~

. Along with the regional distribution and séasonei

variation of rainfall, the intensity 0 rainfail also has

1mportant implications for water suppiy and agriculturai

development in-Ethiopia. - Due to the generally mountainous

9

.nature of thiopia's-topdgraphy, high rainfall intensities

usually result in rapid.run-off The more rapid the run-
J

_off .the less chance for percoiation and infiitration that

’:nwouid help build up the ground water stock High rainfaii

1nten51t1es also prec1pitate erOSion and are more 11ke1y to

. Tyﬁicaiiy,'the rains in Ethiopia fa]i in heavy showers

and downpours, suggesting a'very high 1nten51ty per unit of

,time According to Huffnagel, intensities of between 60 and

70 miiiimeters per hour have been recorded in the central

highlands. 1 The effects of high rainfall 1nten51ties*are

reflected in severe soi?l erOSion and f]ooding of lower

piains in most parts oflEthiopia The . assoc1ated loss of

° h

1

H.D. Huffnacel, Agriculture in,Ethiopiaﬁ p. 60.

£
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iflow>resources:that‘are constantly renewed by pkecipi:-

. ) : ‘ : . o .

agricultural output is believed to be considerable. x‘?'5~

‘.

Surface Water Resources

Surface water resources in Ethiopia are, by and ‘urge,

5

‘
v

0 : '(7! . ) . . : 4
without use, may increase or decrease cont1nuous1y or dis-

;available at diffefent times. The_ehafactenjstic.ot'such

resources; as'Ciriacy-WantrupT points out,\{s that the flow

ol

«continuously at e]ther a constant or varying rate\ Since.

there s no re]aﬁ1onsh1p between present and/future f]ow
f .,

it should be possible to ma1nta1n use of surface water

sources 1ndef1n1te1y as 1ong_as edeqyate prec1p1tat1on

1

continues’. . ' o

soef.,

Consequently, different quantities of these resources become

-

S,’

: * - ' T R
In Ethiopia, three types of surface water sourcesi‘

can be distinguished: rivers aﬁdcstreams, frEShwater lake

@

bR

and ‘ppnds, @nd sea water, Freshwater Jakes and;rivers,

”constftute by far the largest sources of water supp]y fo

w;}ﬁdraWa1 uses in Eth{opia Except for a limfied amoun

f1sh1ng, salt m1n1ng and nav1gat1o ethaopla has not"

_‘made use of the waters of the Red Sea¢tb any 5pprec1ab1e
extent wh11e the d)rect use of water from the Red Sea fof
oft

4 .“‘(‘ 1
consumpt1ve ‘purposes is - nok poss1blz ht present because

im -

L

Cg ] ‘ : . ’ . ! ¢ "' . ’ |
a S.V. Ciriacy-Wantrup, Resource Conservation:~
Economics and Policies (3rd Edition:. Berkegey: Division

Agricultural Sciences, Un1vers1ty of Ca11forn1a, 1968),.

p. 37. : .
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*%r_ : its saline nature, 1t does represent an nmportant potentia]

s : ks -

:ﬁ; source for supp1y1ng the water requ1rements of the coastal

4 ) . thy] .

LT 1ow]ands prov1ded that low cost desa11n1zation and convey—

ance techno]og1es are. ava11able Meanwhile, the present
- uses)of the Red Sea can pe expanded conswderab]y with pro-

bl

e

td

- . 'c o y ) . . \’:““ . ' i ‘ .
) ! Rivers. and Streams L . ‘ A
- .- - , ' ’ R usw

P Ethxpp1a is endowed w1th a-large numh of»rﬁvers

-~

" and~Streams Wh11e many of the smal]er streams carry water

e

,on]y dur1ng the season of heavy ra1ns, pract1ca]]y all of

L

" per p]ann1ng and 1nvestment SR . ’ ﬁﬁgg‘”,

¢ ir v . ' T ’ .
[ , . 3 . . . . ‘mﬁ
N s : . i : P
BN :

. ¢ the ]arger r1vers have permanent flows. Howevew, the1r d1s—;

N : charge rates vary cons1derab1y, dependir _n the\seasgn
- ‘ . S T
L “Maximum discharge rates Qf the large ma oﬁaﬁgeers

R
1

occur dqr1ng the wet season of June September ‘wnth the

¥ ?

w1§ﬂ the month of haghe t‘rawwfa11 1n the high1a7ds

e

Ny e

N §"<” Average annua] f]ows as weWTuas the power and 1rr1ga—rx

_t1on potent1a1 of th‘“ﬁ#&or Eth1op1an r1vers are shown in

oo e TabJe 3.1, The f1guz§s c%ear]y hnd1cate that pract1ca11y
a]] the. maJor r1vers of EthPop1a have cons1derab]e potent1a1

: for e1ther hydro poWe? or agr1cu1tura] deve]opment The.

0 « N A o

-,
s-"'i- g

“

. Unpub]1shed data comp11ed by the Eth1op1an water
- ﬂesources Commission over the past decade indicate that
the -hfghest mean discharge rates of tne maJor r1vers occurs

dur1ng the month of August . / T
. ! / C : Lo
| “ Lt . \.‘ . o E !,"/ ) _— . R
' [ i T LI i .
oo . N
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o i 7 TABLE 3.1 )
W . v " . /
T ~ POWER ®ND IRRIGATION POTENTIAL OF | B
| MAJOR ETHIOPIAN RIVERS

\ o ; N A
+ prs -

e, v -2 - “Average. - Estimated Est1mateq
TR v Vo ~Lepgth . Annual Flow - Irrigable  Power
ISR 'y - InSide Discharge Area Potential -
[ A : Ethiopia® (Billions . Commanddd (Millions
N ‘ﬂﬁVEYQ (km) ~ ~of m3) L (ha) . . of kwh)

~r

Apa (Blue Nite) 800 . 530 “%7440,000  24,900.0

be S - T
-Awa§:$; | 1,200 7, 5.4 /200,000 1,304.0 .
“Baro! . M e f5211.0

at @ 654.0

. 3
- nga1e4

5692
.4,595.9
5,047.7

ibe;' Teke;e4 “'f R4 ‘4.'”6085
: 7,044.%\_

.4 Wabi Shebelle. - 1,000

o
b

EETIT TRE Includes the flows offa) ro'Akobo, Akabo amd Che]o \; Yy

-5 .. Rivers.,.-

SNy

o e T : -
e s e TR e e r
DR "-Z'Not;awa11able. of
- ﬂ?"\ S '.3 Includes the f]oWs“ofouba, Dawa,’ d Gastro R1vers
VRN, A SR ' S ~ ‘ .

. : 4 Includes the flows of Atbara, Angneb and Gdnda~ -
~~ Rivers. o . S T N LY
) » . . . . » . Lhe n . " ) \ .. . 1
SOURCES Imper1a] £thiapian Government Central” Stat1st1ca1

iOff1ce,\Eth1op1a Statistical Abstract, 1972, p. 7y%4
. Unpublished Data from National Water" Resvurces C
.Commission;-and I.E.G.. M1n1shuhbf Planning and
) Deve]opment "Régional Aspects of National Plannﬁ;g

in Eth?qp1a Part II Appen&ix W ‘7
. . St - \\,
¢ . :E' 'Y?:. : '
N\ o I
i ‘ i - . .
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mate]y 30*55 m1111on hectares of wh1ch about 440,000 hec-

ne 1?r1gab1e 2 The average annua1 f19w of the Abay
&
3

J

average anﬁua]qsedlment load is est1mated at 500 million

=

, . tons. / It has seven,maJor tr1butar1es, each contr1but1ng 5
Vo ‘more than two bﬁ1]1on cub1c meters of water annuaigy 4 ‘@‘

i 1

The wab1 Shebg]]e R1ver 1s probab]y the second largest
r1ver in tHe coun??y,‘w1th an annua] f]ow of 10 5 b1111on\“

cub1c meters T The wab1\9hé¥e11e Bas1n is’ est1mated to
\1/‘.' . .
cover’ 200 000 Square k)]omo‘ rs or ?prommate]w 20 mﬂhon
| T .{

t

"y

e‘1rr7gat1on potent1a1

hectares A]thoudh the‘
oy & Seow s
of th1s ﬁhver has not been estab11§hed pote a] fu

o @ A

. ?M hydroﬁ@ﬂwer developmentﬁéTable 3.1) appears to b cons1der-
" ‘ wS - R :

'~;ﬂ‘teas LT DU TR
w0 “O0f- the maJor r1vers of Eth1opia, the Awash River is

oo o AR I A S
S . . b, ‘:- . . o ; N T . X
- e (}_. p— v 3 " T c P - . b i ’ - . B e ""é‘ . w Y

B oy, Sy/Bu eau of Rec]amatlon, Land.and™Water Resdﬁi%es'ﬁﬁ

' ﬁs'=‘, of the Blue N11e%Bas1n,_p.-1.

Tt 2% Lhid., 213 339,
an > ‘A " o 6 S #; ! : / -t A
LA T ﬁnpub];shed dat,a from the Natmna] Water Resources
" COmmlssﬁon K . . e - N Cot
' f o o . | B ;o 1 : | : e N : -
o 1bid. U,
. - Ibid. ‘ : . . _
N | ) . b ) \ . ‘ o ’ “
- : , Imper1a1 Eth10p1an/ﬁpvernment M1n1stry of P]Kﬁﬂlng
‘and DeveTopment Reg1ona1 Aspects of -National P]ann1ng in

v Eth1op1a5 Part II, Append1x . P- /}L/’

2L, .

s est1mated to be 53 b1111on cubﬂc meters The ,@_%f

EENE TN
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. » v .
very unique in many respect It is the only major river

# W o i the Eth p1an Rift valley, and it ods the on1y one P1oqg

"?ﬁ‘ - | 1ng due east. {ost important of a]l un]ike a]] the other

maJor rivers which eventual]y 1eave Ethrop1an terr1tory,

'%# o the Awash River runs 1ts ent1re couhse within Ethiopia.
' ; The Av sh River begins its 5 ‘”Jn 110meter 3ourney in- the
' s Ey R % R

cen-ra (Shewan) h1gh1ands bp ft 1op1a ‘and f]owsAih a

\ '}‘Q nor 1easber1y direction to 1ts f1na13dest1nat1on in Lake

‘Abe ih northeastern Eth1op1a Its bas1n covers an area of

. K ‘abont 70,000 Square k11ometers, or approx1m};e]y 7 m1111on

- T hectares .and has an 1rr1gab1e area of about 200,000 hecJ

tares,? Approx1mate]y 151.8 thousand k11owatt hours of d '.w

| e]éctr1c1ty 1s present]y producedéannuaL;y in the Awash o ﬁé

& i . el .
5 - . . -“f‘ .

=.Basinsv x4 . R - b
‘ . . - e Q@Y

L 2

T A?The regional d1sf?1but1on 04 Ethiopla s rivers §9

&", A 1

“'35 . depicred on F1gure 3.5, A]] the @agor r1vers or1g;nate in
' the hjgh rainfall areas df the h1gh1ands and flEW toward

B
. o Y RSl 40 .

o
ﬂ;he m re arvd 10w1ands in the west and east Since the

Sy %

§ headw ters of ost of the major rivers mne mounta1n spr1ngs. ,ﬁiv
=

”whfch ‘depend on available ralnfajl ‘to rep]en1sh their supp1y,

. N the_pnoper management -and protect1on of headwaters 1s of .ﬁf
. o i ‘ \ . s : A i

< Oy \ : ' . . oL . . -
2 _ ' For: furth v elaborat1on of th1s po1nt see: Mesf1n " h
olde| Mariam, "The Awash’ Valley: Trends and Prospects,” - . :

o b thdo ian Geograph1¢al Journal, Vo] 2, No. 1 (June, 1964). Tt

« ' ’ M ’ i ¢ ] ’\(

- S Fodd and Agr1cm1ture 0rgan1zat1on, Survey of the L

N Awash Basin, Wolume V: Irr1gat1on and kater P]ann1gg_(Rome N
N 1965), p. 3. 3 L, . D nbi
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whi? . . A ] .
’gy \ '
. cruc1a1 1mportance in the maintenance and regu]at1on of
[

the flow discharge of Ethiopia's water-courses.

It is perhaps s1gn1fhcant'to note that wh11e no
t,~':;, ' N )

wy exotic rivers f]ow 1nto Eth1op1a, the 1mportant Ethiopian

r1vers, with the exception of the Gh1be and the Awash, flow v

' across 1nternat10na1 boundar1es to prov1de cruc1a1 supp11es *V{N$E
. of water to the ne hbouring countrﬁes of Soma11a am&mﬁhe N .
i P
Sudan 1 Th1s cond1t1on has 1ed some experts to dub Eth10p1a , )
‘ a
the “water tower of Northeast Afr1ca 2 Thg Jmp]Qcat1on of .
\ ‘ s
the forego1ng s1tuat1bn to future Water resource deve]op—,
. ment in Ethtop1a is, .of. course, far reach1ng For ong. 4'-;£W'

th1ng, it 1nd1cates that Engﬂop1a s uater supply §tr1ctg1
il & Lo
‘g@edepayds on EMe amount of ra1n that fa]]s W1th1n the. geo- P

£ U

A graphlc boundar1es of Eth1ob1a ) On anothér p]ane, 1t 1mp]1es

‘that large sca]e r1ver bas1n deve]opment schemes that ‘have .
SR ; Lo

' the potent1a13$o fect the f1ow,of some«of the maJor rivers

¥, oo .

RS may <have 1nternattona] reperc’gaaqns *52“‘ : T L
| The 1atter po1nt seems: to be of 11tt1e re]evance ag

| th1s po1nt as it is. d1ff1cu1t to ant1c1pate river bas1n

\

, _ deve]opment schemes in the foreseeable future that w111 -
. \ o

‘s1gn1f1cant]y a]ter the f1ow of Ethiopia' s major'rivers.

, The first point, howeVer, is significant*in that it correctly.

’1 Hesf1n No]de Mar1am, An Atlas of Eth1op1a, B i4.

2 C.R.K. Prashar "Crop Nater Use Stud1es in- Ethiopia,"
Subplement tc the Journa] of the Association for the Advance-
ment of. Agricultural Scijences .in Afr1ca, Vo] 2, Supp]egent o

L (August 1973), p.. ]83. “M"
N - 4‘ v

o ¢ : N L P B0 . : . . . .
Ky % . . . . : Coe . . A

T g
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indicates that the avaiTabiTity of water in Ethiopia depends- . "%

on how successfully she$protects, develops and utilizes her’
watersheds. o '

-

Lakes and‘Ponds, - ‘
. LY

&y ' -

The second type of surﬂpce sources of water are Takes

and ponds Of s1gn1f1cant 1nterest among Eth1op1a s lakes

2 \

are the so-called R]ft VaTTewawkes wThese are a str1ng of

. ‘**s1x Takes extend1n§ from southwest Eth1op1a along the R1ft

¢:~z§:‘=“

VgTTey to the heartTand of dentral Eth1o’b1at Jhe s1gn1f1ca_
, g

- ance of these Takes T1es:1n thei @ strateg1c Tocat1on from

. , ¥
.r"“u R o 4 B

the standpo1nt of agn1cu]tura1 deveTopmeat w11d14fe conse’!

1 REN

“ﬁ@on and the deuekogment Qf waf%r based recreatlon

v”&'

*

Laqe Tanaf&]qcated 1p northwe&¢ Eth1op1a, is the . %.
Targest Eth1op1an Take and 1s'aTso the sour;e of the R1ver
- © : ‘e

' Abay, Etﬁ[ppqm)s Targest r1ver ‘ Lake Tana has- an est1mated

watem ‘storage capac1ty of approx1mate1y 21 49 bitlion cub1c'

meters (TabTe 3 2) The storage capac1ty of Lake Abaya, the.

Lo oy

S “ﬁﬁ?gest of the R1ft Valley Lakes and the second Tabgest lake
. g
v . in the country, is est1mated to be about 9.9 b1TT1on cub1c
. s \
o i.meters The tghal water: g%orage capac1ty of the major

Eth1op1an Takes 1s est1mated to be in the order of 55 05

Pl 1

\'b1TT1op\cub1c meters (Tab]e 3 2). ‘_ "°T

)

In add1t1on, Eth1opia is endowed w1th a number of A

smaTTer Takes and numerous ponds,* all of wh1ch serve as
~1i
actuaT or potentlal sources of water. ATthough expected to

i ’ Y »

!

' . ' . . .‘ . .. . ) ' \‘.
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APPROXIMATE SIZE AND STORAGE CAPACIfY
L S ETHIOPIAN LAKES
- " . v \«'Esfématéd?Watgr S
o . Altitude Area. - Storage Capacity
‘Name of Lake , (m) ~ (km?)  (Billions of m3)
Abaya 1268 1,060 9.952
Abiyata 15873 205 1.894 4,
Ashenge i 2,409 20 0.330 |
mwasa . 1,708 129 0.851
Bishoftu _ -- o -5 ' - \
Chamo T | 1,235 551 |
Hayk S ss1 . 35 7
| Koka ~ | -- -s o 'Qi
Langéno : “k w'fﬂgf 1,585 1 230 5.982“‘ :
Shela 5 . 1,567 %09 6.485 o

21.492
1.145
' 55.0504 .

'Total.Storége“CBpaéity  ‘(,

)

v

3

SOURCE: Imperial Ethiéb#ﬁmﬂGoﬁéﬁnmeﬁt,'Centra1 Statistical

Office, Ethiopig:aStat?sfdcal Abstract, 1972 »

. (Addis Ababa: Central Statistical

P

Office, 1972),

\;;Zﬁ277._ The storage capacity is éstimated By the .
_author on the basis of area,ahd average depth.-.\\u .
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. ' . 1
be considerable, the full potential of Ethiopia's lakes

and ponds.as‘sources of water for agrfcu]tura] and indus-’

: tr1a1 Uses has not yet been systemat1ca]1y assessed ‘Pre-

sently most of these natura] reservoirs serve as ma1n ‘

'sources of 11vestock and domest1c Water supp]y for the

P

.4

popu]at1on 11v1ng adgacent to them Despite the existence

of a great need for a reli i’e source of farm water supply
in Eth1op1a, man-made farmihonds and dugouts_are conspic-
uously absent from Ethiopian farmsteads. . LR -,

! : T SR
. : ’ ' _ . . . k
.

Ground Water Resources

Pl

Very little is known about ground water resources in
Eth10p1a A]though é&per1ence indicates that bore holes
and we11s are common sources of water supply for domest1c

4
and ¥1vestock use in many parts of Eth1op1a, no systemat1c_

» study regard1ng the occurrence of grouﬁﬁ water, 1ts hydrau-

- lic character1st1cs, the d1str1but1on of wells and the1r

y1e1ds has yet been made Ewen less is known about- the

potential of ground water as a source of 1rr1gat1on water ‘
However,'1t appears réasonab1ifio postu]ate the ex1st-

ence of 51%p1f1cant quant1t1es of gfound water i Ethiopia

L

on the basis of the nat1on S re]at1ve1y h1gh mean annua]

ra1nfa11 and the structura] format1on of the ]and ~Never-

¢
4 v

theless, until suff1c1ent sc1ent1f1c 1nvest1gat1on is con--

UL

ducted,\not much can be sa1d about the ground water resourceS'

of Eth1op1a,‘except perhaps that thls is ‘a resource that

b . . -

~
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ﬁ.go ousdoors to enJoy water based #Zcreat1on

the .country can ill afford to neglect. It must also be

pointed out: that th1s lack of information 11m1ts the |
*-w

ﬂcho1ce ] water deve]opment pré&bcts to surface water

: development only and surface’ i.ﬁ%&es are not always the

! B

“most econom1ca1 to deve]op " As well, public water policy

' should recogn1ze the close 1nterre]at1onsh1p that ex1sts

|

‘between surface and ground water resources and consequent]y

should consider the ®possibility of'integrating surface'and

1 ‘

ground water development.
’ - ' 5

! | .‘V . .,
Water Demand in Ethiopia

Attent1on w111 now be d1rected tC the evalyation of

demand ﬁor water in Eth1op1a ;Four\types‘of sectoral
&

decmands for water y be re ized in Eth1op1a -- house-
hold dem\.‘and, agr1c§' al dem& 1ndustr1a1 demand, and .

é%of water Eacﬁ”of these teﬁxora1

the demand for f1low!

B
demands will be- d1scussed in the- fo1loW1ng sect1oﬂ but

first.a concise theoretical descriptjon of water demand

will be presented. R .

v s ,
o

13

water is both a consumer and a producer,good As'a b

N

consumer goqd it is used leGCﬁijb%rﬂyusehOVGS to sat1s§y

water related needs Consumers der1ve sat1'fact1om from

T v e

water not only when they dr1nk it or when ey use it fom

ol

~.daﬂy cook1ng, c]eanIng and sanitation, bu also when.they

" p

]
~As a &carce consumer good fresh water 15‘}ub3ect°to

.-
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* the general laws‘ot consUmer degand Therefore, the same
entral factors that 1nf]uene¢ the demand for other 'con-
}‘9“wzﬁm§'§§mer goods can. be expected to 1nf]hence the demand for -
dwater. G1ven the tastes and preferenfes of consumers,
particularly ‘as regards the1r food preparat1on habits and

.- Iife styles, a consumer demand funct1on for fresh water ‘may

be-postulated’ as fo]]ows

F(w) = (P

H

where Fw) quant1ty of water demahded per unig of! t1me,

PR S, ) . ’

P = pr1ce of water pak. 1t of time, . »

e ‘ ' ' i i o vi’-’ )

Y: :1‘consumer 1ncome un1t of t1me,

The tota] quant1ty of water consumed by a]l the consumers of

za gi;en 1ocat1on at any g1ven time can then be der1ved by

summing the quant1t1es demanded by consumgﬁgﬁit ﬂhat apec1-
fic t Lo 3 T e
ic 1me , i | . ;

N i
\ : -
)

RN e'v As a producer: good, water has the capability, in

proper comb1nat#§h w1th other" 1nputsb teo produce 1ntermed1-

a -

1,

\

-, :fe or flna] consumer goods Nater or water serv1ces are _
e

manded in a wide range of. product1ve act1v1t1es, 1nc1ud1ng

agracu]t&&e, 1ndustry, and the serv1ce sector It wou]d "

.“L .

0
L

L - not be an. exaggerat1on to say that 1t 1s d1ff1cu1t to- find

fan agr1cu1tura1 or 1ndustr1aT process that does not use wateﬁ~

-

, o

R RN . ‘ . N ! .
IR o L T R R e e e R T T e et e




in one form or another.

and is subJect to the general 1aws of factor or 1nput

L]

demand. The demand function for water as an input may, '

‘

‘therefore, take the fOIIOW1ng form.

where F(w)"= ‘the quantity of water 1nput demanded pér
o unit of t1me, \ ' . |
Py = the pr1cezof water per unit'of time,
'. PQ = the price of output per ;n1t of t1me
o e | .

At equ111br1um, the price of water (P ). must be’closely

(,".‘» J .
related‘to the marg1na1 va]ue proﬁﬁct of water. Accdrd1ng
K N
to the behavioral re]at1onsh1ps expresigd in equat1on (3.2) '1.‘%

\l' W

| ‘the ‘demand foerater as a factor of product1on_}s negaﬂ%ve]y '&
'-.vrelated to the price of water and posit1ve]y related to' the 5
pr1ce of the mutput thatf1t helps prodﬁte Ana]ogous tb ’ "f
the theory of consumer "demand, the re]evant 1nd1v1dua1 flrm

-demands must be added to tha1n the tota1 quantlty of water 5\y"

demanded by-the f1rms operat1ng in @ g1ven 1bca11ty at aﬁy -

t g ° f IR
/ g1ven t1me o ; o ;'_ : P N
EE U T . ’ [

Hav1ng br1ef]y descr1bed the theoret1ca1 aspects of

v -

demand for water, the character1st1cs of water demand in'

PR Ethiopia w111 ‘WOW . be 1nvest1gated An effort wil] be madeA',"-5 ‘

’ \ - .. K
. .' Lo SN . . . .



td exp]atn the variods classes of ter demand in Eth1op1a,

and to provide an overa]l picture of the ex1st1ng level of
consumption. More spec1f1cal]y, househo]d demand, agri-'
‘cultu§:1 demand, 1hdustr131 demand and demand for water ‘, ,

services sdch as hydro= power generwt1on,‘nav1gat1on and

4 '

recrea¢1on will be br1ef1y d1scussed

\
ad

M \1“ HoUseholgeWater_Demand

o

In order to pu"the nature and character1st1cs of

9

K ﬁ?a ;ﬁ“ houg?501d demand for waterf4§ Eth1op1a in proper perspect1ve, F\'

R
R
.5_ T 1t is essent1a] to d1st1ngu1sh between rura] and. urban house-
,‘ % ) : .." ”, . - ‘;/(_/
- ﬁ%@%ﬁ «Mholds SN % B I L :
ER - . i . - L . .Y i
M- o A .
v A., Rura] Househo]d Water Demand S aﬂ“ _4Sﬁff‘ L ewm

7 Most Eth10p1ans ]1ve in scattered rura] v11¥ages

V1]1age water supp]y usua]ly comes from a nearby stream

e mor an&%ndeVeloped sprlng The requ1red q;1ﬂv supp}y is"f

'7#%;, it carr1ed home by’ the hddsew1fe 1n a b1g c]ay Jar, and 1t'is
| not uncommon®for her to make two or more tr1ps da1]y to draw %.d

water fr::\}he ]ocal stream.. Commén obserwatlon seems to i 7

y »
‘1nd1cate thatomdst rural housew1ves travel, a‘d1stance of

over one m1]e to obta1n thelr da11y water supp11es In }some “
areas, notab]y 1n the sem1 ar1d 1ow1ands, peop]e have been -

known to trave] a day S Journey to draw water : Under these
j

c1rcumstand§s, 1t 1s obv1ous that water 1s not a marketab]e
i

‘commothy and heﬁ%e it wou1d appear superf]uous to . speak of

(S - - o ' : ’ -‘;
. T . . ) ) ) 3



'_of the popu]at1on.,'- IR L!'y

~then is small. A price- quant1ty re]at1onsh1p Can be esta-

. blished . (F1gure}3 6). by treating the opportun1ty cost of

‘of supp]y c]ose to the v111age sites 4 leference% in consump-

4when ra1h water 1§ ava11ab1e closeoto the sett]emeqﬁ quan-

' - i . ! , L. J t . " 78

)
l

demand for jwater in the rura] areas of Ethiopia. "But since

demand ‘is a price-= Jbant1ty re]at1onsh1p, such a relat1on-'\
ship can be established by 1mput1ng va]ue.to'the t1meyand;
effort>expended by theuhousew1fe in drawing water .Ln Q
another sense, the fime spent by the hopsew1fe in. draw1ng

~ \

water does:have an‘opportun1ty cost since larger - units of

v water can only be consumed %f'the effort required to obtain

obta1n1ng water as the pr1ce of that quantity of water
As llustrated in F1gure 3.6, a "demand’ schedule can(jv ‘
be establfsﬂ@d for rural household waterﬁtonsumpt1on by .

\

\relat1nqgéhe 1mputed value of. offort expended to obta1n

3
uater and the quantaty of. water consumed Common observa- e

v* Y "
tion in rura] Eth1op1a seems to 1nd1cate that v111agers‘whe v
\ ’ N s ri-. s
have to trave] ]onger d1stances ‘to. draw water are more.
u CZA) Sy ~aﬂz‘\ ‘{' e
frugal in the1r u?e of water than those who have the source o ‘Qﬁfef
<

N I :
t1on 1evels-can a]so be observed w1&h1n,the same househo1d T~

| . T o . ‘J—‘—?‘

in d1fferent seasons of”’ the year upr1ng ‘the, ra1ny season, %,l“*'

s

. . . ) ' o . : "';‘ . .
P 4‘ 1 Io the extent that tﬁ‘re 15 unemp1oym q; or under- e

,femployment aMong rural housewives, 'the g por unity cos of N
“a housewife's labor-spent in drawxng wate

ay be- zero| T e
But experience and common observation seem 0 1nd1cate“that PR
desp1te ‘the existenge of unemployment ‘and - ploymento ’x"
in® the general 1ab3$ force, housewives,. p,rticu]arly rural:
housewives in’ Eth1op1a, represent a fully employed Sector e
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Effort
Expended or
Opportunity

Cost Per
Unit of Water

-
]

0. = ‘4>-‘Water Used/U.T.

FIGURE 3.6 °

" HYPOTHETICAL WATER DEMAND.SCHEDULé
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tity consumed tends to increase as compared'to the dry sea-

-

son when more effort .is. required to obtain a unit of water.
Income fis a]éo»a factor in the quantity of water con-

sumed because relatively well-to-do families have better

/ .
i

facilities for drawing and storing water. They can also
afford domestic help whose j@b: among other things, is to

' ¢ \
draw water. Wealthier families may cven huve private wells

1

close to the vi]lage,‘with é\resu1‘anf incrcase in quantity

of water consumed. ‘Consequently, the totaT‘QUantity of

‘

water demanded by rural households in Ethiopia can be deter-
mineg by horizontally summing the individual w»ural household
~demand curves. ~Jhere is ét_present no estimate available

te indicate ‘the quaﬁ?ﬁiy of water consumed by kouccholds. .

Buf'assuminb a per capita fonsﬁmprion of 11 liters per'day].

and an estimated rural population of 23.76 million (i.e., 90
percent.of'the estimated total poﬁu]ation), total rural
household kater consumption will*be in the order-of 95.4

L L

billion liters per year.. . C
N ' ; b

B. Urban Household Wafer Demand

Water supply systems in most méjqr urban centers in
‘Ethiopia are owned ahdloperated Ey municipal” authopities.

Water Supply in the smaller unincorporated towns, however, '
: _ pore _ho

-

! This ‘quantity has been recommended by an F.A.0. team
in a-recent study on rural household consumption in Libya.
See.F.A.0., Development of\Iribal Lands and Settlement Pro-
jects in Libya: Volume T, Geweral Report (Rome: F.A.0.,

- 1969), p. .90 ' S




81
. : o : ‘ _ a
is the responsibility of the Mini;tfy'of Intehdor.] -Qne‘
outstanding characteristic of urban water eupp1y systems
in Ethiopia is the fact that a°1arge majordty oflthe urban
dwellers purchase the1r daily. water supp]y from pub]lc out-
lets Very few househo]ds have house connections and st11L
fewer househo]ds enjoy the. convenwences of runnlng water,
1ndoor to11et and bath fac1]1t1es

The rates paid by consumers seem to vary accord1ng to
the d1str1but1on system used and the geograph1c location of
the cwty. For 1nstance,~the.pr1ce pa1d %t the public out-
lets varies fron approximately E $0. 005/%iter in Add1s Ababa
to E $0. 008/11ter in Dire Dawa, a city 1ocated in the P
-eastern ]ow]ands where water is very scarce :&k/ﬁﬁ\vflfjg—_j‘ﬁf_

The effect of family income on water consumption is o
a]so much more pronounced in the urban ‘centers than Jdn the‘
nrural areas The urban h1gh 1nc?me groups usually have such
modern conveniences as runn1ng water, 1ndoor toilet, bath
and laundry fac111t1es, a11 pf wh1ch add s1gn1f1cant1y to
the water consUmpt1on 1eve1 of the househo]ds In’ contrast
the lower 1ncohe c]ass, who - constItute the 1arge manr1ty of
d_urban dwel]er;, do not enjoy any of these conven1ences and
chnsequent]y their water consumption 1eve1 is comparat1ve1y
10Wer‘

The ]eveljof'urban per eapita_watericqnsumptidn in o

—rem

’. ' v

IS ! Imperial Ethiopian- Government,;Thjrd Five Year
Development P]an 1968- 1973 p. 115. -
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Eth?opia is very 1ow compared to consumpt1on levels e]se-d
where in _the world. ]” Urban per capita water consumpt1on
does not exceed 17 . ]1ters/day Assum1ng a per cap1ta con-
sumpt1on of -17 liters/day and a tota] urban popu]at1on of

2.6 m1111on, total water- consumpt1on in the urban areas of

N

”Eth1op1a wou]d be in the order of 16.13 b1]11on ]1ters per

[
,

year. Ugoan demand is, of. course likely to 1ncrease ‘With
increases 1n popu]at1on, urban1zat1on and per cap1ta 1ncome 2

Househo]d water demand hOWEVLP accounts for a very

s

small proportion of tota] water demand in Eth1op1a The

/

major water consum1ng sectors are the product1ve sectors of

\
the economy The demand for water as a producer good by far

)
d next, o

@

exceeds consumer demand The water dema;ﬂs of agr1cu1ture,l@

1ndustry and serv1ce sectors are present

’
w

/

-Agricu]tura] water Demand

-

, ~Water 1s an 1mportant input in the agr1c01tura1 produc-

:

t1éﬁl&:ocess Both crop ahd 11vestock product1on processes .

"

(5ﬁ01re adequate water supp]1es for opﬁlinm y1e]d_ "For - '~

e

/ T - A :
f ' L
a - For further comments. and background 1nformat10n on’ '
this point see B.H. D1eter1ch and John M. Anderson, ‘Urban
Water Supgly Conditions and Needs in Seventy-Five De veloping
untries, World HeaTth Organ1zat1on Public HeaTth Papers,

0 234i§eneva W.H.0. 1963) | %

-

2 See Terrence K. Lee, Res1dentna] Water Demand’ and
Economic Development (Teronto® University of Toronto, Depart-
ment of qeography, University of Toronto Press, 1969), for
an- 1nterest1ng perspective on the relationship between resi-
dential water.demand and econcmic development. -
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X : 8
1nstance; 1t has been est1mated that in the temperate zone
“about 2, 000 liters of water are required for every' kllogram
of wheat harvested 1 200 to 1, 600 11ters of water per k1lo-
- gram of harvested green grass, about 4, 800 liters of water
per 11ter of milk, and about 29 600 liters of water for one
k1logram of beef, 1 "It has been suggested that because of
-higher, evapotransp1rat1on, twice as much’ water is requ1red
in tropical areas as in temperate areas.

At present a]most the entlre crop product1on system'
in Ethiopia COns1sts of dryland farmlng "Only a small por-

- tion of the cu1t1vated area .is under 1rr1gat10n Recent.
- est1mates‘put ‘the f1gure at 68, 000 hectares,2 about 50vper- A
cent of which are ]ocated in the Awash Valcey | The'pre-v |
sent]y irrigated area therefore represents approx1mate]y

10 percent of the 1dent1f1ed 1rr1gab]e areas in the country,
‘and prospects for future identification of more irrigable .
. Tand when existing and future’water resource surveys are
comp]eted appear. very good. Irr1gated area as a percentage
of current]y cult1vated Tand area, however, is a negl1g1b1e
" 0.005 percent /

Under ex1st1ng cond1t1ons, therefore, Eth1op1a 3

\

agr1cu1tura1 water requirement is met by ra1nfa]1 and’ 5011

! George Borgstrom, World Food -Resources (New York

INTEXT Educat1ona] Pub11shers, 1973), p. 64 : I

Imper1a1 Ethiopian Government, Third Five Year
Deve]opment P]ag§,1968 1973, p. 1]q "
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moistureJ However, 1t is very doubtful that,the ex1st1ng
and future food demands of the rapidly increasing popula-
t1on can be met by relying on dry]and farming alone. The
dryland farming system 1s a4ready under severe stra1n, and
relief must come from% among other method%. expansion of\
irrigation, for:wh§Ch'the’countrynalready'possesses suffi-'i;m
cient potentiaT””"'ﬁ |

Agr1cu1tura1 water demand in Eth1bp1a, therefore,
cons1sts of "an emerging demand for 1rr1gatlon water and tHe
provision of water for llvestock use. water demand for
both of these purposes is a derived demand and hence depends
on the marg1na1 value product of water in these uses. In.
either’ of these activities, water is cons1dered efficiently
allocated if it¥s applied up tg¢ the point at which its "
marginal value product equals its supply price. It should
.be kept in m1nd that subs1d1zed or otherw1se unrea11st1ca11y
set water rates are not an adequate reflection of the true
‘supply price of water. If economic efficiency is to be ‘the
“main cr1ter1on for allocatwng water in product1ve act1vht1es, ;
”1t is essent1a1 that the price: charged mus t take into |

account the fu]] cost of making the spec1f1ed quant1ty of
water ava1]ab1e at the point of use. " |

P e

Very lttle is known about the eff1c1ency of wateiu . &
4 f‘ f
use in the- nrr1gated areas of Eth1op1a S1nce the ‘Pro- -

(.u I3

ducers are respors1b1e for develop1ng the1r own water supp1y,
*-they do not pay any water charge at present However, therej

are plans, at least in the Awash Val]ey, to construct d1ver- .

oy
o

e
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~sion dams and evenfua]]y’provide water 'to farm hegdgates.
If and when this plan @aieria1izes;,é waterpﬁhérge of
E $0.005 per’cﬁbié meter has been 7su'gges‘ted‘.T ‘Whether such
a rafé,takes fnto account the full cost of”sﬁbp]yihg the
indicatéd annfity of water to'fhe,farm headgdte is not
clear. 'Research is urgently needed to establish the real .
éost;and the value of the‘marginzl product ofrirrigation 3
" .water under various’ cropping patfefns. Detérﬁinafiqn of
the overall efficiency of wétervutiﬁization‘in the areas
wﬁich are presently irrfgated is an essential step in the
prbcess of férmulatfng 1ong run irrigation poligy.
| The exiSting level of watef.used for irrigéted crops
represents'on1y a small percentage of ihe potentially avail-
able irrigation.water Supply Current water use amounts
to approximately 612,000 cubic meters per annum as comp%red
" to about 574 million cubic‘meters proven to be available
'for‘irrigatioq in:the Abay and Awash'Riyer Bas1'°-ns.2

As in crop production, ‘the avaf]abi]ity of an adequate

A

and clean water supply is a crucial factor in livestock pro-

1 M.E. Quenemoen, Potential Returns from Commercial
Farm1ngﬁSystems in Three Areas of Ethiopia, Experiment
Station Bulletin 56 (Dire Dawa, Ethiopia: HSIU, €ollege of g
Agriculture, 1968}, p. 44. ' :

: 2 For information on irrigable area in the Abay Basin
see: United States Department of the Interior, Bureau of

- Reclamation, "Appendix VI: Agriculture and.-Economics,"

Land, and Water Resources of the Blue Nile Basin, and for
corresponding information on the Awash Basin, see: Food and
~Agriculture Organization, Survex,of the Awash R1ver Basin,
Vol. I: General Report (Rome: F.A.0., T96%). :
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~duction. The need for water arises not onl

- stock during the dry season. " The demand

. 86

/from the direct

] .
consumption requ1rements of the stock but d¥so frem the

be used by the

\‘\*“

necess1ty to produce supplemental forage J

or water in either
: , / ‘
of these uses is a'denived demand' it 1s(der1ved from the

demand for 11vestock and livestock produ ts. Consequently,

the demand for waterrfor these purposes/éan be expected to-

jncrease if the demand for*]i?estock‘anﬂ"their products

“increases. ‘ R /

j
Present]y, there 1s ‘no 1rr1gated'forage production

in Ethiopia. and livestock as a rule subs1st on native range
and_unImproved pasture, . Most native’#astures are of low
carrying capacity. There is also ev{dence of wideSpread_
overgraz1ng throughout the country, /Among other things?

therefore Tack of adequate feed re Lurces and shortage of

water, particularly during the iongﬂdry_season,;seem‘to have

v . AT
kept livestock output at a very Woﬁ Jeveln
u Lo
© In 1974, the daily water rqu1rement of the 11vestock :
. . . ‘/.
population was estimated to be abo t 677 million cubic _;~ /

meters (Table 3. 3). VUndoubtedly, hture attempts to 1mprove

livestock output in Eth1op1a thro gh 1mprovement of fodder

I
‘ho1ce would substant1a11y

and prov1s1on of water as a free

raise the average da11y consumpti n of water It is there-

fore rea11st1cvto expect an increase 1n demandﬁforiliyeetock‘ B

water supply in the years ahead. ’
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Inddstrial Water.Bemand
| .
Many 1ndustr1a1 proces’ses require waten’either directly
S
in the1r manufactur1ng processes or for coo]1ngfg§an1tat1on,

and waste disposal erposes The' 1ndustr£§1 sectﬁr in

Eth1op1a is largely composed of such hea%y wat&f using
- ‘)» AU o3 M\Mr’d

industries as food procesi1ng, béVer;h‘fa dﬂvext11e manu-
L S ‘

facturing, and sugar re{gn{%g HGW#!&
’ 1ndustr1a]17at1on 1§ Eth1op§§ is very&%fw at present, tota]

q? sincé the level of

industrial water de and\does not améunt to much compared to
‘, .

the other c]asses of water demand Future 1ndustr1a] water

demand, however, can be expected to increase s1gn1f1cant1y

as efforts for further 1ndustr1a1 expans1on are 1ntens1f1ed

-bemand for Fiow Uses of Water

In addition to tne above Withdrdwa] demends, Ethiopia's
waten resources are used for flow uses such'as'hydro- . .
electricity generetion,Anavigation‘and recreation. Tne )
extent to wh1ch flow uses are 1mportant to Eth1op1a can be
reckoned by cons1der1ng the figures in Tab]e 3.4. Since
1967 over 10 percent of Ethiopia's electric energy has come
from hydro sources. It is interesting to note that the
ex1st1ng hydro- e]ectr1c1ty &roduct1on of 307. 48 m1111on kwh
'per annum is ]ess than 5 percent of the total estimated
hydro-power potent1a] of the major Eth1op1an rivers. (/ee

Table 3.1). wh11e none of Ethiopia's rivers, except a small
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307,480 »

v
< -
v
\
 TABLE 3.4
) ELECTRIC ENERGY PRODUCTION IN
ETHIOPIA, 1965-1972
) |
| /*4\\\_‘:::> . ° | Hydro as
- Hydro . Thermal : Percent of
Klear - ('00 kwh). . ('000 kwh) Total Total
1966 146,000 106,242 252,242 57.88
1967 210,256 84,237 294,493 71.14
1968 233,477 89,416 322,893 72.31
1969 240,008 100,756 340,764 70.43
1970 258,759 } 108, 880 357,639, 70.38
1971 299,575 116,620 - 416,195 71.98
1972 123,413 . 430,893 71.36

)

=

- SOURCE: Imperial Ethiopian Gove?nmenf,.Centra] Statistical

rS

0ffice, Ethiopia: Statistical Abstract, 1972 (Addis
Ababa: Central Statistical Office, 1972), p. 59.
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'for ‘which they are intended. ' \ h —~

stretch of the Baro River in western Ethiopia, are .navig-
able, their potential for recreation and aesthetic purposes
is immense.

The important point that emerges from this quantita-
o . .

tive appraisal of Ethiopia's water resources is the marked

. possibility that demand.in all sectors will increaseesighi-

ficantly in the'years ahead. -A]though the potentially avaf]-
able. sources of water supply are considerable, proper p]ann—
ing and sufficient investment will be requ1red to ‘meet the

N
expected increasé in demand.

Water Quality in Ethiopia

An 1mportant ‘part of a nation's water resource
appraisal 1nv01ves quality cons1derat1ons Various types
of water uses requ1re % specified quallty of water. For

1nstance, househo]d water supply must be free of solub]e

salts, d1sease causing organ1Sms and obJect1onab1e odors

and tastes. Irr1gat1on also requ1res water w1th no or very

low sa]1n1ty, wh11e 1ndustr1a1 processes require speq1f1ed

qua11ty leve]s depending on the type of manufactur1ng and

the water s spec1f1c funct1on in the manufactur1ng process.
$

.water supp]y sources, whether surface or ground, must- there—

'fore meet acceptable qua11ty standards based on the purpose ¢

Ve
l

The level of 1ndustr1a11zat1on in Eth1op1a has\pot

reached the. po1nt where 1ndustr1a1 pollution is a maJor



'

concern, However, some pollution probTems do presently
.',\
threaten the nation s water resources. The three main

.’
sources of water poTTut1on in Ethiopia are: ~human or

domest1c waste, agr1cu1tura] pollutants and natural sources.

2

PoTTut1on from human and domestic Waste arises from . s
“the lack of adeqUate waste]d1sposa1 systems in both the

* urban and ruraquCeas of Eth1op1a The absence of proper

and sanitary human wWaste d1sposa1 fac111t1es has genera]]y

led to the use of open .space for such purposes Unfortunf<y N

3 L

) ate]y, wastes S0 d1sposed are often carr1ed into streams

'S

and lakes and’ consequentTy end up~dangerous]y contaminatingf \.

the sourcés of water SUppTy‘ This pract1cegjggms;to have
contr1buted to the spread of a w1de range o waterborne o
‘ -~ - . - "
P < & . ’

d1seases, many of wh1ch are endemi.c }n Eth1op1a LN T
ATthough the use of agr1cu]tura1 chem1cals 1s very ; ”

T1m1ted in Eth1op1a, agr1cu]tura1 act1v1ty st111,rema1ns 1.‘ s
cons1derabTe source of water pollution. The mos t- ser1dﬁs |
probTem 1n th1s regard is so1T erosion. The mountalnous C
terra1n of the Eth1op1an h1gh1ands, where the maJor farm1ng f

; act1v1ty is Tocated and the trad1t1ona1 farm1ng pract1ces

that dangerously expose the soil to heavy water and m1nd ‘
eros1on have combined to produee one of the most heav11y

eroded regions in the wber Therefore the Eth1op1an.farm§ Q\J
not onTy contr1butes to the annual Toss of. tons of produc-

.t1ve so11 but aTso causes streams, Takes and reservo1rs to- ~
be degraded and s11ted up at an acce]erated rate. l ;‘> ‘

- )
- [

As1de from man's’ 1ntervent1on in the env1ronment

k]
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“naturefa1so contributes to the impairment of water quality
‘in Ethiopia. Depending on the biological, chemical and
physica]_propertﬁes of -the strata pW{; whicb_water,pesses,
it accuhu]ates, eitheﬁ‘in disso]ved‘of suspended form,
varlous substances that §1gn1f1cant1w alter its or1glna1
propert1es. The preseu(e/3¢ these contam1nants in the water
course cAGk1mpa1r the qua11ty of the water so as to make it
unfit fo* direct use for a w1de var1ety of purposes.
Sa11n1ty, for 1nstance,.ar1ses-from the presence of
large quantities of salts that haQe been dissolved in a
o particu]ar'bddy of water, .The‘salt is picked up as water
flows over sa]ine‘soi1s.and géo]ogica] formations with high,
"salt coetent.  Such contamﬁnation is a cbmmon oetufrence
both 1ﬁ surface afd ground water sources and is parficU]dr]y
"sevefe in arid and semi-arid regiens;
In.Ethﬂgpia; sé]inity'is a particularly serjous_pro—
“blem. in fhe semiTarid }ow]ands. A]though‘mest:of tﬁe‘rivers
that originate in the 'highlands can befexpected to have 10@
selt content fn their upper»ﬁeathes, sé]inity tends to
}ncrease as the riverskdescend to ﬁhe 1ower p]éins,‘where
réipfe]] is ccani/ and the rate of evapotranspiration is-
re]étive]y h<gh. ?he:salinity prob]em'hasﬂvery serious
imp]icafions Torthe deve]opment of - 1rr1gat1on 19 the semi-
ar1d 1ow]ands of Eth1op1a Not only is water over a speci-
fied 1eve1 of sa]t concentration not acceptab]e for irriga-

9
tion, but 15:?\0f proper and adequate drainage caageg&€a1ts

to accumulate on irrigated fields. If adequate drginage



~
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and occasional flooding of fields with sufficient quanti-

ties ¢f water to wash out the accumu]ated\§a1f\are ﬁot

Z'ed,~ yields may‘evéntué]]yvgecliné and subseqyent]y
lqu to the permanent abandonment of the fields. History
uqequivoca]]y provides mény instances aof éases where
ciVi]jzations based on irrfgatioﬁ,gfor"éxamp]e, the early
civilization of the Middle .EFast, perished ow{ng to salinity
build-up. 'Fortunatéjy,,adequate provisions can be méde ;o
combat £his potential problem whén'planning irfigatfon
development. Among such provisions ar;'thé designing oﬁ\
adéquate drainage facilities, the occasional flooding of
fields and the inclusion o% salt loving crops in the rota-
tion progfém.

In planning water deve]opment prdgrams; therefore,

it is vitaT]ymimportant:to consider not only the quéntify'
but also the quaiity aspects of water. Measures for reduc-
jng existing po]1utién and safeguarding against future

pollution should be an integral part of all water develop-

A

" ment .plans.

-



\ ' CHAPTER IV

- / DESCRIPTION OF THE STUDY AREAS -

~© v

The ‘theoretical \d_cohceptual‘discussions.in\the
‘preceding chapters have demonstrated fhat water resource
‘developmentbhas siénfficant potehtia]nas‘a source 6f aérj-

cultural output growth iﬁ Ethibpié. More specifically, |
it has been suggested that investmentiin agricu]tura]‘water
supply projects can make substahiial contr%butions to the
Léxpansion of food production and rural emp]bymeht. Never-
theless, in order to. properly assess the pdtgntia] eéonomic
impact of water development in Ethiopia, it is necessary

N

to make an intensive empirical study. iAccording1y, two

studx_areas were selected for conducting detailed empirical

)

(e}

investigation (see Fig. 4.1). ‘ !

‘ The first study area'selected is the ‘Megech. Rivér;
area. TZ}é/area is s1tuated in the Abay\R1ver basin and
encompas es approximately 5,890 hectares of irrigable 1and
The area ‘s fa1r1y typ1ca1 of the Eth1op1an h1gh1and
plateau, with its character1st1c m1xed subsistence farm1ng,

vmoqerately coo]ntemperature'and distinct wet and dry sea- '
sons. HThe second project area is the Kesem River area.

.It is located in.the Midd]e Awésh Valley, aﬁd covers épﬁroxif
:maté]y 5,650 hectares of irrigable'1and.‘ The Kesem RivérA.
area is fairly representgtive of the dry lowlands 6f

[N
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1 - MegecH\River Project

Area ,

2 - Kesem River Project
Area

Depression

Shebel-Genale

~

!

SOURCE: Ethiopian Mapping and Geography Institute.

FIGURE 4.1 | ;o

" ETHIOPIA: RIVER BASIN REGIONS



the“B]ue Nile]‘and'AwashJRivervBasin

Location

(v/. /

:

Ethiopia. The project area is generally characterized by“

high annual avérage tempeh@tures, norma]]y']ow and fre-

quently unreliable rainfall and a pfimary eeenomy based'

on nomadic,bastora]ism.
Besides being fairly typicel.of their respective

regions, these two areas offer special opportunities for
earefu1.and detailed economic ana]&sis becau§e as part ofj .
2 Surveys, their agrono-

mic characteristics and physical potentials have been fully

documented, This chapter, theréfore, brings together basic
‘informatfon concerning the specific location, soils and
fc]imate, existing agricultural practices, transportation

“and market outlets of each of the project areas. A bfief

descr1pt1on of the project proposed for each region 1s also

presented

“ Megech River Project Area

The Megech River study area is 1ocated Tn‘the Abay
. #

~.

River Bas1n, s11ght1y northeast of Lake Tana. ‘The‘ce,te

1 United States Department of Interior, Bureay of
Reclamation, Land and Water Resources of the B]ue'Nile.

Basin. \

2. Food and Agr1cu1ture Organ1zat1on, Survey of the
Awash River Bas1n, Vol. I: General Report; Vol. II: Soils

and Agronomy; Vol. III: Climatology and Hydro]ogy; Vol. IV:

" Water Storage and Power Development; and Vol. V: Irrigation -

and Water Planning.

¢
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of the‘project*area iS fixed‘at approximate]y 12° 25!

north lat1tude and 37° 30 east longitude, and is rough]y
20 kilometers due west of the Addis Ababa Gondao'nat1ona1
'highway.‘ The area.]1es.at an eJevat1on of 1,830 meters )
(6,020.7 ft.f.'-The land area‘being con;idered for develop-
ment is 5,890 hectares adjacent t0~and‘EOmmanded by'the‘

W

‘Megech River.

!

\ Soils, Topography and Climate
Although a wide variety of soils pr§3a11 in the:

Megech River Proaect area, two types of soils, grumusols
_ and 1atosols,‘dominate.] These soils are quite ehara;terisw
tic of the'§oi]s»offth;,Ethiopian high1ands.i As in many |
parts‘of the highland:plateau, the grumusole make up a
significant percentage of the 1and$ df‘the Megeeh River NS
Project area.. The gfumuéo]s arevdark grey in color and
'haVeba'high percentage, of clay, a high’coeffitfent'df expan-
:sion and contractionp and a']bw onganic'matter eqntenf. .

They genera]]y'exhibit a marhed tendenhy to chack deeply and

widely during the dry season. They have a pH of between

5 and 7. Although they have poor dra1nage, they are non-
»sa]ine and under good soil management can be made to producei
well with irrigation.? | |

| o

5

>y

! United States Department of Inter1or, Bureau of
Reclamation, "Appendix V: hgriculture and Econom1cs," Land
~and Water pesourf:es of the Blue Nile Basin, pp. 2-3. 7 -

Ibid.
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The latosols are genera11y red clay so1ls ,found in

'

4gent1y s]op1ng areas. They const1tute a smallen portion

‘of‘the project area. As a rule they are f1ner in texture.

more ac1d1c. more water receptﬁve th less fertile than
wo.

the grumusols.

.~ The topog:aphy-of“the3aréa varigs from relatively
flat plain on the southern edgeﬂto gently sloping high
ground in the northern port10n Ly1ng at an altitude of

!)830 meters above sea 1eve1 the area enJoys a ’w01na

"dega" or temperate zone climatel. In comTon with much of

A

‘the centra] Eth1op1an plateau, the Megech prOJect area has

r

a relat1ve1y coo] p]easant c11mate w1th a narrow annual

\

vrange of temperature and & dlst1nct1y seasona] pattern of

/ f
L] .

rdinfall d1str1but1on
“:A1thpugh there is no weather station in_the project
area itself, weather records have been kept since 1955 at

Bahr Dar, about 60 kilometers south of the project area.

" These records show that the'area,has an-average daily

-temperature of around 18. 5°C, ] while the average daily maxi-

[

‘mum and minimum are 26° C nd - 10 9°cC, 2 respectively. Dai]y

variation in temperature is very limited throughout the
year, but the night}temperatures show some variation.

Night temperatures are usually at theirvlowest_in December.

! Imp a] Ethiopian uovernment Centraﬂ Statistical .
0ff1ce, Eth.opia: Statistical Abstract 1972, p. 12.

Ibid.
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The highest daily temperatures occur in‘March, April or
May. Althodgh there could be occasjonal frosts in October
or Noyember, tempgratures are ijdeal for cropibroduction
throughout the .year.

The long term aver. ge annua] ra1nfa]1 for the area V
. is 1,490.9 m1111meters,] with the h1ghest recorded amount
“being ],844.7 millimeters\ (1971) and the 1owesf; 1,065.9
mi]liméters (1965). While thispamount of rainfall seems
to provide an adequate level of moisture for plant grpwth
and other purposes, its seasonal distribution is highly
skeWed The mo1sture deficit- is exacerbated by the h1gh
rate of evapotranspiration dur1ng the dry season. The nét
‘result of the drastic var1at1on 1n mo1sture ]eve]s is eco-.
Togically devastat1ng and it affects, the well-being of *he
‘human popu]at1on in every'. conceivable way x

. Generally spedk1ng, the rainy season extends from
June to the m1dd1p of October: but small rains do occur in
" April and May. These, however, are usua]ly unre]iable for
crop production purposes. "The .remainder of the year.Hqs~
1ittTe precipitation. Hence,‘severe water st;ess'prévaj]s

throughout the region between late October and mid-April.

Population - . o ! .

The present population of the Megech Projéct area is




‘5100'
estImated to be about 6, 904 T witﬁ anlapprbximate]y fifty-
f1fty sex ratio. The population is ent1re1y rural deriv-
ing its livelihood from subsistence_farming. Living-condi-
tions as indicated by the level of food consumpt1on, qua11ty
of c]oth1n§ and shelter are very\]ow and in genera] quite

\
characteristic-of-the population of the highland p]ateau.2

Existing Agricultural System

.Accordiﬁg to the Blue NiJe Basin Shryey, the 13nd in
the.pro}ect area 'is heavily utt]ﬁzed,dtring'the wet season.
It has been estimated that 87 percent of the 1eﬁd~i§ pre-
~dominantly eujtivated Crop]and while 13:percent is claseif
fiee‘as partially cultivated crop]and.3

“The area as a whole is,suitable for the cu]tivation
of a[wide variety ot crops including those 'adapted to sub-
tropical and temperate zones. The major cuTtivated crops

of the area are teff, barley, sorghum, noog,'thick peas,

lentils and peppers. There afe é]so some less important

1 The popu]at1on figure is arrived at by adJust1ng
the 1964 population estimate reported in United States
Department of ‘Ihterior, Bereau of Reclamation, Land and
Water Resources of the Blue Nile Basin, p. 232, by the
annual average national rate of population growth of 2.3
percent! for the period 1965 to 1975. [

2.Extens1ve coverage on living conditions, -food
- habits, customs and traditions of the people of the area
is provided by Frederic J Simoons:, Northwest Ethiopia:

Peoples aﬂd Economy

. 3 United States Department of Interior, -Bureau of
Reclamation, Land ané’féter Resources of the Blue Nile

&
£
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crops such as mi11étf corn, wheat, sun?]oweks, guaya,
coffee, perennial cofton, and"spicqs’of various types.
Farming practices follow'the traditigna](pattern.
Crops are generally p]anted,iﬁ June and July éna harvested
in November and December. The cultural practices include
seed bed preparation, planting, weeding, harvesting and
threshing. AA téém of oxen constitute the basic unit Qf
power for ploughing. P1ant1%§ is done by hand broadcasting
.the seeds, and tﬁé[broadcast seeas,are plowed under or '
trampled over by livestock in the case of teff. Weedihg
and harvesting are done:by hand, and threshing ‘s accom-
plished by driving cattle over we1{ spread out stocks of
grain on a threshing ground. The grain]is separated frqm
the .chaff by throwiﬁg the threshed‘grajn into the'air,so
that the lighter parts are blown away whi]e the,hquiér
grain fa]]s to the ground The' c]ean grain is then put
1nto sacks and hau]ed home on the backs of don!éys A1-
though gra1n product1on is tpe dominant farm enterprise,
the ex1st1ng agr1cu]tura1 syétem can be character1zed as a
mixed system, with livestock suppjement1ng crop product1on \

in providing the subsistence requirements of the farm

households.

_ ]/ﬁn excel]ent d1scuss1on on the.cultivated crops of
“the regilon and the cultural practices followed in their

cultivation is presented by Frederic J. Simoons, Northwest
Ethiopia: Peoples and Economy. ‘ :
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Markets and Tpansportation

v .
"Because the chief motive for production -is to satisfy

the sqbsistence requirements of thg fahiTy, only a small
percéntage,'probab1y a quanti{y not exceeding 15'percent

of the annual output is marketed. The marketable surplus

is sold in local markets, usually immediately after harvest.
The py ducts are ordinarily transported to local margets by
pa ,animaTs. - A1l the mapketed surp]us‘is‘then assembled °
b ]oca]_merchénts and subsequently trucked toAthe.larger
market centers, some of which ma} eventpa11y reach,tﬁe
terminal markets of Addis Apaba apd Asmera. The area is’
accessible both by road and by air. In.view of the strpng
demand for farm- commod1t1es in Ethiopia, market out]ets s
fop the products pf ‘the area do not seem to pose any parti-

!

cular problem,

Megech Project Descrig;ibn

4 .
The proposed Megech R1ver Project 1nvolves the use

of the waters of the Megech R1ver for 1rr1gat1ng 5, 896\
hectares of land. An 1ntegra] part of the proaect 1s'
also the provision of c]ean and safe water supp11g§~for
‘ domest1c consumption and 11vestock use. Although.live- N
stock enterpr1ses do not form part of the proposed program,
it is ant1c1pated that the part1c1pants of the prOJect
will Keep_an average of five animal unjts per household
in prderp:;T;ppplement the1r_food;fupp1y and possibly

obtain petty cash from the sale of the animals. The pro- .-
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ject is intended to provide approximatety 53.01 million-

cubic meters of water per irrigation season, which extends

-

from mid-October to thg end of May, 28.11 thousand cubic

(]

meters pér year for domestic purposes, and_15.72 thousand
cubic meters per year for livestock use, or a total of -

" 53.05 million cubic meters of“water per year..

The required quantity of water will_be withdrawn from
the Megech River using a set of e]ectric'pumps and Wi]]

subsequently be distributed for the various purposes

. y\

through a network of canals, laterals and,spetihjiéed dis-
tribution units. It is intended_that power fqr pumping
and other project uses will be obtained from the hydro
plant at Bahr Dar. The major-structuraT.features_of the

projéct include the power transmission line, the pumping

~p1ant' Pané]s, laterals and tertiaries, drainage canals \

!

»access toads, gommunity water outlets, stock water1ng spots

and a host of community service fac111t1es such as a

-

.school, a_c11n1c, a commun1tytcenter, off1ces and ]1ving ¢
quérters. | |
It should, however, be pointed out that although the‘_

'provision'of domestic and stock water supply has ‘been men-
. ; ) 0 sup ‘

"tioned here as béing part of’the project primarily to

7underscore the need for such fac111t1es, the 1rr1gat1on

aspect of the project by far dom1nates the entire prouect

For all pract1ca1 purposes then, what is be1ng considered

here is an‘

;.

1rr1gat1on progect and subsequent analysis

r1ght1y rec gn1zes this bas1c fact



The project is expected to be phased in over a ten
year period. Eagh year 10 percent of the land will be

developed and full scale 1rr1gat1on as well as fu11 irei-

- gation yields are expected to be achieved “at the end of

the tepth year. The,phasjng-in of the project-by stages
is especially useful‘because of the need to educate the
part1c1pat1ng farmers about the techniques of 1rr1gat1on

farm1ng, as we]] as t~ plow back profits ga1ned in the

1n1t1a1 years This manner of development also offers the

Q d

e opportunity for mak1ng necessary changes in plans or 1n

the operation of the system before 1arge investment costs

K

are 1ncuhred. In essence, then, this systFm of developmenc;

L4

by stages helps to minimize irreversibilities and maximize
9 -7
flexibility both 'in construction and operation of the

project. - . U . "y

L

‘quem River ﬁroject Area
_ \ e '
Location |

i,

- The Kesem R1ver study area is 1ocated on the west

' bank of the Kesem River in the Middle Awash Va]]ey ~ The

Kesem River itself is one of the.maJorvleft-bank tribut-

aries of the Awash R1ver " The project is p1anned to be

centered slightly northwest of the. po1nt at)wh1ch the Kesem //

!

Jo1ns the Awash NQ\E//pec3f1ca11y, the center of the

‘project is- fixed at 40° 10" east 1ong1tude and 9° 20' north

Tatitude. The general elevation of the area is about,800_-

i ) . Ty

\ ‘ 104
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1

meters ‘above sea. level,

v

and the progect encompasses about -

<

5,650 hectares of 1rr1gab1e land, ° ’ .

s

Soils, Topography and.CIImate'

' The soi]$.of the Kesem Project area are mﬁ%t]y’a]lu-

[

vial, with a'c]ai to“claleoam consist'ency.2 Experiencé

¢
.

at the local plantation and Melka Werer exper1ment station .

1nd1cate that the so1ls of the area have a relatively h1gh

0 -

Ieve] of fertiljty. Furthermore, they are low in salinity,
well drained, and very amenable to irrigation agriculture.

The area has a re]étive]y flat topography.and the natural

-

vegetatibn consists méin]y of widé]y scattered acacia trees,
' - P20
native grass, .bush and scrub, Mean annual rainfall.for the

Middle Awash Valley is variously estimated at between 450

and 500 millimeters. "Most: of fhe ra1nfa11 occurs. between’

Fon

Ju]y and Séptember 3 The mean annuaI air temperature is

approx1Mate1y 28° C but the maximum temperature may go=as

J

high as 40°C, while the minimum s'eldom 'goes below 20°C;4 ‘

&

" Carl F. Miller, et al., Systems Analysis Methods Q NS
for Eth1op1an Agr1cu1ture, p. 31. B *

2 M.E. Quenemoen Potentia] Returns from Commercial R

Farm1ng Systems 1n,Three*lreas of Ethiopia, p. 40. ' - r
3 Food and Agriculture 0rgan1zat1on Survey of the d
Awash River Bas1n1¥Volume III CI1matoIogy and Hydrology . s
p. 21. - :
4 car F. Miller, et al., Systeﬁs Analysis Methods .
for Ethiopian Agriculture, p. 57, o .
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“Estimates of relative humidity range from 43 percent in
June to 61 percent] in August; the mean annual level of
humidity is around.50 percent. The aVerage wind speed .
for the region is apgroximatejy 13.5 kilometers pér hour.
‘StFong wfnds°seem to brevaz;ﬂduring“the months of May,

i

2 igation, .crop production in

hune and July. Without i
- this area is highly risky not on]y becausé of the ge%éré]ly
inadequate and unreliable nature of the ra1nfa11' but also
due to the very high rate of evapotransp1rat1on that is |
’characteristic of the area. The mean rate of evapotrans-
piration for the area is appfoximaté]y;12.3 miT]imete;s

per day. 3 The annual 1Pvef of evapotranépiration, fhefb-
fore, by far exceeds the annua] ]eveT of rainfa]]{ thﬁs

&

creat1ng a mo1sture deficit 1n the reg1oq

-~

Pogu]a€ig§
The: Middle Awash Valley is traditionally occupied .

primari]y by nomadicfpastoré1ists. COnsequent1y” the region

as a whole is sparse]y popu]ated The popu]at1on dens1ty

5

.~ for the whole m1dd1e valley reg1on is est1mated at between

9 and 5 persons per square ky]ometer.4 While: there is no .

I

)

Ibid. = i
2 1pid
3 Ibid., p. 207.

"e N .
4

Mesfin Wolde Mariam, “The Awash Valley: Trends -and
" Prospects,” »p. 18. : :
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sedentary popu1at1on 1n the study area at tue present
time, the area is neverthe1ess part of the trad1t1ona]
grazing land of the Adal nomads and hence may be occupyed

during the grazihg season by as many as 282 nomad families.

Existing Agricultural System

As pointed out in the foregoing, the Kesem River
Project area is not cultivated at present. It is pfimari]y
used for gra;jng’purposes by the nomads during'certain
periods of tﬁé year. Legal ownership of the land vnéts
with the ﬁovernment and the Awash Va]]ey'Authorfty| is the
contrdi]iﬁgﬁpublic agency. |

Although 1arg¢ sections of the land in the Awash

Valley, including the aréa selected for' the present project,

are yet to be”deVe1oped, the Middle Awash Valley in parti-

cuTar has been the site of considerab]e agricultural acti-

vity since the mid-1960's. As a result, a numbetvr of fairly

large commercial farms have been established in the Valley

.and are now operating successfully. These include irri-

gated cotton and sugar cane plantations which presently
account for a significant proportion .of the cultivated

Tand. The region is generally suitable for the cultivation

of a wide range of crops under irrigation. The Middle Awash

1 The Awash Va11ey Authority is an autonomous public
agency established in 1961 for the purpose of administer-
ing the development of the 1and and water resources of the
Awash River Basin.
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Valley as a whole is said to have immeﬁse potentia] for
Jarge scale 1rr1gatéd productlon of such crops as ground—
nuts, ma1ze,‘har1cot beans,'bananas, citrus fruits, graps
“and papayas;] | '

' In sharp contrast with the traditional fa%ming prac-
tices of the h1gh]ands, farm operations in the Awash Valley
are performed by mechanized un1ts, except for such opera-
tions as p]ant]ng, weeding, harvest1ng, and p1ck1ng cotton,
for which manué] labor is norma]]y»emP1oyed. - The farm
ménagement’prgctices usually appifed in the area include
seedbed preparation, planting, cu1tivatibn; crop mainten-
. énce (abp]ication'of;ferﬁilizer, }ggticides,and water),
.haryésting; threshing (or'ginning in.the case of cotton),.
jaﬁdjcrop residue removal. On most of the commercial farms
in the area, irrigation watef‘is drawn direct]y‘from the

“Awash River using diesel pdmp sets. . o Coe

Trdansportation and Markets

The broject area can be appfoaéhéd both Sy rail and
highway. Farm products from the'area can therefore be
| trucked or shipped to market by rail.. The Awash Valiey
is centrally and convenienny located to supply most of
Ethiqpia's major‘mafketfcenters'includ%ng Addis Ababa, Dire
‘Dawa, Nazreth and Assapu In view of the projected strong |

demand far farm commodities in Ethiopia, market outlet is

L~

’ ! ‘:v . : .
1 Food and Agricuﬂfure Organization,/Survey of ‘the
Awash River Basin, Volume I: General Report, p. I2.

~
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‘not foreseen as a constraint. to increasing farm output. e

Kesem Project Description

| The projeﬁt proposed for the development of the
KesemnRiQer is, in many respe;ts, simi]ar to the Megech
River Project. The Kesem Project basically anolves the

¢ '

use of thé waters of the Kesem River\tb irr{gate'approxif
mately 5,6509héctares~of iand,and also to provide water
for household and 1iveétqck_con§umption. Un]ike the Megech
Project, however, the Kesem scheme §a1]s for a}new’sett] -
méﬁt progrqm:, g\\\
While a significant proportion of fhe séft]efs-wi]]
be relatively experienced fqrmers whp would Tike to ﬁake
“”a:neﬁ’begihning“andeuTTdVa better-1ife, at least 282 of
the expected final 5ett1ers will be nomadic_herders Who
ﬁreﬁent1y use the'afea'as part of the§f traditiona1 grazing
“lands. It is noted that segt1ement scﬁémes'in’genera1 have
had only mixed success both in_Ethiopfa and other paffs,of
the‘erTd.] The succe;sfui settlement of nomads.is likely
to be an even more dif;icu1t and comh]ex'probositionl It
is fully recognized that deeply ingrained, céqturies old’
traditions Cannot Pe discfrdeq easi]y déspité the fact
th&t the future sufviva]Aof such traditions, in the face

of mounting populatjon pressure on the aVafTable land, is

, very doubtful. Since change appears inevitable, particu-

d Yujiro Hayami and Vernon W. Ruttan, Agrfcu1tura1
Development: An International Perspective, p. 282.
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larly for the nomads of the Awash Va]]ey{‘the overriding
concern at this point shoh]d be how to make the_ transition
relatively 'smooth and less painful to them. To that

effect, the'Kesem Project can benefit from the expérience

gained'at other echemes, both at home and abrbad.

| As presently conceilved, the prOJect envisages a
-gradua] and properly coord1nated trans1t1on from nomadic
pastora]qsm to sedentary farmtngt The strategy involves

’two.fundamental stages. 'In the first stage, attention will

!

be directed toward e]fminatﬁnlssggtneeq for nomadism by
providing adequate water and 1ivesfock(feed. This can be

accomplished through:proper development and management of

water and range lands. .Once the\nomaiﬁlfpve adjusted to
2

J“a settled way of 11fe, the second stage of the program will
be 1n1t1ated. The focus in this stage should be on educa- !
tion, motivation and incentives, ‘ wh11e a deta11ed d1scuss1on
of these factors is c]ear1y outside the scope of the pre-

sent work it should be mentioned that the‘educational

.

program should at 1east increase their consciousness about
their material we]] be1ng and provide them with the

requ1s1te know]edge and sk111s that w111 enab]e them to

{

adJust to a new way of 11fe The motivational ,and incen-
tive programs neces;ary to’ deve]op-and maintain'interest

in crop production naturally should be afcontinuing feature

of project ‘operation.

. The physicaT_p]an of the Kesem'scheme‘ca1ls for the
‘withdrawal of-approximately 84‘8im111ioh cubitc meters'of

’l.»
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water annually from the Kesem ijer. ~Literally 99 percent .
of this water will be used{for Xirrigation~ It is'antici-

" pated that d1ese1 pump sets w111 be used to 11ft the water
“directly from the river. The basic construct1on features
of.the project include access and farm roads, pumping
plants, water storage‘regerVojfs,;d%stfibhtion systems,
housing fOr-seft1ers end-emp1oyees,'and a wide range df
service facilities. -fhe breakdown of cost‘eétimafes of

. . Fir
these features +is presented in Chapter VII.

,The project is'p1@nﬁed'to be phased in_over a Fen

. year period, with approximately 10 percent of the 1a7d

be1ng deve]oped each year. Such a plan of action is adoﬁted

in order to minimize 1rrevers1b111t1es and allow f]ex1b111ty

in both construct1on‘and prOJect operat1on. Furthermore,

- this plan affofds:suffiCient time- to educate the settlers

in the practice of irfigation agr{culture.' It will aqu

allow manageﬁent.to gain from initial experiences ahd

'adjust ﬁ]ans a%cofding]yf Therefore, it may feduce'

the need for outside capitaf by'permfttfng the reinvesteeﬁt

ofjnet earningg made during the initial years ofioperation.
Fimally, the f1nanc1a1 investment required for imp]é-

ment1ng both of theSe prOJects is expected to comé ‘from |

" the pub11e sector, ‘C0nsequent1y, it is essent1a]:to .

_empiricelly dehohetraée that the -public interest will Ee“

'propef]y served by embark%ng on-the propoﬁed-investment

program. A valid empiricaT analysis of public investment

must'neéessari]y"be besedfdn an . appropriate theoretica1_and

r
1



~analytical framework. 'The following chapter describes

the analytical approach employed in the present study.
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CHAPTER V

ANALYTICAL FRAMEWORK

[ /

The estimation and prediction of various economic

impacts of water resource investmentiis a complex process.

The literature on the subject is extensive, and over the
years a number of quéntitative techniques have been

demonstriated to be appiicab]e for assessing the impact

of water projects.. A range of techniques including econo-
! ! .

!
metrics, input-output analysis, optimization techniques,

_benefit-costJahalysis and simulation studies have been
utilized in énalyzing water projects. Each of these tech-
‘niques has varying data requirements, qnd exnerience seems

.td suggest that no_singlF technique offérs a panatea, It

is often desirgb]é to use a combination of twb or more
analytical tools to obtain a more compléte and reliable
result.’

The choice of analytical techniques depends, among

. other things, on the range and quality of data available

and .the nature of the problem beingfconsiderpd. For

i

instance, use of the iﬁbut¥ohtput technique would require

the aVailabi]ity of an 1/8 table and an extensive amount

of data regarding sectoral ccmmo&ity flows and'detailed

~inter-industry relationships. iIn ;ontkast, the data

{ |

requi?ement of'the benefit-cost analysis technique is some-

i

113
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. what modest but its applicati®on will not lead to correct o

results if the project is so large as to have’a consider-
able impact on output, prices“andfgeneral economic,activity.
Programming and simulation techniques also have detailed
data.requirements and are generale more. suited for optif
mizing'resource ai]ocation‘at the "operating level® of~
decision making (i.e., househo]ds, firms, afd industries)
vrather than at the regional, institutional or policy :
decision making 1evels. Further,-allAthese techniques do .
nat necessarily add?ess the same kinds of problems. Behe-
fit-cost analysis has been suecessfu11y aph]iec 11. the
Ieconemic'eVa1uation of hub]ic investment in wate t-(iects,
particularly in those cases where the prOJects hav~ no
dlscern1b1e effect on genera] equ111br1um Cons1der1ng
the ava11ab1e data and the Timited size of the projects
proposed in this study, benefit—cost analysis does seem to
be an appropr1ate techn1que for evaluat1ng ‘the overall |
economlc 1mpact of these prOJects _

However, while benefit-cost ana]ys1s iis usefu] in
eva]uat1ng the overal] econdmac fea51b111ty of an 1rr1ga-
{tlon prOJect it does not he]p determlhe the optimal crop,

mix or the opt1ma1 land a]locat1on plan for the project

’ area. -What benef1t-cost analysis does 1s s1mpT?\exalEate
the overall economic 1mpart of a g1ven level of prOJeet

operat1on, whether that level of operat1on is opt1ma1 or
not. .Yet the type of crop mix assumed can: s1gn1f1cant1y

1nf1hence the Tevel of projected bene#1ts and costs In
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order to circumvent this ‘weakness, it is necessary to'.
emp]oy other complementary techn1quqs that- can help deter-
mine the optimal crop m1x for the proposed project subject
to the ava1]ab1e resourcespand other constraints. Actcordy
“ingly, a comp]ementary technique of recursive~prognamming
was‘employed to determine the annual optimal crop mﬁx in
the present study. The analytica1 models of“this study
,are, therefore, based on sthe combined techn1ques of recur-
51ve programm1ng and benefit-cost ana]ys1s In this chapter
an attempt will be made to present a ‘concise review.of

i
-

these techniques.

-

A Review of Recursive Programming o -

‘ \
The project areas considered in this study are suit-

able for the product1on of a wide var1ety of crops. The.
y1e1ds of these crops are expected to increase gradually

as a resu]t of the 1rr1gat1on prOJect Given the obJect1ve..
of product1on and the resource restraints for each area,'
economld 1og1c demands that during each production period,
_'only those crops that can nmk1m1ze the objective funct1on

be produced. An optimization technrque is requlred to

determin€ the optimum annual crop mix over the p]anning
horizon. Accord1ng]y, recursive programm{ng was selected
to accomp]1sh the task of determ1n1ng the optimal annua]
‘crop mix and optimal land ut111zat1on plan for the areas

- studied. D -l
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Recursive programming’ is essentially a sequence of

-

Tinear program@ing models in which thé objective function,v

! { o .
"the technical joefficients, or the resources constraints
|

of a particular model depéqd ubon the sofution variables.

4 \ )
of the preéeeding model in the sequence. Unlike 11qear

programmithWhich attémpts to optimiie a single period:
objectfve }antion, fecufsi?e pfogramming exp]icitiy .
incTudes time in its optihization process and as such
éxhibits a:ﬁynamic ;hgracter. fhe ygcursive system.is
ihit%ated|by establishing the activities and constraints
for the ff#st year in the manner df an ordinary Tinear
programming model. The values of the varfableg‘in the
optima],so]uéién are then wused in a subsequent‘mafrix-énd
the proceduré cdnt%nues until the entire p]ahning horizon

is-covered.. Since a Wifferent linear programming matrix
. . [}

is developed forveach timé period, annual changes in anti-
cipated yields and resource lévelsacan be gasi]y and adequ-
ately incorporated into the model. ' |

. . . . 2]

The agricultural application of recursive programm-

ing has 1arge1ylbeeh.in the area of production response

'S »\‘

A For . a more comprehenéive,discussion on recursive
programmjng, see: R.H. Day, Recursive Programming -and '
Productionm Response (Amsterdam: North HoTlland PubTlishing

Company, 1963); R.H. Day, "Recursive Programming and Supply"l‘

Prediction," in Agricultural Supply Functions: Estimating -
Techniques and Interpretations, edited by Ear) O. Heady,
.et al. (Ames, Towa: lowa State University Press, 1958); -
and R.K. Sahi, "Recursive Programming Analysis of Prairie
Land Utilization Pattern" (Unpublished Ph.D. Dissertation,
-University of Manitoba, Winnipeg, 1972). 1
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‘studies;]‘kIn the present study it is employed as a dynamic

6ﬁt1mization technique:ﬁn'order to .determine the optimum
production pattern of project commodities over a specified

'planning horizon. The basic elements Bf the recursﬁve

programming models used in fhis study are as follows:

1

: : n R N '
‘Max Z, = j§1 PitXser Bl nn s §=thenm o (501)
\ w

o

subject to the conditions:

t 4

A

(T + B1)bye g

oL, +oa,
2n%nt

tagpXar T e

IA

a1 %1t (1 + Byydbyy g

S (5.2)

~

+ a + ... + a

amTXIt “mz*mt (1 + Bmt)bmt-l;

<
mnxmt -

+ A, . . - ~1;
(1 AJt)th-] 2 X5p 2 (1 Ajt)¥jtt1’

!

_ .; |

1 See R.H. Day, "Recursive Program%ﬁngand Supply

. Prediction"; J.M. Henderson, "The Utilization of Agricul-
~tural Land: Theoretical and Empirical Inquiry," Review of
Economics and Statistics, 42 (1959), pp. 242-259
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*’where: Zt =.\the objective fungp@on (net farm income)

: ‘ - to be maximized in year t, -

P. ‘:? ‘the expected net return per unit of

commodity j produced in.year t,

X4 = the Jebe] of the jth commodity produced
in year t, ,
- : .th .
xjt~1 = the level of the J commodity produced ‘
in year t-1, \
b7 =.the level oftesource i used in year
t"], 1=], .’,',m, :
. ."’ °
By = the f]exibi]ity coefficient of resource
* o A
i in year t, t=2,...,T,
e = the f]exibi]ity»coefficient of commodity
join year t, t=2,...,T, -
. - l . @
m = the number of resource restraints,
n ‘= the number of commbdities;
fais .= the’number of units of reséurce i required
) ‘ to produce one unit of commbdity join
period t. These are the technical co-
efficients for each,coﬁmediti, |
T ; the planning horizon.

The difficult'paft in developing réEursive prograhm- \\

2] -

}ng models is the estimation of the commodity and resource

flexibility coefficients. Various approaches exist for

g

o
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estimating these coefficients] and each approach has its

B

‘merits and drawbacks, depending .on the problem under coh;‘

‘

sideration and the availability~of data. In this study,
the resource flexibility coeff1c1ents (Bi's) are determined

&
by computing the annual rates at- wh1ch each resource is

prOJected to expand 1n order to ach1eve full deve]opment
of'the project areas in ten years. The commodity flexibi-
lity coefficients (Aj's), which ?pply to the stap]e commo-

”

d1t1es, are des1gned to reflect the annua] growth rates in
N ¢
the consumpt1on requ1rement of the farm fam111es in the

prOJect areas as well as expected changes in the farmers'
behaviour in the’face-of new opportuhities; They are
stherefore extrapd]ated frdm the expected rate‘of'pooulation
growth 1n the project areas and the est1mated annual growth

rates in the expected 1evels of comqu1ty yie]ds
IV ™ . .
The ‘solution to the model involves finding a §ei of

xjt's that can maximize the objective function (5.1) w1th-
out v1olat1ng the restr1ct1ons 1nd1cated by (5.2). The_

»
. solution procedure for recursive,programming is similar to

that of ordinary 1inedr programming. The simplex .algorithm®

familiar in linear programdﬁng can be successfully- employed
- \v
in the solution of recursive programming problems. The

A
o

\ ' . -

A

! See R.K. Sahi and W.J. Craddock, "Estimation of
Flexibility Coefficients for Recursive Programming Models -~
Alternative Approaches" (Paper presented at the Joint
Annual Meetings of the American Agricultural Economics
Association and the Canadian Agricultural Econom1cs
Soc1ety, Edmonton, August 8-11, 1973)

—

oy
a
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|$implex procedure requires the inclusior of slack vari-

/
ables in the model to change the inequalities in (5 2)
to equa]ities The resu1t1ngjsystem of linear equat1ons

is then solved us1ng an iterative procedure that starts

“with a set of basic feasible solutions and proceeds to the

optimal so1ution set Once the model is set up, a computer

program can be deve]oped to solve the ent1re sequence of
recurs1ve prognams in one run. The final solution then
provides the‘bptfmal annua] crop mix and land ut§1ization
plan extending over the entire planning hori zon.

| Recursﬁve programming models share most of the Timita-
tions of ordinary- linear programm%ng models. First, they

n

.are based on the aSSUmpt1on of a linear product1on funct1on

However, there is no reason why non- 11near recur: ve mode]s

may not be specified if ‘they are more ]1ke1y to proper]y

represent thefunderlying production function. Second, the
e ] : e e

production processesjare assumed to be infinitely divisible,

whereas in reality this ma} not always be practicable.

. Third,, it is assumed that the inequations in the model -

are linearly independent or that the technology matrix (A)

has a non-%ero déterminant Unlike the ord1nary linear pro-

<&

gramm1ng mode]s, however, the recursive mode] can be expected

."u

‘to provide pos1t1ve solution$: because the decision-makers

expected behav1or cdn be more readlly'lncorpOrated into

/.
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the model through the medium of flexibility constraints.

A Review of Benefit-Cost Analysis

As a touul for eba]uating_pub]ic.investment projects,
génefit-cost analysis has a faifﬁy Tong history. Its
origin has been traced back fd ghe nofed nineteenlh cen-
tuky Frenéh economist, Dupyit,z who incorporated the idea
in his classical paper "On the Measurement of the Utility
of Public works,“3 published in 1844. 1In the present cen-
tury benef%t4cost analysis‘has gained popularity as a
-practfta] administrative tool uséd in eva]uéting federal

!

watef resource projects in the United States. PR

&~

Tﬁeoretica] economists initially were indifferent

] W.Jd. Craddock, "Linear Programming Models for
"Determining Irrigation Demand for Water,"™ Canadian ,
Journal of Agricultural Economics, Vol. 19 {November,
1971), pp. 84-97. ' .

2 A.R. Prest and R. Turvey, "Cost-Benefit Analysis:
A Survey," Economic Journal (December, 1965), pp. 683-731,
reprinted in Surveys of :Economic Theory Prepared for the.
American Economic Association and the Royal Economic
Society, Vol. 3 (London: MacmilTan, 1966), pp. 155-207.

_ 3 Ju1e§‘Depuit, "On the Measurement of ‘the Utility
of Public Works," translated by R.H. Barback in Inter-
national Economic Papers, 2 (1952), pp. 83-110; reprinted

in K.H. Arrow and T..Scitovsky, eds., Readings in Welfare *

Economics (Homewood, I]]inois: Richard D. - Irwin, Inc.,
' 9), PP.Q255-283. . :

‘ 4 For a history and development of benefit-cost
analysis in the U.S., seey R.J. Hammong, Benefit-Cost .
Analysis and Water Pollution Control (Staanrdﬂ,Ca1ifornia:
University Press, 1958). o 2 i o
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"to or rejected benefit-cost ané]ysis because they con-
sidered it to lack a sound theoreti%a] base.. Interest

in the subjeét; however, has steadily grown and. professional

!
[

1iteratufe'on thg subject is pro]iferating. Numerous books
;and 5ourna1 articles have been_pUb]ished since Otfo |
f Ecksfein's path brea%ing work in thislfjeld first appeared
in 1958.] ‘ | 5 o
Interest in the subject of benefit-cost analysis hés
continuously increased in Canadd‘aﬁd the United States as
well as in other countfiés,.notab]y ‘the Uﬁited Kingdom, -

France and Germany. The relevance of the technique to

public investment planning in less deve]oped'countries has

A Qtto Eckstein, Water Resource Development: The
Economics of Project Evaluation (Cambridge, Massachusetts:
Harvard University Press, 1958).

.~ Among ‘the .important literature on benefit-cost
analysis are: S.C. Ciriacy-Wantrup, "Benefit-Cost Analysis
and Public Resource Development," in S.C. Smith and
E.N. Castle (eds.), Economics. and Public Policy in Water

Resource Development (Ames, lowa: lowa State University
Press, 1964), pp. 9-21; Ajit K. Dasgupta and D.W. Pearce,
Cost-Benefit Analysis: Theory and Practice (London:
MacmilTan, 1972); R. Dorfman (ed.), Measuring Benefits of -
Government Investments (Washington, D.C.: Brookings
Institution, 1965); C.D. Foster, "Social Welfare Func-
tions in Cost-Benefit Analysis," in J. Lawrence (ed.),
Operational Research and the Social Sciences (London:
Tavistock Publjications, T966); A. Maass (ed.), Design of .
.Water Resource Systems {(New York: Macmillan, 1962); ,

R. FcKean, Efficiency in Governmerit Through Systems Analy-
sis w York: John Wiley, 1958); E.J. Mishan, Cost-
Benefit Ana)lysis (London: George Alleh and Unwin Ltd.,
Y971); and A.R. Prest and R. Turvey, "Cost-Benefit Analy-
sis: A Survey.". ' o S ' ’

C
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been recently demonstrated by a number o?‘authorsu] Inter- *
national org;nizatfons sueh as the United Nations, the
Organizationvfor Economic Cooperationland Development and
the International Bénk for,Recohspruction and 'Development
have published projth evaluation manua1s.ba§ed on the
“yenefit~cost analysis approéch'for.use in develobing coun-
tries, .

While critiques of benefit-cost analysis have not
been lacking,2 if is becoming more apparent‘that'thebhandi-
caps and déficienciestinherent in this %echnique are also .
"shared to some'extent by‘other quantiQ;tive tecpniques in

eeonomics;\.Beﬁefit-qost anagysfs, ]i#e,all other tools
- of applied economics, no doubt needs g great‘deaf_of
improvement and réfinement: Butljt must be emphaéized
that.if‘app]ied with caution and pfudence,.bénefit-cost

analysis can be an extremely USéfu] tool of social invest-g_'

ment analysis. S L S : J!
| The fqndamenta] aim ofvﬁenefit-costfénalysis is to

identffy’the pertinent and signiffcant,socia] costs and

i

T . : N S - .
- See, for instance, J. Price Gittinger, Economic -
Analysis for Agricultural Projects (Baltimore: The Johns
Hopkins University Press, 1972); S.A. Marglin, Public
Investment Criteria (London: George Allen and Unwin, 1966);
and T.M.D. [ittle and J. Mirrlees, Manual of Industrial
Project Analysis 11 Develdping Countries, Vol. 2: Social
Cost-Benefit Analysis (Paris: C.E.C.D., 19697, P

2"Fon a survey of critiques of benefit-cost analysis -
see: L.D. James and Robert R. Lee, Economics of Water
Resolrce Planning (New York: McGraw=HiTT Eook Company,
1971), op. T9T-T92." ’ ' \

1



-tion, health, pub11c parks and flood control. Thesevgoods

social benefits associated with public projects, assess

their true value to society and rank them accordingAto

some order of social preference. - Benefit-cost analysis,

therefore, is a quantitative technique useful for making
economic choices at th social level. 7

A dfscussion of the many reasons why public 1nVest-
ment appraisal ought tovbe different from private invest-
ment analysis is beyond the scope of this study. QUt it
seems essential to mentjoh‘at least three fundamenta] con-
cepfs that distinguish socia] investment ana]ySis from

~

private investmentbanaIySis within the context of a mixed

economy.

First, in principle, soc1a1 investments are. made in

*pub11c goods and services such as national defence, educa-

and serv1ces are in general characterized by 1nd1v1s1b111ty
in constructlon and 1nappropr1ab111ty in use. Further-
more, once the 1nvestment is made, the marg1na1 cost of
mak1nglan add1t1ona1 Unit ava1]able to consumers, up to

the po1nt‘of "congestion", 1s zero. Hence, ord1nary market
mechan1sms do not ex1§t or are 1nadequate to estab11sh

soc1a11y acceptable prices for such pub11c goods and

‘ SE?‘V'ICGS

o

Second, social investments are also made in goods
and services whose market prices, where they do exist, do
not reflect the appropriate social va]ue of the goods to

soc1ety due to market 1mperfect1ons.' Unique resources and'
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{

public uti]itiesibe]ong‘to this category of ngds.
Third, social and private costs diverg

widely in
enterprises and‘sectors;where there are'signjticant;and
widespread eXterna} economies and diseconomies; For
instance, agricultural research and water development
belong to this category of enterprise. The externalities
generated in these‘sectors cannot be sufficientjy inter-
nalized.by the produ;ing units through the market‘system.
In the presence of externalities, thérefore, markEt prices

%

fail ‘to reflect: the true social values of goods and ser-

. vices. N o g

To recapitulate, the pUbTic good characteristios of
certa1n categories of goods and serv1ces, the existence
of market 1mperfett1ons and the presence of éxterna11t1es,
~among other th1ngs, make the use of an analyt1ca1 approach
which is broader than the strict application of cap1ta1
.theory 1mperat1ve for pub11c 1nvestment eva]uat1on 411
though beneflt-cost analysis attempts to prOV1de a broader
~and nider framework for pub]ic investment appraisaI; it
will be shown. be]ow that the s1tuat1ons ment1oned above
create ser1ous problems in benef1t cost ana]ys1s as well.

In public project eva]uat1on, benef1t cost ana]ys1s
may be used for“three broad purposes:] |

! A

F

L S.V. Ciriacy-Wantrup, "Benefit-Cost Analysis and.
Public Resource Development," in Stephen C. Smith and
Emery N. Castle (eds.), Economics and Public Policy in
Water Resource Development, p. 14,




| cular prOJect Its basic aim is to establish the econom1c
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1. To appraise the economic‘#easibi1ity of a set
of peblic projects and determine their rEIative.,
ranhihgs. |
2. To determine the financia]_feesibility, coet
o allocation, end7cost repayment of public brojects.
'3._ To determine the pricing procedure for those
| products of the public project that may be so]d
' to users or consumers. |
] The present etudy deals with the evaluation of
economic and financia] feasibi]ity offa]ternative pubTic
proaects des1gned to serve a specific purpose Consequent]y,
the f0110w1ng d1scuss1on on the elements of benefit-cost
‘analysis fo]lows th1s vein.,
Within the framework‘ef benefit-cost analysis, it is
essential to'make distinctions between economic feaéibility

i

analysis and ‘financial feasibility ana]ysis._fEconomic
feasibility an@iysis seehs to determine'thelsocia1 profitf
abifity of a project by takinéfinto account all the rele-

vant market and extra market benef1ts and costs‘of a partl- ‘ /
ieff1c1ency of the proaect or prOJects under cons1derat1on "
and thereby he]p select the "best prOJect“,or rank the
projects involved on the bas1§Aof some er1ter1e of social . o
preference. ‘-" o ; K

| Although economic feas1h1]ity ana]ys1s does 1nd1cate’

whether or not a-particular proaect is soc1a11y des1rab1e,

! it does not necessar1]y fo]]ow that an econom1ca1]y feas1b1e
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proaect w111 also be f1nanc1a11y feas1b1e More specific-
al]y, an econom1ca11y feasible project may- fa11 ‘to be
fihenciaT]y feasiU1e becausie sufficient revenue.may not

be collected to cover the annual operating and{amertized )
costs of the project. Economic Togic and prac%ica] experi-
ence also tend to indicate'that various methods of projectl
f1nanc1ng and cost repayment arrangements can have differ-
ent impacts on both the f1nanc1a1 feas1b111ty of the pro-
ject and the distribution of 1anme among the var1ou; groups
likely to be affected by the prqposed project: The purpose
of financial'ena1ysis, therefore; is to examine the implica-
- tions of the various methods of pfojeet financing; cost "
repaymeht and output pric{ng Each of these areas of.
benefit-cost aralysis will be 1nvest1gated in some deta11
below.

T«

Economic Analysis : R ‘ |

The appraisal anq ranking of public‘projects:accord-
~ing to avspecific‘order'of social preference:represent
the»mein concerns of eeonohic analysis. The.esseace of | |
;cénomic analysis, then, is the assessment of the ;oc%q]
benefits and costs of pLopoeed.projects in order tp deter-
mine both their.internal efficienty and their relative
economic merit vista-vis the rest of the economy. Economic
aﬁa]ysis i; composed of the following basic eIements:

(a? determination of project selection and ranking criteria;
.(Biiestihation of the future stream of benefits; (c)_eStime-

!
|
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| . | ' '
tion of costs; -(d) choice of the social discount rate;
. . : : 3
(e) specification of the planning horizon; (f) evaluation
. _ ! \

of risk and uncertainty; (g) sensitiviity analysis; and

(h) comparison of project area economic performance "w1th"’
and M"without" the proposed project. |

'A. Public Project Selection and Ran*ing Criteria

‘ | ' ] .
The primary purpose of public project eva]uat1on,

of course, is to determine whether the soc1a1 benef1ts
accru1ng from4the project will outwe gh the soc1a1 costs
of the project. An 1mPortantaaspect of pub11e prdJect
evaluation is to compare and rank alternative projects
that can help maximize a social objective subject to the
relevant consFraints. To successfully accomp11sh either
or both of theSe tasks, it is necessary to adopt 1-y (al
and consistent decision ru]es At 1eas¥ three typ
1nvestment criiteria appear to have relevance to public
i1nvestment evaluation, They include (1) the net present
discounted va]ue (2) the 1nterna] rate of return, and

|
(3) the benefijt- @ost rat1o

[
i

—

1. The'Net Present D1scounted Value Cr1ter1on
i !

The net present d1scounted va]ue criterion, as the

name- 1mp11e§, involves the discounting of all future

streams of beneflts and costs over the econom1c 11fe of

|
the prOJect to the present us1ng an appropriate d1scount

rate -and then der1v1ng the net present value by subtract-
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\
\

ing the sum of the present value of costs from the sum of -
the present value of benefits. 'A]ternativé]y, the same

result can be obtained by subtracffﬁg annual costslfrom {
the corresponding annua].benefit;~and’Eggnﬁsumming the
discdunted.net valué ov%h the economiéﬁ1ife of the pfojeét.
A\mbre concise algebrajc definition would appear as:

. T B, -(C,+K,) N
PV(r) = t t f;, for discrete time periods,
- t=0 (1 + r) .
:
T -rt . ‘
PV(r) = [ (Bt - (Ct + Kt))e d, for continuous
0 _ : time periods.

where  PV(r) the net present value discounted at the

rate (r),

By = .gfoss benefits at periqd't,

Ct = associated costs at timé t,

Kt ,' = project costg at time t,."

r = thg social diécount rate assumed.to*be .
constant over theiplanning horizon,

T = the planning horizon.

The decision rule, theﬁ, is to rank projects according to.
the magnitude of the positive net present value, with pro-
jects showing PV(r) < 0 being rejected.

Although very usefu1‘in determininéAthé socfal desir-

{
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abi]i%y}of a particular projéct, the net‘p;esent\va}ue
criterion has been foune wamting as a decisienjru1e for- .
‘ranking é]ternative projects. Empirica] investigation has
shonn that the net present value cr;terion will, nnder |

certain conditions, lead to inconsistent ranking of pro-

jects. Mishan,] for instance, has-shown that for two non—
dom{nant prOJects, the net present d1scounted value g1ves,

. 1ncon515tent rank1ng over different ranges of the discount

-

'rate if their capital requ1rements, their econom1c life
spans and the prof11e of the .time-streams of their benefits

:_and costs are significantly different from each other.

+

Such inconsistencies have also been noted by P.C. ‘Van den

I
Noort 2
N \ ; P . . |

\ In a major theoretical work on qu]ic investment,

Marjlfn3 has shown the inappropriateness of using the net
preéent valne'criterion as a decision rule. 'He has illust-
rated how the fa11ure of the "stat1c" present value
cr1ter1on to 1ncorporate ca]endar time and project age 1n

the ana]ys1s leads to 1naccurate rank1ng and an improper
t1m1ng.of projects. This cr1ter1on alsa tends to favor
. . ,\ _ '
|

IHEE.J. Mishan, Cost-Benefit Ana]y;is, p. 193.

KZ P.C. Van den Noort, "Investment Criteria for
Government (Projects," Landbowukund1g T1stchr1ft, Vol. 75,
No. 9 (September, 19667, p p ~306-3T1,

\
3 Stephen A. Marg11n, Approaches to Dynamic Invest-
ment | P]ann1ng (Amsterdam: North-HolTand Pubitishing Company,
1963)

|
i
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" large projects over small,

" free of criticism either.

131

1

The fact that the present value criterion involves
i \ .
the prior determination of a discount rate and that the
criterion itself fails to always lead to a consistent and

37

appropriate'ranking caused interest to shift to the inter-

‘nal-rate of return as a decision criterion. Since each

project shas {fé own interpal rate of return that can be
, \ i o

determined throu%p,objective calculation, it seemed to

provide an attractive alternative to the present value

criterion. But the internal rate of return is not entjre]y

!

2. The Internal Rate of Return Criterion

The 1nterna1 rate of return is defined as that rate .

- . of return which makes the present value of benefits exactly

equal to the present value of costs. In a concise mathe-

matical form:

Bt - (Ct + Kt) ' .
T = 0 for discontinuous time
0 (1 + )" - perior, or

1l 1=t

t

[ (B, - (C‘t'-wk‘Kt))e')‘t dy = 0 for continuous'
o ‘ time period.

»

L Otto Eckstein, Water Resource Development The
Economics of Prq;ect Evaluation, p. 53.

{
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J

where ) = the initial rate of return and the other var1-
ables are as Uef1ned,on page 129, Accord1ng to the inter-
.nal rate of return cr1ter1on, proaects that show A values
greater than the exogenous]y determined opportunity rate
of return to social capital, are accepted and these are
1ranked in a descending order of their A values.

| The internal rate of‘return criterion, lﬁke‘the pre-
sent value criterion,'has béen'subject to‘several ériti-

‘clsms It has been demonstrated that more than a‘'single

1nterna1 rate of return may correspond to a.given benefit
stream that 1asts over two periods. 1 Hirsch]eifer2 hash
further. shown that except under very pecu]iar_circum-
. stances,.the internal rate of:return‘eriterion will lead
to non40pttma1fresu1ts as long as the capital market is

not perfectly competitive. ‘ .

While many more cr1t1c1sms may be c1ted it seems
~clear that both the present value and the internal rate

of return have shortcomings as decision criteria ggr public
'investment and they also give tncohsistent rankihgs.
Attempt. have been-made to normalize these criteria so

that they will at 1east give conSIStent rank1ngs The most

1nterest1ng of these attempts is a norma11zat1on procedure -

PO o

! E.J.»Mishan, Cost-Benefit Analysis, p. 23.

v 2 J. Hirschleifer, "On the Theory of Optimal Invest-
ment Decision," Journal of Political Economy (August 1958),
pp. 329-352., :

1



S

133

1 The procedure has four basic ele-

\\

suggested bx'MiéHan.
ments: | *
1. A1l benefits and outlays of any investment stream
are to be compounded forward to yield a terminal
value TV at some future date. _
2. A.common capital outlay should be establaébed
for all the investment projects being considered!
3. Maximum réinvestment poten}ia] for che benefits

., »

o] ) .
of each investment stream should be calculated

and utiiized i . ‘ A

a,

4, The same planning horizon should® be used for a11

proaects
Accord1ng to Mishan, if these rules ;re applied,
both the internal rate of"retorn ca]co]ateoxfor each of
the terminal values and the net present di§coonted value
. criterion will prov1de cons1stent ranking of projects -~

While this procedure appears to be comp]ex and cumbersome

in pract1ce it seems to 1mp1y that both net,present value
\ : :

. and the internal rate of return are most 1ike1y tofgive

consistent ranking if the alterative projects being con-
\

.sidered do not s1gn1f1cant1y d1ffer from each other in
terms of the1r cap1ta1 requ1rement reinvestment oppor-m
tun1by and economic life span. From this standpoint, it
provideé a very pract}cal'guide for pub1ic-projecc evaiua-
, 4 .
Ve, Mishan,® "A Norma]1zat1on Procedure for Publfc -

- Investment Cr1ter1a," Econom1c Journal (December, 1967),
pp. 777-796.
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3. The Benefit-Cost Ratio Criterion

The benefit-cost ratio criterion ranks projecfs
. . :

according to the ratio 6f benefits to costsf ‘The benefit-
»cdstwratios may be cq]chated=on eithér:gréggyor net bésis,
but it is essential-to ke consilteht in using:qne_or the
other fprmu1a when ranking projécts.' The ratio 6f‘gross
beﬁéfits to.tota1 costs is calculated by dividing.totéT

. Hirect benefits by total (ife:, associated plus project)

v

costs, as i]luétrapéd below. -

i

' where G the gross benefit-cost rétio,

W o -
B, = the gross direct'benefit at period t;
S t=0,...,T,
K = project cost, including capita]-operatibn,:
maintenance and replacement cost at period
t, t=0,...,T,
C, = associated cost at period t, t=0,...,T,
r = ‘the social discount rate,

T = planning horizon.

AN
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. : ‘ .
¢. - The net benefit-cost ratio, on the other hand,. is

calculated by dividing the net benefits (i.e., gross bene-

fits minus associated costs) by project costs, as shown

~ !

below. ' o
T (Bt - Ct) o
Noo £20 (1 + )t
D Kt
t=0 (1 + r)t <
~ where N = the net benefit-cost ratio and the other

~variables are as defiped above.

According to the benefit-eost.ratio criterion,la pro-
Jject is cpnsidered econqmicale feasible if its benefit-
cost ratio is greater than Unity ' A]ternat1ve progects

are then ranked in a descending order of the values of the

ratios obtained. While th1s.cr1ter1on:has proven to be a

k-

useful critefion for determifiing the economic feasibility

of'a project‘ it has been found to lead ¢o 1ncorrect rank?,
| v
ing of mutua]]y exc]us1ve prOJects in cases where the cap1—

tal requ1rements for each proaect are s1gn1fﬂcant1y differ-

ent. 1 It has also been found want1ng in choos1ng the R

' opt1mum sca]e of 1nvestment of a part1cu1ar prOJect 2 as .~

i dJd. H1rsh1e1fer, James C. De Haven and J. w M1111man,
Weter Supply: Economics, Technolqu, ‘and Policy (Chicago:

The Unive-sity of Chdcago Press 47960), . 137.

pa . .
bidg.
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the scale at which the benefit-cost ratio is the h1ghe

‘ does,not necessarily represent the net benefit max1m1z1ng
scale of investment. Nevertheless, the'benef1t-cost ratio’
criterion can‘be safe]y and usefully qpp]ied in theeevalua—
tion and ranking of projects where the economic nature of
the benefits_and costs are reasonably uniform and have
roughly equal degrees of uncertainty; where the cap1ta]
ulntens1t1es of the projects do not show extreme var1at1ons,
and where the economic 11fe span of the alternative pro-

Jects is equal. 1 ' o !

‘B. Estimation of'Benefits

The proper identification and ‘estimation of benefits
and costs form the crux of benefit-cost ana]yeis.}‘Ordin-
varily, several factors complicate the process of estimat-
ing the social benef1ts and costs of a public progect >0n
.the benefit s1de, a public project usually yields bot#
physica] products and_npn-physipa]'products (or services).
The henefits of a pdrtiduler project therefore depend pn
‘the quant1ty of the _output produced and the price at wh1ch
‘each un1t of the output can be 'sold. Nh1]e some soc1a5]y\‘
acceptable pr1ces for outputs are eas11y obta1ned it is

often exceptlonally difficult to arr1ve at w1de1y accept-

able monetary values for both tang1b1e and 1ntang1b1e 0ut-

i . i

.] Otto Eckstein, Water Resodrce Deve]opment The
Economics of Pro;ect Eva1uat1on, p. 55.

o
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puts. "~ Society, neverthe]ess, derives satisfaction from
“both types of .output; hence it is essent1a] that both
‘'should be-properly recognized in project eva]uat1on.
Cohuentionally, three major categories of‘benefits are i
recognized in benefit-cost analysis. 'They ink]ude
(a)Xdirect benefits;;(b) indirect benefits; and (c)'extrai

market benefits. ‘

o

1. Direct Benefits

f

,Direct benefits are the socially appropriate market
values of goods and serv1ces produced directly by a pro-
Ject. For the proqects evn1saged in this s&udy, the annua]

dlrect benefits 1nc]ude the value of the crops. and services
produced by the project durxngfa given year. The stream
of future direct benefits'of the.project being coosidered
therefore depend on the expectedflevel of yields and the
expected Jével of prices. B | ’

‘While adequate indications of yield levels may be
obtained from past farm records and y1e1d trial results,
determ1nat1on of appropr1ate commod1ty pr1ces is a very
difficult and complex process.i Readfﬁy\ava11ab1e market
% pr1ces in genera] do not reflect the tYuP 'sociaf va1ua-{;
tion" of the outputs: produced and the inputs used in the
'product1on process ' Only-under very r1gld assumptnons wr]f
ordinary market prices serve as correct . 1nd1cators of true
~social va]ues.. These assumpt1ons 1nc1ude:(1) pure compet1-"

tion;. (2) full employment; (3) absence of externalities;

2
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I

' (4) small-scale project re1ative to the economys (5) absence
of 1nd1rect taxes, contro]s, and. subsidies; and (6) a
constant or 1ncreas1ng cost firm. If any of these assump-"
vt1ons are violated, the market price wi]]lfai1 to reflect
the correct social vaﬁuation.of goods and;serrices.

" If, however, there is sufficient reason to believe
that the’above‘conditionsldo hold in the economy being
considered, the social benefits ano costs can be measured
by direct]y using market prices. .Bot even here certain
problems are bound to arise In general, market prices
_in d1fferent locatlons behave differently, a]though in the_
economy as a who]e they are determined compet1t1ve1y

Smaller 10ca1‘markets tend to be less compet1t1ve'than

" -major terminal markets. _ Therefore, the price preva111ng

at the nearest local market may not a]ways'be a good repre-
sentat1ve prige for the market as a who]e The common
sense solution to this problem is to survey all potentia1-
sources of supply and basebthe eVa]uation on the market

! . |

price that seems to be reasonably competitive. : K‘
Seasona] price f]uctuat1ons can also present a pro-\
blem. particularly when eva]uat1ng agricultural prOJects
The quest1on of which season's pr1ces to use in the face
of cons1derab1e seasona] price f]uctuat1on poses a parti-

cu]ar]y d1ff1cu1t problem in Eth1op1a Commod1ty price
, _ . ,

! Ibid., pp. - 690+-695. Also see, A.K. Dasgupta and
D.W. Pearce, Cost-Benefit Analys1s Theory and Practice,
pPp.- 105 109 - S - !
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studies in Ethiopia indicate that farm prices undergo
rather pronounced seasonal fluctuations;] Immediate post-
harvest prices are!very low whi1expre4harvest prices are
extreme]y high. The cho1ce of a representative price |
level, therefore, presents a prob]em "The most d1rect
approach, of course, 1is to use the annual average price. -
But in the presence of‘extnemz values, the average is not
a "good" measure of central tendency.' The’median va]ue
could penhaps be a better‘representative va]ue.‘eSome
writerszuguggest that the most conservative value of
immediate post—harvest farn,gate prices should be used.
The fina] area of,concern when:usfng narket prices
in project eva1uat1on 1s 1nf1at10n In this conhection it

is essent1a1 to make a d1st1nct1on ,between future increases

in the general;pr1ce level and changes in re]at1veApr1ce

levels. As long as relative price 1evels remain unaffected,
that 1s, if. the pr1ces of all commod1t1es increase in the

| same proportwon, 1nf1at1on does not affect the outcome of
project evaluation. Hence. base year prices can be used
to measure benefits and costs. If, however, one has reason
to expect that inflation wiil'have a di?fering impact on

output or input, then each:of the items can be inf}ated by

the corresponding,expected rate of inflation. Generally
b 3 i A

;e

1 A]an R. Theody, Marketing of Grains and Pu]ses in
thlop1a, p. 231. .

2 J.. Price G1tt1nger, Econom1q Ana]ys1s of Agricu]-.
tural Projects, p. 34. ! i .

o

i A ]
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‘ speaking, there seems to be very little reason to expect
1nf1at1on to have 1ong term differential impact on prices.
Short term 1ags in some prices ' may be’ ev1dent but these
will tend to adjust over a period of time. Therefore, it
can he safely assumed that changes in thevprjces of inouts
and outpots arising from genera]‘inf]ationvmitl have off-
setttng'effects on costs and benefits‘ Consequent1y, using
base year pr1ces can provide valid benef1t cost compari-

sons. ' It must also be.gointed out that us1ng base year

‘prices 'to value future goods and services is equivalent to i

. f . !
deflating future prices to base year 1evels, which will

provide a comparison of real benefits and real costs rather

than changes,in'the monetary value off the goods and ser-
i o .

vices involved., . o ‘ -

. , | |

As stated earlier, use of the market price for valua-

tion of the social benefits and costs of a project is valid

‘ _ r e
"~ only if all the conditions specified above are satisfied,

If any of the conditions fail to hold, the market price

w111 fa11 to provide a mtrue" measure of social values for

the goods 1nvolved and hence shou]d be adJusted .accordingly.

The,quest1on of how market pr1ces shou]d beyadJusted.to

" reflect socia] valuation of goods along with the prob1em
of how to der1ve va]ues for goods and services that do not
normally have any market or monetary value form the great
1ssues of benefit cost analysis. Although not yet w1de]y
accepted, various approaches have been developed to cnrcum-

~_vent these problems,

f
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wheo market\mechanisms fail to provide the correct
social valuation, "accounting" or "shadow prices" are
usually employed to determine the;socia] valuation o%
goods and services. The logic underlying the concept of
accounting prices is based on the reason1ng that 1F market
prices do:npt adequately reflect the true 1ntems1t1es of
society'sypre¥erences for specified goods and services,
ly there should be alternative methods of estimating these
intensities. ' ) |
The partitu]ao method used for determining a given:
"shedow price" depends on the_p(evaifing market condition
of, a]ternativefy. on_the causefand nature of the market
1mperfect1on - Ordinarily, "shadow priceS".Can be derived
for factor 1nputs through the use of programm1ng techni-
ques. Margxna] cost pr1c1ng is also a familiar form of
"shadow pr1c1ng In cases where the market price 1nc1udes
‘1nd1rect taxes or subs1o1es, 1t can be adjusted accordingly
. to obta1n the "shadow pr1ce If w1despread 1abor unemp]oy-
ment prevails in the economy, the "shadow price"jof'labor
can be set:equal to zero,'indiCating that socfety will not
sacrifice any goods and services if hitherto unemployed
workers are put to work n the progect ForTioternatioé-
ally traded goods, the world pr1ce (appropriately adjusted

n _ _
for insurance and transport charges)ihas been suggested as

~an adequate "shedow'pfice".] Likewise,.appropria;e edjust-

N

! I.M.D. Little and J.A. Mirrlees, Manual of Industrial
Project Analysis in Developing Countries, Voi. 2: Social
Cost-Benefit Analysis, pp. 103-120.
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’ . . ' . i . *
-ments can be made to correct for externalities, and other
market imperfections It should, however, be stressed:

3

‘“that the use of "shadow pr1ces"|or,-rather, the method of’
their determ1nat1on, is one of the most controvers1a1
issues in benefit-cost analys1s, pr1mar1]y because the
subjective judgment of the ana]yst bécomes unavoidable in

the deriyafion of "shadow prices".

2. Ind1rect (or Secondany) Benef1ts L !

!

Indirect benefits include value added to act1v1t1es
inf]uenced by-the prOJect through econom1c 11nkages (Fig.
5.1), and are ord1nar11y c]ass1f1ed as benefits "stemming
from" or “1nduced by" the project. Ind1rect benef1t$
stemning fnom the project reéu]tifrom forward production
linkages and are represented by the increase in net income
of thbse'who'process and market the'project odtpyt. On
the other nand fndirect benefits induced by the project
result from backward product1on 11nkages and are represented
.by an increase 1n the net 1ncome of those who prov1de goods
and services co the project, - :

If'pure competition and“fu]] employment prevail in
the economy, the increase in the net prof1ts of process1ng

and supply f1rms tVat can be attributed to the project w111

be zero and hence indirect benef1ts will d1sappear ! -Even

\ t

1 A.R. Prest and R. Turvey, "Cost- Benefit Analys1s
A Survey," Economic Journal (December, 1965), p. 690.

\ ) . { . ' ' ©
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“in the bresence 6f unemployment, indirect benefits are not

con$ihéred relevant for purposes of project selection
because either indirect costs are assumed Fo equal in-
direct benefits, or the met indirect benefits are assumed

"to be proportionaté]y related to the netzdirect benefits

1

for the a}ternatfve projects being considered. However,

\. !

indirect benefits can be Eonsidéred for repayment.purpo§es
if it is decided that a]]\project‘beneficiaries should "

BBpayment of the project invesFment.//In‘

diﬁégt‘b-: % .géngrally considered to be net of in-

~N-
~

i

.

3. Extramarket Bénefits

e

Extramarket benefits involve the values of goods and -
~Asérvices.that_do ﬁdt.normally pass throﬁgh the ‘marketing
y system. Thgy iﬁc]ude sﬁch items as'“co]1éctive‘gopd§" and
various types,of esfhetic, scenic.énd other social benefits_
hbrmai]y called "intangible benéfits", Genefa]]y speaking,
' no‘markét héchanisms exist ﬁor,meaSUring the monetary . value
of these goods tb'sociéty as a whole. It is, howevef;'
£ widely accepted that society does ﬂefjve rea]vutility from
such goods and services. fhe main difficulty then is how
to put monetairy value on the benefits that society derives

from such goods and services.

1 S.V. Ciriacy¥wantrdp, "Bene?ft-éost Analysis and
Public Resource Development," Journal of Farm Economics,
37 (1955), pp. 676-689.
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Pplying the individual's "willingness to \pay" by the esti-
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_Although the theoretical issues involved in the

determination of monetary values for extramarket 'goods

are very complex and remain largely unresolved, certain

practical meéthods have been devised to circumvent the

" problem. The major approaches to the Valuation'ofvextra-

market goods héve to a large extent been based on deriving

simulated market‘priceg.] The “wi]]fngness\to pay" method2

that has\become increasingly popu]ér‘in eOaluating recrea-

‘tion benefits is one such approach. \This method is an

indirect method of estimating recreation beneffts. Travel

coSts-and travel time are'uséd as surrogates to the recrea-
) | 1 . .

tional facility users" “willingness to pay" and the total

social benefit of the facility is then obtained by multi-

mated number of visitors per unit of time.

The alternative cost method is another %echnique of

simqlating a mar{et value for extramarget goods. . This

method attempts to infer the value of a non-marketed good

from the market price of an alternative producf oflCOmpar?

A

1

! Charles W. Howe, Benefit-Cost Analysis for Water

System Planning (Baltimore- PubTication Press, Tnc., 1977),

PpP. 47-50._

1

2 For a description of the "wiﬂ]ingngss to pay"
method, see M. Clawson and J.L. Knetsch, Economics of Out-

‘door Recreation (Baltimore: The Johns Hopkins Press, 1966).

A further extension cf the "willingness to pay" method is

presented in F.J. Cesario and J.L. Knetsch, "Time Bias in
Recreation Benefit Estimates," Water Resources Research,
Vol. 6, No. 3 (1970), pp. 700-704, . :

1
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able qua1fty. ZCJQSer associated with the alternative_;
cost approach is the opportun1ty cost approach This
1atter approach refers to the concept of va1u1ng extra-
~market goods by ass1gn1ng them the va]ue of the goods or
serv1ces sacr1f1ced when scarce resources were d1verted
to the product1on of the new goods.

- The use of marginal cost pricdng'to value extramarket.
goods is anotber approach that seems to have some adher-

L Another perhaps more popular method of valuing non-

marketed goods fromithe standpoint of developing countrﬁes b

ents,

is the derivation of imputed prices. This' method seems to . |

be particularly useful in pricing non-marketed‘factor

ioputsjsuch‘as 1abor'ahd ]and provided that market &a]ues

existmfor the final products. | ;
 Finally, it must.be emphasized that while the bene-

fits of a great many extramarked goodstand services need

to be carefu]]y’measured in monetary terms,-to try to

assign money values to ail kinds~ofAiotang?oTes for which

rea!istic and meaningful‘values cannot be derived can make

the entire analysis suspect However, all thb possible

benefits and costs should be enumerated Although their

worth to society cannot be fully assessed oy using economic

criteria alohe. The subjective values of ‘the public

decision-maker become an inevitable ingredient of the ¥

L Jd. H1rsh1e1fer; Jamesvc De Haven and J.W. M1111man,
Hater“Su-‘z_' Economics,, Techno]ogxﬁand Po]1cy, p. 89. -

\ . = . .
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evaluationibrocessaand:this should be duly recognized.

- S : o

L\,

C. Estimation ofﬁCosts o ' ,'

The costs of a given pub]1c project are the sum total

of the social values of the goods and serv1ces sadrificed

i

in producing the final output of the project. Three maJor
categories of costs are considered relevant to public pro-
“ject evaluation. They include K])‘direct costs; (2) in-

£ .
direct costs; and (3) extramarket costs.

\

1. Direct Costs

Direct costs are’costs incurred in producing the
dihect output of the project. Direct costs haVe'two major
components, prOJect costs and assoc1ated costs

J

: & Pro;ect costs 1nc1ude the values of goods and ser-
" viéeZ“Lséd in construct1ng, operat1ng, ma1nta1n1ng and
rep]ac1ng the various components of the project. In water
"deve1oomen¢ project*costs'wou]d include the.cost»of 1nsta11-
. 1ng and operat1ng storage fac111t1es, conveyance systems' ‘
1f'an¢ dra1nage and disposal fac11;t1es Project costs also
1nc1ude.the~construct1on costs_bf access‘nOads andrsoétal
servjce.centers as‘well'as Housing fon’part{cipants and
cmployees where these are essential for ﬂhe particular
' progect These costs have diffe;ent‘time“protiles: ﬂhi]e
the investment or 1nsta11at1on cost is fngnrred during the
: an1t1a1 per1od tne operat1ng maintenafice and replacement
costs are annua] costs thauat;{t1nue over: the economic life

' 3

o . . N i
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of the project.
Associated costs, as distinguished from project costs,

\ are the va]ues*of the goods and services necessary to bring
forth the d1rect produg}s and services of the proaect and .
to make them available #for sale or use. In the case of-
irrigation, these tnc]ude the additiona] costs of'ianﬁ

preparation, crop p]anting;‘harvesting and merketing the
project output.> : “

K

2. Ind1rect Qosts
T e

Ind1rect costs comprise the va]ues of the goods and

o services used to<produce the indirect benefits. They
encompass a11 ‘the costs 1ncurred by secondary firms 1»
.“': _”év—fsupp1y1ng the - proaect inputrs and in transport1ng, process- :
ing and market1ng the proaect outputs. ‘These costs are_~
ﬁsubtracted from 1ndrrect benefits to obtain‘thﬁiﬁet‘tn-
direct benefi'ts. f' | 'v‘ R j‘- S ;¥7
The prob]ems and 1ssues prev1ous]y raised 1n re]ar )

tion to est1ma;gng d1nect and 1nd1rect benefits also app1y
P e

to the est1mat1on of d1rect and 1nd1rect costs S1nce the
same approaches suggested for’ est1mat1ng direct and 1n-

d1rect benef1ts app]y here, they have not. been repeated

- . ) Lo N . D

. N ¢S . Q

U 3. 'Extramarket Losts o *;?ﬁ

L g . S

3 Exper1enoe ind1catesrthat most proaects generate
:ﬁfcosts or adverse effects which are not proper]y accounted
f ¢ » I

“! s,for through the market These costs norma]]ytInclude non-.—

\ o .-
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®
.. monetary costs imposed on. the part1c1pants in the proaect

such as the disruption of soc1a1‘41fe and the spread of
env1ronmenta] health hazards, as well ‘as the price-
| upcompensated externa1 diseconomies imposed on other

producing or consuming units. The latter types of costs

'primari]y'inc]ude various external costs induced by the - .,

e,
(&)

project, on other f1rms and 1ndustr1es with wh{ch the pro-

;

AJect is 1nterdependént, More specifically, externa]1t1es

refer A tﬁequﬁcompensated effectsz whether .economies or

£
"dﬁseco mies, that a new pub11c prOJect produces on the
a’b@ .

o ;‘,odagtnvities of other _projects,. f1rms or consumers in the
. . ﬁ;;;_ S ot T . .

Co ”*econémy : , .
] ‘QJ o ) . . \

P

”g Dasgupta and Pearce] 1dent1fy two necessary and

oy N a,.}"
o

;'sufficient cond1t1ons ?or an extérna]1ty to ex1st These
@

are des1gnated as the 1nterdependence cond1t1on and the
non- -price cond1t1on The 1nterdependence cond1t1on o

satlsf1ed when the economwc act1v1ty of a prOJect affects

the produ£t1on or ut111ty levels of other producers or
consumers. The nature of the 1nterdependence cou]d be

'producer producer, producer consumer, consumer producer

N

- oor consumer consumer. The non- price cond1t1on, on the
“{ other hand. requ1res that gﬁe effect shgu]d ne1ther be

..' &
<pr1ced norscompensa%ed ~ Both of these cond1t1ons must ho]d

: A . . 2 e
for a genu1n%?externa1ity to exist. ) _ ' :

‘ P v - S ,; ", . 3 o

s 1 A.K. Dasgupta’ and D W. Pearce, Cost Benef1t Ana]y-
sis: Theory and Practice, p. 118,

@
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.Nhiie externalities can take several different forms,
two general types of exterpalities may be-distinouished.
1. :Techno]ogicai externalities: These refer to
project spil]overs that affect the input—output‘re4ﬁtion-
ships of‘the othe: »reducers or: the utility: functions Qgﬁ
consumers’ TEChP0]001xa] externalities, thereforey; k%
'1mpa1r or enhance Lue productive efficiency of thqﬁggkected
firms and the 1eve1 of satisfaction of the affected con-
sumers. A typical technological externality in 1rrigation
prOJects. for 1nstance, occurs ‘when the salt- contaminated
‘-1return flow from upstream fields . .reduces the product1v1ty ‘
of irrigated_fieldsfiocawed downstream. lwaten_and,air
'fpollution in generai is also a good e;ample ofltechnoiogiCH] ‘
1-externa11%? both<in production and consumption .'L?) \ '~{_
2. Pecuniary externalities These are externaliti%s 9/
_that refer to the effect a prOJect will have on the market‘ |

|
‘demand and supply relationship of certain goods and ser-

i

v1ces They are, therefore, associated w1th proaect- o
induced price changes that affecééihe benefits and costs
of other economic agents. For 1nstante, a wéw‘proaect may
4 increase the demand for some scarce ﬁ%btors of production
'_and consequently increase the price to all purchasers of
those factors The increase in progect output may reduce

its own price and hence cause the . demand for substitutes

1 R N MlKean, Efficiency in Government Through
§ystems Analyshs, pp. 13%4- 150 , . , .
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to dec]ine or cause the demand for comp]ementary goods to
rise. Such changes, of course, benefit either se]lers or
buyers but always lead to a transfer of income from -one

party to another,

| Pecuniary'externa]ities‘that merely transfer income

from one section of the community to anpther are not rele-
‘vant to benefit-cost ana1y51s and hence shou]d not be
1nc]uded.1 To* 1nc1ude them-wou]d result in double. count-
‘ing The purpose of proaect ewa]uatlon 1s to measurg '
1ncrementa1 output or income, not a mere transfer of 1ncome
from one partg to another. However, in the case of. unemploy-v
“ment or underemp]oyment the wage payments . recelfgd by
prev1ous1y unemp]oyed workers represents an 1nc;%%;ht‘to','

national 1ncome and hence shou]d be 1ncbuded asJa nohqg

R -::‘_Vé.

technological external benefit to the proaect In, contragt
to pecun1ary externa11ties, technological externalities -
r1nvo]ve rea] gains or losses and consequﬂ@t]y should be
‘cons1dered in benefit cost appra1sa] {iﬁb _

‘ It shou]d-be po1nted out that technological externa~
11t1es are in rea11ty a reflect1on of either the 1ndef1- |
niteness of property r1ghts, the existence of "common pro-
-perty“, or the lack of adequate enforcement of property

rights. w1th a c]ear and comp]ete def1n1t1on of property

B

"rights, it should be ~possible to ‘eliminate or min1mize

L A K Dasgupta and D.W® Pearte, Cost-Benefit Analy-
sis Theory and Pract1ce, p. 121. R :

M
s, L" v
‘\.,



technoldgijcal externalities.

D. The Social Discount Rate o

Use of either the net present ‘discounted value or
~ the benefit cost ratio criterion for project se]ection

and" ranking requires priar speCification of x socia] dis-

J

count rate. Unless the bo]d assumption of the non-exist-

ence of time preference on the part of society is'made, a

!
t

discount rate will be necessary in order to reduce benefits

and costs occurring afsdiferent points in time to a com-

£

parab]e time period. Likewise, for comparative purposes,
- use of the internal rate of return aiso requ1res prior
h spec1f1cation of the soc1a1 opportunity rate of return
The choice of an appropriate soc1a1 discount rate,
howeuer, poses a very serious difficuity in public proaect
. eva]uation,A If perfect competition prevailed in both the '
@Actor and prodUCt markets and there was no divergence
between social and private costs, and their respective time
'preferences, the equ111brium market rate of interest couid
serve as both the private and social discount rate. ! But -
,isince the real wbdrid is characterized by market imperfec-
. tions, divergence between soc1a1 ~and private benefits and

\'costs, and differences between socia] and private time

L preferences,'the marhet rate cannot be taken to represent y

: (‘§ ' _7‘» P . . . B . ) . |
:‘ga.i :~-v, L , / “
M Kezieth d. Arrow and Mordecai Kurz, Public Invest-_

75;3‘ maht The R#te yf Return and Optimal Fiscal Policy (Balti-
' more: The John% Hop@gns Press, 1970), p. 5. |

- o d}/ b
‘ . A
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the”socia1 discount rate. " The difficulty is further com- .
‘ ‘ 1

plicated by the existence of mafly diverse interest ‘rates
) . !

in the market

The choice of a. partlcular discount rate, of coursg,

.has a d1rect bearing on progectvselection If too high a

~‘dwscount rate is chosen, a potentially profitable project

may be rejected, and if the discount rate is too low, pro-

jects with unacceptably low returns may be undertaken. The
A ' ‘ :

determination of an optimum social discount rate, there-

. . . : . : . / as
fore, is of vital importance in project evaluation.
1 ! -
At present, there is no concensus among economists

on how to derive the social discount rate. There_seems:to

be three d1fferent schools of thought on the subJeot ! The

first argument is based on the not1on that the - socia] ‘rate

of t1me preference, as opposed to the pr1vate ‘rate of time
preference, should reflect not on]y the preferences of the
current generat1on but a]sojégf preferences of future
generations It 1s often ar&ued that the governmemt is

a trustee for unborn generations and that unJike the 1no1v1-

dual, the sod1ety as an entity lives forever Hence the

v 4

‘ socia] discount rate should be lower than the private

discount rate which is said to be guided by “myopia" or
. 1
short s1ghted self- 1nterest

.~ .The second schoo] of thought argues that the social ﬁ%

£

. ~D.NW. Pegrce, Cost Benef1t Analys1s (London The

_ Macmil]an Press Ltd.,‘1971), pp - 40-49,

1 V 3 v
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1 profitabie pubiic progects disp]acing more profi&ab]e

projects in the private sector. B
!
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\ v
: f ‘
discoupt rate should reflect the opportunity rate of
interest, usually assumed to be in the private sector, on
the grounds that failing to do so will resu]t in 1ess
{
prOJects in the privac.e sector. To avoid such a misalloca-

tion of" resources it is suggested that the social discount

rate should.be equal to the rate of return onfmarginal

i

J’The third school of thought argues that, since \
soc1ety has an interest both 1n the ]ong term social v1ab1-

11ty and in the short term effiCiency of resource ailqca-

| tion, the soc1a1 discount rate shou]d reflect both influ-

“ences. In part1cu1ar, it suggests that a "p]anner S rate"

which takes into con51deration ‘both ‘the social and private

‘_}rafes of time prefer@hce shou]d be used &% a socwa] dis-
i

'count rate. In any event whichever school of thought’iS\

fo]iowed it seems to be’ difficult to divorce the subJec-
tive Judgment of the pianner Fn the determination of the

social discount rate. Once,thislis recognized, however,-

it is essential, fronm the-standpoint of practical project

evaluation, to state c]early how the discount rate was

arrived at and indicate how sensitive the obJective func-

tion is to the discount rate f - /

1

In Ethiopia the capital market is nﬂb-weil developed

as yet. The singie most 1mportant source of'ﬂong term
]

capital is the Agro- Industr1Q1 Bank of Ethiopia It is ah

- publicly owned institution whose main-purpose is to foster, .
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(-

\
prompte; and 'finance agricdltura] and tndustria] projects.
The interest rates charged by this bank can, therefore, .
be assumed. to represent the social opportun1ty cost of
long term' capital in Ethiopia. The bank presently charges
different rates for differentlforhs of loans. Agnrnicul- |
tural loans are charged 1nteres%'at'the rate of 10 percent
while non—agriqultural 16ans are charged at‘]2 percent or -
over, _In view of the dearth of capital in Ethiopia, it
seemg that a éase can be made for uking the interest rate
charged by the Agro- Industr1a1 Bank of Ethiopia as the Jy

o

appropr1ate soc1a] d1scount rate for agptfultura] projects\“

\

E. The Planning Horizon

3
The time per1od over which the economic analysis of

a proaect can be conducted is norma]]y determined by the
econom1c life of the project. The economic life, of
course,_cannot be longer than its physical life. ‘ chever.
project economic 1ife is greatly 1nf1uenced“by changes in
techno]ogy and future demand and supply cont it1ons of both
inputs and outputs. In.a world of perfect foresight, wheré
.these changes caﬂ‘be accurately predicted economic returns
can be max1m1zed if the economic Tlife of the project is
set at the year at which the net present va]ue of the pro-
-Ject is maximum. 0perat1ng the project beyond this point
will add‘mqre to costs than tb beneffts and hence will .
cause the net present discounted value. of benefits to

- decline, It should be po1nted out 1n this connection that
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the discount rate chosen can affect the economic life of

a project; high discount rates reduce the economic 1ife

and vice versa. | o

Ih the real Woh]d, however, costs andlbenefits accru-

ing far into the future cannot be estimated with a high

degree of accuracy. In practice, therefore, one resorts

to a more subJect1ve determ1nat1on of project 1ife, depend-

ing on such factors as the degree of risk and uncerta1nty

perceived, the existence and nature of ]rrevers1b11mt1es

involved, and the degree of_ﬁ]exibi]ity'desired. A more

cautious endAconsetvat1ve aoproach seems to belaHVisable

if the.project ihvo]ves potentially irreversible effects

which will have adverse consequences on hum@n welfare and

the - env1ronment as a whole. !

ness seems to be unavoidable in determ1n1ng the planning -

horizon, the need to ?vert risk and uncerta1nty and the

desire to increase f]ex1b111ty and m1n1m1ze 1rreversibi-

lTity require that a relatively short p]ann1ng horizon

instead of the physica] Tife of the progect be adopted
13‘7 . ' | _ G

F. Risk and Uncertainty S ' ‘-

‘Despite persistent efforts on the‘part of economic
theorists to improve and refinevprediction and forecasting

techniques, economic science is still very farifrom beihgi

! Charles W. Hohe, Benefit- Cost Ana]ys1s for Water
-System P]annlng, p. 80

1 o ’ ) i

wh11e, in genera] arb1trar1-‘

%]
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.able to accurately predict future states of an economy.

Future economic events a]ways have some rtsk aﬁd uncer-
tainty associated with them, Estimates about the future,
especia1Wy economic estimates, cenﬁot be made ﬁith full
knowledge. Since the economic life of investmeht projects
invariqb]y extends over a 'long period bof time, project
ianalysts cannot estimate .future benefits with complete
certainty. ‘ ‘ | \
Risks and uncertainties associated witb an invest-
meht;prqject'could arise from Uﬁanticipated technica1
failure of the project, from nature] disasters, or froﬁ
u:pred1ctab1e changes in the economic env1ronment and
teehno1ogy, In practical project evaluation, while some

economic estimates based on a priori knowledge or statis-

ticé],expectatﬁohs can be made with some degree of probabi-

1ity, no degree’of'probdbilfty can be attached to certain

other estimates or expectat1ons Each of these types of'
outceﬁes must be provnded for if the1r unfavorab]e impact
1s to be avoiJhg or at ‘Teast the major part of it averted
It is therefore'vorthwh1]e to €xamine some of the adjust-

ments and corrections that can be made for risk and uncer-

tainty. .

1. Risk - o O

]

| k v

Risk 1nvo]ves g;ose future outcomes wh1ch can be
i

estimated with a certa1n degree of a pr1ori or statist1cal

\
S - S
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R
:_probabi]ity.] Ih—ether ‘words, a probab111ty distribution

can be specified for risky events. Risky sttuations are,|
therefore, likely to be relatively eaéier,to handle than °
uncertaih outcomes in project evaluation. . ‘ ¥
Once the probability distribution of future outcomes
js khown,»different methods exist for incorporating the’
associated risks fn projectxanersis. For instance, means
and variances can be used in the objective function to |
specify the range of values to be'op'timiz'ed.2 Specified
probabi]itiéshof varioué autcomes can also be used in’

direct dec1s1on mak1ng by determ1n1ng the expected va]uef
i
of future behefits or costs.S o \

Although the use of prohabi]ity;end other absthact‘

decision theories” such as those dealing with Qe
‘of eggected utility" are intellectually appea11ng, they

are generally 1mpract1cab1e ‘and hence do not provide an

4

adequate gu1de in. emplrical prOJect eva}uation In prac-

I

tice, therefore, the econom1st w111 have to resort to the

. - 3 . :
. Frank H. Knight, Risk,, Uncerta1nty and Profit:
(Boston: Houghton Mifflin Company 1921),. Chapter VIT.

. \ .
2 R. Rees, "Public Sector Resource Allocation Under
Conditions of Risk," Essays in Modern Economics: The -
Proceedings of the Association of University leachers of"
tconomics, Aberystwyth, 1972 (Dorking, Great Br1ta1n
Adlard and Son,,1§73), pp. 110-134.

_3

E.J. M1shan, Cost- Benef1t Ana[ysis, pp. 282-284,

4 ibid., p. 207.
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tless elegant but more practical techniques of adjustment

fdr risk, |

' ‘ A .
Three more practical but crude risk adjustment tech-

-niques seem to be widely used by engineers and economists

in project des1gn and feas1b111ty ana]ys1s ! These tech—‘
niques are: (1) cont1ngency a]]owances which arbitrar11y

raise certa1n categor1es\of costs by a certa1n percentage

cor reduce benefits thnough price assumptions which are

below expected prices; (2) a limit to planning horizon

shorter than physical 1ife and also shorter than expected

- - /
economic life; and (3) the use of a risk premium in the

discount rate.

These are for the most part arbltrary and generally

=3

onservative techn1ques and they seem to be: a1med at avert-

|

ing or minimizing risk. 0bv1ously, there is a .price to be’

pa1d for greater security, and be1ng undu]y conservat1ve
can result 1n'the reJect1on of viable'and desirable pro-
. :

Jects. To reduce the arbitrary and extremely conser?étive

nature of these adJustments, it may be usefu] to establish

values of "pess1mwst1c," "norma]" and‘"opt1m1stic“ outcomes
and then conduct a sens1t1v1ty ana]ys1s to determine the
stabil1ty of the solution obtained In cases where Targe _

statistical observations of the variables in question
_ | ,

___(for instance; prices and yields) are evailble,~the mean

\

-

.J Otto Eckstein,."A Survey of the Theory of Public

Expend1ture Cr1ter1a," p. 469.

i
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. Ly ~{{
and standard dev1at1ons can be employgd tordeterm1ne t
three critical values. The final decision can,gzen be
made on the degree of relative confidenee that the

decision-maker has in each of the three values.

2. Uncertainty

*As already meﬁtioned above, uncertainty refers to
classes of future events for which a probabi]i%y distribu-
tidniéannof be'specified. The information avaiiab]e about
these evgn;s'isstoo-inadequafe*éd-allow ahigspecification

A]though.the problem of how to handle uﬁtertainty

in econom1cs is still far from being satisfactorily

reeo]ved, some theoret1ca1 approaches for dec1s1on mak1ng

.under uneerta1nty have -been developed. Game.theory is

one of~the{interestihg theories in this regard. - The mini-

- max principle, which attempts'to-minimiZe losses if the

worst of the possible outcomes occurs, and the maximum

principle,_wﬁich ehobsesethe worst of the best, possib1e<a

outcomes, are the well known game theoretic approaches

that can be emp]oyed to hand]e uncerta1nty L

The more- pract1ca1*approaches to uncerta1nty, how-
ever, inc]ude Pu11t in proaect flex1b111ty wh1ch a1lows for

adJustment.as‘new 1nformat1on becomes available, 11mit1ng
|

- N p i \ . el
1 For a rev1ew of game theory, seee R.D. Luce and

. H. Raffia, Games and Dec1s1ons (New York: John Wiley,

1957).
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projects to reasonable sizes, m1n1miz1ng 1rrevers1bil1t1es,
and deve]op1ng proaects by stages SO. that huge and cost]y
mistakes can be avoided. | '

'e} "w1th" and "Without" Comggrison

//k ’ . Changes in the project area are likely. to occur
. natural]y even in the absence of a progect It is- there-
‘fore incorrect to attribute a]] the o@anges occurring \
after‘g proaect 1s estab]1shed entirely to the prOJect

A rea11st1c assessment of the re]atwve mer1t of the pro-‘
Jject consequent]y requires contrasting thé situation "w1th"
the prOJect 'to that "w1thout" the . proaect X For the pro-
Ject to be Judged des1rab1e it must show poteﬁt1a1 net

benefits that are larger than would have bgen obtained

as .
O A\

"without" the” prOJect . ' ST o !
”‘ﬁq’ sggg tivdty Analysis . «,q} ,

Projects are generally subject to a high degree of

] //uncertainty S1ngle va]ue expectations 1p 5he crucial -
’ variables of pr1ce, yie]d d1scount rate, economic 11fe 2
_,}of project, etc may fail to be rearized aéd such eventua-
“Tities must be ant1c1pated and prov1ded for in advance if-
etk o :
unfavorable results are to be mfﬁ%MIZed or ayoided Sensi-'y///
tivity analysis is a way of assess1ng the impact of change§3
‘.1n e&pected price, yield dxscount rate pro;ect i1fe er
'delay in construct1on per1ods on the né@ benef1t of the

project. ~The effect’ of .unfavorable changes 1n these para- {ig

l
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L avaiiable to finance these needed 1mports.

.\"4

oo
J

_ sufficient amount of foreign exchange must therefore,»be o

/

s" & o s . ]6?

. L
L-\" : Yo . ,®

. >

meters on the social" profitability of proaects can be

assessed by substituting the new values mor 1nitia11y . ‘,f@fl‘

N

eXpected va]ues Based on the outcome of Sen$1t1V1ty R
anaiysns,.then, a contingency pian that w111 help avert

or minimize the effect of unfavorabie changes can be ,
. q‘. . e ) * ”;?:Ei .

o v

‘ deve]oped - e o -

A%

< o
LR

Financ1a1 Anainis f : N
. / ’ b

In cqntrast to economic ana]y51s, f;@gncial ana]ysis

_is concerned with pureiy finanCiai costs .and revenues of

: operations w111 also have to be 1mported from abroad A '“f"

a proaect Its main purpose is to eyaiuate the various Jﬁf.
methods of progect fingnc1ng and cost repayment Uniike

economic ana1y51s, financ1al ana]y51s v 1ies strictiy on

prevaiiing market prices to evaiuatep're an- uqi proaect.. g
\ LA : o o, e
revenues and costs. A C - — S o e;v :
. : ' A - MOBEETIE * S ‘
In the context of the Ethiopian economy. WO areas

Sy " 9

of - pnOJect financing seem to be. of mafbr conc

b

L

vices, Pub]inpr_ of. the kind”enVisaged in this study

"‘.w

bf w111 require a conSider bile am@unt of imported matefials;

Y"
.

both during initiafpconstguct{on and for annﬁai operation,
‘ -

\
maintenance and repJacement of the progect faCi]ities

Fuel, fertilizer and farm machinery required for farm’

~,

»0Once the absoiute]y necessary foreign exchange costs .

~

1
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_the project Under norma1 ctrcumstances th? government';»

-ment fan borroW‘abroad for the&fmﬁﬁgi

@ments W1th supp1y1ng countrkgig‘ AJd donor countriés mig

proaeot ﬂhf]e there ar*“:fff

e
1 -

o
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of the progect have been determ1ned funds may be acqu1red

through a range o alternat1ves The most/obv1ous a]terna-

tive, of course, 15 to use part of current’ fore1gn ex- -
change earn1n@? to 1mport materials for.the proaect Th

might 1nmﬁ]ve using uncomm1t¢ed earn1ng§ or d1vert1ng

°F

T T y *&
L e funds&’yf’her (pt*eferab]y luxury) 1mports to mater1a]
tﬂﬂiijm needed q; the prOJect However, since annual foreign '

exchange earnings in Ethiop1a are extreme]} 11m1ted the

{n@t be. suff1c1ent ,uncomm,tted funds ava1‘|ab1e to pay.

g )
for the needed 1mport3u ~A1though eventua]ly all impopts

wi]l hamn ﬂo be‘pa1d for fromglffort earnings, ;he Gover

"

‘to '« . R

1ng the fore]gn E change cost of thé ﬁr

e

| a w1de range g f fore1gn 1en£?ng sourcesw both pr1vate an

[

poss1b1e to work out b1kgte{ab or mg]t11at@¢%1 arrange-

.‘. .,.y l; .

L_‘ an economlcaTTy viable

‘._\

tives for acgu1r1ng cap1ta1 abroad each Gfternative mus
be careful]y we1ghed w1th regaﬁ\\to terms, cond‘itions,_.~

and cons1stency w1th nat1ona1 and prOJeg}.ohJectives

The second aref7of concern w1th regard tro . project‘\

‘financing BS how to ftnance the purely domestictcost of

V \

cou]d borrow from .the National Bank (credit creation),

is .

s

re -

n=

g€¢§M' Norma]ly,',.

d:

ht

t

v

H

purpqce of‘financ— g

.

-

-

governmentn are: ava11ab]e lp sOme~1ns%ancis§ 4t may be .

. )" e
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the taxes I In Ethiopia, absence of a well developed
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i : .
f . y

’ 3" ! T

capital.matket dimits the poss1b111ty of financing the

u \ e
ey Y

vprogect b¥n1ssu1ng bondsif Therefore, def1cnt financing

and geneﬂal tax revenues seeh teor be the on]y viable alter- Qg%

natives vai]ab]e to the government for f1nanc1ng 1nvest-

“ment pro_{)ect:sr Thé cpo1ce of the better a]ternative, ‘of

o o R

rageous, Qrogects will have to &e finanﬁed‘from‘itne?akﬁ@3 e
| ta&;ﬁevenues 1n swtuaﬂ&pnaywhere the economy. is gac n f‘
~d4§nf]5tionary tendencﬂes or when ghe ﬂfoject 1ségarge enough

course, depends on social po]itica] and economﬁ% factgrs;

It is quite concfiVable that the government may not find

it soc1a11y and pol!¢1ca11$ exped1ent to 1ncrease generaL‘

*
taxes to fﬁﬁance the PFOJect; Although under conditions
f{gg essed general pr1ce .

. -
LN

s IR AR
of widespread unemploymesj;&,'

levels def1§1t f1nanc1nﬁﬁ,' {Z{{»ath s1mp1e and advan;_

~

&

to raisewthgﬁgeperal level of prices a"Jhe merit of - each

Jhnethodwofgf1g?ncing must therefore be_carefu]]y a;ses;ed
. 1n light//} the preva111ng or expected state of the e@ﬁﬁomy.,"

PRI

By

«

"fi'na&{ng is tﬁhe question

Close]y assoc1ated wjth_tﬁe problem of project‘

.t repayment The pub11c~

deci n makwng entitjes must decide whether the project

cost shou]d be reimbursed,\and if 50, howdpuch of 1% shou'ld

\ IL M

be'*epaid, who should pay it, and how the repgyment shou1d
be co]1ected The repayment prob]em becomes particulariy
comp}ex if the general rule that payment should be mgde

N
1n proport1on to beneflt derived 1s to be app]ied Char-

’ acterfstically,_soc\a] benefits accruing from a pub]ic

-4

<
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' col]ect1ng the repayment A s1mp1e workable approach

o)
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prOJect are so widely distr1buted throughout the econety
that seldom, if at a]l can they be traced to- gie final

point 'of 1nc1dence,‘ Of course, there are certa1n 1mmed1-
ately 1dent1f1ab1e %enefic1ar1es; but it would be: unfair

to expect them to bear al,ﬁa

B cbsts sinee they do- not .
4 *

.'m f a repayment ‘policy is to
E- fairly and equitabTy app11ed 1t wil] be necessary to: ;
more aCCUrately 1dent1fy and measure al] the direct and
ind1rect benefits that flow from the prOJect ‘The inc1d-,

ence of these benefits must also ‘be carefu1]y 1dent1fie§1s

Th1s, of course, 15 ‘2 formidab]e task and woul& requ1re S
the use of comp]ex techn1ques such as 1nput output ana]ys1s

o2, e

H0wever, once the rec1p1ent$'of he- benefitsﬂ;:Le been %@@ﬁ“g

\ » - "J,‘)‘.,{"

prgperly 1dent1£#eﬂ‘mvariou§ ﬁpproaches can be used@por o k

T

uou]d be, to apply a d1pect user charge,swhich .may haVe a’

] )

fixed anﬂ variab]e component to the direct: benef1c1ar1es_

and use: genera] taxat1on for collecting repayment from p' | -
5 ,

indirect benef1ciar1es Other forms of repaymgnt schemes

.may. be more app11cab1e to specif1c s1tuations. therefore ?f

it isv usefu] to 1nvest1gate var1ous vWab]e forms of repay-'

1

ment schemes for each project: before a, final decision is

S SR ; ' - , S
reached. g o Lo S
. A '
v/ . \ R e 0
. m . . ’ . . ! \ "‘(
. . . v . : . “» ) N ) :
o . S .77 Summary - R R

The anatytfcal tools of recirsive programmi®hy.and
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beneﬁ&&'cost analysis were described in this chapter
Recursive programming is an extension of linear programm-
ing designed to overcome the non—dynamic limitations of
, ordinarydlinear programming. The basic elements of linear
programming, hamely,'the objective.function, the resource
constraints, and the non-negativity constraints, and most
of the assumptions of linear programming apply to recur-
: sive programming as well. In addition, however, time - \ \
: !nters the recursiv; programming analysis in a fundamentalJ

aagy Time is incorpogated 1nto a recursive model through

ko

\

é@; . the use of fleX1bility eoefficients that help tie either
the obiective function, the constraint matrnx, or the
i Q .
right hand side parameters of a model at a given period

to a ‘model of\a precedfﬁ% period; The estimation of the .

flexibility coeffiéients and the year to year changes in ’
. t . “ 1 .u‘i ' ]
‘ﬂ/;.?? - aay of‘the parameters. therefore. represent a crucia

'aspect ﬁ* recursive programm1ng % Once the flexfbilit
coefficients are estimated a sequence of linear programm;fw
ing models are developed fOr each year dver the planning
horizon. The solution @Pocedures are quite similar to f’v

~<thoselof ordinary lineﬁrfprijramming The-simdlex algo-~

A

. 'm:‘ i rithm can be used to solue\eac of the sequential modelSv.

“or a computer proggam can be developed to solve the entire~

sequence in one run a C '; N

j S~
/ .
¢ X . R .
+ ~ PN
. RN

Benefit cost analysis is an analytiCal approach that

- attempts to describe and quantify the social costs and
2 .

‘ 15\' s “t benei‘itc of Pubfic iﬁﬁes‘tm o public economic policy

.
> . |
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However. the practical appiiqation of this seemingly

simple approach 1nvolves a gfeat many~probiems First,
nb the- specifications of ‘a properly measurable social obJec-'
f?& tive presents: a\serious difficu]ty A widely agreed upon -

. and- operationa] index of soc1aT we]fare has S0 far eluded,]gﬁﬁ
4 ) N s

the efforts of conomists . The maximization of nﬁag .
national 1ncome, although the most wideiy used socia]
objective, faﬂs to provide an accurate wpxeasux{e of sociai""
weifare because it ignores distributionaﬂ Tssues and assumeSvﬁb
“the marginal utiiity of income to be equal for a]] indiv? §$

duals in the society.v §5cghd the vaiuation of costi and

%fnefitgbﬂn the {ace of eiternglities, market imperfec- il )
'tions. and extramarfet goods aiso poses maJor difficulties R
_.because unde; these and re]ated oircbmstances, market g’ -
R ‘price; dB‘&o’" "Fry fui] information‘about costs and benefﬁ'A

32 RGN

- fits, Third tadditionai ﬁEgEf%ms revoive”around the choice

of the- sociai discount rate, and the project se]ection
criteria Fina]]y, controversy over the length of the w
planning horizon and the treatment of the complex/proﬁlems _

of risk and uncertainty further comp]icate benefit cost

'

ana]ysis | B , )

Characteristicaiiy. benefit-cost naiysis encom- S
passes both economic and financial analﬁses. In economic
'analysis. the concern is with the overa11 efficiency of

. »aresource ai]ocation ; The main objective here is to deter- /

. mige whether a project < ,yieid sufficient positive/net
p . .

ca : s&oial benefits to justify its construction re]ative to .

S . . 2 I Lo !

[
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)
, other investment opportunities in the economy. Econemic

anaiysis a]so rtcognizes that not all costs and benefits

. of a public project ‘may have monetary value and that

i

‘market pricesimay not always measure the true social costs

)

@ von the other hand the empha51s shifts to con51deration of
- diréct annual revenues and :osts measured in market priCes
The overriding conﬂern»in'fjnanCial ana]y51s is whether- L
?‘ the annual revenues wi]] be ;J;f1c1§h; to cover the mmor-

% tized and operating costs of the proJect in 'question.
4 - :

@ »— 1, 1"

s
Consequent]y, the carefu] examiﬁation_of alternative forms

- . of financing; the- assessment of, theaincideﬂge of benefit"

5. We ¥

g%Band costs, the ‘method of prodpct pricing or the determina-n
1!‘;";‘3“‘.

- *tion q{'the'mqghodmof cost repayment are a]l considered
,‘,ag;

Jita1 aspects of financfal analysiS‘ M:J ',fu,“ .

. - . Ln conc!usionf«the\refore1 the two‘techniques des-r

° h.;_‘ . Y

, < J
‘ o0 cribed 1n this chaptecJ namely, recursive programming and

4

o benefit- cost analysis, do complement each other and they
Aogwowseem to be quite appropriate for the burpose at ggnd |
S ¥ "u'Undoubtedly. if carefu]ly, prudent]y and competently

app]ied the‘i&o techniqyes, in combination, can provide
| .

useful and realistic resu]ts in water projedt analysis
The empirical ana1ysis presented in the fo]]owing chapter\

I

“will attempt to demonstrate this

and benefits of goods and services In finanF1a1 ana]ysis._~
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The 1mp]1cations of. the theoretica]“analysis pre-
sented in the preced1ng chapters suggest that the ava11ab]e
.empirical ev1dence be exam1nediﬁarefu11y 1n order to esta-
blish whether publig 1nvestnent in agriculturai water

development in Ethiopia will be economically feasible.

Aséotiaﬁed with’t@e ouestion of economic feasibi1ity is
,the need to detsrmine whether such an investment can signi-
ficant]y contribute to the expansion of food productién :
and emp]oyment The purpose of this chapter, therefore.

is to bring together and ana]yze the data reTevant to the

.hﬁon of 'the study More spec1fic!k

~chapter seeks.f:\.'t11ne the data sources ‘the va]uat1on

procedures, and the overalﬁ empir1ca1 analysis of -the.

&studyo’ The resu]ts bf the empirmca] analysis, howeVer, are~~ k

summarized 1n the subsequent chapter .
' v "ﬁ? . ' ¢

SoUrceﬁof Data .
=" i SO ' N

Data for this" ana]ysis“wgre co]lected from a var1ety

-~ M
'ofﬁahwrces The most 1mportant sources were ‘the fie]d

datd compi]ed by the Blue foe and Awash Bas1n surveys\\’
‘The basic engineer1ng and agronomic information for ‘the-

A

Ces

.
h

i
L !
R . -_% v ¥
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i

Megech Project were obtained: primarily from the Blue Ni]e

|
survey conducted j01nt1y by the Ethiopian QOVernment and

‘the Bureau of Reclamation of the United States Department

\ ] '
of the Interior in the 1960's. The figures. however. have '

been rev1ewed and.appropriate]y adJusted to reflect the
changes that have occurred since the survey was published
in '1964. The‘correspondi‘?information for the Kesem Pro-

Ject, on the other hand.'were derived from the eXténSive

,Awash River Basin survey carried out. joint]y by the
Z Ethiopian government and the F.A. 0. /U N. SpeCial Fund and

subsequently published in a series of five vo]umes in 1965,
These data have also been modiffed, wherever necessary, to
reflect changes th&t\have occurred since the figures were.‘

P

/ Information regarding recommend@d rates of fertilizer

application and yie]d 1evels were obgpined from the national

fertihizer trial programs and the experimental results of

the Institute of Agricuitdral,Research andwthe College’of
. - v ‘ | D
Agriculture Experiment Stations The'annual reports oﬂ

ful sources of dry]and

"the National Crop Improvement Commjttee and the large
commerci 1 and state farms were u

: and irrigated yie]d leveis Commodity prices and market

. information were obtairmned from the Ethiopian Grain Board,

the Ethiopian Grain Corporations the Nattnna1 Bank of 5

Ethiopia and” the variqus publications of the éthiopian RX

Centra1 Statisticai Office. Labor requirements, machinery

perfprmance rates as weil as machinery and other input -
' \

1
n
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'prices were obtained from'commercial and state farms,
Co]lege of Agﬁ%hu]ture pub]icﬂ*ﬂons. machinery dealers,

- .;
ed by the Stanford Research

.and farm supply companies. from the files and the

%

large number of volumes publ

Institute as. part of the Agroﬂindustria] Survey of Ethiopia
were also heavily drawn upon at various stages of the

analysis. . : ' oo

| Additionai\information was also obtained from offi-‘

e cial and unofficia]‘sources;in the Ministry;of Agriculture,
| " the Pianning Commission, the Awash Vai]ey'Authority;bthe

Nationa] Water Resources Commission, the Technica1 Agehcy

i

. of the Ethiopian Government, and the Ethiopian Ministry of
’\w
Industry and Commerce These sources were further supp]e-
. mented by other sources inciuding published and unpublished‘

theses on Ethiophﬁi agr?cul 1nd6pendent studies and

reports by.indiyi‘ ;3xperts,'$ooks and 1ibrary%materia1s,
. | e L
F.A.0. and re]ated @N publications,fas well as;persona]

\

knowledge and private correspondence with Ethiopian econo-

mists, agronomists. administrators, and farm managers

T

thorOugh]y knowledgeable about Ethiopian economic and’agrqgo-

\ . mic conditions ST . . IR
’ } R ey . +
¢ _ ' . “ : _
- Valuation Procedure . ?ta‘\

i Yoo
!

The accounting\of costs . agg benefits in this study o
fo]lows a%pationai rather: than, a regional or quai ﬁstance"

The foca1 point of the eva]uation procedure is overailﬂ
¥ S £ oL e R R
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QQciai costs and benefits aq opposed to regionai 1oca].'

-
The major portion of the costs and benefits con-

sidered re]evant to this. ana]ysis are those for which mar-

ket values are available or can be. readi]y imputed w1th
an acceptable degree of accuracy, An attempt has not been

jmade to quantify and 1ncorporate the extramarket benefits

and costs of the prOposed proaects in the . quantitative

‘analys1s. But the nature and magnitude of the extréharket

bene and costs have been discussed_so as to provide

M

the decisi n'makers1with additional hnforhation that they

may find'u; ful when asseSSJng t&eﬁpotential 1mpacts of
v b2
- these projects. - - \ w ”ﬁ’
® - \ _ :

Measurement of C'osts"‘:”~ e

Land, labor, and capital constitd’ ' ources, ¥
needed for the construction and operation of the prqjects
envisaged in this study. To arrive at theg rue cost of

undertaking the prOJects, 1t is essentigl to determine the

social opportunity cost of u51ng a‘Mnit of each of the

three resourcei?required for estabiishing .and opérating

the projects, ~Under Ethiopian eonditions, the va]uation

a

)of land 1abor and capital poses difficuities pecuiiar to,

.u . n\ , « , : . ) ‘x’ . - - : . ’y
L

FARE

\

[

:,

\
each fditor These peculiarities wi]l be discussed below.*-”

‘According to the RuraT.Landanoe[amation of March7”'£gl:

»

-

. . R .
. * .
4 + N ) . . . - B w



1975, ! all land in Ethiopia has been nationalized‘

e

a]though 1nd1v1dua1 farm operators may have usufructuary
rights for up to 10 hectares of land transfer of same.
through sale or 1nher1tancevhas been banned. There is
therefore no market va]ue for land 1in Ethiopia. The
"absence of a market value for Tand'does not, however, pre-~.

.
clude the fact that ]and has a social opportunity cost" and ﬁ

this fact must be recogn1zed if w1despread m15a110cat1on
2 &

of this vital and scarce resource is. to .be aVo1ded
In th1s study, it ‘is assumed that the government
will make land ava11ab1e to the proposed projects free of

charge. Th1s assumpt1on is cons1stent gith the dbc]ared

~ policy of the present governmen@’ which tends to encourage
cooperat1ve and state farms everthe]ess, an 1mputed
"rent for land based on previous exper1ence and 1eve1 of

2
productQV1ty of the p@rt1cu1ar tractxef landsmust be

Lo
~1nc1uded as a 1and cqst to ensure that land uﬂll not ﬂe XZ
misal]ocated Although this, cost may not in fact hdve to"

: @
‘be paid, charging the 1mputed rent of land to the progect\
\

B serves as a reasonab]e safeguard against the possib111ty :
\of mﬁsa]docat1ng 1and %Accordingly, an 1mputed ]and regt ,T~

o for each type of land anticipated to be- utilized in: each N

./_/ project Was 1nc]uded to account for ‘the. cost of . the land 'jh

E resource‘

.

1 Prov1s1ona] M111ta y Government of Ethiopia. “Rural
Uand Proclamation," Ethwopyan Herald March 4 1975,

[

L
v

A i " R ‘V.ﬂ_‘,
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B. "Labor |

b The valuation of I%bor services in Ethiopia presents
certain peculiar problems as: well, T0'begin with, the
labor marﬁet in Eth1op1a is not well "developed. It is
therefore premature to speak of market determ1ned wage

rates for the labor force st111 employed w1th1n the tradi-

t1ona1 agr1cu1tura1 sector In this sector, h1red 1abor

3

g

' const1t¥tes a very sma]] proport1on of the 1abor force,

and a'lmost all the'bor Tnput is “supplied by famﬂy memb.ers

}th,ggﬁg nPrHigction tn th1s sector is also pr1mart]y for fami]y con-
’v’#f -;1- ;,,' ’ . ’
v a“%ﬁfp» sumptton and 0n1y a very sma]]f<1are of, the produce is
"‘% . o .. ‘ ‘ ] - \ '
g mirketed. L ¢ % ... S
,%%E\L,t* o Hhether there s a we11 dEVelopedearket or not, the

hvalue of labor services must. among other things, have

LR

Some. re]at1onsh1p w1th labor product1v1ty Labor product1-'

tufity. of course, is 1h turn re]ated to the sk111 and dex-.
L - B LR 5

ot ot of,the Tabor: Fﬂrce Therefore, 1n order to arrive
L] [ \n*‘ ‘6"
at a rea]tstio assessment of the soc1a] value of labor

4 pservice in- Ethiopia, 1t is necessary to d1v1de the tota]

Tabofutoru 1nto two groups 'skilled and unsktJ]ed WOrkers
Unsk111ed Tabor by far outnumbers skilled manpowgm in ;

' »

AEthiopia ALthough not propenJy documented there seems

”to be- w1despread underemployment of unsk111ed labor thnough:

\

out fhe country

Hhi]e the rate of unemployment varies from region to'f
'region. the av¢11ab1e evidence seems to suggest that open £

o unemp]oyment 1n Ethiopia 1s more an urban than a rura1

Nt : - v *
. . s . o .
v . o . . e

A
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phenomenon 1 -The trad tionalﬂrurdl sector seems to. mask

open unemp]oyment 1ntq disgu1sed unemp1oyment through

y
"'sugh mechanisms as the extended family system and- work ‘

sharlng arrangements everthe]essxéthere appears t0‘be

: 11ttle d1sagreement tha a sign1f1cant number of unskilled
workers can be w1thdrawn from rura] Eth1op1a without dis-
'cernably reducing the 1evel of agricultura] output The
marg1na] prqguct of unsk111ed labor 1n Ethiopia, therefore.
appears to be very . c]oselto zero, ‘

| In the presence of| high 1evels of generel unemplqy7
\‘; ment)a‘dmgnderempﬂoyment of unsk1]1edgﬂabor’1n the nation,

o

the ~g_1a1 opportun1ty costsof labor can be presumed to be

zero. ifThis means that ‘the nat1on wi]] not forego any goods

: & .
.and services when the neT project emp]oys heretofore v_p*

- ’ P ) R N \
. - . : \ R <o : -
A . [P - v - |

‘J 1

unemployed workers _

: @ Thfs situatlon can a]so H% Tooked at 1n a dhfferent” :}?ﬂ

- light Hhile the proJect;still hasltf pay wag@s comparable' —
to those in_other simllar enterpr1ses;regard1ess of whether

-

 there. is unemployment or[not, such wage payments do not - ..

repreqént an approprlate %oc1a1 cost from the na ona]

point of vfew. Therefore(, the appropr‘l‘te accou ting ,PT“!CE ,'
"of unsk1lled labor under Ethiopiaﬂ’condrtiong i‘

g s
The situatiqn w1th Skiliéd Taboq howeVe s, 1s diff;

zero 4_.5?;;-

1/”f”J

ent; Sk111ed manpower is in short supply 1n thippfé‘; he )

. R | , e o L

PNE

A11ma fek1e§7;
1gration RV

,o

. ,,] For a discussion on this pbint see'
~ . marfam, “Issues in Labor Unemploymentﬂfnd
Ethiopia." , -

. . . P - .
o “/ Jpa— . i e EUREE ], . Y
. AN - co. N 8 PR R \
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projects considered in this study’wil1 have to compete
with other projects and sectors of the economy for the
Timited supply of trained and ski]led workers,

Another important considerat1on tn this connection
is the fact that skilled workers have a tendency to ‘con-
gregate 1n urban centers and, unlike unski]led workers,

'cannot be recru1ted ]oca]]y Skilled workers must there-

' fore be recrui¥ted-in the big c1t1es and transported to the
project site. To obtain the qualified and competent
employees requ1red by’ the proJects, the 1eve] of salaries,
compensat1ons and fringe benef1ts offered must be of a
magn1tude sufficient to induce them to work at the prOJect
site. In view~of these cons1derat1ons. sk111ed11abor in

this study is valued at Addjs Ababa sa]ary levels plus

transportation costs to

pr ject site plus a specified:

percentage of

‘“consistent with the civil

service scale, for hardship alloyance.

C. Capital : | _
" The term capital as used'her encompasses all the
resource inputs other than labor and land required for the-

estab11shment and successful operation of the prOJects
considered in this study. It is a category that 1ncludes
goods and materials ranging from cement and re1nforcement
steel to farm machinery and 1mp1ements considered essential,

to bring forth the project output In\determ1ning te

total capital expendltures,_d1st1nctions are made between



N N TR e S A L SRS P JEF RGN - 1 AR TG R S e

177

home produced and imported goods - |

Not all capital .goods and services required for the
~construction, ma1ntenance ‘and operation of the projects
are expected to be home produced Ethiopian products. A
fair port1on of the capita] equipment and production
inputs.. (approximately 40 percent of tota1 capital expend-_
ture) are expected to be 1mported " The va1uat1on of ggods
coming from each 'of these sources requ1res some complex
procedures. ~ Although these products have - mar?et prices.‘,\
it is often‘necessary to adjust the prevailing market
prices either for subsidies, taxes,dor overvalued exchahge
rates so as to\derivelaccodnting prices that more accur-
:ately reffectfthed?\trye socda1 costs. The ;eneraloapproach

used in this study forfthe determination of the capital

expenditure.is. summarized below.

1. Domestic Capfta]

The cost of the mater1als and resources obta1ned l
from domestic sources 'is computed'on the bas1s of the
Addis Ababa who]esale price'1ess\subsidies and indirect
taxes plus transportation ost to the project site. Addis
Ababa was-choseh as a soiyrce of sdpp]y for capital items -
after examination of other iable sources of supply. For
most of the goods and materials consddered the appropri-
ately adjusted Addis Ababa wholesale pr1ce compared favor-

ably with other competitive supply squrces. It has also

- been found that Addis is a more reliabTe source of'supp]y ,

(4

!
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for most ‘of the materiaLs needed. As the major market
center in the country. Addis also offers possibilities
of bulk purchase of supplies which can Iead to scale

economies A
. : { ¢

2.,_Imported.CapitaI: |
The goods expected ito be imported for project pur-

poses range from construction and irrigation equ1pment to
farm production inputs such as fertilizer, pest1c1des, and,
improved seeds. In the presence of such factors as 1mport
sub51d1es én farm equipment and farm fue] and an over-

- a]ued currency, there is bound to be a d1vergence between

the domestic market“price of'imported goods and their true

social opportunity cost. In Ethiopia, imported g\o}}

general are subJect to 1mport duties and transaction taxes.

However, according to the Ethio ian Investment Proc]amation

No. 242 of ]966 ! agr1cu]tura]~Pnd industrial machines,'

! impIements and app]iances or parts é%ereof which are
imported for exc1u51ve use in agricultural and industriaI

_ enterprides are exempt from import duties and taxes In

) this study. therefore, imported goods needed for the pro-

Ject are vaIued at c. i. f port of entry pIus transport

.charges to the specific project area.

< - S ] William L K. Schwarz, Paulos Abraham and Kifle-

\\\\\ Mariam Zerom, Industrial Investment Climate in Ethio ia,
~Report No. 2 (MenTo Pa rk, Calji fornia: Stan?ora ResearcF
- Institute, Ju]y, 1968), Pp. 13-73. _ e

iy ;‘,1: .
- R
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« Measurement of Benefits .

Measuring the benefits of a public proJect basically o
involves the. task of. measuring the users or consumers"'
Lwillingness to pay for the output of tﬂe project If the .
goods to be produced are marketable, appropriately adjusted
! . market prices can be taken to -represent the consumers'
| | willingness to pay for the projects output. The problem
of measuring benefits, however. bekomes very complef‘if the
goods to- be prdduced have no observable market,value '
The outputs of the projects proposed here are- largely
marketable Therefore. their direct soCial benefits can
- be estimated on-the basis of expected yiehps and prices.
Accordingly, yield levels both "with“'and Wwithout" the
projects were carefully estimated fo;;each of the alterna-

. . tives conSidered - In estimating yields. it was assumed
that T period/of ten years of operation would be required
for the projects to achieve full irrigafed yield levels
" Lhe ten year lag period will hopefully allow sufficient
time for educating farmers in the techniques of. irrigation
farming and will facilitate a smooth, orderly tranSition _;l
from dryland farming to irrigation agriculture, N

f The priges used to value the outputs are the immedi- )
- - ate post harvest farm gate prices of l970 Imputed farm

gate prices were developed for each Project area by adJust- '

ing-Addis Ababa wholesale commodity prfces for transaction |

o/
taxes and. transport charges :

~

A pontion_of_thedannual output is'expected to. be

(YRR EREN <. Y
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. exported in order to obtain foreign exchange needed to
eoperate the project The.amount of foreign exchangé-earn- g
ings that can be raised by exporting project Putputs is

! computed by adJusting .the f.o.b. price of the commodity

'(~*——\it the port of exist for export ,taxes and transportation

- charges“ Finally. due to lack of adequate data on -indirect -

benefits and costs. only direct costs and benefits are

H

‘quantified in this stydy. But-to prOVide the policy maker
A'with the complete picture, the projects p0551b1e impact '
on indirect benefits and cobts have been enumerated Extra-

¢

market costs and benefits also have not been quantified,,
I but their possible magnitudes and 1mpacts are discussed
To eliminate the effect of 1nflation and measure

'only real changes in output, ET~ prices and costs are based

~on 1970 Ethiopian dollars Foreign exchange rates are also -

‘computed on; the basis of the 1970 fixed rate\levels It
should be mentioned that dramatic changes have occurred in

the foreign exchange market Since 1970. The United States

¢

dollar, the currency on which the Ethiopian dollar'is I o

9

| the price. of manufactured goods to rise dramatically. The.
) N :
prices of petroleumgand fertilizers. 1n particular, have
a ’skyrocketed 51nce 1971. - ' ‘

i o "

Vet 6. 00 = $0.40,p.%. prior to the 1971 U.S.
devaluation TR - : f

pegged, wa; devalued in 1971 and global inflation has caused :

. Although these changesfare reSbgnizedand more changesl

ca. ‘.f}'ﬁ;.‘ K
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are iikely to happen in the future, 1t can- be safe]y
‘assumed that in the 1ong run. changes in costs and benefits |
arising from inflationary changes will have more or 1e$s ‘
offsetting net . effecti ~Spec1fic costs. yie1ds, and’ prices

for each of the alternatives evaluated in this study are"

i

presented-elsewhere;invthis chapter. e LT

_ The pianning horizon for the analysis of the projects
considered in this st y \Jas set g3t 40 years. Undoubtedly

the useful life of
‘than 40 years. ‘A, ore conservative b]anning horizon has
" been adopte¢ here artly to account for risk and uncer-

tainty As a further adJustment for risk and uncertainty,

“the salvage/value of the - progects at the end of the 40 years

/ A]though crude and arbitrary. these

has been set at ze
adjustments seem to be acceptable for practica] purposes.
P T ‘ _ o . A

'Discount'Rate ‘ ' A e

’ : |
The capital marke\\ih*Ethnopia is extreme]y limited
"Government bond sales are almost nonexistent The main

: source of long ‘term investment credit “in. Ethiopia at the

Q

present time is the Agro Industria] Deve]opment Bank of

- < @

‘ Ethiopia.. The Bank's interest rate varies among sectors. ‘@ '

|

Industrial loans are charged at higher rates than 6951C"1;':’

e projects wi11 be considerably 1onger g

[P



" 182
// .
S

!

tural loahs Af/prese t, the Adro- Industria} ank charges

10 percent for jagriculltural 1o,ns and 12 perce t or more -
%;dust ial loans Most observer‘ of the -

for long term
Ethiopian cap1ta1 m rket feel that because of the scarcity

of cap1ta1 in the country, an, 1n erest rate of Jaround .15

f- /. ,‘

percent would. c]osely approxwmat thensoc1a1 o portunfty

»

gtost,of captta1, Considering-all the relevant/ fagtqrs,
‘three discount, rates, 1.e.,“10'percent 12 pe cefit nd 15
percent were used to obta1n t:[ee'different/renefit cost
1

ratios and three‘net:present v ueJ for each

tives analysed. i
S i: _
Economic Analysis of the Megech

i

~

- River PrOJectv

‘L . o ‘As;has a]ready been pojnted out,”the‘MeQech-Project
| o 1n961vés the deveiopment'of supp1ementa1 irrigation as
well as the prov1s1on of rural water supp]y toth for domes-
" tic and stock use in a representatlve area of the Ethio-
‘ hpian highlands - The benefits and costs of th1s prOJect
" are comp11ed on a “with" and "w1thout" basis A number of :

3

I
alternatlves were cons1dered under each of these propos1~
. / : ‘ - .» o 0
tions . - :

Benefits and Costs "Withou%" the Project

2yt
AN

Two alternatives were cons1dered to be the most

‘ probab]e courses.of development in the foreseeab]e future

of the alternan‘

PRI Y IS U T A F A T
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»

in -the absence of the projectpin the Megech Project area.

A; Alternative I -

st

-

Alternatife I,assumes the'present state of agrfcu]-
tural‘techno1ogy wi]]tcontinue far into the future with »
'very/Jitt1e chanoe.- The present sohsistence nature of the
production pattern is expected to remain virtually the same
over at least the coming 40 years. . , |

Given the historical trend in agricu]tura] prpduction
over the past three decades, it is not unrea11stic to
expect that cond1t1ons may not improve substant1a11y in the
project area in the absence,of the‘proposed project. Indeed,
from the Vantage point of a- essfmistic observer; this
alternatlve would seem to- befa ‘reasonable and d\fensib]e one.

.To evaluate the mer1t of this alternative. a farm
'budget was set up us1ng 1970 ylelds and prices as well ‘as ¢
"exist1ng‘crop.m1xes. The present value of the net social
fbenefit that can be expected from thé entire project area
of 5,890 hectares over the next 40 years was then denﬁved
Table 6.1 shows the yields, prices and'cost of production
per hectare for the different crops present]y'cultivated‘
and projected to be grown “without" the Megech Project

¢

under Alternative I.

| B.; Alternative IT - - fv~ N ‘

The secondrihternat1ve, wh1ch under norma] circum-

IS

stances represents a more reasonable and more probab]e

B

Ll
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'AVERAGE CROP YIELDS,. IMPUTED FARM GATE PRICES

Y ! » . . Lo
AND ESTIMATED COST OF PRODUCTYON PER’HEGTARE,%%;X
ALTERNATIVE I TRADITIONAL PRACTICES "WITHOUT"

THE MEGECH RIVER PROJECT

“Onions 0 4.1 " - 10

! e Imputed Estimated
Average . Farm Gate Cost of
: ' - Yield : Price Per -. Production
Type of Crop - 100 kg/ha 100 kg $/Ha -
| o In 1970 Eth. Dollars
Barley - o o12.7 18 2097
Maize o oc2rs g 252.0
Sorghum .+ 25.5 ' 20 253.0
Teff e 28 300.8
Wheat L 1.6 24 219.2
Linseed 6.6 25. 211.2
Noogseed 6.0 26 234.4
Horsebeans ~ 12.5 15~ 201.5. -
Haricotbeans - 12.0 . 28 - 205.2
 Lentils 8.0 27 - 210.0
. Fenugreek ;1.5 25 219.5°
" Pepper 5.3 52 2850
Potatoes P 66.2 10 - 402.5
‘ 408.7

SOURCES: Imperial Ethiopian Government, Ministry of .
: Agriculture Extension Service, and F.A.0.,
- "Freedom from Hunger Campaign;'Fentilizer,
Demonstration Program 1969/70" (Unpublished
. Report, Addis Ababa, n.d.). U.S.D.I., Bureau
- of Reclamation, “Appendix VI, Agriculture :
and ‘Economics," Land and Water Resources of the

Blue Nile Basin 7n Ethiopia.(washington, D.C.:

. - U.S.DIT., T964y, p. 233

LI
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deVelopment in the area in the absence of the project.
assumes 11mfted techno]ogica] 1mproyement in the pattern
of agricu]tura] product1on It is pr1mhr11y based on twu, B
.1mportant factors currently at work 1n Eth1op1an agricul- ﬁp

ture, name]y, the 1mp1ementat1on of the "m1nimum packageP

e
/f‘

recent political and 1nltitutiona1 changes par_ :

th lating to land ref d 1 adiiedetration.

ose relating to land re orm an mﬁgipna, d@ilgﬁ 8 on

£ These devel§pments -are already 5&&1nn1ng Lf

program by the Eth1op1an M1nistry of Agrjgutture, Qﬁfiﬁ;ggh

positive impacg on Eth1opian agr1éﬁ1turel and they promise
even better resu]ts in the future The "minimum package
program launched dUr1ng the Th1rd F1ve Year Development

Plan (1968- -73) seems to have 1ncreased the avai]abi]ity and
: popular1ty of fert111zer, credit and orderly market1ng among
»1ncreas1ng numbers of peasant producers As a- resu1t of
this program, the farmers in the proposed project area have
been’exposed.to the use of fert1112er and some,have even

~started applying fertJ11zer to the1r f1e1ds 1' The uée of

fert1d1zer,,ajong with ‘the use of hwgh y1e1d1ng crop varie- S

ties 1ncreas1ngly being made ava11ab1e from the various
agricu]tura] research. stat1ons 1n the country. will 1ike1y
lead to 1ncreases in y1e1d and farm 1ncome even in the
"""" *‘\\\\\\\psence of the kind - of prOJects env1saged in th1s study.
T \ ~ o

~.».._.,_“ . . . . 2
“_**»—.—m,“_ - : .

1 Imper1a1 Eth1op1an Government M1nistry of Agricul-
ture, Planning:and Programm1ng Department: and Planning
o Commiss1on/0ff1ce, "Preliminary- Agr1cu1tura1 Investigations
! in the Lake Tana Re 1on" (Unpub11shed Report Addis Ababa,
- T.E.G., Apr11 1972? . 11-15.
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In addition, the recent]y prociaimed land reform ‘-{

- Taw andrp]anned improvements in the agr”cuitura] mdrketing

system seem to provide the necessary institutional Support

for the deve]opment of peasant agricu]ture in Ethiopia
b -

In genera], ail these factors tend to point in the direc-

"tion of 1mprovements in the pattern of peasant agriculturai
_production even W1thout the introduction of the type of |

vproaects pr0posed here Therefore, a more realistic alter-

ative ﬁor developments "without" the project shouid assume .
fjit\‘—:;;z techno]Ogica] and institutionai change which would B

result in positive changes 1n yield 1eveis
A]ternative II differs from Aiternative I in that it

a;ﬁtmes the use of commerc1a1 fertilizer, 1mproved seeds,

and improved cultura] practices and a favorable institu-

tiona] and political environment The method of traction,

the labor 1ntensive character and the mainiy subsistence ,f <

orientation of - the production pattern are assumed to remain

r_the same. Tab]e 6.2 presents the yiers and prices used

in the evaluation Qf Alternative II The results of the

‘ anplySis_of_both_aiternatiyes are presented'in thapter VIIE

-
i
! 3

Benefits and Costs "With" the Project

The engineering de51gn of the Megech Project. calis
for the direct pumping of water from the Megech Rijver in
order to provide water for. supplementai irrigation and -

l

community use. " An irrigabie area of 5, 890 hectares will

be commanded by the irrigation system and the community
. s 0
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'Water supp]y system is designed to provide the.daily water‘ h

-requirements of over»25 000 . peop1e , Energy for ‘the pump-v
ing plant is expecteﬂ to be obta1ned from a hydro- p]ant

.'at Bahrdar, about 60 kilometers south of the project4area
RN

The irrigationvsystem is. assumed to be phased in ;fyj“”‘swj

.over a ten year period, thus a]lowing the farmers suffi-

cient time ::»adaust to the new system of 1rrtgat10n farm-:fﬁ

1 g - The 1rrigated yield levels are - a]so assumed to be
'fully rea11zed by the tenth year S 3'“"‘ . ;\“'
‘ Although a relatively long lag period has been
assumed to br1ng the entire area under 1rrigation,'the

| land wil] still be used during the non 1gat10n period

*

when rainfall is available for crop cultivation The.‘jj‘ .
A Bt

irrigation sdhson wi]l eitend f?om October to: the end of
'May, whi]e June thpough September forms the non irrigation
season." | | ’ ;dﬁ"v* ‘

_ The cost of estdb11sh1ng and operat1ng the: project
has two maJor components project costs and’ assdcﬁated |

costs Each of these’ cost items will be briefly discussed

* below. S ‘ .

AQ., Prqject Costs o o s S vyr:
P The proaéct costs inc}ude ‘the value of gooas and

“services used in estab]ish1ng, ma1nta1n1ng and operating

the pumping plant, the dlstribution and drainage systems,

\the community water supp1y centers. access roads, and other

‘related service”fac111ties such as schoo]s,aclinics, o

"
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administrative centers and community halls. Land aeve1op-
ment and 1nterest charges duriqg)construct1on are also
considered part of the proqect cost. Table 6.3 shows the
est1mated project costs over the 40 year p]ann1ng period.
Co]umn (1) of this thbje gives the p1anned level of capital
investment for each of the ten years of project deve]opment;
Ann;:‘ 1nterest during construct1on shown Rn Column (2)

of Table 6.3, is computed using the following formula of

simple interest.

¢ I] - K X r ,
el
where I = the annual interest charge,
K = " the annual capital investment,
r = the rate of interest,.

The'%nterest rate (r) used in this analysis is 10 : .
percent,-wh1ch 1s the level of interest charged by the-

Agro Industr1a1 Deve]opment Bank of Ethiopia on agr1cu1—

[S

.tural Toans. - .

The annual operation and maintenance cost of the pro-

ject is presented in Cc‘umn (3). This cost dovers such

outlays as the energy cost requ1red to operate the pump1ng

a

Division by two is necessary because on the average
on]y half of the total annual ‘investment is t1ed up 1n the s
project.over the entire year,
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plant, wages and salaries of personnel that'will operate
‘ . , - ‘ \
the project, and expenses required for the maintenance and\

\
’

up-keep of the project facilities. .' : |
'The annual operatjon and maintenance cost starts at \\
" E $69,750 in the first year and increase to E $697,500 B

‘ 1n the tenth year, after wh1ch time it remains constant for
| the next 30 years (Table 6.3). The projected 1ncrease in
the operation and mainteﬁance cost during the firstkten

e years, of course,'is closely related tqﬁthe expansion of

the project'itseTf. ‘

| Another tmportant item in the project cost is the
replacement cost. Machines and equipment wear out or break
down as time goes\on If the pnoject iS!to produce thel
output it 1s designed to produce over -its planned life
~~time, it is essential .that machines, equipment and fac1]1-

/ ties in general be kept. at top operat1ng condition. The
annua] rep]acement“cost is bherefore designed to cover the
cost of repairing or replacing the various mach1nes, equip-

i ment, and related facilities of the project as they wear:

| out or break down. : - v L
Typfcal]y, rep]acement costs fo110w a certain profile. fﬂ
. They are genera]]y 1ow in the first few years when facili-
ties are still new, but gradually increase as machines ag
and approach the end of their expected usefu] life. Re lace-
ment cost. 1s therefore Tikely to be high. when the pro ject
reaches m1dd1e age, gradually dec11n1ng as the prOJect

nears 1ts expected 11fe and mach1nes and equipment are
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a?}owed to wear out. Column (4) of Table 5.3 depictsfthe

/l

'estimated annual replacement cost of the projéct over the
40 year period. Ihjs estimate is based on estimates pof
. the 11fe expectancy of the machines and equ1pment used in

“the. project, the subjective probab111ty of breakdowns and
|

wear outs, and the period of time in the 11fe of the pro-
‘ject. The rep]acement cost and the operat1on and ma1nten-

ance cost of the project const1tute what is common]y known

N

as the recurrent cost of the proaect j . _ x
The land development cost shown . 1n Column (5) of

_Table‘6.3'1nc1ude5-the funds required for 1eye]1ng‘the

- farm land to be irrigated, ]aying'out the fields, and putt-

’1ng in the supply and drainage ditches' Sdnce egual areas d
of land are expected to be deve]oped in each’year ‘of the

ten year expans1on perlod the: annua1 1and deve]opment cost

stays at E $72,506 throughout

Column (6) of Tab]e 6. 3 presents ‘the total est1mated f

annual prOJect cost 0bv1ous]y 1t-1s composed of the v
. expend1ture on cap1ta1 1nvestment 1nte\es\\dur1ng construc-

t1on, operation and ma1ntenance cost, replacemEnt cost and

L

the cost of land development. After the tenth year\\how-

\

ever, the annual project cost drops. down to the cost of
9

operation, ma1ntenance, and rep1acement or the so- cal]ed

recurrent costs of txe proaect

4 :
\ I

! \

'B. Assoc1ated Costs

Associated costs 1nc1ude the va]ue of goods and ser-

T
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vfces othen than project costs necessary to produce'the_
direct and 1mmed1ate output of the project., In this
particu]ar study, the d1rect cost of agricu]tura] produc-‘
tjon and on- fa;m ‘handling and storage const1tute the o
associated cost | ‘

© The dtrect agricuItura1'prodOCtion costs are typilc-
al]y composed of the normal costs of carrylng'out the
var1ous farm1ng operat1ons In Eth10p1a, the range of farm-.
1ng operat1ons vary crom crop to crop and from region to
re910n -The major farming operat1ons 1n the Megech Proaect
area include plowing, seeding, cultivating, crop mainten-
ance.(weeding, nutP1ent and pesticide appI{fation, irriga-
tion, etc.), harvest1ng, thresh1ng, onrfarm kransportation,-
and storage. To arrive at the annua] assoc1aﬁed cost of
the proJect therefore, the cost of each of th%se operations
‘for each of the types of crops se]ected to be grown in thel
,proaect ‘area must be carefully est1mated The annua]

associated cost of crop product1on was’ est1mated using the

following formu}a

P

. n . ' - - .. ' » .4 .
Ajt = Z Cijt“*ijt' 1=]a---mni; t=]’-.,.",T; J=],yz,? | (6,])
: . [ I b ‘ 0t o
» m ! o . . . ' ‘ .
cijt'= kg] okijtl k='|‘:,....m o - (6-2)

%

where Ajt = annua] assoc1ated cost, under the jth farm

management strategy at year t,

' ' o - SR



e e S st i

L
- \

\~ ’ . 5
o ¥

7
o
[
[nd
=3
3
o
(1)
~
~
=2
®
O
ot
-4
‘
[+-]
—
3
o
a
c
o
o
K]
‘o
3
7
o
o
w
‘+
o
—h
0
i
o
o

ijt

for the project a

at year t

x
n

ijt

' 5 o | cated to.crop i und r the Jth strategy at

o : .Veal" t’: o . \ *‘4“)"; )

| (.

. o) ‘
Okijt - the per hectare cost pf carrying out farm

operation‘k/forqcrop i under stratégy i

at year t,

3
"

the number of farm operations under the

Jthvfarm managementnstrategy.

the number ‘of hect res of crop land allo-

The procedure used in determining the associated costs

of this project, as can be seen from (6. 1) and (6.2) above,.

1s'somewhatlcomp1ex. Clearly, different farm mariagement
strategies.and different crop-mixes in a given strategy

can lead to different associated costs and, of course,
differént benefit 1eve?s ~ In view ofbthese considerations,
three different farm management strateg1es were spec1fied .
Subsequently, based on product1on cost estimates and speci-
fied resource'restraints, an opt1mum,crop m1x was developed.

for each strategy us1ng a ten year recursive program " The

annua1 assoc1ated costs were then computed on the basis of

'the opt1ma1 crop mix under. each strategy The figures for

each type of strategy #re presented in Tab]es 6.4 through

!

’
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C. ,Gross Direct Benefits

/
Estimates of the annual gross direct benefits of the

Megech Project 11ke the annual associated costs, were
based on the annuals ‘optimal crop mix deve]oped for the
‘progect area'under each of the three farm management stra-
tegies considered. .The anndai gross direct benefitsiwere
determined using.the average annda] yield 1eve1 of each
crop in the. optimal crop mix, the area allocated to each
crop and the constant 1970 farm gate pr1ce for each . crop.
The fo]]owing general formu]a 'was applied in estimat1ng
the annua] direct gross benef1ts | |

.

" n S o | -
. B. = z] YithijtPi’ J’=],...,m; t=]’oo'o,T. . (6.‘3)

. 4 . ya

where Bjt = 'the direct gross benefit under jth farm

!

management strategy at year t, ‘ .
‘Yift = the average.y1e1d of crop i under Jth
'strategy at year t, 2
ﬁijt = the. number of hectares of crop land a]lo-
. . )

(7cated to crop i under the optimal plan of

vstrategy J at year t,

©
n

the 1mputed farm gate pr1ce of crop i in

constant 1970 dol]ars.
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. ‘ . ) " . . . ‘ '
The assoc1ated costs and d1rect benefits of the

Megech Project were est1mated under the f0110w1ng three

farm management strateg1es

* : . ~ B ) -
1. Strategy I -- Animal Powered Labor Intensive Operation

fhis strategy-reSts 6n the assumptibn that’heaVy
inputs of labor and an1ma1 tractlon w111 be used to perform ’
the various farm operat1ons. In a sense, this strategy is
a direct continuation of -the existing Etﬁiopian high1and
‘farmIng practices except for the 1ntroduct1on of 1rr1gat1on,

agricultural chem1cals, some 1mproved seed and 1mproved

storage facilities.

.- The tyﬁes_of eropsqconsidered under this strategy
“are exact1ytthe same as those considered‘uﬁder-elternatives
"without" the project. Fortuhate]y, impreved vanjetfes of
some of these erops are becomindaincreasingly available -
from the var1ous agricultural research statlons in Ethiop1a.-

The mer1ts of th1s strategy are obv1ous. “The use of

animal power as a source of tract1on is an a]reédy known
\end viab]e,techeelogy in the project area and_in tﬁe‘
'}Czthiopian highlands-in ‘general. Unlike the other strate-
g}es, which wi]l be diseussed short]y, thisfparticular B
strategy does not require the use of relativeiy expensive,
imported”inputs.such as modern haehinery*ehd'petroleUm pro-
ducts. "The'leve1 of skill required to bperate animal

powered agriculture is not as comp]ex as that required to

operate and ma1nta1n mechanica] power: sources. Moreover,

., , S . .k
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because of its thigh. complementarity Wwith the labor input,
a farm strategy based or animal powered technology would
offer better employment opportun1t1es relat1ve to those
strategies based on modern farm‘machinery The employment
generatlon capac1ty of th1s strategy is part1cularly sign1-
flcant for Ethlop1a,‘where the creat1on of employment ‘

. opportunities for the. unemployed and underemployed is a

{

matter of great urgency N '
Despite Jits many advantages, th1s strategy also has,
some serious shortcom1ngs. ;Under this strategy lTavrge areas
of potentially productive,crop land must be‘kept.under pas-.
~ture in order to produce sufficient fodder'for.the animals
As land becomes more scarce due to increases 1in population,
'this system may prove to be an 1neff1cient method of produc-

ing food. Experience also seems to indig te that y1elds #E '

from animal plowed f1elds are not as h1 h- as y1elds obta1ned

othgr things be1ngsequal. It

- from mach1ne plowed fields
is therefore poss1ble that gai from production.efficiency__
der1veﬂﬁfrom mechan1zed agr1'" ture can offset"any losses
" in employment and deplet1on of foreign exchange that may
be assoc1ated with farm mechanlzat1on - _

‘In view of the foregoing statement and reall21ng that
the long run solution to the food problem in Eth1op1a |
depends. among other thlngs, on the util1zat1on of some -
form' of 1nan1mate energy in the production process, two
other alternative strateg1es_based on mechanized farming

have been considered.l

' . <~



199

. The yie]ds, prices, and production coSts used in
evaluat1ng Strategy I have been 1temized inTable 6.4.
The per hectare product1od costs for the various crops
were based on the number of farm operations required and
the cost of pertorhing each operation. To the operation‘
costs were added the cost of supp11es such as agricultural
‘chem1cals, seeds, sacks. and the fixed costs of depreciar
tion, interest on 1nvestment, and land taxes. The cost of
irrigation was not. 1nc1uded as this was a1ready considered }5
in the_prOJect costs. ‘
The fo]]owing'recursive prog?amvwas used to derive
an opt1mum crop m1x for the Megech Project area under the

' an1ma1 powered strategy.

i

: N SRR
 Maximize Z, =- Z RitXseo ‘N=l4; t=1,...,T

i1 §
i \\,.
" subject to: , ’5\
e Rpgt Xyt Xy s ¥ Xt < 5890 (0.10)(¢)
- Xar 2- Xpeq (1.18)
: o m X3 2= X3y (1410)
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‘where N o= number of crop,enterprises.' .
R;t” = t returh‘per hectare of crop 1 at‘year t
| o xit‘ = hectaree of crop i at year t,
' lX]t s‘=' barley{at year t. ' | o
Xét “ = mmaize at year t‘ S ‘llfv"  ;| Al I
: | X3¢ = sorghum‘at y?as_ﬁn i
Xge = teff at year t, . [
-Xsi =‘ wheat at.year‘t, : ‘ i‘ 'f o ‘ani
.xét = llnseed at year't; ;' | I X ' ;)
X¢ = “noopseedtatvjear t,
Xg¢ . = 'horsebean§ atlyear t, '
. o .
ﬂxgt = .haricotbeah; at year t.
X10£ glentils at.yearlt,‘.? S o o
. X1]t\ = feﬁpgpeeh at'year t;
! X]2£ = pepper at yeap t, A ) | ﬂ,' 7” Cli
‘xISL =  potatoes at Jear t{g»j : | N
: e . T

The land and commod1ty flexib1l1ty coefficients were

determlned exogenously The land flex1b1lity coeff1c1ent }

was based on the assumpt1on made in the study regarding

the rate of 1rrigat1on development in ‘the project area It

’vis to ‘be recalled that in the project plan, lO percent of

T~ N
S _ K : S ' I

T
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Y
the total project land was anticipated to be developed
each year. Therefore)‘starting with 589 hectares of irri-
gated. land in the first year, the tota],area of irrigated
land will be increased by equal increments each year until
the entire project area of 5.89b»hectares is brought under
irrigation in thevtengzg&ear. The land f]exibi}ity con-
straint, therefore, is des1gned to reflect this situation.
- The commod1ty f]ex1b111ty restra1nts, on the other hand,
aréeé based on the'est1mated rates of change in the consump-
tion needs of the popu]at10n of the prOJect area. The co-
eff1c1ents bas1ca11y ref]ect the rate at which the staple
commod1t1es (pr1mar11y cereal graihs) must be expanded
annua]]y in order to meet the nutr1t1ona1 requ1rements of
the populat1on of the prOJect areas. € The initial consump-
t1on requ1rements of the popu1at1on of the prOJect areas
‘were determined on the basis of est1mated least-cost diets
.and“average nat1ona1 da11y per capita consumpt1on requ1re-
ments suggested by other stud1es ! Appropr1ate ]ower f]ex1-
bj]ity restraints Were p]aced_pn the staple gra1ns, while

upper flexibility restraints were imposed on three specific

'cbmmpdities, namely, pepper, potatoes, and onions to ensure

@

that these commodities were not unduly expanded. A compu

model ‘was subsequently developed and-utilized to solve:

! Carl F. M111er, et a] » Systems Ana]yS1s Methods for
Eth1op1an Agriculture; Impevial Ethiopian Government, Inter-
~departmental Cbmm1ttee -on Nutrition for National Defence,
Ethiopian Nutrition'Survey.- (Addis Ababa: I.E.G., September,
- 1959),

«
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ten year recursive system in.one run. A summary of the
computer printout depicting the optimal ten year crop mix
and land a]location plan for Strategy I is presented in

Appendix\E ] e |

x The annua] associated costs and the annual direct
project benefits under the present farm management strategy
were then calculated based on the optimal 'solution obtained:
from the recursive mode]. {Tabie 6.5 presents the annua1
associated costs and annua] direct benefits of the project
under Strategy I. 1t 1s clear from this table that both

T assoc1ated costs and benefits increase during the first ten

years as the project expands and remain-constant for the

subsequent 30 years, oncijtne irrigation'prognam‘reaches

a stable\leve, e |

' i

2. Strategy'II -'Sehi-Mechanized Operation

This strategy is based on the'assumption that plow-
ing, threshing and on-farm transportation would be mecha-
nized while all. other operations will be performed manuaily:
(See Aopendix C.4 for machinery performance qoeffic1ents )
This strategy, of course, prov1des certain definite advant- °
ages. It is still labor intenSive;-machine power only.

" replaces anima],power without significantiy affecting ]abor
emp]oyment.; It also offers the advantage of more timely
'operation and- affords more convenience and ease of opera-

tion It 1s certainly a strategy that seems to have con-

1 siderabler potentia] for streamlining Ethiopia's agricuitural
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’

production system.

But this-strategy also has some serious drawbacks

‘compared to'Strategy I. It requires considerable foreign

J
exchange expend1ture both to purchase the machinery and

comp11ments and to obta1n replacements, spare parts, fue1
- ]
0il and grease on an ongo1ng basis. Th1s strategy wou1d
L%

|
also requ1re sk111ed workers such as tractor operators,‘

mechanics and machine shop operators to operate and_ma1n;
" tain the farm machinery and equipment efficientiy.

These drawbacks do not'seem“hard td_circumveht. ‘Part
of the output .of the project can be exported to pay,for;the‘
needed 1mports'bf machinery, equipment and supplfes.‘ fhe
foreignkexchange cost<of importing machinery can also be
met by rearranging natibnal!priormties. For instance, more
machihery can be‘imported by diverting foreign exchange
expend1ture from private automobiles to the purchase o}
farm machinery. The same goes for the consumption: of fue]
oil, and grease as wel] as the purchase,of spare parts. As .
far as skilled farm workers are concerned; there arehpre-f
sently a sufficientlnumber of technical training fnstitu-

_t1ons in the country to supp]y the modest: number of sk111ed_
technic1ans requ1red to make this strategy feas1b1e

The crops, yields, pr1ces anq cost of product1on per

. . i
hectare for egch of the crops considered under Strategy 1I

are shown in, Table 6.6. As in Strategy I, a ten year recur- -

]
sive model was uti]ized to determ1ne the opt1mum crop mix

:under this strategy. Except for changes in the net return
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\ ~ I
per hectare or the objectiVe.fUnction, Strategy Il uses ,,~

basica]]y the same model as Strategy I. The, so]ution to

¥

. the model obta1ned from the computer printout is summa-
rized in Append1x D.2. The optimal crop mix and: ]and
a110cat1on p]an suggested by the mode] were subsequent]y
used as a basis to calcu]ate the annual assoc1ated costs
and annual gross d1rect benefits. These figures are out-
Jlined in Table. 6. 7 e < ’

3. Strategy IfI - Fu]ly Mechanized Agricﬂ]ture

This strategy shou]d be se]f exp]anatory Ituis o o
}'based on the assumpt1on that the agr1cu1tura1 operation 1n
the RrOJect area is ful]y mechan1zed It/assumes that the
ent1?e operation from initial: plow1ng and seedbed prepara-

“tion to harvest1ng and storage of she farm product is

xaccomp]ished ‘by fu]]y mechanize;:;}its ' |
1Thefma1n advantage of thys strategy, of course, is

a t1ne1y. éff1C1ent and conven1ent operat1on ‘ But it has

far reach1ng 1mp11cat1ons w1th regard to fore1gn exchange

requ1rements and ]abor emp]oyment ’

The inclusion of this strategy as a l1mit1ng case
among the range of v1ab1e farm management strateg1es for
the proaect area 1s, however, very useful from the stand- ’
po1nt of 1hvest1gat1ng whether or not the social gains in
N product1on eff1c1ency flowing from mechan1zed agr1cu1ture,'

. would be suff1cient to offset any assoc1ated losses in

| employment and fore1gn exchange. It is with‘thisgunderstand;
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ing that thisnstrategy.is considered. o

\ The crops, yie]ds.~prices and per hectare p‘?dudtion
costs considered under this strategy are shown:in Table 6.8.
As in the preceding two strategies, the optimum crop nfx
and land a]]bcat1on plan for this strategy were derived
from the opt1ma1 so]ut1on of ‘a ten year recurs1ve mode]
Again, except for differences in net return per hecta?e
“which alter the parameters of the objective funct1on the
elements of this model are s1m1]ar to those used in the
preceding two strateQIes. The optimal solution of the model
is summarized in - Appendix Di3‘ The annual'associated costs
. and annua] direct'benefits were then calculated based on
the optimal ]and a]]ocat1on plan and the correspondgng

!

f1gures are 1tem1zed in Tab]e 6.9.
"Economic Analysis 'of the Kesem

River‘Project

The South Kesem River area, in the Awash River Ba\cn,
forms the focus of the second area of investigation. The
pr1nc1pa1 reason for 1nc]ud1ng this area in the present
Astudy is to determane whether, the lowlands of Eth10p1a |
offer econom1ca11y viable opportun1t1es for 1ncreas1ng food-
gra1n productlun, expand1ng emp]oyment and enhanc1ng the '
wgeneral we]fare of the 1nhab1tants of the lowland areas.

The'proposed scheme env1sages Qse of the waters of

the Kesem River to irrigate about 5 650 hectares of land
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and also to pr0vide‘c1ean water supplies.fohﬂddmestic and
~ stock use The projéct plan calls for the direct pUMb1ng

of “the requ1red quant1ty o? water from the Kesem Rlver us-

ing diesel water %5mps A]though the poss1b111ty of using

t
e]ectr1c water pumps by draw1ng e]ectr1c power from the

Koka hydro- interconnectedod;ad ex1stsc its feas1b111ty has
Jnot been 1nvest1gated because of the unava11ab1]1ty of ‘
re11ab1e cost est1mates at the t1me th15\ptudy;was done
pAccordlngly, the cost and benef1t est1mates of Kesem.Pro-
. ject, wh1ch are outhned below, are based on a d1ese1
‘poqered pump irrigation system. y |

B I . ,. o

“Project Costs _ SRR ‘ ©o

Among the main construct1on features cons1dered 1n'
est1mat1ng the proaect cost are the pumping p]ant, maln
canals, d1str1but1on=system, access and farm roads,‘housing

; for emp]oyees and sett]érs. serv1ce fac111t1es inc]uding
a school, a c11n1c,.a commun1ty centet, a wd¥kshop,-
machinery- shed and storage fac1lit1es The prOJect is
1ntended to be phased in over a .ten year per1od, and the

. econom1c life of the project is’ set at 40 years The

'requ1red annual progect out]ays, which encompass the cap1-‘

tal 1nvestment outlay, 1nterest charges durlng construction, -

operat1on, ma1ntenance, and replacement costs and land
'deve]opment costs, have been itemized in Tab]e 6.10.
Unlike the Megech River Proaect ‘the ana1ysis of the

’Kesem PrOJect did not inc]ude various a]ternativesﬁ
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AN

Thefreasons are inherent in the nature of the Keseh
River Project area itse]f The proposed project area 1s
presentTy used by nomadic pastoraT1sts as part of their
tradit1ona] grazhng area with1n the broader range Tands
of the MlddTe and Lower Awash VaTTey The carry1ng capa-
city of the area is extremeTy‘Tow, be1ng est1mated at '
between 0.05 to 0.25 head of cattTe per hectare 1 The
deconom1c vaTue of the area 1n its present use is therefore
quite negligible. '

In view of the extremejscarcity of water, prospects
for‘the future deveTopment of the area "without" the pro-
ject seem to be pract1ca11y h1T The best that can be !
expected)1n the absence of' the prOJect is an indefinite
cont1nuat1on of ex1st1ng grazing act1v1ty Furthermore,_
.alternative forms of farm organ1zat1on "w1th" the project
- do not seem to be v1abTe under cond1t1ons preva111hg in
the Kesem'Project area. . PreT1m1nary 1nvest1gat10ns and the
experience of commerc1a1 farmers 1n the Awash VaTTey cTearTy
indicate that a semi- ~-mechanized technoTogy rather than j
animal powered or fully mechanized technoTogy seems to be .
the most su1tabTe and appropr1ate for the. area. Accord-
‘1ngTy, the econom1c anaTys1s of the Kesem R1ver Project was

\

based on the assumption of a sem1*mechan1zed techno]ogy

As .the term is used in th1s study, the .semi-mechanized

T

L C.F. Miller, gt‘aT'L §xstems AnaTys1s Methods for
Ethiopian Agr1cuTture, p. 303




, ' | 220
| ' ‘ .
.techn91ogy involves the use of mechanized units for plow-
ing and seedbed prépération as well as threshing and trans-
portation. | |

]

Associated Costs

In order to estimate the associated tosfs ofithe

Kesem P}oject consistent’with<%he assumed farm technology,

a ten year recursive program incorporating the twe1vé
different crops sﬁown in Table 6.11 and the relevant land
and gomhodity'f]exibility cohstraints was employed. The
following model Qas used to.derive the dptimé1 crop mix .

and land a]loqatioﬁ plan. _ |

] F
P S
P

E!
R
t ' ,i='l .

Maximize Z X..,
S it’

!

it
subject to: o o .

Xy¢ + Xog + eoe + Xjpy < 5.4650_’(0.'10)(@):

[

" Xieq (00

gnA

I
i

- Xat X - Xppy (0)

Xgpop (1.50)

.IA
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Where

N .

1t

2t

it

it

I , .
‘casterseeds at year t,

4t
5t
6t
7t
8t

9t

- X0t

11t

Mat

the number of crop enterprises co

‘net return per

i 1

hec;aresvof,crop'i'af year t,

IA A 1A

A

W

- X

- X

4.1 (1.35) .
1 |
501 (1.07)
o
6t-1 (1-85)
7e.7  (%.95)
gt-1 (0.
or.i (1.07)
10¢-1 (0)
11e-1 (00
12¢-1 (1.030)
0.

“hectare of crop i af year t,

barley_at year t,

i

!

i
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FX3;' = cotton at year t. I \
VX4t = groundnits at year t, ’ .
Xy = maize at yeartt, o

X¢y = onions at yea¥ t,

X?t.- - potatoesvat year t;d

x8t:, = saffdower at ;ear t;

'X9£ = .sorghum at year t,

X]Ot = Soyoeans at year t; )
X]]t' = teff at'year t;

Xyt = yheet at year, t.

i

As. for the Megech Project, -the land and commodity

. flexibility coefficients'of the'Kesem_ProjeCt were deter-

mined exogenously - The land flexnbi]1ty coeff1c1ent is

designed to reflect the annual rate at which. land develop-

ment should proceed SO that the entire project area can be
developed in ten years. Thercommodity flex1b111ty coeff1-

c1ents are set at levels thdt will ensure that at least

some minimum quantity of the staple commodities will be

produced and non7essentia1acommod1t1es eannot_pe equnded;‘

" without any restriétions' In the Iatter case, maximum

/
constraints‘are imposed on certain ;ash crops so that their

‘rate of expans1on cannot be 1arger than market limitations

and trad1tionp1 farmers re]uctence to expand into such
crops would-allow. It should be emphasized that theee,
S e
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i
f

restraints are partly based on the author's assessment of
'fhistor1ca1 factors that have shaped the pattern of agricul-
tural production 1n Eth1op1a and. the likely 1nf1uences of
'fthese factors on production patterns in the project area.
‘The cropping patterns suggested by the optima] so]ution of
the program are summarized in App°nd1x D.4.

The optimal crop mix and land a]]ocat1on plan der1ved
“from the forego1ng model ‘were subsequently used }n the
est1mat10n of .the associated costs of the Kesem Project.

‘The follow1ng formu]a was emp]oyed to estimate the annual

associated costs

l

o N , .y :
At =‘.Z citHitg ’ t=‘]’0.-’T
i=1 e ,
’] 1
where . Atl = associated cost at year t,l.; f. )
"
Cit = per hectare product1on cost of crop "y
at year t, | ‘
_ I
Hitl = number of hectares al]ocated to crop i
: ' at year t,
N = the number of crops in the optimal plan
in year t, |
) T = the pTannfng horizon.

A
e

Annua] assoc1ated costs were estimated for each year of
- the ent1re planning horizon and the estimates obtained are

itemized in Table 6.12.
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{
!

Grdps Direct Benef1ts

Like the annual associated costs, the gross annual

!

direct benefits of the Kesem Progect are also.calculated

on the basis of the optimal cr0p mi x and 1and al]ocat1on

; !

p]an der1ved from the recurs1ve program.

where

n

The following

formula was emp]oyed in mak1ng the benefit estimates.

- the gross annual direct benefit at year t,

o |
the unit price of crop i in 1970 dollars,

the yield level of crop i at year t,

:the number of hectares allbdcated to crop i

in the optima] plan of year t,

the. number of crop enterprises in the

opt1ma1 crop mix,

the planning horizon.

The estimated annual benefits ektending over the entire

economic Tife of the project are detailed in Table 6.12.

o, In conc1us1on, thlS chapter has descr1bed the emp1r1w

|

cal procedures and has out]lned the data emp]oyed in the

.economic analysis of the proposed Megech and Kesem R1ver .f

Projects.

The fol]ow1ng chapter will attempt to summarize

*

the recu]ts of the emp1r1ca1 analysis.

;

f
!



(CHAPTER VII i
H ! !

RESULTS OF EMPIRICAL ANALYSIS AND ' '
| POLICY IMPLICATIONS |
/ .

The empirical éna]ysis desoribed in\the.preceding‘
cnapter was conducted inian effont to answer some of the
‘fundamental qoeszonsﬁr}iseiain this'study.é'The first |
question'thefanalysis %%ught to answer was whether the two
projeots proposed in th}s study were econonically and finan-

ciaIIy*feasibIe. Secondly, it attempted to deteym?ne

f

whether the(kind of public investment program suggested

in this.study shows a good prospect of mafEria]Iy contribut-
ing to the expans1on of fobd product1on and emp]oyment in |
<Eth1op1a Th1s chapter summarizes the important reSuIts

of the emp1r1ca1 ana]ys1s In part1cu1ar, “Ft presents ‘the
economic and f1nanc1a1 feas1b111ty of the proposed projects
tand their likely impact on food product1on and employment

It also outlines the important pol1cy nmpl1cat1ons of the

study.

/ Results of Economic.AnaIysis

The pr1n¢1pa1 purpose of econom1c feas1bi]1ty ana]ys1s

!

1s to determ1ne whether the overall social benef1ts of a
1

prOJect outwe1gh the total soc1a1 costs. An equal]y importQ p

[
!

|
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L . | : | .
ant aspect of economic feasibility analysis is the ranking
ef various' projects according to a certain widely accepted

criter1on or set of cr1ter1a

i

Depending on specific c1rcumstances, project selec-
tion criteria can be chosen from a wide range of"economic
desirebility indicatore Which criterion or 'set of cr1ter1a
are chosen often depends, among other th1ngs. on the spec1-

~fic factors of production ‘that are considered most 11m1t-~

ing. ‘However, unless the proaeets being ranked. are fairly

. , I
well stqndardized with respect td‘capita] requirements,
J
p]ann1ng horizon and poss1b]e re1nvestment of earnings,

d1fferent cr1ter1a may g1ve d1fferent rank1ngs and hence

may lead to different conclusions.

In th1s study, ‘both progects have reasonab]y clqse

‘ capita] requ1rements, and their planning hor1zons and
reinvestment patterns are éssent1a1]y the same. Hende;
assun}ng that -investment capital is the mostllimiting ?a;tor-'
~in Eth1op1a, the f0110w1ng investment cr1ter1a ‘were ()
selected. fOr rank1ng the prOJects , ; ' |

| 1. The preccnt discounted va]ue ‘of net benef1t
, » ‘

2. The benef1t cost rat1o, and

3. The internal rate of return,

[ . | P | . :
1 Otto Eckstein, Water hesource Development: The
~Economics of Project Evaluation,. pPp. 53-69; and E.J. Mishan,
Cost Benefit Ana],s1s, pp. 181- -226. ' 3 .

| : ' oo '




230

The Present Discounted Value of Neé Benefits (PVNB)

Th1s cr1ter1on can be used both for determ1n1ng thb
optimum scale of a s1ng]e proaect and for rank1ng several
'prOJects that compete for a g1ven ]eve] of cap1ta1 o.tlay.
This, criterion was app11ed to the. two proaects analyzed 1n
this study and the resu]t is’ snown in Tab]e 7.1. As can
be notdd from the tab]ev three’ d1scount rates were used
According to the results obta1ned the Kesem R1ver PrOJect
‘ seems to have a clear edge over the Megech River ProJecf
under comparab]e levels of techno]ogy The Kesem Rﬁ}er
‘Proaect “under semi mechan1zed technology and at a discpunt
rate of 10 percent shows a presént d1scounted net benef1t
of £ $22. 1 m1111on, wh11e under correspond1ng techhology
and dlscount rate, the Megech PrOJect has a present d1s-J

counted net benefit of E $8.9 m1]11on At 15 percent the
present d1scounted net benefits dec]1ne to E $8.6 m1111bn-
and E $1 2 million, respect1ve1y It is. 1nterest1ng to |
note that under the animal powered techno1ogy, the Megech
| Rlver PrOJect ceases to be economwca]ly feas1b1e at d1scount

L}

: rates h1gher than 11 percent A." | o

The'éenefit Cost Ratio

| The beneflt cost. ratio cr1terion attempts to compare
‘ and rank. prOJects on the basis of the1r benef1t cost ratios,
Accord1ng to this criterion, prOJects w;th ratios greater
than one are econom?cally feas1b1e and ‘hence e]ig1bﬂe for .

construction, 0f the e]1gib1e projects, those;with rela-

.

H
i

i
.-
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. o
TABLE 7.1 - |
L]
PRESENT VALUE OF NET BENEFITS DISQOUNTEQ
: Af 10 PERCENT, 12 PERCENT AND‘15 PERCENT
‘ ~ MEGECH AND KESEM PROJECTS
v , " Present Discounted Value
; of Net Benefits
* Projects S, . 0% R 3 T 15% -
— ‘ T
< : « , (In "000 of 1970 Eth. Dollars)
Megeéh River Projett | B o
Strategy I - Animal : oo : ‘
Powered Opera;ion 1,616.31 . -741.87 -2,882.16
Strategy Il - Semi- R 4 T
_Mechanized Operation 8,864.33 5,000.52 -~ 1,224.17"
Strategy III - Fully ' v . ' : . :
'Mechanized Operation ©7,911.84 4,186.96 - 598,52
Kesem Project
N . .
Semi-Mechanized S S :
Operation, ' -22,102.23 13,960.98  8,608.93 .

-

&

SOURCE: Computed by author.
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i

tively higher rat1os are preferred to those with lower
rafaios, other things be1ng equal. o |
When applying this criterion to the proposed projects,
;;@%iesuTt consistent with that of the present value'critenion
b‘dt;cussed éarlier.uas obtained. The benefit-coSt ratio
. criterfon also ranked the Kesem~Project,first and the Megech
Project second (Table 7.2). Under the semi-mechanized |
techno1ogy and 10 percent‘discoun$ rate, the Megech'Project‘
had a benefit cost ratio of 1.6, whlle the- Kesem\PrOJect
showed a marked]y h1gher ‘ratio of 2.7. As is to be expected,
the benefit-cost ratios of both prOJects declined as the

V- :
discount rate increased from 10 percent to 15 percent.

-

The - Interna] Rate of Return

The 1nterna1 rate of return 1s def1ned as that rate‘
of.discount that equates the present: va]ue of project out-
lays With'prdject benefits In other words, it is the dis-
count rate that reduces the present discounted va]ue of net
benef1§§“to zero. ‘Th]S cr1ter1on ranks projects: in accord- .
ance with the magn1tude of the1r positive 1nterna1 rate of
return. A project 1s cons1dered e11gib1e for construct1on
if its internal rate of return is greater than its oppor-
tunity rate of return or some: other pre spec1f1ed rate.

Internal. rates of return were computed for both pro- ‘
jetts and the ‘results are shown in Column 3 of Table 7.2.

’L exrected, this cr1terlon, 1ike the preceding two cr1ter1a,

rank: the Kesem °ro_-ct above the Megech ProJect. It 15'
_ l .

[N
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BENEFIT-COST RATIOS AND INTERNAL RATES OF
RETURN, MEGECH. AND KESEM RIVER PROJECTS

TABLE 7.2

233

 —

Benefit-Cost Ratio

Internal

at Different Dis-
, _count Rates Rate of
j o : ‘ Return
Projects 10%. 12% 15% - (%)
‘Megech River Project. )
Strategy * I - Animal l
Powered Operation 1.1 0.9 0.8 11
Strategy II - Semi- v “' -
Mechanized Operation 1.7 1.4 1.1 17
Strategy IIT - Fully. - , | '
Mechanized Operation 1.5 1.3 ‘1.0 c]S(
:'K;sem River‘Projéct
- Semi-Mechanized L -
" Operation 2.7 2.3 1.9 27"

SOURCE: Computed by author.

TN
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i

further noted that under comparab]e technological alterna-
t1ves. both prOJects show attract1ve rates of return -- 27
percent and 17 percent, respectively. ‘These rates of
‘return.,of course, compare rather faYorab1y with the~1d

percent: rate of interest_current]yﬂcharged by the Agro-

l %:figUStria1 Bank of Ethiopia on agricu1tura1 loans.

t

£

'$ensitjvity Analysis

“‘r' . The sensitivity of the results with respect. to the
discount rate was formerly evaluated when varying“disgount'
rates were used .to determ1ne therpresent va]ue of net bene-
f1ts and the benef1t cost ratlos Both progects show very |
little sen51t1v1ty to changes in the discount rate between
10 and 15 percent ‘ The d1scount rate szt rise to 27 perdb
cent for the Kesem Project to show a benefit- cost ratio of |
1 or a net.present value of Zero. The'correspond1ng dis-
count rate for the Megech Projéct is 17 percent Therefore,
as long as the social rate of ‘time preference or the oppor-
tunlty rate of return on soc1a1 capital 1s 1ess than the
respective rates shown above, both projects will be soc1a11y
Prof1tab1e p ';‘ B 'CJAY' v "

" The sensit1v1ty of the resu]ts w1th respect to /hanges
in either est1mated costs or estimated benefits was analyzed
under the foHlowlng three assumpt1ons | 7

. y L*\\::::al annua] benefits assumed to be 35 percent
- ‘ than proaected costs rema1n1ng the same. :
Zr. Actual’ annual costs aSsumed'to'be 35<percent:
_ e o v P L

)

L5
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higher_than projected, benefits'remaining the .

same, " .?
3. Actua] annual costs assumed to 1ncrease by 20

Il

percent and benefits to decrease by 15 percent

of progected levels. - T ; - ,
'The'sensitiuity of both projects to the above assumed
changes was tested us1ng a d1scount rate of 10 percent JThe
Kesem Project showed a benefit-cost ratio of 1.8 under |
| assumption (1), but the,ratio,increased to 2.9 when assump-
\tionu(z)'was invoked, eA ratto"of 1.9 was achieved under
assumption (3). In genera]. however, it takes a decrease
of around 60 percent in estimated benefits or ‘an 1ncrease.
of about 171 percent in estimated costs for the Kesem Pro-
ject to show a B/C rat1o of 1 In more practical terms.
this means that e1ther est1mated y1e1ds or product prices,
otherifagtors rema1n1ng the sahe, must decline by over §0
percent for the Kesem-Project not'to.be socially profitable.

The Hegech.River Projecti_however, is MOre.qensitive |

than ;He Kesem Project with regard to unfavorable be efit;“

and dost outcomesl It shoWs a benefit- cost ratio of
s]ight]y over 1 under assumption (1), but the ratio r ses,
.to 1. 2 when assumpt1on (2) is 1nvoked Unden assumptioy
(3), the Megech R1ver PrOJect shows a benefit- cost ratio f
of 1.1. E1ther est1mated costs must 1ncrease by around 58
.‘percent or est1mated benefits must decrease by about 36 per-
cent for the Megech Project to show~a benef1t-cost ratio of

less than 1. Therefore, other, things remaining constant,
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the Megech Project will remain socfa]]y profftabTe'as long
as either estimated y1e1ds or product prices do not drop
| by more than 36 'percent or 1nput prices do not rise by
more'than’58 percent above the projected Values.' A'
| .So farbthe discussion has concentrated on the direct
benefits of the prospective projects :But these projects
do have secondary and spin-off benef1ts that shou]d be
considered These w111 now be briefly examined.

¢
t

Repercussion Effects ' Y

A1though the two proaects are ]1ke1y to have the same'
pattern of repercuss1on effects on the economy, the magni -
tude of these affects will, of course, be different depend-
ing on the relative s1ze and locat1on of the proaects The-
scope of 'this study did not a]]ow a comprehensive ana]ysis
of these effects, but it seems 1n1brder to comment generalﬁy

upon their possib]e magn1tude and d1rection

To begin with, the repercuss1on effects flow1ng from'r"

these two projects may be fe]t either through or outs1de
the market While some kind of market va]ues may be
*obtained directly or 1nd1rectly for many of these effects,
others have to be eva]uated on the basis of qua11tat1ve .
information, Qnder these;circumstances, the ana]ysis does
tend to be inffuenced by value jodgments,.but'despite-this
danger of bias, whatever little 1ight one may shed on this

issue would seem -to be of va]ue to the policy decision-

\
I

\maker o B ' o o
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! o
Four major areas of repercussion effects were con-.

sidered partjcu]ar]y worthy'of discussion’in this study.
These inc]uoe inter-industry imoqct or, more technically,
- household consumption and business multjﬁ]ier effeots,
cepital accuho1ation through'reinrestment.of earnings,
effect on balance of payments, -and a wide range of.extre-

|

market costs and benefits. . , | ,
j | o

4

A. Inter- Industry Impact

Short of employ1ng a forma] 1nput output model it-
lis not poss1b]e to, fully assess the 17ter 1ndustry impact
of these prOJects. Since there is no input-output table
| deve]oped for Ethiopia, end it is beyond the scope of this.
~ study to develop oﬁe, a véry crude epproach'is used hereJto
arrive at SOme>ihdication‘of the inter-ihdustry impact of
'the'prOJects | o :

, Intuitively,A1t is clear that projects of the sort '
_suggested in 'this study w111 have 1mpacts on a wide range
of 1ndustr1es The magn1tude of the lmpact however, js
likely to be more discernab]e only among certain kinds of
industries Obviously, the impact will 11ke1y be more i
direct and measurable on those 1ndustries that supply goods
.and services to the projects and those that process and .
market the proaeots _outputs. These 1ndustr1es w111 experi-
wrence‘increased actiVit& as.a result of doing business with
the projects; therefore. the’ additlona1 income that these
vindustries generate as a result of doing business with the

R S
1 -

!
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new projects constitutes a direct spin-off from'the pro-
jects. , ) , | |
In conventional benefit-cost termindlogy: this kind
of spfn-off falls within the bounds'of secondary benefits
As already pointed out elsewhere, secondary benefits. may
be c]ass1fied 1nto two categor}es (1) secondary benefits
1nduced by the project, and (2) secondary benefits stemming
~ from the project. Induced benef1ts are the .added values
or’ net profits genérated by firms and industries that supp]y
production 1nputs and consumer goods to the. prOJect and pro-:
Ject emp]oyees,‘respect1vely Secondary beneflts stemmlng
“from the project. on the other hand, are the added values
generated by the firms and industries that process,,trans-
‘port, and market the projects' outputs . ‘h |
‘Quant1tat1ve estimates of secondary benef1ts are,
however, difficult’ to estab11sh in the. absence of complete,
and deta11ed data regard1ng inter- 1ndustry f]ows of goods
and serv1ces Desp1te such 11m1tat1ons. 1t seems desirable :
~to provide some rough idea of the magnitude. of secondary
benefits that may be expected from the proposed proaects
"Accordingly, some crude indirect benefit factors were used
to estimate the secondary benef1" ' Assuming the long term
profits of both . the supply and processing 1ndustr1es in-
Ethiopia to be in the neighbourhood of. 5 percent the Kesem
Proaect wi]] generate approximately E $177 000 in 1nduced
,benef1ts and about E $311,000 in stemming from benefIts, ’

or a total secondary benefit.of approx1mate1y E $488,000.
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3

The Megech»Project, oﬁ the other hand, will show an esti-

mated E..$1]23000 in induced benefifs'and E $29g.000 in

stehming from benefits, o; a total secondary benefit of

~ approximately E‘k$404,000. Although qne'shoulﬂ not attach
©too much importance.to the above figures, it is nevertheless !
1ntuitf§é1y clear that in an_underdeve]oped‘country like \
thiopia a ﬁew inve;tmeﬁt of the kind considered here will

" have significant secondary benefits. -

!

B. “quital AccumuTation -

Another important repékcussion effect of the invest-

"ment projects considéredvin‘this study is the potential

}‘contrjbutiop to cabité] formationﬁin Ethiopia. a cbbntr&
wﬁere there'is a dearth of agricu]tdra] capital, ny‘%rbjeét
~ that can geﬁeraté'reinvestﬁbIe funds can be of grgat assist-
ance to agricultural and economic.dévelopmént. |

-The potentiaﬂ capacity of the two projects for gene-
’ rqting_refnvestab]é funds spems’fo be considefab]e; A close
examination‘of the revenue péttern; éf the ﬁrbjecfs indi-
4cate§ ihaﬁ*the Keﬁém Project can generate up.to a maximum b
-of apbroximately E $5.2vmillfon annua11y after 11 years of
operation, while the Megech Project cah'confhiﬂu e up to a
maximum of E ‘ﬁB.G_mil]ion annually’after 14 years“of,operaf N
tion.] These eﬁtihates,'of course, éssume that all the“ a.

/ . .
- ! The number of years specified refers .to the time
period required by the projetts to show ‘positive net pre-

sent value of benefits whén discounted at 10 percent.
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annual net benefits generated by each project wohld be
potentia]]y available for investment. ‘To reaiize-this
potentiai however, it woulo be necessary to institqte
appropriate poiicy instruments specificaliy designed forﬁ
mobilizing and channe]]ing these funds into pnoductive o

investment.

C.. Effect on Balance of Payments

/ The implementation of either of the proposed proaects
Cwill certainly require a con51derab1e amount of 1mported
inputs, According to present project plans, a con51derab1e
: ~portion of ‘the construction materials, all of the machinery
and' comp]ements,vfuel, and agricultural chemica]s required
for anticipated project operation must be imported from
~abroad. Since foreign exchange is a»limiting factor in
Ethiopia, it is essential tofcarefully‘appraisé the foreign
exchange requirements of both'projects and. suggest some
means by which /the needed foreign e*change may be raised.

, The estimated average annual foreign exchange require-
ments of the two proaects are shown, in Table 7.3. Under
the assumption of a semi-mechanized technoiogy, the Megech
: Proaect will requ1re about E $945,000 worth of imported
capital yearly, while the Kesem Proaect s annua] requirement
would amount to approximately E $1.9 million.

The required’ ieve] of foreign exchange can be allo-

cated to the projects from the avaiiab]e annual foreign

exchange earnings or part of the projects output ean be

. i

e o : /
s . . 3
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TABLE 7.3
ESTIMATED ANNUAL FOREIGN EXCHANGE REQUIRE-
MENTS OF MEGECH AND KESEM PROJECTS

'
|

‘- Percent of Annual

Amount of Foreign Gross Qutput
L alOEENJe Required: 'Requi/éd to Pay-
Project ... = = %% ”,“Annum , for Imports : \

@

00050f 1970 Eth. Jollars)

Megech Prbjecf

Strategy. I, = D 547,760 16.5.
Strategy II : : ?64.97 o 21.9
Strategy 111 - '2,8407.52 39.2

Improved Practices : ‘ T
Without Project ' 304.63 c 12.0

‘Kesem Project

Semi-Mechanize& . / ' : :
Operation ‘ -~ 1,899.66. | 34.7

{

Note:.Co]umn‘(Z) computed on the besis of the 1970
€xchange rate - E° $1.00 = U.S. $0.40." 1
< |
Column (3) percentage based on output 1eve1 after
, fu]l deve]opment

SOURCE: Computed by author.
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exported to pay for the required.imports., if the latter
policy is adopted, the Megech Projeet‘wi]] need to exbort
approximatety-zz pereent of its.gnnuai output; while the
Kesem Project will have to export as much as 35‘percent of“
its; gross annual output (Tabie 7.3). Although the-projebts
do have the potentiai to pay for the needed foreign .exchange
expenditures and even raise additional foreign exchange,

domestic food requirements would probably dictate that the

,projects output be directed towards the substituthon of

food imports. Annual expenditure on food imports averagdd_

1

around E. $24.'8 mil]ion between 1969 and 19721 and the

trend appeared to be upward b
It must neverthe]ess, be pointed out that the foreign
exchange requirements of these projects may be less than
estimated if a serious effort is made to use 1oca11y pro—
duced materiais as long as reasonab]e substitutes are avaii-
ab]e or can be made available on request. In some cases. a
very]carefui survey of the locai markets may reveal the ‘
availability of adequate domestic substitutes for certain
imports, at other 1nstances, 1t may be p0551b1e to induce
domestic firms to produce and/supply certain materials that
they do not normally prqduce-for lack of<markets On the
who]e, therefore, efforts to minimize the foreign exchange

requirements of these prOJects must be an integral part of

l .
i

WT Imperial Ethiopian Government, Central Statistica]
Office, Statisticai Abstract 1972 p 89 .
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projeot operation.

D. Extramarket Costs and Benefits

Besides the tangible»and measureable repercussion

effects, both projects also invo]ve intangible costs and

benefits. The size of such costs and benef1ts cannot be:
qeasured 1n monetary terms, but- the1r 1mpact pn the welfare
of the soc1ety and the part1c1pants of the proaect in parti-
cular is as real as those for wh1ch market values exist.
Therefore, it seems des1rab1e to give cons1deration to

extramarket costs and benef1ts This section attempts to

:enumerate brief]y the most 1mportant extramarket costs and

benef1ts that may result from the proposed projects
ri |
1. Extramarket Costs,
? v,

These include the potent1a1 d1sut§11t1es and disamenl-

4

N

v\ties that soc1ety at large incurs as a dwrect result of the

creation of the proposed prOJects Two types of extra-

market costs appear to be of v1ta1 1mportance in connect1on

with these projects: (1) the env1ronmenta1 hazards of the b

T

spread of dlseases assoc1ated w1th 1rr1gatlon 1n a warm

®c1imate (for example, ma]arra and sch1ztosom1as1s), and

(2) the, d1sruption of the part1c1pants trad1tiona1 way of
11 fe. ) ' !
The widespread availability of water in a, hitherto

dry area is likely. to aid the Spread of waterborne diseases

) D1seases that thr1ve best in warm wet aréas such as malaria
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and schiztosomiasis represent a maJor health hazard in

irrigated“regions of the tropics. Unless a v1g rous

ehv1ronmentmenta1 health program is iaunched along yith

" the 1mp1ementat10n of the proaects..disasteroy heaith '

prob]ems couid arise- primariiy from these sources. -

An equa]]y important concern is. the social cost
associated with the oisruption of the traditional way of
‘1ife of the pgoject partic1pants Some disiocation of
community life wouid be unav01dabie during the period of
adJustment to. the new way of life However, in order to
minimize such costs and ensure the success oF the-program,}
it seems essential to give the’ participating farmers suffi-
cient opportunity to be 1nvo]ved in the pianning and
‘decision- makimg process from the very start of the program
A serious effort ‘should also be made to make the tranSition
as smooth as p0551b1e | |

2
3

“~

ZiAﬁfxtramarket éenefits

Extramarket benefits,:of course, refer to certain
recognizableeand discernabie utilities and amenitieg that
the proaect partic1pants and the wider community may enJoy,
as a result of the establishment of the projects Such

| benefits are Tikely to be of a wide ranging nature ’, Perhaps '
‘?”first and foremost is the augmentation of the natioQa] food
supp]y which efither or both of these proJects ma*e possible
The insurance against drought that the*é}oaécts provide in

2 country where significant portions g# the geographic area

’
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have a history of recurrent dnoughts and crgp fai]ures,Can
Atf‘ be extremely impohtant C]ose]y tied to this fact'are‘
N ‘the social benef1ts that could flow from reduced 1nc1dence
of certain waterborne d1seases ipd 1ncreased productiv1ty
as a result of provision of cleah community water sﬁppl1es
both for household use and tﬁvestock cOnsumptfon. ' ; &
Extramarket benefits'ane’aTso Tikely to-acchue fo
project parttcipantsvin-terms af prospects;fof better and
;1mproved communfty’life, bui]dingva strong_foundation for.
‘future industrial grow?ﬁ and improved amenities in the

areas of health educat1on and.cu]tnra1,act1v1t1es.

Y

Y.

TR

Results of ‘Financial Analysis

"‘--‘ ~While econom1c ana]ys1s is c0ncerned with the overal]
’ eva]uat1on of benef:ts and costs and the re1at1ve pos1t1’m.
L of the part1cu1ar proaett 1n the economy as a whole, f1nan-

-‘Scia1 anaiysis has the more restr1cted purpose of determin- L owy
ing whether the: expected annual revenues from the proaect |
wi]] be - suff1c1ent to cover the: correspoading annual expend1-;ﬂf
tures The methods of project f1nanc1ng and cost repayment "

‘ are also c]ose]y assoc1ated with f1nanc1a1 analys1s.. A]« E

’eghough it has been assumed that the proposed proJects w111
f_;rhe ;nbliclx Fﬂnanced it should be po1nted out that ﬁhﬁ

'.‘t
d of anancing adqp;ed by the government cou]d have

.A\m . . \

Yoz - )
- s Rt : . \ -
Sy _ I _ R S i .
3 * . . o N L v
A A ‘. . e
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Comparison of Annua] _Revenue ‘and Outlay

The key quest1on in frhanc1a1 analys1s is whether
suft1c1ent revenue can be ra1sed to cover the costs of the

N project. Int1mate1y connected w1th this concept are the

”, 0

VY quest1ons of whether or not the prOJect cost 1s to be _ ; o

.wﬁ i ., reimbursed and if so, how much of it is to be repayed, who

-'~tg} /,should pay and how and when, 1s the repayment to be collected.
T .x o \

. A compar1sop of the.annua] revenues and annual out]ays
*  of the two preéect:jfrﬁposed‘1n th1s stud§§1nd1cates that
the Kesem Proyg&t w111 requ1re five years for annual
;evenues &o*g%teed annual out]ays, while the Megech Proaect

ﬂ’ R ’ °
woqu réqu?re s1x years. Annual outlays 1n th1s particu]ar
s A
lnstance 4Qf1ude both project and assoc1ated costs 'Interf.
i ’ - v' e

estingJy enough revenues exceed operat1hg costs (i.e.,

»;r“ajﬁi operat1on malntenance, rep]acement and product1on costs) \

right from the very® first year of operat1on for both prOJect\h

The repayment capac1ty of both proaects was examined

\

using d1scountedﬂcash flow ana]ys1s At a. d1scount rate of
10 percent the Kesem PrOJect can pay-off a]] the accumu--

lated 1nvestment costs in. ]1 years “while the Megech Progect
/

'a. " h . WOuld requ1re a pay off t1me of 14 years prov1ded that the
B semi mechanized strategy is adoptej~(Tab1e 7. 4k, |
| | Based on themr capactty to gengrate revenue, both
h proaects demonstdated that they have the capab111ty to

repay the capita] 1w*xstment and accrued 1nterest at 10 per-

) :

cent 1p a- reasonany short pefﬁod of t1me.. Th]s analysis, A
of course, - assumes that all of the net operat1ng revenue '

& R L ' I,

Co



. Strategy III

v ,
Kesem River Project

TABLL 7.4
' RESULTS OF CASH F © "NALYSIS, 'MEGECH

AND KESEM RIVER PROJECTS -
N |

Number of Yeérs'

'. Required-for Annual - Paj-Oﬂf Period

1Prdjectsn

[Revenue to Exceed
Annual Outlay

at 10% Dis--
‘count Rate-

Megech River Project

‘Strategy I - Animal
Powéred Operation

Strategy II - Semi# .
Mechanized Operation

- Fully
Méchanized.dperatﬁon

‘Semi-Mechanized

- ,Operation

. y
’ p
' -

' .26 A
\
14 Co

R '.t'v"‘

15, |

ot

SOURCE: Computed by author.
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wili be app]ied towerd the %epayment of the project costs.

This assumption 'is valid since family living alipwancesa'

have a]readyyban accounted for in‘the associated_costs.

If, however,cthis stringent requirement 1s re]axed_so‘that*

repeymenv will be shared py'indirect beneficiaries, full

repayment can be made in'an_even shorter period of time.

| X 0
| . .

Methods of Financing the Proaects

These projects. are expected to be financed from pub]ic
Y

revenue But a detai]ed examination of the wide range of

ipubiic financing techniques and their probab]e impacts on
Ethiopia's economy ‘a5 a whole are beyond  the scope of’this.;;;ifsﬁ

" \,‘-"

study Nevertheiess, it seems necessary to‘allude briefl*ryv '35
BT

to the most important methods available to the Ethiopian~
? »

.

government to finance the proposed prOJects -

1

To begin with 1t is important to make a distinction - .
between the‘foreign exchange portion+and the domgs ic por-
~tion of the financing prohlem..'Althoughithe initiéanaoreign
exchange expenditures required by ‘the propoSed projects are
expected to come from either uncommitted earnings or funds
'diverted from other iow prLority 1mports,‘loans or assist-

ance from foreign sources inciuding government, private and

\ multilateral agenCies may prov1de a]ternative sources of

;.

rforeign ex'hange However. 19ng run se]f sufficiency in

|

}foreign exchange would: requ1re that the crop plan inc]ude : -~

exportables or 1mport<substitutes

" The pure]y domestic portion of the financing. of

e
v

s
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course, must be raised from domestic sources. 'Normaliy
’governments‘have three major avenues of raising funds for
- financtng public projects, namely, issuing bonds, borrowing
from the national bank or.credit creation, and general tax
-revenues. Under.Ethiopian conditions;'issuing bonds to fin-.
ance the proposed projects does‘notwseem to be a viable ' N
_{K; : method primarily because the'capital market is not’yetgwell -
- developed. The government is, therefore, ieft nith'on]y two

choices. 'They~can either borrow'from»the nationai bank and

"hence resort to deficit financinJ%‘rwﬁ%ke budgetary appropria-i,

tions from genera] tax revenues to finance the proJect
Hhich of these two methoFs is preferabie depends, .among

\ .
other things. on the state of the economy at the time the .

expenditure is made Under conditions of generai unemploy-

ment and depressed prices.,deficit financing has a decided
advantage ~Since the' projects are expected to be sma]] rela-

_ tive to the5%conomy and their: impact on the genera] 1eve1 of
&)

prices 1f expected to be iimited financing through credit %

creation is 1ike1y to have a favorable impact on the economy P
‘as a whole. On the contrary. dif at the time of impiementa-
.tion of the projects the economy is experiencing infiationary
i sitﬁations the neceSSary funds must be appropriated to the
}proj:cts from. generd] tax revenues } Direct user charges or_vqé.

' specia; taxes may be levied to recoup the investment costs.
‘ Pt

S ' But the F%iative_' dal and administrative merits of these

; . and po&;&biy’other rzgayment methods must be carefully
’ IR SR I ! "&"-'r' :
i o " assesséd before they arefimplemented

o) .
‘l : N ' } . R
i . i . ‘ * ,;. \
: ' - - - S ) - — - -
\‘ N ] s ‘3:/ \ - i . B
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i | Impact of the Two PrOJectS bn tFoodgl’“"

N ‘ Production and Labor Employment

One. of the objectives of this study was to evaluate
the impact of public investment in agricultural water deve-
lopment in Ethiopia on foodgrain production and employment

l‘r The impacts of the pProjects on these parameters have been
carefully analyzed and the results of the analysis are pre-
sented below. : - , 'J‘
First, it is important lo point out that according
“*to the.resultS‘of the‘economic analysis discussed earlier
. in this chapter, both projects are egpnomically viable
The Kesem Project shows a potential internal rate of return
of 27 percenm over 40 years, while the Megech Project has
a potential internal yield of l7 percent -over the same |
B planning horizon’, These rates of return arle significantly

higher than the assumed social oppor ity rate of return -

of 10 percent per annum, Hence it caq,be safely conclude¢j

‘ a significant potentidl for yielding social rates of return
that are fairly competitive with returns from investments
-in” other sectors of‘the Ethiopian economy '7 ‘

Second, these projects qlso show a favorable impact

; on both foodgnain production and labor employment An

| examination of Table 7.5 reveals that the Kesem River Pro-

ject has the potential of inoreasing annual foodgrain pro-

duction by a total amount of 24 577 tons. This quantity

o "y

, that investment in. aqricultural water development does’ have Q
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| i
represents a net addition to Ethiopia S food supply/ as
'the Kesem Project area is not expected to produce food-
grainS'without the_project. The/ﬁegech River Project, on
‘the other hand: has theicapability for producing up to

22,975 tons of foodgrains annuaily (under the semi mecha—

nized operation). which compares rather favorably wi

‘tons expected to be produced annually under
‘, tices w1thout the project It is therefore eyident
investment in agricu]turai water deveiopme ¥ in Ethiopia |
ghas a definite potential for significantly increasgng food-~-u
-grain production =~
., As regards the emp]oyment generating capacity of
"these projects, the figures in Table 7.6 show that poten-
tial employment with the progects is appreCiably 1arger
‘than employment conditions without the projects More
specifical]y, ‘the Kesem Progect is expected to- provide job
opportunities for 4 499 in an area that does not. supaort‘/
% more than 500 workers in its present or foreseeable gge \
" without the project. In contrast, the Megech River,Proaeét
area presently employs about 3,461 agriculturai worhers;
but this number- oan increase to about 4, 493 if improved -
practices without -the project are adopted With the pro-
ject.‘under the semi-mechénized operation: the empioyment
level would increase to 4.672 workers. The ﬁnduced emplpy- B
ment effect in the processing and marketing_sectors have

not been assessed because of lack of data, but some increase

-



g".

) |

TABLE 7.5
;

.~
EMPLOYMENT GENERATION POTERTIAL OF MEGECH
AND KESEM RIVER PROJECTS ,

—

Number of Number of
: Total Number  Unskilled Skilled
Projkcts . of Workers Workers Workers

Meqech River Project

Strategy I - Animal - :
Powered Operation 4,692 4,458 234

Strategy Il - Sem!:
/Mech?nized Operation 4,672 4,005 607

Strategy I11 - Fully :
Mechanized QOperation 1,213 . 134 1,079

,
Employment Withoutt

Megqech Project ”

Traditional Practices 3,461 3,461 T
’ ° : -

Improved Practices 4,493 4,358 135

Kesem River Prodect

Semi-Mechan{zed . .
Operation . 4,499 3.914 . 585

Note: The total number of workers required by the projects
Is estimated according to the following formula:

N oM ’ T DU TR T SRR
E: -7 3 L:Jk”; + p:, :
S LR ? Kely...08; rel,... ¥

the total number of workers required
by project k under 'strategy r after "
full development, .

-’ where: E:

L:Jk = labor requirement of the ith farm
operation, per hectare of crop j in:,
the kth project area under the rth
strategy (in number of workers per

T ' year},
G H;k = the number of hectarés allocated to
| crop g in the kth project area under
. the rth strategy after full deve-
. lopment, ' ’
P: = "the numher of adminislrative. pro-:

fessional, clerical, technical and
service personnel required by project
k.under the rth stfateqy,

N . the number of farm operations per
¢ _ crop planted, . :
M = the number of crops in the optimal
i crop mix, ' '
S . the'numbgr of projects considered,
v ® the number of strategies specified

for each project. .
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in employment can justifiably be expected in these sectors
as more labor would be required'to handle the anticipated
increase in output. These results._therefore, clearly
indicate that both projects display very interesting poten-

tials»for;rural employment generation,

In the final analysis, while it is imprudent to con-

clude on the basis of this study alone that investment in

water development is the answer.to Ethiopia's food and

1

_ unemployment problems, the facts as analyzed in this study

suggest that investment in this area promises to be a very

viable and attractive alternative From the available
0

-ev1dence. it lS clear that the twin economic problems con-

. fronting Ethiopia -- food and unemployment -~ can be success-

fully tackled through a water oriented investment policy.

Hence water development deserves closer attention from

ecogomic'planners and policy—makers ‘than it-has received

v

~in the past.

— oy

o Policy Implications of the Study ;.
\ ﬂ' o
Although one should guard against broad and, unwar-

ranted generalizatrons. there is no doubt that some interest-
Aing policy implications emerge from the present study

- Given the fact that increases in foodgrain production must

come either from increasing yiﬁlds per hectare or from

expanding cultivated area, or both, substantial advance in

either of these d{rections does not seem possible in
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\

‘ B . A
Ethiopia without sizab} ‘e s tinen i

‘water devejopment.

The present studyﬁprovides evtdence;tadmitted1y limited,
but nevertheless sufficient, to indicate that mell pﬂanned
and properly implemented agricultural water deve]opment |
schemes can marked]y increase yie]ds and enabTe expansion
of cultivated areq]in both the highland and {ow1and"reg+ons'
of Ethiopia. The study, therefore. clear]y suggests the
direction agr1cu]tura1 development po]1cy should take 1in
vEth1opia |

The~first 1mp11catton of the'present study is that |
agricultural and rurat deye}opment po]icy in Ethjopia Should
';takei ater development much more seriously than in the;past.

-

In this respect, not only should government investment

poley emphasize irrigation‘andirunall;ater supply devel
. ment but incenﬂbves andfvarioug forms'of 1nducement.shog"
he_provided4to'private.groups to conser?e,'develop, and
eff1c1ent1y manage the watersheds in which they 11ve The
p p011cy shod]d further stress/the conJuctive development
and use of ground and surface water sources whenever such .
'deve]opment ig deemed feas1b1e and)rat1ona1 .

1 The second~policy 1mp11cat1on 1nvo]ve5'the usetulness
‘and applicab111ty of the caoncept of multiple obJective <h
'planning to: the desigh and deve]opment of water resourcest‘

~

in Ethiop1a The present study'has 1lTustrated that the

1

twin obaect1ves of ' 1ncreas1ng food production and generat-
ing emp]oyment are compatib]e enough to be successfu]ly

pursued through a. single 1nvestment program. Likewise. it

e
)
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|
has shown that community water supply development can be
'satisfactori]y combined wi'th irr1gation schemes.; Consequ-
ent1y, 1t is possible that future agricu]tura] and rural
deve]opment p011c1es dn Eth1opia can benefit ;1gnif1cant1y
i from the app11cat1on of the concept of multip]e obJective
p1ann1ng The app11cation of this concept, in water prOJect |
appraisaﬂ can: he{p reduce the dup11cation of effort and '
wastage of scarce resources that may accompany proaects
‘des1gned in pursu1t of a 51ngle object1ve when the situation
lllends itself to multiple object1ve plann1ng |
The third and, final 1mp11cat10n of the study i¢ that
with proper p1anhing and investment, Ethiopia *“as the oppor;
~tunity to ‘use her water resource endowment as leading
source'of.economic growth. Ethiopia can generate economic
activity on a broad.front by putting mater to work, alonj'
_with other inputs. ;n the productlon of energy, product1on
of food inc]ud1ng crop, 11vestock and f1sher1es, preserva-
tion of w11d11fe, reforestation of barren lands; and the .
prov1s1on 'of a wide range of water services to households
'and industries. Although at present over 70 percent of
.Ethiopia s power supp]y comes from hydro -plants, the poten-
tial for the deve]opment of hydro electric energy remains

mvirtua11y untapped _ Nater development for other uses either

by private 1ntere§ts or public agencies 1s rather neg]igible.

o

‘“,Since economuc development by definition 1nvo1ves the most

efficient use -of one's natura1 human, and cultura]

vresources, Eth1op1a s economy is unlike]y to show s1gn1f1-

i
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cant growth as.long as her natural and’ human resources a “ﬁ
remain unemployed on a vast scale; ‘ k : A

,In essence; then, the tundamental policy implication
of this study is that investment in water development prdF
grams should be fostered and promoted in order to tackle
both the short term food and unemployment problems and the

Tong run economic development problems confrontinq Ethiopla

The successful development and efficient uti:. zation of
\ |
Ethiopia' s water resources, however, requ1re the existence .,

of an appropriate 1nst1tutlonal and organizatlonal set up.
To real1ze the potent1ally l@rge soc1al net benefits that
o

Eth1op1a can derive from agricultural water development it

is first necessary .to establish institutional mach1nery
ﬁthat can effect1vely plan, organ1ze, control and manage
ter resource development programs. Recogniz1ng this funda-

mental requ1rement,»an effort will be. made in the subsequ-'
~ent chapter to briefly examing the existlng 1nstitutlonal

' structure for water resource development in Ethiopia ’
Further, a proposal will be forwarded regard1ng an. organi -
zat1onal.form that will be su1table for the proper 1mple-'%

i

" ‘mentation of the prOJects suggested in this study.
T

—~ra
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CHAPTER VIII ( -
.

INSTITUTfONAL'ARRANGEMENTS"FOR WATER
. . : . l . | :
\RESOURCE»DEVELOPMENT IN'ETHIOPIA = |

v ' ‘ _ -
.\‘ ‘ ’ K N .' wd

Institutions are fundamental for any organized humaﬁ

: endeaVour\"The existence of adequate and efficiently func-.

N\
tion1ng water 1nst1tut1ons 1s part1cu1ar1y 1mportant to
the deve1opment‘%nd proper utglizat1on of a nation“‘ nater

l

resources. ‘Institutions are requ1red at var1ous ]eve1s to
cdpe w1th the many praﬂﬁems normally assoc1ated wi;h Water
contro] and management An essential funct1on of water
institut1ons 1s the re901ut1on of conf11cts among wheer

users that norma]Ty arise as the use of the resource inten-
. "‘“’l‘-'," P
A

-

sif1es and supp11es become scarcer. ‘

b In Ethiopia, the deve]opment of water 1nstifut10ns, 'lﬁg
A

part1cu1ar}y at. themlgcal 1eve1 has lagged behind the L il

1needﬁfor such 1nst1tut1ons Although a bpginning has been o

mape,m:;h more remains to be done by way of develohing
Braad
t

utional’ framework that will foste" the sﬁceess-.

n ful deVgﬂopment and efficient utilization' of £thiogga s

vast. water resources.;‘_' o ’;"-ﬁfa7</:-£"‘l”

In' this chapter, the existing watexa;nst?tﬁtﬁons ‘and
xthe degree of. their effectiveness 1n facﬁlitating the con-
trol and. management of" Ethiop1a s water resources wi11 be

reviewed, As we]l an out]1ne of the 1nst1tutt1nal‘needs
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4"make to naf1pnal‘econom1c deve]opment was not fop

’recogn1zed unt11 the early 1960 s. The foundation for,

R

j;ﬁatér InStitUtions in Ethtopia | ' |
Forma] water 1nstitutrons in Eth1ovta have a re]a-

t1ve1y short h1story The 1mportance of Water resources

o

1y

_modern water 1nst1tut1ons ln Eth1op1a was ]a1d down during

- this per1od WIth the estab]1shment of “the water Resourcesvv'

”,Department w1th1n the M1n1stry of Pub]ic WOrks i d the

creation of the,Awash Va]]ey Authority uThe Tiiter Ls an

‘autonomous pub11c agency respons1bTe gor adm1mlster1ng~the -

land Eﬁd water resources of the Awash vaer Basln
L/

A]tqugh these two agenc1es have been p1oneer nat ¢n31

: "»

organ1zat1ons in the water resources fae]d their act1v1-
6‘,\‘, -

‘ties to date have largeﬂy estr1cted to the collectlon
?

of hyHro]og1caT and c11matologlc ] data“as weJ] as the e ;a.

adm1nistration of routine dgzartmental act1v1t1e§, Their:
performance record in the area of d1rect p]annlng and deve- ‘

lopment of water resources has been very poor, However,

Ry . oy

B

'ﬁand the tontrlbutlon that systemat1c water develdggent can"_~

» T

.
M
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& Works ‘wid1-he redrganized a
SP Tndeal; secretar1at .of the toync

‘h‘%m én ‘the gevelopmentb@nd p]anhlng oF -wate
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Light and?Power AUthoritthave a]so been‘involved in deve-

10ping water resources fog var1ous uses 1nc1ud1ng power,

y
/

nav1gation, and munTc1pa1 purposes. |

Because of the %%er1app1ng nature of ‘the respons1b1-_

11ty\bor water resources development among var1ous min15d'

frfes and the*’ 5 egof resyurces enta1]ed by such over- .
1aps. the Eth ¥ Government dec1ded to estab11sh a . R
nationaI.Water R sources Council dur1ng the Th1rd f1ve- T

' T

Year Pla, ég%SB 73) The Council, was to. be an autonomous -

vy
national wat r resource agency w1th’powers to coordinate _
i LI R3S
and, contro] all act;vitjes re1§%1ng t ater resources in
»\4"’ ;.,?: "“

R T
Eth10p1aa In this connection the plankdoehment'gkates: e W

*res' rqcy
B enera] river basin surveys, feas1b111t§ éé ,',
. climato]ogical and hydrolog1c ‘data coﬂ} %1on,

- etc., a large number of govervfiiient m1n1$thﬁeswand
*r . agencies are.presently responswb]e ﬁﬂe.ct

L \

=, coordinate and integraté activities- 1n this ffe d”'

‘and “advise the’ government <on magor policy iss
of water.resounces development, ‘a a Water Réz ces

g . 7 Cotincil will be established. LThe existing Water

Resources Department in the M

»;trynof Publig -
,‘1
5

'was given powers and

"g’imong other fh1ngs, the Cou“e"f

re§?0n51b111t1es to collect data, make river bas1hrsurveys,

_ prepare feasib111ty studaes, des1gn and construct rural :

-vwater supplres, contro] water po]]ution, adm1nis’er\water

i rights. and supervise water legis]atlon, Furthermore,'the

Ny .
Council through 1ts techn1ca1 agency. was assigned the S

B ‘ E - . * ‘\ o
. . : P ) . . . .
- ‘ . : s - <
. - v - 7 -t a ")“. \‘.

R Imperial Ethiop1an Government Third Fﬁve Year \

‘
I

J - i , . - . N ) - S !
[ . . .. .
v . - i

A o Ty o
R .



,-:'¢e el, very. l1ttle Qas been done, by way of developing local
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l .! ‘ . S .
~respdnsib1lity%of designing and constructing water develop-

" Y
ment proaects at the request of other government depart-

ments. The ﬁoumcyl' thq;efore. ‘has broad power54and dutles

' Egards water resource development Jm Ethlop1a

\

Despite such o?f1c1al moves at the central governmentn
l

dnstitutions and enacting laws and regulatlons]governlngﬁ 4

o water rights. To date,ano comprehensive waterileglslation

has been con31dered in: Ethlxpia,nhepce, tradltldnal and

.‘.¢1u‘ ‘1“

,N'cu5tomary laws goVe&n the use of both surface and grOund

)

¥ yu,.

'_f

&

"

. hol¢ purposé% and l1Vesteck cd*sqution it ope

. ' \ i ,v_.ul. , ):ﬁh_‘.; y S
water e TN L «h o 1

: ”f-nally eonsldered

‘ : ’

A free\resource, and t’;b’e use of surfac)e water 70"0“‘9%
to alLQ

t_gﬁ&~.

users i‘ﬁ’he right of access “to surface £o rce% “has. als@

0‘.1 ‘;0.-

. l
bqen traditional%y gyarbnteed to all 1nd1vidu§i§ and thelr

livestdhk The u&e gf surface water for lrr1gat10n pur~ ‘ ¥
/ ‘ - -<
poses. however, is coqgonly understood to be exclu?ﬁve]to . Eﬁ

e

3 Eﬁs to be no euﬂdence

the dwners of r1par1an land Ther
to suggest t ltradihional pract1ce
&éttount the

. Tradition and comfmon Taw. %lsm govern the usﬂlof iy l_};rf

tg._.

'_dinarlly “fake 1nto’

hts of downstneam users

ground water According tolcommon pract1ce, ground watgp/
e

rlghts are restr1cted to the owners of the overlying land

. surface It 1s not clear what prgtectlon or recourse a0

\ ~

lground water user has in the event of 1nt:usions by neigh-

bouring ground water users or 1mterference by the users of.

1
1

Y
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'generally l@w level of water‘ﬂtilifhviﬁn have kEPt the = f §?g
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rupstream acquifers v Likewise, the uye of common gnound 4
ol / T ‘
j”;water pools’and common acquifers do not seem to be ,»gg \
' &

governed by any form of- law, traditional or otherwise

) -

Most ground water uses in Ethiopia are restricted

N

QVwmﬁconsumption Largely ’

~primitive %thods are. used*to’wdf ht.water ‘from shal

‘wellsdand foreholes Ground]water use for irrigation pur-’
poses is almost nonexistent, apparentlyjdue to lack of
proper technology to develop and utilize deep water wells. .

| In the past lack of comprehensive water legislation

and the absence of well defined property rights in water
‘have not created serious difficulties lt .seems that the
1 .« .

absence of significant irrigation develo ent and the i

potential conflicts among water users to a minimum But" e o

Y
as’ demands for water increase wtth agricultural and indus-

v .
)

"trialoexpansion, rhq traditional system of water alldcation

- willﬁgﬂ?oubtedly prowe tp beivery inadequate“ Already it

h]

has. come under severe strain in areas like the Middle Awash .

‘ Valley,vwhere irrigation agriculture has developed rather .

rapidly in recent years '

-

Amidst ‘this fraditional mileu, rather dramatic changes
have occurred in Ethiopiq s pofitical structure over the-- . -

last few yeaﬁs Significantly enough, all the traditional

# soqial. economic and\political institutions have been

- government. Altbough the situatjon is still ﬂn a state of f;wr'

affected “lrrﬂhe ‘way or, another by the recent change in

i v

i

Y o

JI,"f ..;:- ;f'i
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il

flux. new law#&have been decreed by ‘the ;rovisional Mill—
'tary Government ‘that fundamentally affect the qature of
- property. rights in Ethhopia According to the land reform:
law of March 19]5 all natural resources. have been

W"declared state property . Indlviduals or associations.

however.'can have use" rights to both land and water pro-,"
- |

+ vided that these resources are used for "prescribed pur-‘
’Aposes in a. prescribed mannerg"' Th1s law. therefore. places
‘ rundgr the d1rect control of the stateathe right to all-
_ a\ ,water sou es. surface and groynd It also firmly esta-
f “blishes that the- development. cdntrol and mana@ement of

I water resources rests with the state or 1ts appointed

Al

agents. The 1mpact of these changes on water development. :

vagement and utilization 1s y@? to be Wepn,
o

‘;ﬁaﬂ? Government . policvdgﬁ the ast has emphaslzed the

developmen‘t ofw%vater for hydroelect&ic purposers almost to ﬁﬂ
‘ & RN -
the tptal exclus#%n of 1rrlgation and other water uses..

A continuatlon ‘of this policy in the face of'growing needs !

in other sectors wili undoubtedly be 1rratlonal R Such a

'; - ‘policy will‘also be very de t rimer) to}agrlcultural and | ; }"
t H”' ecﬁgamic development in Ethiopls//}:here is therefore at . {5
| '"* definite need for a;vigorous and’ eomprehensive goVernment -
‘policy to develop water reﬂburces on. a‘broad front 'NAn-

\ .

‘.u_ | 1ntegral part of such a, policy. of course. should be the - | .

|- \
v 1 !
“‘*‘ : J - - $ e i S . A

ey

bl is‘lonal Miditary Administrative Council of =
MR Ethldﬁ;z’ ”g Proclamatfos Xo'P ovﬂ$7£?5r~the,Natignaliza-
- -tion ‘of Rural -Lahds. 978 ECNT T
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v_study calls for a ‘specific organizational structure In

| Ztiqnal saﬁucture That canebe@t suit thegpurpose at hand

R Nevertheless. certain,consdderations seem to be vital when

M)

_meking institutional c
+. . develgpment in Ethi’&p

| | ’ \ I | . x "264

I B ~

1
i

‘encouragement and eStahlishme?t of suitable local water

institutions Such institutions shoulﬂ be supported by
a pVogressive water’ law governing the cmntrol. management

and . utilization of the nation's- watersheds

;"f : : o ' -

v

Institutionalgieguirement for Pﬁoject

-Implementation
: L]

The implementation of the projects suggestgﬂw n ghis -

1

the absence df local experieﬁte with.yater institutions in »"

Ethiopia. it: cer ainly is not eaﬁ? to prescrdbe anuinstitu- L

<.

'”es suitable for ﬁocal watershed -
] . ):. . :‘. . e .
ﬂ' x '
The first and perhaps most i roant consideration

is the degree of gra&sroots or popular participition in the-f;
institutionFl machinery.' If the institution is’ to be vi»_

able and efWective. the full and complete ihvolvement of

|

lpating farmers in the institutional process must."-

the partici
be ensured Hithout effectige popular participation in tWe
decisipngggking process. the successful achievement of. the ,n
" projects' objectives can be in Jeopardy B Second the ,
institutionLl structure must not be complex and cumbersome.-.“l
n' theocontrary. it should be streamlined. simple. diréct.ikw
and effaiegie ty Overall, it mus’tMn Anstitution which o
: g . R o

[

-‘ . M . ve . M 1'r( o ! .,.v‘
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the participant can comprehend and call his own. This is/

essential because unless«the participating farmers feel
they Pre part of ‘the institution. it will be difficult to
maintain their enthusiasm and interest in/the success of

the institution

v

l@"' One form of%organizational structure that can meet

(X2 4 ‘
- the above requirements;is ai cooperative assbciation of the

participating farmers. Experiehce elsewhere in the world '

|
seemdﬂlo indicate that c%pperative associations are flexible

4 institutions that g be adaptéd tg:a wide range f local

& ¢
situationSt Although experience withrfﬁimers' booperatives “

s still limited fn Ethiopia. they'are recommenHed in‘the
+, “3. N .‘ . ‘_'_
‘“pcontext because they sh0w a. pgtentiaJ to be viable

QeQéf\)*“

,3an*be ins‘ﬁymentai infiringing about an integrated

: pproach betyeen agﬁiculbural development and water manag&

1‘;

ment. Significgntly, the USeeof farmers coéperatives as

: institutional vehicles for spcial and economic change is

kS \ -~

&

being propobnded by thelpresemt Ethiopian government

. le biggest dl‘awbac‘k to. the succesﬁsful operstion o?‘
mbdern cooperatives in Ethiopia is the lack of experienced
membership that fully‘komprehenQQ how cooperative organiza- a‘

tions functiod Undoubtedlyi the success of the coopera-

"tive as an effective local institution depends on the abi-'

lity of the members to work together toward a common goal

'A\though this cOndition may not be satisfied initially. an’

effective educational campaign should alleviate this pro-

Ulem in a relatively short period of timd Despite this _
I . | A e



o . . ) . . _.-. \ \ ,...':‘
- ‘ . ‘ N B Lo
2 - o . B o 266
SR L ‘ - ‘ - - .

. ’ ' P . . .
rag i ~ o ‘ | .
¢ Tan . T, ) ) r - R

;5‘ , o
g r;ﬁ” drawback. which inc1dentally may, Lapply equa?ly to other *k«

N e
L SR d
§ o (! “”Mvmilar local water institut@ns buc’h as pubHC water

".
- . e,

° ”districts and local.rater users associations;scoopesative o

yassoCiations do hivepgonsiderable merit as a democratic

ggf grassroots organization. o o e
o .. It should be emphasized, however, that as in otmﬁr"
FTS\\\; ““human endeavours,/efficient management is crucial forvthe"

B success of the organization For this-reasOn. a well'
qualified mgnager with sufficient experienpe and prbven-
'l”ability should be responsiﬁle fdr managing .the cooperative '
.’;iflt is important to stre;s sthat ‘the manager should not only
.possess technical skills in directing and controlling large-v
scale irrigation agriculture. bUt he\should also be able

)

to motiyate and stimuliﬁgﬁéhe participating farmers and
§ /
: egree of achievement

‘ project employees to'

Voo

It is further sug‘ #ed that the manager should have :

. ¢ .
a team af. experts in the various technical specialities.;f

' S 2
Ihese experts would be 1n charge of the various technical
. /‘

{ o divisions and would assist the manager in their area of
competence lhe following specialities should be repre-4
vsented in the operation of the prdggged cooperative a;socia-'

tion. - . . - "i 7"“, R
. S wd, ~26.'1-

i] L '\ 1, Agricultural Economis?

’- . Ag . 5 | o i o 2 .
DR e : . L 3N
3. \Building Technolgist \ ! _ X

2 ‘ﬁbmlsta“ _'3' V.
3
{ 4.‘.Education Specialist
S:V'Farm Power Specialist. e v“:’ o "
. - T e e

+
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§

6. Health and Sanitation Specialist,

AR

7. Home Economist.

8. Irrigation Engineer'

»

K\—Figure 8.1 shows a suggested brganizationa] chart and -

]ine of responsibi]ity. o f‘ ‘ \ -
In conclusion, the systematic development and effi-

" . ' ' o ‘
cient utilization of Ethiopia's~m€!er-resources requires

the existence of appropriate water institutions Unfortun-

S

ately. development of water institutions in Ethiopia, SR B

T o

v

particulariy at the local ievel has Jagged far behind the o

—~ need. In recent years steps, have been taken to’ estab]ish

¢

a nationai water ‘agency. ‘However, lack*of & comprehensive'

~water law and the absence q& a network of local water

¢
. organizations that can give life and. substance to national

V

water po]ic1es continue to retard the rationa@ expioitation

\ . , .
N % '

j7§¢ In the past Ethiopia heavily relied on tradition and

custom to a]iocate water among various uses and to reso]ve
ifconfiicts among users. This system obviousiy is inadedu:

ate and i]l equipped t0 serve the éomp 2 X deveiopment needs

of Ethiopia It will undoubtediy be serious]y strained as

the demand for wjﬁer expands and competition among varidus _,

uses becomes increasingly keen '~Need1ess to say. the poten-‘

tial contribution water can make to agricultura] growth and

_ improvement of social weifare in Ethiopia criticaliy depends

on the existence ~of - effective national and iocal water .

institutfbns ( . :f '." e ,E \

. . R S
' . T . . . . e 0T o -
' . LT N . q_‘ : ’ . s . 7:
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: ;.MARY,xCONCtUSION AND RECOMMENDAJIONS

>

\

The provision of adequate food suppliesvand produc-

tive empldyment for the expanding'population represent the'

most press1ng and challenging economic problems confront-

tgg Ethiop1a today The food problem in Ethiop1a has been
longstand1ng and is certain to linger 1nto the future un-

Sy

less drast1c measures are taken to substant1a11y increase .

food product1on ‘An ana]ysis of the demand and SUpp1y of

food in the present study indicates that over bhe next

. over the same peniod 1# expe ;

i
G

decade, demand for food 1n Eth1op1a will +U§E§ase at an

annuaI rate of about 4.2 percent wh11e foo&ﬂbroduction

“d to grow-gﬁﬁﬁna,meagerq'

N _itfi.‘"

‘5) ] A
annua] rate of around Ospercent. waen t ;lny
between these two growth rates, Ethiopia's’ annu-l'fooq-

\ 5
grain shortfa]] over, the ‘next decade will’ be in excess of

157, 000 tonsﬁ“ The unemp]oyment prob]em is na less ere.

Although offiC1a1 unemp]oyment figures are unava11a 1e.

it 1s a matter of. common knowleage that botﬁlunemployment

“ and. underemp1oyment abod@d in Ethiopia. .Recognizing the, /

magnitudg;and 1mp11cat10n of these problems. the present

study has)advanced and carefully analyzed a propositfon

for tacang theM.

\ o

A#ter d1scuss1ng the na;ure and magnitﬂde of
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-Ethiopia s. food and unemployment problems, tracing their

rture, particularly agro climatic diversity, was revieWed .

‘in some detail The water resource po(%htial of the coun-’ ;

.

Ha

far- reaching c0nsequences and analyzing their implication

e

for Ethiopia s future economic and social development

_ public investment in agricultural water development was

proposed as a vehicle for expanding food production and

' generating employment. -The viability of this proposal was

investigated both theoretieally and empirically ‘Neo-

‘classical theory of production and public investment theory

provided the theoretical underpinning of the study The
empirical techniques ‘of recursive programming and benefit-

cost analysis were employed in conduqting the detailed /

;- AR

empirical analysis

‘ g
In. the study, the resource base oé{fthiopien agricul- N

@

N £

"=try was al?o carefully examined Nhile the potential for

¥,

"irrigation development and the eXpansion of other usi} Qf d\

\

: water appears to be considerable, the avaflable informationx T

N’a_(

‘1tndicates that this potential for the most ﬁart,‘redadns

untapped. Of the presently known 640 000 hectares of\irri-_\
gable land, only about 60 000 heﬁtares have been developed

l?‘:
In order to analy&e the economic feasibility and evaluate ':;ti‘

the potential impact~on food production and rural employ-

: ment of. developing these resources. two study areas, each

A

_representing one of the maJor agro climatic regions of the |

. .

"country, were sélectéd _{fgeb L _\l]:l”;“

‘The Megech Rive&\area,-in the ‘Abay River-Basin,,was';;gg,l
. Sy . \ “:v‘ " L ‘ \_-/, /\ i -
R - S '\\ R ‘l R o ’ . S . \”'/'
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. P
selected to represent the highland rebions of Ethiopia L

poz?

L This study area covers about 5, 890 hectares of irrigable
land and the proposed deveJopment was planned to be phased
in over a ten year period with approximately lO percent . ,
1 of the land beind developed each year The ihitial capital
requirement of the project was estimated at E $2 1 mil1ion
o (1970 dollars); with £ $1.4 million being required ahnu-
ally over the ten year period foraexpan51on of the irriga-‘

. .
N * I

) tion infrastructure _ e
S .

Under its most. desxr 1e alternative, the Megech
ﬁa h?@;ect yiefﬁs an internal rate ofereturn of l7 percent
"“oger—a 40 year planntng horizon Annual revenues will

R ffﬂ : fﬁf%h"al total annual outlays ?ﬁ e.y annual projeo: ‘®ost *"_ :
' -associated cost) during the Slxth year after which the N

[ BN . \’ . v,
' roject reven%es will exceed total annual costs. '

has a pa -off meriod of l4 yﬁfrs However, operating Q
re%enue exc§§ds operatingsCOGt right from the very‘first
L l;
’ year. The project would require up to E $965 000 wor;h

(4 \

‘.:'of imported gbodx\a:naally | If foreign exchange earnings
.‘;cannot be: diyerted p the project from other sectors.vupf

bt i~£v%¥°,22 percent’ of th&’gross output of ‘the project wfll hav%(‘f
tx;.,‘ ., . to be exported to raise ‘the required foreign exchange

b After full development. the Megech Project can pro__w f*“n

duce an estimated 22 Q75 tons of foodgrain annually, which

.

- is roughly B two- fold increase over the expected leveJ of
RN
production under improved practices without thevproject

. - . - (
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The direct emp]oyment effect of. the Megech Project is

estimated at 4,672 workers as compared to 4 493 under
improved practices without. the project Y b

1~ The second study area seiected was the Kesem River

I~

3
area ]ocated in the semiTarid plains of the Middle Awash

,Valley The progect area covers 5 650 hectares of . irrigw

ab]e land and, Nike: the Megech proJect the deweiopment

program 1s expected to be phased in over a ten year period

. ‘ .
‘ Approximateiy 10 percent of the land is pl ﬁ/Ed to ‘be deve-

. years . "_ : V‘" . . “’f‘\. v.!.. : = ,» . . . 3 f“/ .

: p,ro.)ec«t_,is esyt?ﬁted at E $2.4 mi]lion A;ou

:wp to 35 pgrcent of the?
‘have to be exported up’

Vbe ddverted go the prOJect from dther accounts

| ;#Foject, at a discount rat

nt for thisve
E$10

loped annuai]y The’ initia].capitai requi :

g miilion in cap aﬁ outiay would be required anually during
. =
5%% Apprbximateiy E $1 8°

the ten year an51on period

‘.miliioﬂ worth of imported goods wpuld be required annua]]y ,

to ‘operate the prOJect To pay for this 1evel of imports.x

ross output ofethe projeci may .
ess foreign exchange earhings;can~i¥
: e

Lo

’” z

K

Analysis o?\¢he rate of return shows tha¢ the ﬁesem

'PrOJect has ‘an jnternal rate of'return of 27 percent ovex

“e

Jfa 40 year period and total annuaf outlays wo_ld equa1 to 1?'

J

project revenue in five years The pay-bf' per od fqr the
lle

e of lo'percent ,%ouid be
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'tons pf foodgrain to the nation's food supply annually.
It also has the petential to generate direct emnloyment for
approximately 4{499‘persons{ In addition, both projects
have a wide range of'positime net indirect or secondary ;
effects whith manifest themselves through }nter—industry
linkages,°reinvestment'of proffts and general improvement
of social welfar® on a broad front.

In conc]u51on, therefore, 1t should be stated that

both progects are, econom1ca11y ctive and they both

K

demonstrate conside € potential for making significant

contributions toward the solution'of the food and.employ4
ment‘prob]ems in Eth opfa In particular, the study has
brought to the forefront the potentially important role
public 1nvestment P licy can p]ay in st1mu1at1ng agr1cu1-

tural deve1opment n Eth1op1a While the need for further,

‘more intensive, studies in the econom1cs of water develop-
ment in Ethiopia should be stressed, this study has c]ear]y
pointed out the opportunities available‘to Ethiopia to
significantly expand foodgrain product1pn and st1mu1ate
rural development through the careful pﬁannrng and eff1-
cfent 1mp1ementat1on of agr1cu1tura] water supply deve]op-

ment schemes The social cost of cont1nued neglect of

such opportun1t1es is 1nca]cu1ab1e

s Recommendations -
- : - Y
In view of the results of the study and the policy

-

Pisd
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-

implications-discussed in Chapter VII, the following
recommendat1ons appear worthy of serious consideration

by the Eth1op1an government : . - -

1. The Ethiopian government should take approprtate
measures t§ ensure that agrtcuPtUra1'water development .
constitutes anttntegral'part of Ethiopia's agr1tu1turaJ
k‘deve]opment strategy. The national deve]opment plans should -
reflect this commitment and adequate inyeotmert ‘wnds‘snoold
be made. available to‘implement the.polfcy.

2. Tne Ethiopian government shouldubive4seriou§'
consideration to the establishment of a Department of
Irr1gat1on ana\Rura] Water Supply within the Ministry of

\

’Agr1cu1ture This dEpartment shou]d Fave the means, powers, °

[}

and responsib111t1es_to promote, coordinate, and control Lo
water development for agricuTtural purposes, inc]uding
irrigation rural househo]d and 11vestock water supp]y
Among the Spec1f1c respon51b111t1es of th1s department
should be the direct undertak1ng of lntegrated water: deve-
1opment programs as well as the 3rov1s1on of adv1ce and
technical assistance to rural households and local se]f—
he]p groups. The absence such a department within the
M1n1stry of Agr1cu1ture s been an 1nst1tut1onaT defici- ;
ency and may have accoun;ed at least in part for
Ethiopia's. fa11ure to recogn1ze and ava11 hkrself of

13

opportunities for 1rrlgat10n deve]opment provided by her

‘water resource endowment.
3. 1In order'to test. the.practicaNty and workabi-

3
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4
_itty of the public water development prodrams,stggested
in this study, it is recommended that pilot projecfs'be
estab11shed in each of the progect areas studied. The
p1lot prOJects shduld be so des1gn%d as to allow full

\

deve]opment if found workable
~ A < \

Limitations of the Study

g

. ‘,t.
Aside from the limitations 1nherent in the assumﬁt1ons

\on wh1ch the analytical techniques are based, two major
limitations characterize this study. The first limitation
-15 the quallty and re]iability of the data used in the

" study._ Although every effort pis been made to ver1fy tﬁ@
validity and consistency of the data by comparing and re-
check1ng with-different 1ndependent sources, the qua11ty

of the data st11101eaves a”lot to be desired. In seyeral;
1nstances, unexp1a1nab1e anoma11es have been encountered
among s1m11ar data obta1ned from d1ffe‘ent sources How?
ever, in view of " the general paucity of data in Eth10p1a,
this ltmita:1on was neither unexpected nor is .it con&idered
particula‘ly un1que to this study.

‘ The second;]1m1tat1on arises from«the possibility
that the two, study areas selected for this inquiry may not
represent, as cfosely as assumed hene the broad'range of g

physical and c]imatic cond1t1ons of Eth1dpia Obviously;,

~._ for a country as large.as Eth1op]a, with its-varied eco-

."system, a much larger number of areas rebres ing the ™’
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different micro-climates and water resource systems must

t

s W ca . ) .
be studied before universally valid generalizations can ’

be made regardihg\the social net benefits that would accrue

from a nation- w1de§Program of water devehppment

_ What these 11m1tat1ons mean,.of course, is that the °
results of th}s study should be 1nterpreted very carefu]ly

-and caut1ously These,11m1tat1ons notw1thstand1ng, the

’ t

study has clearly indicated the djrection which futUre qgriflw
cultural deve]opment feéearch and pub]ic.ihvpgtment policy,

should take 1in Ethiopia. | T
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Physical and Economic §etting of the‘Study _— i"} v

‘ J
, The origin of the problem considered in this study

;lies in the natural resource endowment of Ethiopia and the
: I
b economic superstructure which has resulted from this endow-

-

-~

‘ment An understanding of the physi

ing of the probiem is, thereforé,
the problem in its psoper persp.ctive The purpose of this

1 and economicwsett-‘

ssential in order to put

appendix is to provide a brief discussion of the hysiqal
and econoiic basis of the prob]iﬁ‘so {hat its~nature and.-

magnitude can be properTy understood !

v !
. . \

- S Phy®ical Setting -

q
Ethiopia is a iand~of great'physical diversity Nith~

in its borders, Ethiopia includes ‘areas that range from

~

.sea level. coastal p]ains to alpine peaks reaphing approxieu
mately 4, 500 meters above sea leve] (Figdre A i) he hfi
..direct result of- this great Variation in a]titude is a/very
wide diverSity in climate Consequently, one finds a Wideiy\\-)

~divergent microclimate within re]ative]y short distances

~}hese variations in ciimate in turn greatly influence both
#Z/ human settiement and ag(liulturai practices (Figure A.2).
) Notw1thstanding these.broad variations Vn e]evation, ciimate
‘ and agricu]tural practices. Ethippia may be conveniently
divided ihto two major ‘agro- clim;\ic/re“ions -~ the high-=
Tands uhich include areas lyjmg above 1,800 meters and the
}lowlandS-which ihciude'areﬁé}Tying beloy this elevation.

I

i
r
!
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The Ethiopian high]énds stand out as the most promin-

‘ent ~agro-climatic region in the country. Divided if%ﬂ-4h§~

eastern and‘western plateaus by the great East Afripan Rift
Valley, the Ethiopién highlands are the'home of.the majority
of thebEthfopian people and the source of ﬁhe.bulk ofvthe
nation's agricu}tura1 odtput. In‘generé1, the highlands
have moderate daily temperatures throughout the year, aQer—
aging.about 18°C; and receive an average annual rainfall of

' ¥
about 1,400 mm.] About 75 percent of the rainfall, however,

-occurs in.a four month (June-September) period. The high-

“Yands experience rather pronounced dry and wet seasons,

with the dry season Tasting roughly six'to eight months.
Relatively fertile and productive soils prevail over
the high]ahds, although erosion isla very serious problem.
Mixed agriculture prevails throughout. the highT#nds, with
livestock §Upp1emeﬁting crop production. Dry]aﬁd farmiﬁg

characterizes the agricultural pfoduction system. While

. - . N . {
temperature conditions in the highlands are generally suit-

'University‘Press,‘1958).

able for the cultivation of crops throughout the year, lack

of pre.izitation 11mits,ciop'pr0du¢tion to pn]y,ohe major

—

harvesf-é.year. 3he'provision of supp]emenfal irrigation,

! For a detailed discussion . on Ethiopia's climate,
topography, and physical relief see Mesfin Wolde Mariam,
An Atlas of Ethiopia (Asmara, Ethiopia: II Poligrafico,
Priv., Ttd., T970); Assefa Bequele and Estatu Chole, A Pro-
file of the Ethiopian Economy (Nairobi: Oxford University

Press, T1969); F.J. Simoons, Northwest Ethiopia: Peoples

and Economy (Madison: Wisconsin University Press, 1960); :

and Ernest W. Luther, Ethiopia Today (Stanford: Stanford

1

).
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| .
thenefore, cou]& make two harvests per yeaf possine in
many parts of thelﬁighlandsﬁ
The lowlands constifute the E cond major agro-climatic
. region of Eth{opia. 'Theybare basitally vast Semjtarid scru
lTands that form the outside periphery of Ethiopfa;s land
mags. Thgy are generally characterized by hth daily

temperatures, the annual average fémperature bqjhg in the

range of 28°C - 30°C. As a rule, they'experigmce very low
‘rainfall, generally less than 400 mm per year, and the rain-
fall ié usu;11y‘unre1iab1e.: The moiSture‘dgficiency of_
these areas is fyrther exacerbated by_rathéthigh rdtes of
evdpotranSpiratién_§teﬁming from the'intehse solar radiqtion.
In direct contrast to the higHL@nds,'the Towlands
of Ethiopia are Sparse1y‘popu]ated. Since they are largely
inhabited by ndmadic pastoralists, ]ivestoék Qgising-dbp-.
stitutes the main form of eéonomic'activity. Although rela-
tively good alluvial soils preVail.in.many parts of the
IOWiands,’Crop broductiqn»is high1y~risky 0win§ to moisture
deficiency. 'According]y, if this Qast area, estimated by :
some fo be about 60'perc§qt of\Ethiopii'seland area,]bis
to be utilized for crop p}oductidn, water deve1opmen;,wi11
be abso]ute]y/essehtial. |
‘Ethiopia's overa]]lphysiéal enVironment“tan'Qenerallyl
be said to be chara;terized by wfdéspread watef»scarcity.

In mahy regions, not only is water development essential

1

Mesfin Wolde Mariam, An Atlas of Ethiopia, p. 12.
= - , -
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for expansion of crop product{on, it is also ' vital for the
improvement. of livestock performange._ Likew%se, the better-
ment of living conditfons,ih generalbcritically‘depend on
the adequacy of deVe]oped water supplies. In the finai
Lanelysis, then, the kiné of response Ethiopia makes to the.
challenges posed by the scarcity of water seems to be one of

‘the key factors determining the sdccess or failure of her

struggle for economic and social development.

A
k]

Economic.Setting~

+ A characterfstic feature of'the(éthiopién economy is‘
its heavy dependence on trad1t1ona] agr1cu1ture Although
recent years have witnessed the emergence of the modern -
sector, peasant, agr1cu1tura] product1on sti]] forms by far
the largest sector of economic activity in the country. N

'Eth1op1a s Gross Domestic Produtt (GDP) at constant
‘factor cost of 196]] rose from E $2,323.3 m1]11on2 in,1961
to E $3,450.6 million in 1970 thus reg1ster1ng an avérage

annual growth rate of 4.0 percent over'the ten year perijod

! According to the Eth1op1an Central Stat1st1ca1
0ff1ce, Gross Domestic Product at factor ¢ost is le€s than .
6ross Domestic Product at market prices by the amount equal
to the difference between -indirect taxes and subsidies.
Imperial Ethiopian Government, Central Statistical Office,
Ethiopian Statistical Abstract (Addis Ababa: C $.0., 1972),

p. 117. | o : o ‘ .0

1

: E‘$1 = U.S. SO 40 in 1970 exchange rate. It should
be noted that the U.S. dollar has since been- -devalued. and
the exchange rate in 1976 was E $] 00 = U.S. $0.50.

f
o
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(Table A.1). Agricultural GDP increased at an average
annual rate of 2.0 percent, from E $1,504.5 million to
E $1,833.3 mil]ion over the'same per1bd.y Although the
‘major'share of the GDP sti11 originates from agriculture,
the annual share of agr1cu]ture in the GDP steadlly
.dec]1ned from 64.8 percent in 1961 to 53. ] percent 1n 1970,
suggest1ng the emergence of a structura] shift in the
economy Despite the decline in the share of agr1cu1ture
in the GDP, employment in agr1cu1ture rema1ned relatively
unchanged at around 88 percent of the active labor force .
(Tab]e A.2). During the same period, pek.capite(income
showed an average'annua1bgrowth rate cf 6n1y 2.1‘percent:
up from E $110.6 in 19671 to é.$136.2'in 1970. This modest
nate of growth in pef captta income is largely‘; result of
Tow prcductiVity_in agriculture. | _

In sharp rcontrast to the\agricultural sector,'the:

'non—agricu1tura] sectors showed a steadily increasin

growth rates that were significantly higher than’the’rate
of agricu]tqra}igrowth during the 1960‘5 (Tab]e A.1). The
induhtrial sector, consjsting of mining and quanr&ing, manu-
facturing, handicrafts, constrUCtion, and electricity,
registered an average annual growth rate of 6.6 percent

and- fncreased 1ts share in the GDP from 12.3 percent in
.1961 to 15.8 percent in 1970. The who]esa]e and retail
trade. sector had an annual average growth rate of 7.8 per-

cent and 1ncreased 1ts re]at1ve share in the GDP from 6.0
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~Vpercent in 1961 to 8.6 percent in 1970. This was reoeatedi
.by . the transport and commun1cat10n sector, which EhoWed’aﬁAD
average annual growth rate,of 10.2 percent and 1ncreased
its contrfbution toqthe.GDP‘fron 3.0 percent'tct5.4‘percent
at the end ofAthe decade. The service industries, such -as
banking, insUranceﬂano real estate, public administration,“
health, education, etc .'had a growth rate of 6.2 peréent
and also 1ncreased their relative. share 1n the GDP fron/13 9
percent in 1961 to 17.1 percent 1n 1970 l
Although these growth rates are impressiVe; ft'shOL
be mentioned that‘these'sectors started‘from a very ‘low
~initial base; hence, even a sma]i'absolute change would
result in a re]atiue]y ]aroe percentage change{n But the
figures forcefully bring out two fundamental pofnts that
have far reaching 1mp11cat1ons for future 1nvestment p]ann-
ing in Ethiop1a B
First, despﬁte their rauid growth rates, the non-
agricultural sectors havé,not-generatedfeufficjent‘empﬁoy-
ment oppOrtunities to percentibly reduce the size of the
agricultural labor force, Hence, present]y the country
finds: 1tse1f 1n a 51tuation where an\33t1mated 88 percent
of the active: labor “force is still engaged in Tow producti-
vity agrlculture wh1ch produces only about 53 ‘percent of |
the Gross Domest1c Product Both the output/]abor ratio
and the capita]/]abor ratio in agr1cu1ture are much lower

than the correspond1ng values for the non- agricultura] sec-

tors. This anoma]]y. of course, is a direct result of
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government investment po]icy which negiected agriculture
N
in favour of the non- agricultural sectors Agricuitural

investment in Ethiopia between 1961 and 1965 was estimated
at about 0.5 percent] of the GDP, and only 11.58 ,percent
of the total .gross pianned investment in the "Third Five‘

Year Pian (1968-1973) was allocated for -agriculture and |

a]ited activities 2 Furthermore, gompared to other deve]op-

o

ing countries in Africa, Latin America, and Asia. Ethiopia

ranks among the lowest in térms of total agricu]tural

expenditure as a percent of total bud‘geted,expenditures‘.3

" The effect of this policy has been toikeep labor and land
“productivity in agriculture very low, while producing only

marginal results in terms of employment generation outside

-

agricoiture, _ _
- Secondly, the rapid rates“ofrgrpwth in the industrial
and service sectors have not led to high growth rates in
per capita income} This result seems to reipigrce the
widéfy‘heid vieW'that in a‘deveiooing country 1ike Ethiopia,'

T

! E.F. Szezepanik, "The Size and Efficiency of Agri-

‘cultural Investmentﬁgn Selected Countries," Monthly Bulletin
0

aof Agricultural Eco mics and Statistics, Vol. T8 (December,

1969)’ p 2 T

2 Imperia] Ethiopian Government Third Five Year Deve-

"lopment Plan, 1968 1973 (Addis Ababa: Berhanena Selam Press,- -

T9687, p. 59.. , , LT T,

3. Robinson. and Mammo Bahta, An Agricu]turai
Credit Program for Ethiopia, Report No. 9 (Menlo Park,= '

California: '§tanford’Research Institute, danuaryr 1969),
p. 4%, .

L
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siﬂnificant improvement in per capita income cannot be
realized, even in the face‘of.rapid growth in the non-
agricu]tural sectors, untdlvthe productivity of the-agr1-
cultural labor force is sign1f1cant]y increased and the‘“
rate of\popu1at10n growth is s]owed down.

Hith1nfthe Ethiopjan agricu]tura] sect;?r crop and d
Tivestock production account for the largest share of the
output whife foresgfy, nunt}ng and fishing as a group play
only a minor role. In 1970, about 94.5 percent of the agrdF
cultural production consisted of crop,and‘11vestock output;
The rest was made up of forestry (5.2 percent), hunting |
© (0.1 percent), and fishing (0.2 percent) (Table A. 1) Hunt-
ing has 1ncreas1ngly become a very negligible activ1ty, |
'while forestry and f1sh1ng have shown only sl1ght improve-
ments over the ‘past decade. The value of crop and livestock
output, on the other hand, increesed at an annua]Naverage
rate of 1.9 percent, up'from E $1,434.4 mf]]ion in 1961 to
E_$1,732.3 million in 1970. Nevertneless, the'reIative
share of crop and liyvestock output in the'éDP declined from
‘61 8 percent .in 1961 to 50.2 percent in 1970 (Table A.1).
| Present]y, the crop and Tivestock sectors are the
major sources of livelihood for a significant proportion
oflthe population,. It'is estimated that close to 90 percent
of the popudation still lives in the rural areas and is
be]ieved to be d1rect]y or 1nd1rect1y dependent on the 1and

Judg1ng by the past performance of the Eth1op1an

economy, the employmeﬁ% structure is unlikely to changel
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significantly in the foreseeable future. }he agricultural
seétor, therefore, must continue to‘provide,employmen£ anpd
the means of livelihood for 1ncrering numbers of people in
the 1980's and 1990's. This, however, isvnof to Say'that

the labor force is fully emp]oyéd now Although official

- ] .

ungmployment figures are unavai]ab]é, it is widefy believed;
; that signﬁficant'unemp]oyment and(underemployment exist in
~ the rural areas. It has been suggested thét the raée of
urban unemp]oymentomay be as higﬁ 35‘15-20 pertent.] The
unemployment probiem can be expectéﬁ‘to Qorsen as the popu-_
lation continues to surge upwards at the estimagzd rate df
2.5 percent? in the 1970's and 1980's. The fact that the
population i§ disproportionafely‘distribu}ed between urbaﬁ
and rural éréésﬂmeans fhat most of the popu]ation'pr¢§sure
will be felt in the Pu;al areas, although the towns will not
be spared the onslaught as Scarcify-ofyopportunities in i\ﬂ
rural areas forces mass migfat?bn\te\thé cities. The‘u}ban‘t
Pbpulation isjéurrently expanding.at an\apnua1 rate of

about 6.6 percent, of which 4 percent  is beiieyed to be 4“§,

Y - . S

~ N

s

} Edwin! Cohn and Jdohn Eriksson, "Employment and - .
Income Distribution,” War on Hunger, A Report of the Agency.
for International Development {Washington, D.C.: USAID, N
July, 1973}, p7 T12. For a broader discussion 6f the un- -
employment- problem in Ethiopia, see Yilma Teklemariam,
"Issues in Labor Unemployment and Migration in Ethjopia"
(University of Alberta, Department of Agricultural Economics,
Edmonton, 1973). (Typewritten.) =~ | '

1
i

1 | e . '
_ 2’Imper‘i—a] Ethiopian Government, |Central Statistical
Office, Ethiopia: Statistical Abstract |(Addis Ababa: :CSO,
1972), p. . 20. . T T
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L Giren”theSe salient

to net.1mmigrat10n’from“rUralzareas
facts, 1t is qu1te c]ear that in the foreseeab]e future
only rapid expansion in rural development can prov1de
re11ef to- the massive unemployment prob]em in Ethiopia

-Fhe contr1but1on of the agricultura] sector to the
Eth10p1an economy, however, is far more pervasive than
simply the provision of a means of 11ve1ihood for the great
majority of the‘population Farm commod1t1es account for
over 95 percent of Ethiop1a s exports, w1th coffee alone
accounting for about 60 percent of the foreign .exchange -

earnings (Tab]e A.3). The implication of this state of Y
' BN

.. affairs in ;erms of Ethjopia's need for increasing amounts

of foreign exchange to pay for'much needed capita]‘and fuel
1mpopts is 1ndeed far reach1ng Consequent]y, the need to
diversjfy and expand exports is very urgent for Ethiop1a

The agricultural sector also plays a'V1ta1 role in
prov1d1ng the raw mater1a1 base for most of Eth1op1a s manu-
fecturing industry. As s to be expected, firms dependent

on a wide range of agr1cu1tura] raw mater1a1s constitute a

¢major prbport1on of the manufacturlng 1ndustry in Ethiopia

In 1970 for 1nstance. about 75 9 percent of the gross

value of product1on in the manufactur1ng sector originated

in agriculturally based industnies.z' During the same-year,

Ibid.

2 Imper1a1 Ethiopian Government Central ‘Statistical

| Office, Ethiopja: Statistical Abstract, 1972, pp. 56.57.

a

.
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these industries empJoyed 79.2 percent of the industrial
labor force.] The future Sxpansion o% theee industries
and the estab11shment of similar new ‘industries will
undouoteo]y require expanded«and jncreased farm output
. to provide the‘necessary raw materials.
The who]esa]e‘and retail trade sector is also depend-.
* ent on the performance of the agricultural sector. In as
‘much as a\large proportion of the goods that flow through
the trade sector are farm commod1t1es, the ruture _expansion
of th1s sector is also c]ose]y t1ed to the growth of agri-
;cu]tura] outpuo. The deve]opment of low cost transporta:
tion and an efficient marketing system can\contribute to
.-',the growth of tﬁe wholesale and retail trade. . But without
substantial increases in agriculture] output, and consequ-v
ent]y, marketable surplus, the who]esa]e and retail trade
sector in Eth1op1a cannot prov1dezthe potent1a11y h1gh Tevel

of employment and income that it is capab]e of providing.
. ’

The single most ymportant contribution of Eth1op1an

» agricu]ture'}o oational welfare, however,lis the provision

i of doq@;tic rqod §upp1y. The prorision'of foodstuffs, for
home consumption “forms the primary basfs*of agricu1tJrel
production in Ethibpia. 'For the most port it is fami]y

consumpt1on needs .rather than prof1t max1m1zat1on that f

- ST

mot1yates the large maJor1ty of 1nd1v1dua1 farm operators

\\‘\~—fﬁ/Eth1op1a Therefore, in mo§t qases, only surplus quanti-
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3.

ties over and above individual fam1]y needs are traded in
order to acquire other items not produced on the family |
farm. The marketable portion of the output is a relatively
small percentage of th: otal output -- perhaps not exceed-
ihg 20 percent. .

The 'domestic production of adequate food supplies,
of course, isrof crucial importance to‘Ethiopia.! Since
scarcity of foreign exchange severely limits Ethiopia's
capacity to augment her domestic tood supply through sub-
stantial imports from abroad, practically all of the
national food consumption re%uirements must be produced
at home. | Eth1op1an agr1cu1ture, therefore, has ‘the burden-
some task of adequately feed1ng a rapidly expand1ng popula-
t1on. Unfortunate]y, as events 1n recent years have shown,
this task has proven to be exceedingly difficult.

)ﬁ As has been pointed out, the performance of Eth1op1an»
agr1cu]ture in the 1960's was d1sappo1nt1ng A]though agri-
| cultura] output as a whole increased at an average annual
rate of 2.0 percent between 1961 and’ 1970, the crop and
livestock sector, which constitutes a]moqt the entire souroe
of food supp]y. had an average annual growth rate of 1.9 |
percent, a rate identical. with that of popu]at1on growth
for the same per1od Therefore, food product1on barely

kept up with popu]at1on growth. |
Per capita food output increased s]ight]y between
1964 and 1971 (Table A.4).- Per capita'production of ca]oriesﬁ

and proteins increased,by approximately 3 oercent between
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1964 and 1971, an increase of less than 0.4 percent per
‘year. Howéver, this does not mean that actual calorie and .
Aprotein.intake increased by even that meagre amount. _The
index shown in Table A.4 is calculated on the basis of
gross figures, go itAjs possible that the level of nutrif
tional intake Tay actually hévevdeclined if .allowances were
made for net exports, seed, feed, waste, and industrial
.uses; Since in‘reéent years the increase in agricultural
output was obtained primarily by expanding the cultivated
areéhrather than bykincreasingAyield per,hecgare, which
means that the share of,6utpqt allocated for seed must have
increased, énd since.induspria]’act{vity as Qe]i_as exports
have sh%wn sharp:increases, it see&s reasonable -to specu-
late that actual nutritibna] fntake may have declined.'
| The conclusion that nutritional intake in thiopfa

may have dec]ined]over the paSt'decade seems to'bg supporfed.
by the results of varioug food ba]ance;COmputations carried
-out at different intervals between 1958 and 1971 (Table

A.5). ?Exceﬁt for the study by the Ethiopian Nutrition a§
fSurvey,] which. used the Fﬁmbined teéhniqﬁes.of family con-
,,SUmpfion studiéﬁ,.cjinical diet analysis and the'fbod bal-
ance methqd, the rest of the estiﬁates'were'baséd strict1y ‘

on food balance computation. Although the food balance

technique is a very crude technique, the resulting estimates

“1 Imperial Ethiopian Government, Interdepartmental
Committee on National-Defence, Ethiopian Nutrition Survey
(Addis Ababa, September, 1959), .
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TABLE A.5

3

ESTIMATES OF DAILY PER CAPITA CALORIE ‘INTAKE
' IN ETHIOPIA, 1958-1971

' .
i T

Estimated Amount

' of Calories.Per
Year . Capita Per<§?y , Source of Estimate
1958 | "2;545.8\\\\\; Interdepartmental Compittee on.
Nutrition in Ethiopia ,
1959-61 2,130.0 Economic Research Service, USDA2
. , . _ .\ {
1961-63 2,042.0 . Foreign Economic Dev. Serv.,
, .« _USDA3 L |
1964-66 2,152.0 FAQ4
1964-71  1,884.5  Authorb
1968 1,622.0 W.G. Eichbergér6
« : , - —

SOURCES: ! Imperial Ethiopian Government,'Interdepartmentél"*

"Committee on Nutrition for National Defence, Ethjopiah
. Mutrition Survey (Addis Ababa, September, 1959). _

2 U.S. Department of Agriculture, -Economic Research
Service, Food Balances for 30 Countries in Africa and West
Asia, 1959-6T, ERS Foreign-119 (Washington, D.C.: USDA, T961).

3 U.sS. department of Agriculture, Foreign Economic
Development: Service, Foreign Training Division Cooperating
with USAID, "The Problem of Bringing Population into Balance
with ‘Available Resources -- .Food, Air, Water, Space, and :
Minterals" (Washington, D.C.: USDA, November, 1970). (Mimeo-
graphed.) _ " -

: 4 U.N., Food and Agricultural Organization, Agri-
cultural Comméddity Projectsion, 1970-1970 (Rome: FAO,vi97])

- 5 Computed by author using the food balance techni-
que. The raw data was obtained from Imperial Ethiopian
Government, Central Statistical Office, Ethiopia: Statistical
Abstract, 1972  (Addis Ababa: Cs0,.1972), pp. 37-43.- :

‘ 6~E.G.'E1’chberger, "Food Production and Consumption
in Ethiopia" (Addis‘Ababa: Ministry of Agricul ture,. May,
1968), p."®31. (Unpublished Study.) S . (
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nevertheless seem to provide a useful basis for observing

trenié in nutritional 1evei§.'"TQe estimates of the daily

- average per eapita calorie intake arriyed at by the variqys

independent studies seem to show a declining tendency 1in

nutritional ava11fb111ty One important conclusion that
seems to emerge from these s1mp1e f1gures is the genera]]y

accepted view that ' increases in food supp]y 1n Ethlopia

have not really kept up with the\rate of popu]ation growth.

Some words of caution, however, appear to be in order.
The food balance method is-a very crude technique of measur-
ing national nutrifiona] 1eve1e._.when this erudeness of
technique is coupled with the paﬁcity of data, there is no
doubt that the margin of error can be wide and therefore
can lead to misleading cohclusioﬁs. S%hce;in general ngtej-
tional requirements.Vaﬁy among'sexes, ege groeps, and‘type
of activity; and since e signifieant propbrtion'of the |
Ethiopiaﬁ people is in the yOuhger ege group (45.3 percentA
of the tota) popu]atieh.in 1972 was'estihated to.be belew

the age of }4);] the balance sheet method of tompqting

‘national nutritional intake is likely tq\over—estimate ihe

defieit %n the average daily calorie intake of the\bopula-

tion.’

‘Actual figures and magnitudes aside, the undeniable

fact is that there are serious inadequacies in calorie and.

L Imperial Eth1op1an Government, Central Statistical
0ff1ce, Ethiopia: Statistical Abs;ract 1971,. p. 27.

v .S
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prote%n intake.in the ‘average daily Ethiopian dbet. In.
recent years, the shortage nas so acute that certain
regions were hit by devastat1ng famine conditions. Indeed,
the food s1tuation in Ethiopia 1s at a crisis level and the
resolution of this. crisis is the greatest challenge that
the natiOn'fn general and Ethiopian agriculturevin parti-
cular is now facing and, in all Iikeiihood, wifl continue
to face 1n.the years and decades ahead. :

| _If past records areany indfcation; however, Ethiopian
agricu1ture,wun]ess effectively mobi]ized,fis unlikely to
meet this challenge. In order to put Ethiopia's food pro-
~blem in 1tsvproper perspectiVe, 1t is essential to look at
the food demand supply situation by conswdering both the
past trends and future prospects The subsequent pages are

e

an attempt in that direction.

Food Demand PrOJect1on for

Ethiopia, 1970‘L985

[

~Economic theory - suggests that the market demand for

a commodity is determined by a specified set of factors

1

These factors inc]ude the pr1ce of the commodity itself, the

price of re]ated goods, the number of consumers, the level

1

of cdnsumer 1ncome, and tastes and preferences of consumers
}

In the emp1r1ca1 determinat1on of demand, some of these
factors pose spec1a1 d1ff1cu1ties because data are'notn

read11y available or ‘some factors, fgr example tastes.and '

i
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pre*erences, cannot be quantified. Therefore, economic
researcners often make simpiifying assumptions to‘circum-
- vent such limitations. | |

" .One of the simplifying assumptions often made 1in
empirical demand study is that tastes and preferences remain
'constant Generally speaking, as 1ong as the time period
funder consideration‘is relatively short, this assumption does
‘not pose a'sarious di%ficuity in demand prpjection. Once
this assumption.is made, 1t is easy to specify a quantita-

“tive demand'model, wnich may be expressed jin the following

manner: L - .

!

Q =‘ N f(P‘i o P, oY) 0 (A_]) :

where Q = total market demand for a commodity per unit °

of time, .f\ \liﬁ
N = number’of consumers per unit of time!
P1 = price of commodity i pen,unit offtime;
1=, 00,0, - ‘e
‘ n' = the total number of commodities availab]e in

the market' per unit of time,

Y. = per capita consumer income per unit of time.

In the study of demand for food in a deve]oping coun-

try, it is often necessary to make further simplifying

assumptions ow1ng to pauc1ty of data and the nature of mar-
\
ket structure._ For instance. in Ethiopia, where;a_signifi-"

t
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caot oon-monebized sector‘exists. absolute money phdoe;
are less 1mportantithan relative bbfter’terms of trade in
‘projecting demand'for food, But since price data, be they
absolute or re]ative, are extremely hard to obtain 1n
Eth1op1a; it is necessary to assume “that prices remain
constant and base demand prOJections on the. restr1cted variy-
abTes of population and per capita income. The mathematical
‘derivation of a demand prOJect1on mode] for food based on
these two var1ab1es alone can be 111ustrated as fo11ows

P ' s '

!

Q=NF(Y,P) | T (A.2)

! total demand for food per unit of time,

where

= -population: per uhit of time,

per capita fncome'per unit of- time,

Q
N
Y
13

food price index aSsumed-to ‘be constant.

Assume the 1mp11cit function (A.2) takes‘%he specific
form of a Cobb -Douglas. functipn: Q =jN(kY"Pe); where n and
'e.a]ong with k are-unknown\parameters Through simp]e mani-
pulation of this exp11c1t Cobb Doug]as function it can be

shown that

o %? =,%¥ +n 2} + e,%? . ' 'l_ (A.3)
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That is, the rate of change in food demand is equal to the
rate of popd]ation growth, the rate of change of the pro-
port1on of 1ncome spent on food and. the rate of change of
prices. In‘this equation n and e are.rncome and price
elasticities of demand for food, respectively.’

Since initially P is assumed'to be constant, 1‘e.,

, %g’= 0, equation (A.3) reduces to:

—
Y
.

!

X ik R N (A

1

~
‘\, Hence the rate of changedef/quantity demanded s the:
sum of the rate of change of popu]ation p]us the income
elasticity of demand mu]tip]1ed by the rate of change of
per.capita income. o ' | '

This model’is, at~best, a very naive modei, but des-
pite data and other limitations, it seems to provide reason-
able estimates ‘According to this model, in order to!

\

obtain a rough estimate of quant1ty demanded at some future
date._ 11 one needs to know 1s the: base year consumption
"level, the rate of population drowth ,1ncome e]asticity of
demand for food and the rite of change of per capita 1ncome
These variables can be estwmated'fa1r1y accurately for .
Ethiopia and th1s fact makes the present model more attrac-
tive than the more elaborate models whose highly detai]ed
and massive data requ1rements cannot be met undervexisting
, 1 : , .

conditions.
: - 5



- ‘;>Given the above theéré;iga] formulation then, the
fate of change of demand for food in Ethiopia can be approxi-
mated if the rate.of population growth, the income elasti-
piiy of demand for food ahd the‘rafe of'change of per capita

a’incbhe are}known. 'IF is, thgrefor&, necgséary to pay atten-

) iion to these variables. |

Rate.of Population Growth in Ethiopia

The:average annual poﬂula;ion growth rate in Ethiopia
gver the last decade (1961-1970)\wa§ estimated at about 1.9
pefceﬁt (Table A.1). This relﬁiiQéﬁy.loW»rate of growth
was 1argé1y attributed to high moqtality fates'tathér than
tO'IOQ rates of férti]ity. Certain 1nhérent_factorg,.how—
ever, seem to indicate that population growth will speed up
considerably in the 1970's and 1980's. Fbrwinstante, the
growth rate:ﬁad a]reédy c1iﬁbed to 2f3 percent between 1969
and 1970, Later estimates show that the population took

2

'a 2.4 percent jump between:1971 and 1972. Indeed, there

is every indfcation tﬁat fhg average annual growth'rate for
' the prgSeht deacde will be 1hrthe ordgr of 2.5 percent per
'yéar.? |
Among thgiindicators qf future rates of growth are

the age and sex‘structure of the population. ‘The official |

Imperial Ethiopian Government, Central Statistical
Office, Ethiopia: Statistical Abstract, ‘1971, P. 26.

2

°

Ibid., 1972, p. 23.
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population estimate for 1971 indicates that 55.7'perceﬁt
of the popu]ation;was.19 years of age_or less, &1fh‘an ‘
approximately. 50:50 sex ratio. This teans that thekseeqs
for a moré,raéid rafe of popu]ﬂfion growth jn the comingi _
two.decades have’ﬁlready'beenAsown. Furthe;mqfe, so far
no official po]icx has beeﬁ adoptedntp regujéte the rate;
'of pbpd{ation growtm,'_Eveé the modésf'measureé in family
3 fplanning that havé become a‘common-feature offCOmmunﬁty .
| development.programs in many developing cpuﬁfﬁies are con-
spicuously absént in Ethiopié; Therefore, in the foresee—'
able futﬁre, as improvements in health care and sanitation
cont}nué to reduce the hgftality rate without any correspohd-
1n9 restraiﬁt Qﬁ the fertﬁlity rate, the Etﬁ:opian pbpu]a-
tion will confinue to expand at an accelerated rate.

The high rate of popu]étibn,gu%wth wi]],vno.doubt,-,
p]ace an upward pressure on tdta1 demand for fdod. This
breSsure, however, is likely to be dfétributed ungven]y

, betwqen rural and uFban Sreas. Current]y,‘the urban popuja-
tion is estimated to be growing at‘thefrite of 6;6 kercent
and is expected to double }h T] years.] The urban centers,
thefeforé} constitutg areas‘of sfrohg potentiﬁ] demand for
foog; | | | - o

The picture that emerges then is that there Q111 be

a strong upward pressure or demand for food as a reéult of

rapid population growth in the yedrs ahead. : The rate of

Ibid.
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growth in denand'arisinévfrom popu]étioh»growth alone can

be expected to be 1in the order of 2 to 2.5 percent per

year in the 1970's and possibly the 1980 S.

Rﬁer Capita Income '

Per capita incpme in Ethiopia, expressed in 1961
‘dol1ars, 1ncreased at an annual average rate of 2.1 percent
over the last decade (1961- 1970 Tab]e A 1). But national
income is by no means evenly distributed in Ethiopia. There

is a hupe disparity 1nv1ncbme distribution ahong regions
and social classes.
o Average personal incomes are much higher in the ﬁrpan
areas than in the rural areas. In general, most of the
cash income, and hence, effective demand.for food, jc.con;
centrated in the hands of the relatively ema1lfurban popuja-
tion. " A 1969 study by Stanford Research Institute] revea]ed
the following sa11ent facts pertaining to per cap1ta income <>'
in Ethiopia. o | B
1. Urban pe- capita income averabad an estimated
E $415'while rura]lper cap1ta income averaged
“only an estimated E $107. | )
2. Urban per capita income i;frising:substantiaily

faster than rural incohe -- 5.4 percent annuajjy‘

between 1962-67 compared with 0.5 percent.

} |

1 A.R. Theody, Market1ng of Grains and Pu]ses in
Ethiopia, Report No. T8 (Menlo Park, California:. Stanﬁord _
esearch Institute, 1969), p. 35.
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¢ ) .
3., Urban incomes are mostly monetized while rural

4 B

incomes are mostly imputed values of subsistence

consumption.
4. In both urban and . rura] areas, 1ncome d75(r1bution

is exceeding]y unequal

Given these basic facts it is clear that the vast rural
popu]at1on has extremely 11m1ted purchas1ng power, and this | '
]ack of purchasing,power, to'a large degree,texp]a1ns why-v j>
" nutritional intakes are very low and ‘malnutrition is more
‘endemic in the rural-areas. . " . Vs

' In more recent times, it has been increasingly, reCOg;
nized that 1t is a primary responsibility and moral ob]1ga- _
tion of government to see that every citizen is provided ’
with the basic necess1t1es of life, espec1a]1y basic food~ h
sthfs. The government therefore, must either create
cond1t1ons and policies whereby ﬂhys1ca11y “and mentally able ‘
individuals can be galnfully emp]oyed and earn-a living, or
it must institute massive red1str1butive and welfare schemes j/
to ensure that everyone will have access - to basic necessi-
~ties. Indeed, a. society that ignores .this fundamental
résponsibi]ity cannot remain viabWe ip today's heightened
socia] and po]itica] consciousness \ﬂt is in this light
that the whole food and population problem in Eth1opia -

' should be viewed. )

In summary, perygcapita 1ncome in Ethiopia made an

annual average gadn of 2.1 percent over the last decade

C ,

It seems reasonab]e to expect this rate of growth to cont1nue

\.
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into the neXt decade as well. But the impact of‘the rise
in per capita income on demand for food will depend on the.
incdme elasticity of demand. .

‘)i

Income Elasticity of Demand for Food in Ethiopia

The 1eVei'of family income has a profound effect on
the quality and qdanfity of “food consumed. It is a well
established economic phenomenon‘(Eng1es law) that 70w incoma
famiiies*spend a very high proportipn of their income on
food, but as income rises this proportlon progress1ye1y
dec11nes Changes in fam11y income affect both the qpantity
and‘battern of'consdmp%fon In general, the respons1veness
-of food demand to changes in the level of income is measured
by the income- e]ast1c1ty of demand, Accord1ng to Eng]es
law, the income elasticity.of demand for food as a whole is
between 0 and 1 (i.e., demand for basic necessities is |
inelastic). | | | :

‘§§nce family incomeS'ane very low in Etniopia, onel
would ndrma]]y exnect a”highy(f.e., close to un1ty) 1ncome
elast1crty of demand" for food However, as deve]opment
takes hold and incomes rise above the b1o]og1ca] and socio-
logical subs1stence 1eve1s,.demand elasticity can be :
expected to dec]ine but .always remafn above zero for food
as a who]e | |

The pattern of consumpt1on also tends to change con-
s1derab1y w1th ircreases in income. As their 1ncome r1ses,

families w11] tend to sh1ft consumpt1on from cerea1 and
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|

starchy based diets to more proteinous and fatty diets such

)_ .
as mea#t and dairy products. Therefore, w1th1n the various

. tqo groups, it is poss1b]e that the e]astic1ty for some
p%@éﬁgts will dec]1ne below zero (1nfer1or commodities)
while for others it will be relative1y high.

| In Ethiopia, on]y a limited number of fam11y consump-
tion studies are present]y ava1]ab]e ,But these do conf1rm
the geng;al suspieion that the income e]asticity ot demand
for food is‘re]ative]y high. The est1mates avai]ab]e vary
between 0.7 and 1.03 for food as axwhole ! For .the purpose
of th1s study, however, an average figure of 0.8 has been
adopted |

Us1ng the‘above values for the variables in the demand

"ﬁroject1on model (equation (A 4)) one can determine’some
\genera] future trends 1n the demand for food in Eth1op1a
‘Accord1ng to the model, demand for food in Eth1op1a can be
expected to increase at a rate of between 3.68 and 4.2 per-
Ecent per year during the period 1970 to 1985. At an average
annua] growth rate of 4. 2 percent the 1985 demand for . food
in Eth1op1a will be almost double that of the 1970 demand
(Tab]e 1.8).

The model is Timited to domestic household demand‘and

i

For a d1scuss1on of rural and urban household con-

- sumption studies refer to: A.R. Theody, . Marketing of Gra1ns .
and lses in Ethiopia, pp. 35-39. See also: F.A.0.,
Agric.Ttuvz: oommod1tv PrOJect1ons, 1970-1980, Vol. II
{Rome: F.. 0., 1977), ». 194,

~
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hence does not-take into account industrdal and‘export
demands. .Expont sales, which almost éxc]usive]y are com-
posed of farm products, increased at an annual rate of 4;6
percent between 1961 and 1970 (Table A.3). The trend is
for continued strong export demand, particu1ar1y for such
commodities as pulses and oilseeds. Anticipated industrial
expansion and strong export demand will therefore impose
additional heavy demande on farm output and resources,

In genera],ﬂthen; there will be a strong upward pres-
sure on demand for farm commodities (foodgrains in particu-
lar) in Ethiopia in the years ahead. The main sources of
this pressure will be the rap1d rate df population growth
and, to some extent, 1ncreases in per capita 1ncome Indug-
trial expansion and export demand from abnoad will a]so
continue to exert strong upward pressure on demand for farm
* commodities. Consequent]y assum1ng a h1gh rate of popu]a- :
tion growth, the overall demand for food in Eth1op1a can
be expected to increase at a rate in excess of 4.2 percent
per annum between 1970 and 1985 ' ‘ ‘

Th1s d1scuss1on has so far concentrated on . on1y one':
side of the food picture To complete the picture of the
food prob]em in Eth1opia, one must look at the supply s-ide

also.

g
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Food Supply Projection for
Ethiopia, 1970-1985 .

¢ ’

Among the main factors that affect the total domestic;
supp]y of food in a given country at any given time are the
price of food itself, the ava11abil1ty and pr1ce of produc-
tion 1nputs, the level of techno]ogy, weather cond1t1ons.
the expectat1on and preference of producers and government
! farm”;od1cy Any systematwc projection:-of the future supp]y
of food therefore requires the accurate prediction pf the
future levels of these factors Needless to say, some of
the crucial variables, such as weather conditions and the
rate of'technoiogica] change. cannot be‘predicted with an
acceptable degree of certa1nty even over a' relat1ve1y short
period of t1me \The prediction of future price leQe]s is ,

1so equally r{sky)even in s1tuat1ons where re]iable data
e ava11able from past records ‘ G1ven»the pauc1ty of/d::;,

and the large number of unknowns-in the Ethiopian agri-

cuTtural production system it does not seem adviséble or
pract1ca1 to ut111ze e]egant models to arr1ve at projected
future levels of food supp]yn Nevertheless, somd_tentative
estimates based on h1stor1ca] trends in the food produrtion
sector may prove helpful. ' ‘

_ Past trends in‘agricultura1 production as a whole
vhave nqt been satisfactory In the 1960's, agricultura]

owtput increased at an average annua] ‘rate of 2.0 pencent

(Table A.1), However, the<1ncrease_1n the effective food
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supply, that is, the avérage growth rate\df‘the crop\and
livestock sector, for the<same period was 6h1y 1.9 percent.
Mosthof this 1ncreage‘was bbtained_through the expansion
of croplahds rather than through increases in yield.
Nattoha] average yields of practically all fbadgrains, 011-
.seeds and pulses showed hardly any increase between 1961 and
1970. During the same per1od, however, cropped area |
increased at an average annual rate of approximately 1.1
percent, up ffom about 9.0 million hectares tq approkimate]y
10.0 million hectares.’ K |

\ Thé Third FiVe.Year Piap (1968—1973) projected an
annual growth rate of 3.1 percent, in value terms, for the
agricultural sectoh as a who]e‘durjng thé plan beriod. Tha
projéction was based on the éxpgcted expansioh of the pea-
sant subsistence sectar (1.8'perceht)mahd theutommercial‘
farming sector (6.3 percent).? Amang the hea;ures planned
-to encourage productibn and prondebincentivas were the\
prqgision of commerc1a1 fertilizers at reasonab]e prhces
through ¢he "minimum package program"‘and the improvement
of the grain marketing structure. - Ai/ltotupned out,

Third Five Year Plan was thrown off course by unfavorable

weather conditions and political upheaval, and it is no

V-

! Computed from data obtained from Imper1a1 Eth10p1an
Government, Central Statistical Office, Ethiopia:, Statisti- '’
cal Abstract 1963 through 19771,

H2 Imper1a1 Ethiopian Government, Third Five Year
Development Plan, 1968-1973, p. 201. i

e
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known how much of the planned target was achieved' Never-
the]ess, 1t is wide]y regarded that the fertilizer program,
'uhas been moderate]y successful at 1east in some parts of
xthe country More important, however, the direction set
by the "minimum package program" seems. to have resulted in |
substantia] increases in crop yields 1n the foodgrain proe
ducing areas of Ethiopia.

In the final analysis it seems.reasonab]e to expect
that between 1970 and 1985‘the new farm programs, including
_the ! minimum _package program" and the land reform program y..
announced in March, 1975, may help 1ncrease the average
annua] growth rate of foodgrain production to between 2 and
j3.5.percent. In this stud&,suppiy projections have been -
‘made for seiected'food commodities for 1980 and 1985,;as;um-
tng an average annuaivgronth rate of 3.5 percento

| . .+ Demand-Supply Comparison
\ ' ' \

From the foregoing discussion, it is quite clear‘th&t
in the foreseeabie future prOJected demand for food in
Ethiopia will exceed proaected supply, assuming price”
rematms_caonstant at the 1970 ievel It is estimated. that
demand for food w111 increase at a rate of 4,2 percent per

k4

year between 1970 and 1985. and at this rate of growth, the
quantity of food that wil]fhe\demanded in 1985 will be almost

7 double that of the quantity demanded Win 1970, The avai]able i

'evidence indicates that thﬁs ievei of growth- in demand wil]
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be sustained as rapid population growth, increasing urbani-
zation, rising incomes, e&pprt sales and-industrial'expan-
sion cont1nue to put strong pressures on demand for farm

commod1t1es v \
1

Food supply in Eth1op1a, on the other hand is not
empected to grow by more. than 3.5 percent per year over the‘
period 1970- 1985. Fromra]] indications, it appears that.
the actual average annua1 growth rate in food supply will
be between 2 and 3.5 percent However, even a: 3 5 percent .
annua] rate of growth wou]d still resu]t in substantia] \
supply shortfa]]s by 1980, and if this rate continues un-
changed up‘to‘1985 the annual production will only meet
about 85 percent of the 1985 demand (Table A.6). When .com-
paring the demand supp]y s1tuat1on, then, the emerging pic-
ture is one of persistent excess -demand over the next
?decade Ev1dence of excess demand is. a]ready show1ng 1tse1f.
in soaring commod1ty prices and acute reg1ona1 shortages
In all 11ke11hood, therefore, it appears that the country .,
will exper1ence a period of pro]onged food crises unless
substant1a1 1nvestment is made in boosting food production
lin the shortest '‘possible time.

' This gloomy pregjctton is shared by several authors

Assefa Beque]e and Eshetu ChoTe,] for’ 1nstance. attributed :

the lag in Eth1op1a s economic deve]opment to the slow pace

\

L Assefa Bequele and. Eshetu Cho]e. A Profile of the
Ethiopian Economy, p. 34

\ .
\ .
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and backwardness of agriculture. They partitu]ar]yloointed
out the critical state of the food'suppiy'and indicated
that food production wouid have to increase by 4.5 percent
per yean if the country were to raise the per capita daily
calorie intake from 1,622 calories in 1965_to 2,300'calories
in ]9?2; In retrospect, the records show that food*oUtput
increased by only 1.9 percent per year during that period

Clarence J. Miller and others, in their report on
”Peruction of Grains and ?uises in Ethiopia nl e*pressed
serious reservation about the country s ability to remain
self-sufficient in food productian in the 1970" s and 1980's,
They specifically stated that Ethiopia has been barely self-
sufficient in cereal grains since the mid+1950"'s and that
they seriously question the conntry'o ability to meet the
grain requirements _of an expanding'population during the
coming decades uniess production is materiaily increased.

Essentialiy the same concern was expressed by\the
Inter Ministerial. Committee on Regiona] Aspects of Nationa]
- Planning in Ethiopia in its 1967 report 2 Based on ana]ysis
of data on food production:and population, the Committee |

‘concluded that significant portions of the'country have

Clarence J. Miller, et al., Production of Grains
and Pulses in Ethiopia, Report No. 10 (Menio Park, . CaliTornia:
Stahford‘Research Institute, 1969), p. 1. ,

-

2 Imperia] Ethiopian Government Ministry of Planning
and Development, Regional Aspects -of Nationa] Planning in
Ethiopia, Part I TAddis Ababa: Ministry of Pianning and
Deveiopment 1967), pp. 29-35,

|
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serious food deficits and that the national food intake is
too inadequate from the calorie and . protein p01nts of view
A more recent study by Biakes]ee, Heady and Framingham‘
predicts that there will be a significant excess demand for
major food products_in North.Africa in 1980 and 2000 .even
under the assumption of low popu]&tion growth rates and con-

stant per capita incohe'un]ess production is stepped up

substantialiy They summarize the results of their analysis

e
ARSI

.-in the foi]ow1ng'te;ﬂm

dtions for North Africa can
s of agricultural production
;w'y to meet almost any foresee-
bvd, jand Jontinuation of past

yld resu t in steadily worsening

The summary“qf :
*  be briet. -
are \less- th
able pattern. g

o production trends:wg
7 production demand c parisons throughout the period
{ under study.? _
} Many similar instances cou]d be ciied here, but in
\\Ce interest of brevity, the abee*vﬁ\g suffice. While the

eiidence ciearly 1ndicates that Ethiopia wiil continue to
‘face a prionged period of food shortages, it is’ pOSSible
‘that the dire consequences that follow from such a state of .
'affairs may not be fully apparent to. po]icy makers S0 as to”
elicit immediate corrective action It is therefore import-
ant to il]ustrate some of the likeiy consequences that wi]l

»resuit from persistent food shortages

. . . |
‘ ! Leroy L. Blakeslee, Ear] 0. Heady, and Charles F.
Framingham, World Food Production, Demand and Trade (Ames.‘.
Iowa: Iowa State University Fress, |§73). p. 133

2 Ibid,

oopicorr——— B y
. o



-

339

The 5mp1ication of prolonged food deficits for
national welfare and economic deve]opment‘ere far reacoing.
At the outset, it should be reajized that the adverse
impacts of food scarcity will be felt unequally among
regfons. social classes and even various age groups within
the family. Food éoortages‘often result inimmediate dis-
asters fn -those rural areas where deficits normal]y exist.
The peasantry{]iving_in these regions beEOme afflicted with

widespreid destitutioh. famine and subsequent mass deaths,

' the-morai.and ethical dimensions of which are beyond_descrf%-

tion.

P . i

Food scarcitiges also play havock with general economic-

o

stability and stifle economic development. For an economy

such aé Ethiopia's, one almost entirely baSed‘On subsist-

.ence agr1cu1ture, any perturbation in this sector will

immed1ate1y be felt throughout the economy as a whole. A
food cr1sis in Ethiopia, therefore. will inevitably '‘lead

to a genera] economic cris1s and thereby compound the d1ff1-

i

-culties of economic deve]opment

An ample supply of.food available to t%e popu1aoion
at-reasonable prices is a prefequisite for economic develop-
ment, It is'often-difficult if not impossib]e, to achieve -
sustained deve]opment in a nat1on laboring under widespread

scarc1t1es of staple commodities and ever rising food prices.

fGiven the circumstances of the Eth1opian economy, w1th 1ts

great dependence on trad1tiona1 agricu]ture and 11m1ted

capacityAxo,import food from abroad, a poor performance 1in

-
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domestic food production imposes a severe constraint on

economic development.

Nhile the consequences and implications of food scar-

city for economic development are very broad, they more
. . 2 . . [ [ \
J

fspeqifica]]y manifest themselves in such ways as reduced

or impaired labor productivity, depleted foreign exchange
earnings, reduced industrial activity and rising unemploy-

ment. These points{ however, do not exhaust all the diverse

ways in which food shortages can impair deve]opment and

} hence perpetuate the vicious c1rc]e of poverty among thew

popu]ation. Needless to,say, food scarcity adversely

affects the entire range of human'activity. The provision

s b

of complete and adequate food supplies, therefore, is Rot

_only a measure of deve]opment in itself but is-also a means

I

to further growth and progress. Lo

i;y While the food problem undoubtedly sthnds out as the

problem of highest nationai priority in Ethiopia, the pro-

‘blem of providing emp]oyment for the rapidly increasing .

labor force seems to be equa]ly urgent. There is’ widespread

unemployment and underempioyment in Ethiopia and the unemp]oy-

vmen} rate may be expected to rise as ghe population increases

in the years ahead. The food and unemp]oyment prob]ems.

therefore,‘are the "twin" problems that'reqUire urgent ., ’

'cwrrective action if: the well-being of the Ethiopian people

ot . t

is to be improved.
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‘ \ ‘ Steps in‘Public'Project Development:

AR ' Normally, there are & certain number of necessary

steps that must be followed when %gve]oping a public invest-

ment project. Assuming that a clear and valid need for the
project has been established, che project musc pass-at
lleast f1ve tesfs before it can be seriously considered ﬁbr
1nvestment (iwgure B.1). These tgsts are essent1a1 betause
_they he]p to d1scr1m1nate between those projects that E&ve
a. h1qh probab111ty of be1&g v1ab1e ovenr the long run and
‘those that have 11tt1e or no chance of success. ) ‘ i
The f1rst of these tests Is the technical feasibility
"of the p}oject. Before tts constructfon'can even be comn-
tempjated, che:prqject-musc be‘shown to Lte' technically

feasdble and structdral]y-capab]e ofrprcducinaathe qoods -

of efficiehcy.'dln otherﬁQbrds, the progect must be sound.
and vitble from the engﬁneering ponnt of view. |

- The second test is that- of economic feaswb111ty Not
@LE
all techn1ca]]y feasible projects are econ6m1ca11y feas1b1e

as we11 The test ofveconom1c feas1b111ty is passed if the

S

present value of soc1a1 benef1ts resulting from the progect

exceeds the present va1ue of social costs QBut in theﬁfg

A'\ lbv'

pqgfacg_of buaget constra1nts.»not all prOJects with posﬁﬁf@e
;ﬂ; P ?ﬁ

gﬁ[;nﬁgent 'a1ues can be- @onstructed Of ¥ thewvaJects"

x

At ane econ0m1ca]1y feas1b]e, perhaps Y, ly one, or at
.

r’
bt

S o o - /':};v

S

and services it is intended to produce a. a s c1f1ed 1eve3‘

”3' a f%w, can y1e]d max1mum returns Ao a. g]Ven budget ﬂ,.
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“tion, maintenance and replacement over its ®conomic 1life.

'344
allocation at a given period of time.

Financial feasibility is the third test that is
applicable to public project eva]uation. A proposed pro-
ject 1ncurs costs not only dur1ng the 1n1t1a1 per1od of

\.

construct1on but also throughrut its product1ve l1fe

A]thouqh a major part of the cost 1nvo]ves the construction

cost, ,nhe project requires a. expenditures for opera- :

~

The public decisdgn-making entitieS»must decide how these
costs.are to be paid, uhether or not the initial ihvestment
costs are to be re1mbursed and, if so, how much of it is
to be repaid, .who should pay it and how the‘repaymentfis
going to be collected. These problems become pirticu]arfy

[

comp]ex if the general rule that peyment should be mdge in
proportlon to benef1€P derived is to be. anp11ed The socta]
benef1ts accgu1ng from a prOJect as a genera] ‘rule, are

SO w1de1y distributed throuqhout the economy that seldom

Af at all can they be traced to the final point of 1nc1d—

.4

@nce Although there are certain 1mmed1ateﬂﬁ1cknt1flable

. fbenef1c1a.1es of the project, it wou]d be unfa1r to ex3e6€

them to bear a]] the costs since they do not dcwmye the
entire beneL1ts F1nahc1a1 ana]y51s attempts to reso]ve

these and s1m11ar matters and makes adequate prov1s1ons to’

'ensure that the necessary funds can be ‘made ava1]ab1e not

on]y to construct the project but also to operate and-@a1n-

T tain it over its product1ve ljfe.

_The ffinal testffor.a project is its institutional

i
|
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feasibility. . This refers to the political and social’
' accepfébf]ity of the project. The final decision regard-
ing a'projch lies within the political process, and‘fts
success i the-long run largely depends Onbthe wi]]ingnéss
and cddperatioh of the people who will -be directly éffectedf .
by it. ' : : l »

If the proposed project fs phﬁitiéa]]y and socially
feas%blé, the final act {s to implement it. How the pro-
ject is imp]emented,'of course, will dét;:mine'whé%ter it
will fail or §u§cegd.jn achieviné.its goai. Important'95‘ 

) < | .
. T - P - '
it is, the planning exercise alone cannot ensure success. S,

Plans must be effectively and efffciént]y implemented if ;?ﬁfﬁg:
) . . . . «J'_ _.”'v

: : s AT

their Stated goals are to be achieved. Managerial talents EARS

— . ? »
and skills are, therefore, particularly crucial factors in -~

project implementation. The search for competent managers,
i.e., those specia1ibreeds_of péop]e who have the apility
to organize, control and efficiently operate an organization,

should be pért of .the projéct planning proéess.
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- ‘ TABLE C.1
AVERAGE ANNUAL RAINFALL AND ALTITUDE 0F
SELECTED STATIONS IN ETHIOPIA
Averége Nb.‘of
Altitude Rainfall - Years 1in
. (Meters) (mm) ' Average
Addis Ababa ~  2,408"' - 1,153.3 2t O
Asmara 2,328 4970 29
Assab S b K §3.1 21
‘Bahirdar = 1,802 1,490.9 10
Combolcha 1,903 1,078.5 19
Debre Marcos 2,509 g 1, 381 6 ) - 18 #
Debre Zeit 1,850 | 869.2 21
Dire Dawa © 1,160 N TV T 19
Gore : 2’06}.’ B 552%1 | Y
Jimha . 1,740 C 1,509 15
Massawa ] - .~15 |  184.8 | ’)' 21" o
Nacfa - . 1,676 ' . 231.5 A 18~
_woﬁji S 1,500 .814.5 21

7 : .

SOURCE: Imperial Ethiopian Government, Central Statisti- .
cal Office. Ethiopia: Statistical Abstract, 1972
(Addis Ababa: Centra1 Stat1stic51 Office, 1972)

©
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TABLE C.2
MANPOWER COSTS IN ETHIOPIA »
:Cafegdry . SR . Wage Level
N (In 1970
C ~Ethiopian Dollars)
Farm Manggef! . 5 - ],250/honth
Foreman { L o f  500/month’
Skilled Mechanics.  §.00/day
Tractor Opgrators ’ ST 5.00/day
Wnskilled Workers o
Oxen Plowing . . V1.75/dax.
wgedﬁﬁg-Tﬁfnning ;héwﬁi j5&:1;50/day e
H;;vé;fing' “ @ﬁg: ’ lg? a
. Cotton ' | B -0.05}k4]ogram'
‘Mai;e ' - 1.50/quintal
x Grains S 1.50/quintal
0ilseeds - | Q 1.50/quintai
. Seeding~ B 1.50/day .
 General , " . 1.25/day
Clerical ; | nk | | ‘5.00/day"’ S

B W
SOURCES: C.F. Miller, et al., Systems Analysis
. Methods for Ethiopian Agriculture (Menlo
Park, CaTifornia: Stanford Research .
Institute, 1968); and M.E. Quenemoen,

- Potential Heturns from Commercial Farm-
1ng Systems in Three Areasof Ethiopia
(Dire~Dawa:}H;S;I.U.,C011ege of Agri-
culture, 1968), o : ' ’

A
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K, J b R /
Ay /

B -~k , ‘ /
b r © TABLE C.3’ - .

LABOR PERFORMANCE COEFFICIENTS UNDER TRADITIONAL
\
PRACTICES IN ETHIOPIA

u— — ———
S ‘ Man-Days of Labor/Hectare
’;Q‘Ope?ation . o  Cereals Oilseeds Puibes
Oxen Plowing o 4 4 4
Broadcasfing and- | ) -
“Plowing Seed Under . 2 -2 2
15t Weeding and Cultivation. 18-24 . 18-22 --
C 2nd Weeding - ‘ ' 12-20 12-18 - --
Cutting and Stalking 86 10 10
Thréshing and §1ean1ﬁg_ ‘ s o 4 t 4
. Béégihd. Transporting 4 - |
. ~and Storing . ‘ ' 2 2. .2
’; 'i;riga$1on . o 25-35 25-35 ‘2%;§5 

SOURCES: L.F..Miller and T. Makonnen, Organization and
. Opeyation of Three Ethiopian Case Farms, Exp.
Station Bulletin No. 35 (Dire Dawa: Imperial
Ethiopian=College ,of Agriculture and Mechanical -
Arts, 1965); "and T. Makonnen, "Interregional
~Competition in Ethiopian Agriculture" (Unpub-
}1;h§drPh;D. Thesis, University of Alberta,
973). oL : ' -

Y
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TABLE C.4°
RATE OF MACHINERY PERFORMANCE IN ETHIOPIA
(One Tractor and Equipment) . |
Ce | 1
| L Lowland ’
. Type of Highland . ! - Sandy to Sandy
Operation - Heavy Clay Soils Loam Soj]s '
Plowing . 2.5 ha./8 hr. 2.9 ha./8 hr,
1st Discing 5.0 ha./8 hr. 6.0 ha./8 hr.

. 2nd Discing 8.0 ha./8 hr.  10.0 ha./8 hr.
Making Ditches  32.0 ha./8 hr. 33.0 ha./8 hr.
Ridging * 8.0 ha./8 hr. 9.0 ha./8 hr.
Threshing ~ 35.0 quintals/8lhr.  35.0 quintals/8 hr.

éEURCES: C.F. Mﬂ]]ét. et al., Systems Analysis Methods for

Ethiopian AgricuYture (Menlo Park, California:
Stanford Research Institute, 1968); and M.E.
Quenemoepn, Potential Returns from Commercial
Farmin kystems in Three Arcas of Ethiopia (Dire
awa: H.S5.T.U., CoTTege of Agriculture, 1968).

L

st



TABLE C.5

- CROP HANDLING COSTS

(Crop Handling Costs)

351.

Stanford Research Tns tute,

1 . o Total '
Crop (8/sack) . ($/sack)  ($/sack)  §$/sack $/100 kg,
| ; (In 1970 Eth. Dollars) |
Cotton o.§q 0.20 ( 0.20 10,90 1.12
"Sorghum | 1.35 ono 0.25 1.80 1.80
Malize 1.35 0.20 0.25 .3 1.80 1.80
Grains 1.45 0.30  0.25 2.00 | 2.00
Oilseeds.  1.50 0.30 0.25 ' 2.05 ° 2.05
Pulsest ;<;J13S p.éo 0.25 "1.80 " 1.80
. ! . AN v ‘ '
SOURCE: C.F, Miller, et al., Systems .Analysis Methods for
- .Ethiopian AgricuTture (Menlo ?Sggs;Cajiforn?a:
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