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PREFACE

he authors of this report have outlined a process for comparing the
various systems employed for the distribution of irrigation water. It is
hopod that the ideas presented will serve as a useful tool for those who
wish to ovaliake -— and eventvally co implement — irrigation programs.
vor thiz reason it is the method, rather than the results obtained, which
atrmuld nold the attention of the reader. Offering a coherent methodology
is rhe primavy purpose of the authors, and all results presented herein are
to serve merely as examples of that method in action.

e report opens with a brief discussion of benefit/cost analyses,
follcwad by a description of the use of partial budgets (a related, but
simplifled approach) for the analysis of proposed mcdifications in the
water distribution systems in Egypt. An example of the partial budget
analysis. in action follows, an actual case study of a site in Minya
Governorate. The report concludes with a discussion of various ways to
extend the usefulness of the analytical methods described, as, for example,
using them to help identify gaps in essential information or to design
inacvabive sclutions to problems long known.

Please note that the procedures described in this paper were
specifically dasigned to facilitate the analysis of conditions in Egyp.'s
water distribution system as they exist today. The method itself centers
on the vhe of a set of worksheets such as those presented in III.A.3 and
Aymerdin A, Demonstrations of applications of the procedure are shown in
Appendices E and F.

The worksheets, then, form the core of the report. They are the
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tool provided by the authors to be used in the analysis of irrigation
systems, and the rest of the report is a manual designed to instruct the
reader on their proper use. Still, it must be remembered that worksheets
are not a product. in themselves, but only a simple and efficient way to
aralyze lmortart information,

Az a finai note, the authors wish to point out that, whereas partial
budgets—-dnalt with at length in the body of this report-—are a simplified
nethod when comoarcd o moce conventional benefit/cost studies, beth
approaches result in a similar ranking of projects in the majority of
cases. fhe partial budeet analysis seems to be the more apprepriate to
conditions which prevarl in Eqgypt coday, but: for further information on
traditional benefit/cost analyses, sce numbers 7, 9 and 10 in the List of
References on Page 58, Various systems of project analysis presently in
use by international, national and private ayencies, which do not come
under the purvicw of this report, could be extremely helpful in the
development of a standardized routine For a reqular process of project
evaluation.

Today's Zgypt offers a host of opportunities for rehabilitating her
existing irrigation system and for developina systems in the new lands.
One cannot strecs foo much the magnitude of the social benefits which will
accrue Lo Lhe Dgypbian people 110 an ef fecl jve program for project analysis
is adopted. 7This can only occur, howover, if project. analysis is seen as
ar interdisciplinary effort, involving irvigation engineers, agronomists,
soclologists, econamists and other experts in related fields. We offer
this report am o cxample of an operational procedure and have stressed the
importance of developing good basclinre data and project response data on

which to base important decisions.
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It is the authors' hope chat their report will serve as a useful aid, both
in facilitating the making of good decisions based on cound factual data,

and in providing a method for documenting the basis for those decisions.
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Feacibility Studies and Bvaluation
of Irrigation Proiects:

Procedures for mnalyzing Alternative
Water Dhistribution Systengs
in bgypt
I. Benefit/Cost analysis and the Criteria for Evaluation of Proposed

Changes in Vater Distribution Systens

Ao Net Present value

To chalyze provable benefits and costs From proposed changes in a

water distribution system, it is necessary to conpare.

a. Benelits which are expecied to accrue to the systen's users

(projected over a period of years in the future)
with
b. Costs
1. Construction costs needed to effect changes
2. Additional vecurring costs ascociated with operating and
mawntaining the systen.

The result of such a comparison 1s the system's pet present value,
wnich is the generally acceptea basis for benefit/cost analysis. (For the
standard fornula used to calculate the net present value, sce Appendix B
below,)

The procedure generelly reconmended Dor benetit/cost analvsis is to
calculate the net present value for wcach of the alternatives beiny
considered, The alternative which shows the highest net present value is
the best and should be inplemented, but the accuracy of the calculations
Wwill depend on the degree co which the benelits ana costo can be expressed
in wonetary tenng, and the presence or absence of camplicating factors.
Furtherniore, ov.on wherce cacquate irformation cexists to calculate net

present values for all alternatives, some factors will romain



pon¢u ifiable and will not be accounted for in the calculations.
Decioion-makers rust be careful not to use net present value calculations
in o vacuum, pub to consider supplenmentary information es well pefore
choosing to implement changes in their irrigation system.
cascone and schaiter 110, p. 291,% in discussing various benefit/cost

criteria, stoteo:

mphe not present veluve criterion is generally

accepbod as the proper decision criterion to

o "

De o useG 1 cost/lenelilt anacysis.

(For general ciocusslons of alternative criteria, net present value, the
bonefit cost/roativ, intornad rate of return ena the pay-orl period ag
clenents of Lenchiv/cost analvsis, sce the List of Reterences, 7, 9, 10).

[ the coloulation ¢l net present velue is in principle the soundest
methou of berer it /cost anelysis, bowever, it olten teaves concthing to be
desirec in fact. 1L 1o, Lor instance, orien diilicult Lo obtain the data
necessary ot the caleulations, and the authers have sugydested the

following wodicication or the ncet present value criterion ag one which is

botter suited to conuitions as they exist in Egypt today.

B. Al Riba: The issue ot interest rates in a nuslin society

selecting appropriate interest retes ol discount rates in a
beneiit/cost « Loy presents najor probles dnall situations. This issue
has been the subject ol long and urecolved controversy (10, Chapter 6.
In the ficld of cconoiiics, it is gencrally cureca thot the eppropriste use
of discount rates is the key to the elficiecnt use of cepital resources.
Interest rotes ace desicned to compensate the investor ror the likely gains

* pracketed nwders refer to bibliographic items conteined in the
List of Refcrences at the cnd ol this report.
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he could nake by luvesting his capital clsevhere, i,¢., the capital‘s
oLy ortunity cost (3, Chapter 47,

The Koran does not geestion cither the contribution capital can make
in the production of new wealth or the justilication of people who own
capital to benciit fraw 1bs proauctive usc. A peroon who inveots capital
hag @ right to shere in any profits which that capital helps to generate,
but he iv also celpectod to share in any losses vhich light occur .
Inveotment of cngital in productive fuwvestmonts is cncouragea.  What is
Forbidden 14 the gpecitication ¢if o predeternined aha fixed rate of return
on capital, regaraless ot what hapens to the investient Funded by that
capital. Doietib/co.t analysls, hovever, 1o basca on the use ot
pvredeternined intercst rates,

For this reoson, the issue of al-riba, or usury, which i forbidden in
Huslim religious taw, turther conmlicates the use of net present value
calculations [, p. 1861 in huslin countrics,  7he divference boetvecn
"usury” ana “iterest™ has nob beor resolved in these countrics. Although
there cvans to be agrecont chat, i one choos, the charging oi & acuerate
interest is appropricie, soue Muslile Chinkers Lelicve © WL oo GOV LTI
SHOULG DOL Charye intercst on any oL its oporations. v Ty
craditionalists agree, hovever, that lusited interest charges may be naae
on roreign loans, 1 cuch charges are unavoldallde. Dally boyptian
irrigation improvements are cunded by low-intcrest loans {rof international
sources, and the use of an appropriately low discount rate in these cases
Lay irvolve less ol an ldeological contlict. Currventry, « 4% discount rate
LOr government operalion seens Lo bo & compraalse acceptable to nost

parties.



In the case ol individuels, the question of the appropriate interest rate
ic even more involved. The Dgyptian farmer faces serious problews
associcted vith coplital rationing. It seems likely that the marginal
roturn on privove capital investments in agriculture are high, but
definitive studics on this issue are not availabile.  Once agaln, many
traditionalists recognize the problem and agree that concealed interest 1is
allowable. Given prescent conditions, a 106 discount rotc for private
operavions in Bayptian benelit/cost studies scens reascnabloe, (Por a nore
detailed diccussion oo how lnberect rateg arce used, sec below.  Appendix Cs:
Depreciation and interect Costs.)

rosh conventionel project analysis contains provisions Lor cxplicit,
predetermined interest retes.  This 1s true Lor project analyses in Bygypt
ana other iwelin colnirics, despite the Lact that nany lsling contend that
the practicec iu contrary Lo a strict interpretation of religious law. Yet
the idea ol the opportunity cost for capital 1o not unacceptable to
Huslims.  Since exmplicit, predetermined interest rates are just one method
of cuprossinhg the lsnwenscly complex proble of the opportunity cost of
capital, cconomists working in tuslin countrics should look to other
avenues which are not objectionable to the people. Donetit/cost analyses
are, after wll, sinplibied nodels ol the economic situation, and this
variicular wetiva of sinplification, .c. the expression of the opportunity
cost fer capital ir terms of a fixed iInterest or discount rete, will aluost
inevitably lead to cwivarance s in Huslim socletles, and may cven heal the
rejection of otherwise acceptable plans.
C. Al _Zakab: ‘he iosue oo oouity in o luslin society

The issue of cquity-—who gets what Fron whon--1is an casential part of

all benefits/cost vtudics. 1t 1g, Lowever, an issue which will never e



resolved delinitively, being as “t is an cthical qgueoiron dependent on the
mores of the socicty rather than an econowmic one. In Muslim contexts, this
already cunples problent bis purther couplicated by tae exilstence of ol
zakah. Strictly speaking, al zakaly 1o an alms tax, or tithe, and 1t 1s one
of Liw "rive pitlers” or Islan. It i generally agrecd that al zakah
reflects Iola's special concern Lor falrness towaras individuals. AL
zakah 1o an alvongt o coualize veatth and clininate poverty, Ltor in the
ideal tiusiin soclety, poverty would not erist.  por this reason, irrigation
projects which are deslgned 1o helyp poor fartiers on dwadl plots Lo achieve
4 bellor ceonomic condition are ideally looked upon with especial favor in
Muslim countrics.

e to the cowplex, non-quantifl iable naturce ol the problen, no attempt
was made to measure the changes in equity nor to place a valuce on suci
changes in the present study. Ul ceveloping projects tor actual use,
however, decision-mikers will have co consider isoues of equlty anc

Cairness as well oo those ol ceonomle atd fechnological reasibility.

[I. A Simplificd Approach: Partial-pugget Analysic

Partial-budaet analysis can be usead to evaluate woter aistribution
projects, Lor it 1u codification ol the net present value criterion
discussed above.  Por the purpose ot analyeing projposea watcr L anagemnent
projects in Bgypt todiy, the authors suggest that the analynis based on
the average annuel beneiito and costi. Tt is true Lhat this methou could
give micleading results il either (a) the incidence ol benelits and costs
varicd signiticantly through tine ror chie diftcrent poonsitde alternatives,
or (L) the uselul lilespans ol the proposed aluernatives were dilberent.
The authors advocate this method, however, in view ob the alificulty ot

obtaining reasonably rcliable estimates Lor cven average annual costs 1n
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regard Lo changes in mes¢as and canals in Egypt. Estimates for the
benefits ana cists for a series of time intervals simply do not exist.

(For & more detailed discussion for the reasons behind this recommendation,
see Appendix B: Average Annual Benefits and Costs as a Decision-Making
Criterion).

A partial pudget was used in & preliminary analysis of the proposed
El-Harmomi pigeline and for improvements to Mesqa 10; Appendices E and F,
respectively. (1) Brown (3, Chapter 3) advances this as a method
cuitable for studying farm income as well as for project analys.s. Martin
Upton (12, Chapter 15) discusses the partial budget as it apolies in a more
restrictive situation.

Upton suggeots partial budget anal,sis be presented in three parts:

PART 1. Specification

The Specificetion is a brief statement of all possible
alternatives. 1t nust contain enough informalion so that
representatives of different disciplines can understanc which

systems arc being compared, In the case of water delivery

systems, the existing system can serve as the haszis for

comparicons, hut only where good base cata is avallable. This

requires vhat adeguate information be gqathered on the farming

system as it exists before any interventions take place.

Experience in Fgypt suggests that the base data should include

informaticr o crop cotations, vields, Famuing practices,

irrigation practices (with special attention to type of labor

used), amount of water applied, and type of water lifting

methods. The specification, then, is a concise statement of the

problem and its possible solutions.



palit 2.0 Changes in che Syste

A partial oudget concentrates on identifying the parts ol o
syston which are open to change. By implicetion, this inplics
thet other prcs or the systen will not change or will not changoe
signilficantly. In part it, the nultidisciplinary evaluation tea
reaches agreeneht asout wvinlen changeo they will cxanine in their
prelivinery cnalysis. Results ol che prelinminary analysis nay
show thal Lhoe various aspects of the syctaw shoule be rarrangea
in order on lpxariance and during the next round or analysis,
Sorie parts shoula receive wore cha sone should reccive less
attention than originaily planned. T nost cases, a Leasibility
sbucy witl go tiougnh ab least one or two such rounds.  (See IV.A
ror iurlther discussion ol this 1suue).

Sowe Changes 1 the sysbon ay not Jena thaoasclves to
analysic ol the tyjo presented in Part 3, below.  Changes of this
Lype choula o toted, ana the cppropriate analvuis, sonetines
quantitative and comctines qualitative, should be presented as
part oL the rinal ahalysis. Por csanpde, the tusk of raising a
nesa wdght e che dapetus ror starting o Parwer Organizatiorn,
whicn, Livturn, would e Liiely to produce signlticant cpinolbl
benetitvs.  any ol these beneiits, povevelr, canhict be measured in
monctary Lo, Yne wore "incouchsurabie” has been sugyested

tor changes ob tids Lype (10, . 34).
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pPALY 5.

molinated Benelits to Cost BEquation
General. categories for the analysis ol the benelits and

costs resulting LUon proposed chalges are:

Adand Lenetits
(resulting Lrow
proposed change) .
Deducca Costis

(cosks elininated

CouLs
Increased Costu
(resulting Lrom
proposed change) .
Loss of Bxisting Benefits

(resulting fram changes

by proposca Changel . in the present system) .

TUEAL GRNEELSS = (A + D) TOTAL QUSTE = (C D)

(TUZOAL BEMDEFTTS —~ (TOTAL QOSTES) = 5 BENERITS

A conbinabion on “ha I BRMEPTSC (as calculatea ine Part 3) and an
evaluation of tiwoe features which do not lend thesselves to partial budget
analvsis (ag¢ discussed in Part 2) rorms the baols Lor judging the
desirability of « proposed change. Vhen considering o number ol
alternatives, a partiad buadet nust be constructes for cach alternative.
This task way be simplified, however, by treating closely related
alterratives as variables ol o single vesle partial budget.

partiol Ludgets involve congiderable work, but tucy oifer the analyst
a systematic woethod tor discevering wistakes wolic & project is still in
the planiing croge.  Bvery altersative Lor chenging an irrigation syston
which in o sericus candicate for dmplamentotion warrants ab least a

1

partial-budaet chadysis.  The gquality ol the ceclulons viich follow will

depend Largely on the guailty of Che wors pat 1nto the portlial budget's
construction. Hsed correctly, partial-budget onalysis shoula help to
insure that a chaie inan irrigation oystae will be successtul and that

the country'sy resources will be uncd wisely.

_.8..
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. Aortial buoacl Vorkoneelts

Ahice authors ave 1neludea vorkshecets for the Licornation of the reauer
as illustrations on the way Lo guther data Lor preparing pertial budgets.
Since every chaige projouca Lor a vater delivery sysoan vill be tallorca to
the peculiarivics ol vhie particular site, covery chonge Will reqguire a
clie=gpacie1C Ghall ol Dor this reawoni, che vorkoheets proviaed in
Appenad: Sobelow shoula not be regaraed ag rorms Lo be copletea in every
situction, bul rather as wouels on whiich to atters cach bow paritlal
budget.

Phe caipdo verisheets include two clogely relatca proposbal:s

(cesignated as a ana L) for Laprovaents on [jesga 26 near bi~finya.

C.

Portial-buagee analysio ahd Deononic Levels
J J

the ertial budget way be constructed on the basis ol averade chnual

v

costs ena averade wnual benelits ior nost reasibifity otudlew on Bgyptian

Voo alstribublon liprovoewent projects.  Hore eloborate analysis probably
which would coov crjaected bonet il alne Ccosle nor Sjecific thke jaerious is
poL juntiiled aue to the pavcity ol Lhe inborastion evolicble.  IG 1o
necessary Lo ceteriane Cie average velue ol investionis in cruct to
caleulale interest costs vhich average cnnual benciits ohd costs are used in
the cnadysis,  average velues ot other eneiit cna oot factors should ¢lso
be used.  Appendlx B ocontaing wore inforation on average annuak
beneflt/cost analysen.  Appendix C aeals vitn weurecletion anc wnterest
costs,

Tt is important Lo opecily the ceononie lovel at wnich benclbits anc
costs ore caleulaeted. Por cxanple, doucslic prices to lyyptian farmers in

1679 Lor major trawe cropo such as colton and price werce only 40 Lo 00 ul



interrationas) prices, while domestic livestock prices werce 10 Lo 20% higher
than invernationad prices (2, 4, 5. In adaltion, many of the Bgyptian
farner's purcnaoes are subsialzed LY the goveriment, and s costs do not
reilect tLrue coonoudc costs.  In the case of cotton, the government subsidy
anoursts to aboul 200 ol variable costs. The subsiay one purchasea inputs
cor most grain crops 19 approximately 15 to 209 oi variable costs (4, 5).
The estimaton Doneilts ana costs ol o chanae v o rariming syston are
abfectea by trnds goverimental modification of botnh choolute and relative
price lovels.  She Soome financlal anc cconomic e sowctines uded to
specify the level o vhich tne analysis 1 conviucted (7).

The lwpact of relative cconcomic lovels on Lovefit-cost analysis
results 1o ariater if there are chenges o the crep rolation.  Bven if it
15 assuwes that wrep rocetion ronelns unchanged, hovever, the cvaluation of
changes in amount ol lena farmed, or in average yviela will all depend on
the price level used to evaluate these changes,

In the case or Lgypt, the value of a change at the farm lovel
(financial ov private benelilts) ie generally significantly less than the
value of chie soune clenge assessed @i the national level (econaed @ or public
benefits) . Public benesits cecrue to the soclewy or the nut;on vilie

private benetits are realized by the farver ond those directly alfecteu by

the change i guescion.  For czanple, bthe average cnnueld net value ob
increcases in cotton production will be about 50% yreater il assessed at the
national level ratner than assessed from the priccs received for the same

crop at the farmn level.

D. Problons —— Applica Bcononilcs
As analyste caln expericnce with any method, they becone avare of

areas, both conceptual and eapirical, which nerit special concern.  Such

..l 0-
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areas may have been identified a having a higher likelihood of significant
error, or of being of a complexity which would lead to opportunities being
overlooked. Three such areas present themselves to our attenticn at this
time:

1. The Estimation of Investmer.: Costs and the Effects of Depreciation

and Interest Costs

A significant portion of the increased average annual cost associated
with improving woter distribution systems consists of the annval
depreciation, maintenance and interest crats. The level of these costs is,
in turn, very nuch dependent on the amount of investment, i.e. the
investment costs, recuired to change the existing water distribution
system. A feasibility study should be conducted early enough to influence
the decision abwout. what kind of changes to make, and estimates of the
investment costs must be used in the analysis.

Generally speaking, increased precision in the estimation of
investment costs will require increascd effort on the part of the analysts.
Judgment should be used to weight the trade-off between the added benefits
from more precisc cstimates of investment costs against the effort involved
in obtaining them. bDuring the carly stages of analyzing a project,
investment costs estimnated to within 10 Lo 20% of actval investment costs
may suffice. Project implementors can gain insight into the degree of
precision required by using sensitivity analysis, as Se£ forth in IV. B,
below.

Adbkcrence to a few simple principles will decrease the likelihood of
repeated, systematic biases in the estimation of investment ¢osts. These
principles cannot be applicd mechanically, however, but will require the

exercise of judgment on the part of the analyst.

~11-



The decision to include or not to inclide a cost as part of the
investuent costs should be made on the basis of whether the costs are
variable or Lixed, Variable costs are those costs which are incurred as
the resull of undertalidng the project.  That is, ib the project were not
under taken, these costs would have been avolded.  Fixed costs will exist
regaruless oi any action on tac part cf Lhe project.  Variable costs should
be included as part of investment costs; fixed costs should not.

The classiification of costs au Linea or veriable, however, will depend
on the level ot which an analysis 1s belng nade (sce, Partiol Dudgets and
Beonomic Levels).  Por cunample, the desion costs lor raising o pegga would
not generally be o variable cost to the wermers who cre served by the
LRESUL, unless the DLnlstry ol Lrrigation required the rarwers o roemay the
Ministry fLor the design ciiort. besigr costs would, however, e o variable
cost to lx: consicered at the idnisiry level, since they voulo ost likely
be paid for with resources which cculd nave been usca clsavhere to produce
guods and scrvices ol social value.  (In the cuse ol MR pilot jrojects,
at least come ot the desian costs can be classiticd as rescarch costs, and
therciore need not e includea in the estinated investment costs calculated
for fcasibility ctudies of the pilot vrojects. Generally, however, design
costs are o part oo investient costs.)

It choula Lo noted vhen caloulating expocted investment. costs in Byypt
that, in most situctions, the Munostry ol lrrigebion has the regponsibility
for supervising the construction vork done by o contractor. OLten
supervision costye will anount to 10 to 209 of the total investnont costs.
1 the costi or construction supervision ale consiucrea to be variable
costs, they must Le included as part of the total investment costs when

calecuiating depreciation and capitel costs.
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another arca which should not be overlooked is the lncrease in

mandgement costs vhich obven talies place alter construction of an

irrigation ioprovenent has been conpletec.  these costs are not part of the
nitial lnvestuent costs, but they should be included i the analysis as
nereased costs. Mhie hold true, ol course, only ir they are variable

costs gilven the econonic level of the analysis.

Annual avpreclatlon costs ouaht to reflect the yearly decrease in the

valuc ol an Lnwestnent wihich occurred as the result of use during that
year. Such costs cre caloeulated by mweans or o cepreciation formula, but it
should be noted that there are o nunber off variables which may cause the
real situation to deviate trae Lhe iaeal.

Calculated values for cnnual depreciation costs will obviously depend
on the estimate or the lnitial valuc of an investient, as discussed in the
beginning ol this scetion.  They will also depend on che egtimatoed uselul
lite ol an investient. “he longer the uscrul life, the lower the annual
aepreciction costs.

It 1s an wfortunate tact, however, that testiook estimates of usetul
life are often used in project analysis without regara Lor what is known of
previous cvidence cbout an investlent's acceal 1lie, or tor prevailing
conditions winch cre likely to avicct v dength ol Life ol the proposcd
investent. %he arcuad length of estinctes on usclul liice Lor waler system
mprovaments, ror instance, is directly related to the amount and quality
oL néintenance they roeceive after they focone ocraticici.  fecouse of
heavy dorands Lor funds Lo be wsed tor defense and cocial pregramns in Ugypt
during the recent joot, howvever, relobivery vov e vero cvedbable for
the maintenance ol irvigation vorks. A o result, the prowictivity o

irrigation works has decreascd Lairly rapdaly, ana the uselbul life ob nany
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investiienvs e this arca has beon for ooy than the stancard values

attoionted to onch nvestiente 10 stehdald percrences.  Whe relation
between project nalntetance and project uepreciction iy one ol Lhe wany
variabloo vhich should e considered vhicn ahicalyaing ney projecks por
mproving gyl 'S water wellvery systen, and cstiowcles ol an lnvestuent's
actual 1ife visl aave o be velehboa to cecount ion sucn varlablow.

Loopwortunity cout ror capital lnvested in a

The coiculateu aani

project viil derena on the estimatea value ob the lnvestient, on the
procevure used o caleulote the annual depreciation costs, wad o the rate
used to coleulate the opportunity cost jor capltel.  In standara
benefic/cost cnalysis ana in the partial buagets outlines ln chils repert,
the opportunity cost iz catculated in ternas oL ao inberest rate. e
probleng invoived in dposing O Slowinid Lniercal rete o cover capital
osts in a iusiln socleby nave already Leen lscusseo abovi (Section I. D),
and it is unlikely that they will boe resorved in eny delinitive way in the
near futire.  EoLo wost inportant, thererore, that Guddysts cevelop good
estimates ol the investmont costs to be usea in the calcudation o the
annual opportwiity cost of the caplial invested in a project.  Only then
can they concuct ¢ sensitivity analysis (see IV, B to estunate the
probebly dngaoect ob other methous off assensing opportunity costs on the
project's feasibility.

2. Average Annucl Benefits and Conts

The typ« off particl-budget analysis advocated in this report is based
on the use ol average annucl bonelits ano costs. As politod out alove,
this is onc of the nore connon metchoos ton detennining oot present value
for the purposes of benelit/cost analysis (Sce Appendlx D). For projects

signed Lo inprove Bgypt's watcer delivery systom, it i1s probably nol

-] 4-
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possil te to obtain good cetimates for a sequence ol annual bencrits ano
costs, amd virtuolly inpossible to obtain even reasonable cstinates
extenaing over the Lite or o project.,

If good estimates or investment costs coula be nade and nethoas ogreed
upon for calculating the annual depreciction costs and capital opportunity

costs, tho process woule cventuslly generate qoouw cotihk es oL nany

8]
<)

standord opctations (Q.g. cost per weuge turn out, cost per o of carkh
uscU Lo raloe negges and branch canals, cte.). For paking partlal budget
analysces of Dgyptian vater nmnagenent projects ab this tine, however, 1t
was necescary Lo rely on ostinates ol average annual depreciation and
capital opportunity costs,

3. fearning Lo Use Hew Farming Systems and the Tine ol Occurrence of

Benelits and Costs

In this report, the average amount: ol benefite ana costs estimated ror
each possible alteratlon in a welter systoan are assuwed Lo occur as Soon ag
the syston 16 chenged.  In nost cases, however, the average annual benetits
and costs will not occur until there dre also changes in the [anaing
technigues used on the irrigated arca.  Such chatges do not usually occur
immediately.,  Famiers roquire time to learn how to shilbt trow their old
farming systoem to the new cysten wade povcible by an lrrigation liprovenient
project.

For cranple, a shift trom the use ol tanburs and gagias to a well-

designed gravity-flow cystom requires that farmers learn new ways o handle
irrigation at the ticld level, adter tne dwprovenents ore in colect, there
will always be some farmers who Lall to realize thal the increased hoad
avallable allows theom to shiit froa the small basing which werce regulred

under the old cystem to long furrews or large bagsing.,  Undaer the new
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systen, rariers shoule be cble to lrrigate larger arcas in less time ala
witn fesu labor, but as long as they fail to use the water in the new way,
they will fail to realizce nuch benerlt Craw the frrigation inprovaaents.
Uhern ola Lorndng svstens are replaced by new, thore widl alvays be a
Lag betveen the potontlal and the cctuct.  THis o wo Luportent
implications for the cconouic analysis oif proposca changes lh a waeter
dgelivery svoioin  Pirot, 10 e, result in on over-stataent of the implicit
precenl vaive or bolth anticipated costs and anticlpated bencrits.  This
woulc, of couroe, chow the results ot the particl—oudget analyvslo,
Secondly, and perhars nore wweortantly fron o policy stangolnt, the
recoyinition on such o ley suguents Chal, aiprobd bdie chiension eaucation
ghould ke proviuca to teach frmmers Uwe appropticlo pew technigues.  For
the economiut, one oi the important vorlablon ror wcternining Lhe prosent
value of antlcipoicd benelits ana cooin should o tlie Lype ol caucational
prograns vhich st Lo help shorten the ceriod of clojunction between the

cadistence of wprovancnts in the lvrigation systen anu thelr actual

AUOLALION Ui LS.

IIT. AL BELAMPLE O PARVIAL-DUDGEY ANLYSIS T ACTION:  flason 206, ABUBLA
fegcn 26 on Abucha Carad. 16 locotoa south oi the city ol Bl Dinya on
the BVUD Gilol project cite.  Phic aesca 1o a Whiall watcercourse which
i 5 - 22
previcusly seived <003 feddans ana now serves 39.0 Lecdans.  (ALeddan is
1.038 acres.)y  Until dasuary, 1961 the mesyd was cypleal ol any or the
Leoaas Ln the ereo. there was @ trail on cach side of the nesga. Tt

cross secilon haa deltertorated [raa the cesivined Ccross seclion and varied
greatly along o lengtch. the noraal pattoern of drrigation on thls pesga

prior co ganuary, 1581 appears in Pable 1o Table 2 gives the crop rotation

pattern and gross profits ror the arca.
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1 January, 1981, the mesga was raised so that land served by Mesaa 26
could be irrigated by gravity flow with a head of at least 20 cm. At the
prescnt time water ie pumped into the head of the megga from the Abueha
Canal. 1t iy onticipated that the Abueha Canal will eventually be raised
as well, and prelimnary studies indicate that when raised it should have
no difficulty in generating a water level in Mesga 26 at least cqual to
that which i now obtained through the punping system.

An analysis of this type should consist of wore than the simple adding
up of benefits and cubtracting ot costs for a proposed change in a system.
Many, it not nest, of the items listed on the worksheets cannot he assessed
with complete certainty, for certainty exists only when data are collected
after the tact. The results of a change which has already taken place are
certainly of intrrest, but the real value of a partial budget is as a tool,
based on the analyske' current knowledge of the situation, for estimating
probable conscquences ot o proposed change. Tf the partial budget is to be
sound, analysts must make sure that their decisions are timely, and that
they have considered all of the significant issues. Engineers,
agronomiste, soil scientists, sociologists and cconomists must provide
their best possible cstimate of the expected conscquences of the proposed
change. 1 the partial budget 15 to be sonnd, analysts must make sure that
their decisions are timely, and that they have considered all of the
signilicant issues.  bBngincers, agronomists, soil scientists, sociologists
and ccontmists must provide their best possible estimate of the expected

consequences of the proposed chance,
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mable 1. Trrigation on [Jesug 26, Abucha Canal.

Hethod of i;}igation Right Side LeLt side Total
feadans feddans Leddans
:il‘:ting (Qy Lanbour) 5.8 9.4 15.2
Lifting and Gravity 1.7 3.3 5.0
Gravity 7-0 13.1 20.1

d phe tambour is the Lgyptian tern Lor the Archimcdes' screw, Costs ror
irrigating by Lesbonr, with an average of 15 irrigations per year, are
L.E. 3.4 per feddan for cach irrigation or L.E. 51.00 per fedoan per year.

~-14-



Table 2. Rotation and Gross Profit per [eadan, 1980/81.

crop "eddans Gross Profit/EQgggnb
—_— - SIS FPY - PO
Birsim (clover) - Short Season 8.0% 67.00
Broaubeanis 12.8 149.50
Cottoti 20.8 90.54
Berseen - Long Scason 5.3 192.00
Broadbeans — Tong Season 3.7 149,50
Wheat 10.5 127.53
thaise 19.5 79.40
109.34°

a . . . . .
Includes 2.5 feddans oif tomatoes grown on this wesga in 19860.
Tahaotoes are not usual in this arca ana arce therefore not included in the
rotation presented in Table 2.
Taken Lran Coot bnterprise Crop Studices cone for “he “beulie areca.
C . , ] , . .
The arca 15 woubled cropped and the veilghed average ainaal gross profit
ver feddan 1s ticrerore LL,B. 218,068, See ote 1, Viorksheetk,
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N cases where definitive inrormation is not availuble, the team can
offer alternative cvaluations and give a range or likely outcoies.  The
technigque of cotluating values for variables vhich are uncertain ig cadled
Ygensitivity analysis,” and 1t was usca in the case of [lesua 26, described
bazioi.

h.  vartial bBuoget for the Raising of kesga 26

Part 1. Swecilicatlon

the wur,ofe ol Lhls anelyeis 1s to estimate the benelits and costs
associated with raising of [lesga 26.  Atter the raising ol the m a, the

39.6 feddans ol sai Servea by this watercourse can pe irrigated by yravity

flrw irrigation with a head of at least 20 cm. aising the nesyga involved

the loss of land, i.0., .0 ieddans, Lrdsd the et irrigated area. ‘'fhe cost
j

of ralsing the 040 neler weSde Was cctimated to be L.B. 5,500, 7To cvaluate
the conceouences o ralsing the wesdd, it will be cogared to the
periomanrce of the sane pesul as it operated prior te Jauuary, 198l. Fara
Jevel bonefite sha costs are estincted using Larm level values.  Covernment
costs are includet ob estinuted bid costs.

part. 2,  Changes in the Dysten

he cost bo the parners of lidting water to the ficlus will decrease
as the result ol the changes on lesga 26.  based on previous EUP
experience with dnprovea irvigation, it is ressonable to enmpect both a at
least modent yiela increase and o decrease 1n the required irrigation
labor. fhe intcrrelationship betveen depreciation and meintenance costs
needs Lo e yiven careiul consideration, since depreciation can be very
repid il the ralntenance vork in not adeyuate. The othoer items to be

considercd are presented in the worksheets below.



Part 3.  lstinated bBenefits and Costs

Lstinates are presented in the following worksheets for two sets of
assurptions about the possible consequences of raising [esga 26: (a) no
yield i crease ann high (L.E. 25.00/feddan) puniping costs anu (b) a 5%
yicla 1ncrease ana lovw puaping costs (L.l. 24.63/feddan) which is basec on a

very rough estimate ol the cost of raising Abucha Canal.
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B.  SAIPLE VORKSHEETS

Evaluation of Viater Distribution Projects

Basis for Comparison: _lleska 20 betore elevation. .

Proposed Change:

Date_ February, 198!

Flevate HMesga 26 —— convert to gravity.

Mternative Avsuptions:___(a) No yield increase and high pumping costs

ancd ()

59 vicld increase and low puaping cost.

I. Beneiits (a)
A. Average Annlal sdoca Benerits

1. Inereasea gross profit Lrom 0,00

(b)

L.L. 788,04

potential yield increases

(b) Gee flote 1

2.  Increasced gross profits Lro

shifts to highor valued crops

3. Value of wvater conserved

4. Mmnual value of land saved

5. Other

I.l- El 788-04

Total Average Annual Added Returns Q.00



Average Annual Reduced Costs

1. DPuniping
Savings on 15.2 fd plus
1/2 oi 5.00 £d (sce Table 1)
at cost of L.E. 81.00/Lu

2. Hesga :nintenance
10 n/day/man

84 non days ¢
3. Drain naintenancee

4. ILaebor for irrigation
15 irrigations cost
L.B. 1.00/td/irrigation
job time cut by 1/3

(39.6 La) 2 (L.i. 5.00)=
L., 198.00

5. fransportation

6. Other

Total Averaye Annucl Reduced Costs
Nveradge Annval Total Beneiits =

Total average Annual Reduced Costs +
Total Averaged Annual Added Revenue

..23._

(b)

I"EI 902070 IJ-E. 902-70
I.‘!E! U4vOU L-Eg B4-00
___Q‘QO D.OO

L.k, 196,60

LuL. 198,60

0,00 0,00

0.00 Q.00
L.D, 1184,70 L. Lie 1184,70
I.In['.‘l- 1184'70 L.En 1972174




IT.

Costs

C.

Average hnnual Hdded Costs

1.

Jwverage annual deprecieation

L., 5,500/30 yr. = 183,23
(See tlote 2)

a. FGartih work

b. Gates and control
c. Structures

d. Other equipment
c. ODther

Maintenance

1.5 x proevious

naintenance cost
(I..F. 84.00) x (1.%)

126.00

Barth work

Gates and control
Structures

Other equipment

Other

-24-
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Interest on average investment

500 o .04 = L, 110400

(Snd
]

a. Construction

D, [Quipment .

c. Other

Anrual operating costs

a.  Fgulipient

b.  Systaa operation
and mnelnteniace

c. Other

Paaping costs

(@) U.lL. 25.00) x (39.6 £d) =

990.00
(b) PRalse Abucha - see lote 2

a. Pixed costs

b. Operating costs

c. Other costs

Other costs

Average mnnual Total Added Costo

[A) (414 _I. IAI 1 g)‘s zg

Leli, 1,409,303 loli. 0U3.07



D. Average Annual Reduced Denefits

1. Annual value of land lost

See Mote 3

2. Other

Total Average fnnual Reduced Denefits

Nddea Costs + Reduced Denefits

let Denefits (Costs)
(h + 1)y — (C+ D)

(@) + (L., 1184.70) = (1.E. 1539.53)

(b) + 0.l 1972.74) - (0.E. 733.27)

Congaents:

~20-

(a) (b)

L.[. 130.20 Teke 130,20

L.E. 130,20  L.G. 130,20

L.{'E! lb:’glb} IJQH- j33q27

354.83

L.l

+ Lof. 1239.47
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HOTE L

PAIYY TIL = C

TOTLE = VORKGHEETS FOR [HRSON 20

The initial yvielus, gross revehucs ota variable costs per feddan

ror the crops on [esdga 26 (Abucha Fnterprise Cost Stuaies) are:

Crop

Variable Cost
L.l /Fd

Gross Hevoenue
I.‘a Il:c/Ec_l

Feddan vields

(1979-80
_Crop year)

theat 1G.5 10 ardab* 210.00 82.47

Reans 16.5 0.5 ardai 244,50 95.00

Nerseet (clover) .0 2 cuts 83.00 21.00
(short season)

Derocen 5.2 5 cuts 233.00 41.00
(Londg season

SRERAE 1¢.5 Hoardab 156,00 76.60

Cotton 20.8 6 kantar#** 229.50 138.96

vicighted avea, 199.41 90.07

* ] ardab = 198 liters =
% 1 metric kencar of cotton (unginned) = 157.5 Kg.

multipl by

The 1niticd arca scervea by Hesga 26 was 40.2 peduans,

double-cronped,

cultivaetiair 16
Ledaang.

7.2
Total variable

70,2

5.62 bushicls (U.SD)

'Po convert to tons/ha

i
« )4 ‘rf‘

s .

whiich were

Giving 80.4 productive Leddang. The arca currently under

390 regdans aloo doui-le-croppeu, or 79,2 crop-producing

Current gross rovenuc Should bo:

Ledaang = Lol 192041 = Lok, 15,793,487

costs should be:

Leucons v Lab. 90007 = Lob. 7.133.54

It yacla increase 56, average gross revenue will incrcase from Lok. 199.41

to T..B. 200,28, and average Gross proclt will inercete Lot 9097 jer peudaan

per yoar.

per eddan jer

Sinee the lane 1o deuble eropged, the 1heredse

1 gross proilts

veat woulo e ok 12094, or 789006 tor 3060 Lpdals (Che

arca scrved by Tegga 20).
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Nk 3

The veiohted wverage gross protit per feddan (Qross revenue per eddan
less total variable cost per_feduan) was Lok, 218.68 tor flesga 26 (see HNote
). The loss ol .0 Laddan co the result ot wicening [lesga 26 would,
therciore, cause velghted average gross loss ln proiits ol Lok, 131.27 Per
yoear.

[esga 26 lics within the bouidary cor HOTY land, but .( feddan of land
which had been cropped previoucly had to be socrificed.  This means that
farners Qurc iurming (01 land, a‘wiucbprcud practice, PrQuuction Lost,
however, 1o production lost, regarcless of the technical owncrohip of the
land invotved.

Fnothicr aethou tor deternining the cnnuct value ol the .6 feddan of
land caken out ot production would be to determinge the sale value of land
and nultiply that value Ly the appropriate interest ratc.  For example, il
land nas @ value ol [LE. 3,000 per icudan ana the appropricte interest rate
is 10%, then the annucl velue of the .6 Loudin Laken out oo production
vould bLe (1.8, 3,000) % (.6) x (.J0) = L.E. 180. 1) cdlnings rrom land are
enpected Lo increase in the future, then the volue ol Jaha Lot times the
interest rate will tend Lo be greater than the loss in terns of current

gross proLit lost,

*Hinistry ol the Irrigatlon, making it, strictly speaking, qovern-
ment land.
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Anothd ¢ crucial variable that needs to be examined in greater detail is the
relationship between depreciation and mointenance. 1f Farmer Organizations
fail to wrovide organizational strength, depreciation and maintenance costs
could be significantly higher than as estimated in the partial budget given
above. A cood meirtenance program could decrease depreciation costs, but
poor maintcnance prograns cause depreciation costs to increase sharply.

The -avervage annual net benefits using the (b) set of assumptions (a 5%
vield increase and Jow waber lifting costs after January, 1981) are
estimated to be Lob. 1239.47. Using & 40.2 feddan land base, this amounts
to a net benef it of L.E, 30,93 per fedden. T6 these results could be
realized in all of the 1150 f[eddons under the Abueha Canal, the farmers in
this villauc would realize an increase in net income of about L.E. 35,500
per year, which i5 a sizable increase. Tf the benefits and rosts were
calculated nsing econcmic values (input and output prices at value to the
nation) . the net Lenefits would be even greater.

The nse of partial budgeting does not eliminate the need to use
judgment in reuching a decision about the desirability of a project, but it
does permil analysts to do three things: FPFivst, it improves their chances
of correctly prodicting the outcome of a project. 1In the case of Mesua 26,
the raised megga does indeed scem supericr to the ordinary pesaa which it
replaced. Second, it gives analysts a tool for appraising the relative
quality and importance of different. inforaation and data. In the case of
Mesga 26, 1t scans apparent that the ocutcome of the evaluation will depend
to a considerable extent on the estimatos of the changes in yields and in
the cost of lifting watcer into the raised pesga.  Third, the preliminary
cvaluation chould give analysts o betbter idea of the relative merits of

different adternatives for change. After the preliminary evaluation has
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boen conploted, the tean ol analysts shoula be able to ansver the following
guestions:

1. Pagsed on the preliminary cvaluation, does vhe proposcd change Seem
to be desivable?

2. Uhich porvion of the avalisble data seems Lo be reliable, and
which is signiticant it the irrigation project is to le
succoLaiulY (e answer to thio question will, oL course, also
indicoie widch incornction 1o not reliable, onu where analysts
wiid vewulre ueteer estimates on whiich to base thelr LCCLB1oNG.

3. Vhich nodiiications ol propoccd chinges would be likely to result
i superior aliternatives?

In answelliy che Last tvo questlions, the tearn ol aielyots will
probably Go tinougt seveial cycles ob cvaluation Lor cach propoLue
irrigation prep oo Yl o oa highly wesirable process, Likely to result
in sound analvses of saojected prograws.  Still, cvaluations nust stop at
somG Doint and decliions be taken.  She Ceuin OL ahaldyuls Cil gosc tnelr
owi deadling, or they may have to accept one wwsed by outslac declsion-—

nkers.

IV. Ixtending the kesults: The Hany faces ol the Peasibility Study

A.  Droject analysis as a Continulng Activily

In outlining the nethod Lor conaicling Lesstbliity cludicu, ve have
trieqa to shoew thal they cre a Lol aesiygned o help decision-wkers n
evalucting pobein lal projocto. 2o be or the wost beneiit, project ahalysis
should begin aw an early stage in the procecdings, Lor then 1t can Serve
decision-tidiors 1 @ varloty ol ways,

T i Lirst coccwsary to derine the exact nature ota cxtent of the

problem which o proposed project will selve. A prefcasibility analysio
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will help the decision-maker to define the limits of the problem, and to
plai ot these arcas vindeh are open to benciiclal change.

Ater the decision-taker has speclilced the prol:lenw, ana he has
narrowea the 1ist of wostible solutlons under consideration Lo o roeasoncile
nuaber, the feasibility study coues into play once again,  The analyst is
able to cvaluate cachv wossibility through Lhe recutts of ity inciviaual
analysis.  thic 1o the Cinatb preconstruction phase, anu cach ol the
C;LLh(htCu dindvoes inouctall should e considered real possibilitices ror
inplencntation,

Vihich continucd into the construction phase, the Gnalysis serves as a
basis Lor monitoring construction perlotance and deterniines the iwpact ol
new nforiablon calned during constructicn. Tt ey, LOr instabice, e
necessary Lo wodity Lhe original design in the light od this new
infornation.

The tinal stege or anelysis——and the most ailfricult test tor a
project—- takes place atter construction is canpleted ond the project is in
opcration. At Lhis polnt wlict have hitherco weon copocioa benedits wna
custs becone benellts and costs in fact.  Peter brucker (5, p. 68) states,
"ooo there are raw better tests ol the competence Gnc pOriornalice oL o
ranagencht than ite perlowmance in appropriating capital anu the actual
results ol capital lnvestient vecisions measured agulnnt eapactations,”
Drucker also points out that thi:s i rarely done in practice, but that, in
those cases vhere such conjarlzong ore wacc, they yicle handsone dividenas.

Alnost all applicd prograns ror project chalysic heve been developxea
along the Lines ol repeatcd and continuing analysio weneribes cbove.  fihie
U.8. Department of Agriculture coursce, "Agricultural capital Project

Anclysis," sudgests the use of a [ive-stage process:



1. prefeasipility studles
2. feasibility stuales
3. cx-ante cvatuation
4. construction perfomance
5.  cxperl evaluction
the Vorld nank, the U. w. Developnent Prograd, the U, &. Dureauw oL
peclanation, and private consulting Litws all usc oliilar proccdures  LOE
evaluating projects, though terninology and the delinition on the various
stages diller.
qhe present report does not argue Lot any onc type or procedure, Lor
clearly, no one has yel developed a process of evaluation which is markedly
supcrior in all ocituations. Yot one thing is certain: oy proceaure nust
invorve contiruing cnalysis, with several distinet stages Lo the process.
mhe asthors of thio report strongly roecontiena Lhat decision—tabers ayrec
upon a scrics of proceaures ol the type outlincu above belore che project
analysis begins.  To, onthe oLherhanid, the project iu alreaay in progress
the important thing is to begin project analysis at vhatever stage the
~alyots Cind 1t.
3. Sensitivity sAnalysis
sensitivity analyois i the systaaatlc exploration ol the woy 1in which
changes it the value of specific variable alfect other varicbles ana change
the outcone of Lhie anclysis.  Sensitivily analysis 16 particularly userul
in cases whore the value ol some ol the variables cannot be cotimatea with
a high wegree ot reliobility, ana vhcre clternative strategles generate
ditferent value Lor the variables.  [lesga 26 16 used vo 1llustrate
sencitivity wnalysis and shoula serve as o model tor the use ol sensitivity

analysis.
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It was mentioned carlicr that two of the important variables in the
evi.lustion oL Hesga 26 were the changes in yielas and the costs of lifting
wvater into the cleveted [esua.  Refer Lo the worksheets rfor [esga 26 tor
the () set on assunptions used here.  Bascd on the partial budget Lornat:
A 1s the average annual benelits (increase in gross probits) associated
with vicla increases; B oig the average annual roeduced costs (o= l.b.
1164.70); ¢ L5 the average annual added costs where ¢ = L.Co + 0.C. (C =
L.be 140C.33) and 0.C., the other addeu costs, are Lob. 419.33. L.C. i
the cost ol litting vater into the elevated megua; end D is the average
annual reduced returngs, Labe 130020,

To compare benelits and costs, we use the equation:

AtD=0C+D
Using the values given above,

A (1ncrease 1n gross prorits) + ok, 1184.70 (reduced cost - ) = L.C.
(water lifting cost) + L.E. 419.33 (other added costs) + L.l. 130.20
(decreascd returns = D)

ok Lol 118470 = L.C, + LB, 549,53

LeCo = (Lob. 1184.70 - L.E. 549.53) + A = L.E. 635.17 + A
This means  that the cost ol lifting water into the Hesga (L.C.) nust be no
more than ciual Lo the increasce in gross profit (A) plus L.R. 631.05.

Using a 39,6 Ledodan base,

LG/ = 3906 4+ ToBe 635.17/739.6 = A/Ld 4+ b, 16,04
AEd 1S the required increase in gross prolits per gLedday which would be
necehsary to obtaet Lhe tncreascd cost o 1ifting weter into the pesea tor
one Leddan.  The initlal average ross prolits jor Lteddan were LoB. 218,68
(sce lote 3, VWorkoheol). herelore

ALd =1 0L E. 218.68)



whore K ig the reguired rake of increase in gross profite (sce rootnhote 1).
gince L = 1 + R, where R is the required increasc in yields, Rand Kare
related oo tollows:

o= KO- (TVe/) o= Ko 1K(50.07/199.41)

R = K - K(.45) = K(1-.45) = .55K
K =1/.5)
Therefore
L.C/ku = 16:0A + 1(218.68) = 16.04 + R_(218.068) = 16.04 + R(396.60)
or L.C./Ld = 16.04 + R(396G.60)

The Following groph shows this same relationship:
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Figure 1. "Break-even" percentage of yield increase
necessary to offset lifting cost per feddan.
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the most useful aspect of Figure 1 i not the hreck-cven hane, n arrived at
by 1oiring specific values cor litting cost (i..C./Ld) ereent yield
increases, but rother the regions which surround the line.  Por exranplo,
the tean ol cralyste wight reach the conelusion thiot titting couts wall b
low and the cupected yield increase such that the pairea velues Lall well
githin the Feasibic Recion.  Tucally, it woula be adce to have preciac
values for variables such as puping costs ana expectea yleld increasces,
put i1 the progosed changes in the farming systan bave never been done
before, such precise estimates are inpossible o obtaiii.

1 cuch cases, one clternative is to postpone acclsions.
Unfortunately, a country with a growing population ana an ever increasing
necd for food cannot artore this luxury. Decisiong Lave to e made, noc
postioned.

I the cecisions are to be the best possible, prolessionals will e
required to use their knowledge to rake cotinotes of expected values for
variables such as pwapily costs ana yiclu increases.  When chese cotinates
can be roelated Lo the decision criterion (such as tie Het Present Valuc
criterion ciscussed, ph. 3=4) and to other variobles. This hay boecen aone
in the sensitivity analysis presented in Figure 1. Iigh levels ol
precision in the cotinates may ot be necessary.  Tiothe alred values Lall
cither on or ciovse Lo the preak-cven Line, additional Lict—iinding nay be
recuired herore o ueClLiCcn 16 iaGe.  Houever, it the camacteu velues result
in pairca values which cre o long way rrom the preak-cven Line, a decision
using rough cstinates may be possible.

1f Fationai cconomic prices rother than on—iarn prices verce used to
caleulate Lhe preak-ceven Line, whdich would e the appropricte el ot prices

Lo use Lor analyoas al the national tevel, the coiculaled Preali-oven hine
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woula ¢ oabove Lhe Line presented in Iigure ), that is, the changes would
be - conomdcally teasible as long as prices paid For inouts increasea less
Chan prices receaved Lor agriculturcl produets. i means thal the
Feasible Regron 16 larger U the netional level than ol the Larm Lovel and
higher puaping costs per peddan andg lowoer cleld 1nercanes woula b
acceplable at the netional level than ot the farn tevel,

Tt 1u orten necensary Lo mahe declsions witi: Jeperiect infornation,
and this 1 capecially the case with vegard to nvesting capdtald in
improvenents on irtigetion systonic.  The goal shoulc be Lo ueke decisions
based on the best infonation and profescional judgnenis available at the
time. Althouch Letier mntornation would, ot COLL G, b vadueble, aelays in
reaching aecisions can be costly chouch Lo oftsel its utility. let
benclits delayed are, in lact, nissca oppontinitice
C.  Alternative besigng

Analystu shouwld develop several possible solutions to o single
problem, then pich Lhe one thal bxest suits che particular situation.  On
tesca 26, ror nnstance, the systons tor water aellvery cahcls, access roads
to Liclds, ana draing weroe all linked Logether.  Mradivionally, tiela
ACCCHS TOACH TUn along Slae ¢ WeGgl anag atc onldy large cnough 10U anlhid )
traltic. Purthernore, no provision io ade or dradnage 1oche traditlonal
modcel but cmall, singic=rars aileoes, or wrvas, vivieh run puradlel to tiw
ralsed pesye also proviae Linited sur Lace drainage.

Given such o situation designers have two choices.  he rirst is o
Keep the present syotan of acces: 10ads ol the banks ol Lhe mesga,  though
the roads tore up considerable opoce, and onee in pdace, Lhoy would fae
costly to modify thon cnough Lo accontiodabc nodern aChinery. Ay such

modifications would also neceusitate ¢ cortain Loty o land presently under
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analysls are used Lo analyze the railsing ol a mesdga located in Upper Bgypt
near bl Finya.  Phic case study ana the infornation put forth in thig
reperi are guides tor the reader's own project analysis.  Purther extengion
of the method, that 1o, post-anaiysis, can also serve as & basis Lor
innovation in design and the ldentification of important gaps in the
avallable data.

Feasibility studices shoula not be nercely irkgsome, burcaucratic
requircncnts which nust be satistied, but rather o vital and necessary part
of «l) wecinion waking., Tt is the authors' hope that the methods outlined
here will serve experto rrom all disciplines concerned with tnproving
Bgypt'e water celivery systen, and will e the basis tor leading thaa Lo

decisions in the best interest ol the farmers and the natlon.
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Appendix A
SNPLE WORESHERTS
Ivaluation of ticter bistribution Projects

Iate

Ragic for Comparison:

Proposed Change: . L _ .

Alternative Assuipoions: e -

I. Deneilts
h. Average Aauvel Addec Penclits

1. Increased groess areibit froa .
potuitial yield increases

2. Increascd cross probity fron _ _
shitts to Ligher valuca crops

3. Value of water conscrved

4. nnual value of land saved. _ . e

5. Other e - -

fotal Average Annual Added Returng

~-4 -
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Average Annual Reduced Costs

1. Pumping

2. BMesga maintenance

3. Drain maintenance

4. Labor fLor irrigation

5. Transportation

6. Other

Total Average Annual Reduced Costs

Averade Annuai fi'otal PBenelits =
Total Average Annual Reduced Costs +

Toral Averaged Anmmual Added Revenue
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1. Costs

C. Averace Annual Added Costs

1. Average annual depeeciation —

a. lwarct work e e e

. Coteds and control I

Cc. ctructures

d. Other cquipseent -

¢. Qther

2. laintenanee —

a.  lerth work e,

bh. Gates and control ————

¢. Structurcs

. Other cauipnent - e

Other e

(e}
»

_{"4._



6.

Interest on average investment

a. Construction

b. [Fguipment

c. Other .

Annhual operating costg

a. [guipment

b. &ysten operation

and maintenance

c. .Other

a. FPixed costs

b. Operating costs

c. Other costs

Other costs

hverage Annual Totel Added Costs




Average Anual Peduced Denelits

1. annual velue of land Jost

2. Other

Total avercge annual Reduced penefits

Addeu Couts + Beduced Denelits

let Cenerits (Costs)

Connernts:
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Appenaly i

THL USEFULIEGS OF COHPARTOONS O AVERAGL ALLUAL DEHEERTTS
AL CO™TE ALD BIE PEESENY Vidoks

Sassone and Schatter [2, Chapier 2] point oul Lhet the Present valuc
Criterion is usually the proper criterion to uce In bencfit-cost analysis.

The formula Lor net present volue io:

bo T Gy By TG Boo=C
= 00y -l R
(1+) (1+a) (1+a) !

= the valuce of costs incurrea in ¢ tine intcrval

@]
ot
!

the time interval

P
il

the value o benerites incurrea in tine intervoel "¢

—
s,
i

the discount raote

Q.
i

1l

n = the life or the project in years
Iff the benerits and costs receivew were the same for cach or the "n" yeurs,

e
.

o

the formula coula be expressed ¢

N . e _
= 3 WSO L W0 gy (e )
N - -~ = _ - 14 - i /
=0 (it )t ‘
o —h
(1 - + , . : : .
where - ‘Jlj(‘gu"i = the expression rtor cadoeulating toe present valuce of

a simple annuity (i.e., the "cocilicieni ror prosent velue")

..x,
a
‘ )

paymients at the end o cach year

G = Jdiscount rote

N Eaer ol years that (+C) arc uehncrateu.
The coeificicent tor present veluc can Lo rouna in stancare tables or che
present value can be detoerndnead using o calculator progranticd Lo pPerrona
standard rinancial coloulations,

T a serics ol alternative water jrojects are rolbea from most

Lavorable to least tavorable (asswsing the distribution ol ixcnelits ana

costs aeseribeda above and with cqual life spans), rad e on the basis of
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cithor net present value or avernde annued benelits and costs vill glve the

Sane rosule,

Since the pilot irrication projects considered here will have
ecuivalent lirespans, ana since too little crapirical information 1o
available o construct reliable tine schedules of nenccits one costs, it

uas Gecicea to une average annual benc.its and costs as the aecision-nahing

criterion.  saverace alnuad bencklte aid costo are Llovs vhacn occur cuci
year, and are cenorally casier to tnderstand than the (usually large) stock
voelue of the net present value of cuch @ Dlou.  Average ainucl values ore
particulariy casy to understona when they are cipresscd in tcoms oif elther
net weneillts el foeller of jer Loddan.

i1, on the othernana, the projects Lo be Conprrea are ol significe . wly
differert liroopons, chnual benebits ana costs (or net beneiits) should be
convertoo Lo net prescnt value, using cither the pornula stated aibove or a
business culculotor.  Assume, Lor czaaple, that an elevated, carth nesqu
would gehcrite estimatea average annuel net bererits ob L. 350 onu would
have on estinated Litespan oi ficty rears.  The alternative project, &
gprinkler gyctan, would gencratc en estinated average anhual net benerlt ok
L., 400 but would last only 25 years. Compxricon ob the average annual nct
beneiits alone tould cuggest tnat the sprinkler systen was the nost
dgosirable pilot project. et the present value ol tuwenty-Live yoirs or net
bDeNCrics Lron Lhe sprinkior cysten (at a 6% Intercot rate) would b Ll
5,420.14, vhile chat iron the [ifty years of net benelits prom the clevated
carth nesugyg woule e Lok 5,847,650 chwviously 1. Uids cane, Nl presenc

value is the preforred aecision-raking criterion, ior it toakes into account

the Gitrorent hibespens of the two potential projects.  Vitn projects
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of different lengths, it is nob recormend to use average annual net
benefits and costs as the decision-niaking criterion.

In the case where sound cupirical evidence oxists as a basis for
wtablishing Line schoedules tor benelits ana costoe Lor cach year, ana it
emerges from this Lhat the occurrence in time ob cither benelbils or costs
is significantly ditterent Lor the different alternatives, analysts should
use the first discounting Lonaula presented in this Appendix to comparce the

alternatives.
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fppendls C
DEPRECTAPION AVD TITEREST CQ06TE

There are aly Vavs Lo caleulate aepreciation costs: straight-line
gepreciativn, cortisation, weclinily, balanoee, sun=or-the years digit s,
sinking-fund ana the Lisv gues on.  Ho single onc ol these wethods ol
cateulating depreciaticn Lo the correct weinod, and the best nethod to use
will wepena on the porticular case.  The igoue 16 Lurther complicated by
the nearly usiversad dppact on inflation. The legitinmate purpose tor
calculoting ceprociction costs 15 Lo account Lor the accrease in the value
ol o inwvestnent wnich ovecurs through use.  Ir toe velue ob i investnent
i increasing in nowinol dollar terms because of inLlation, the Lssue 1is
furthor congdiccice.  %he sinking-luna ethou 10 designea Lo set oup o
cpecial punc tor the replacancnt of an investment vhen replacenent 1o
requirea, Tt luowerticularly huportant Lo compansste Lor intlation vhen
the sinking-fund method 14 used.

The stroiobt-line methoo of depreciotion wen sclecteu for use in the
Cevaluation of che sample prich project in this report. e straight-line
method of calcutatineg depreciation cocts i undoubtedly thal nwst generally
used Lo calculuate deprocicstion coste in fcasibility studics.  the method ig
casy Lo uncorotand ana the caiculatiens are il Lo LCLEOL.  Yearly

depreciation costs:

C -5

Ty iz
it n

where DED i yearly depreciation costs, © s the initial cost, S the
salvace value ana n the usclul Lifespon,

vhen clraicht=line depreciction 1o used, interest costs are usually
caleuleted on an average anbual basils using the average velue ol

investneit e
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I = <L;-“i + (> (ch)

vhiere TP is average annual interest cost, and d the interect rate used. 5
is the salvage value and the associated interest charges occur each year.
(C-5) 1o that porticn ol the Investment vhich i depreciated and 1ts
average value during the lifespan of the invesituent is one halt (C-S).  The
actual interest charges during the Indtial yeors on the libespan arce
greater thon the average inlerest charge, and the iuterest charges in the
later years ob the litespan are loss than the average interest charge.

The intcrest costs caleulated tor each year will be based on the
undepreciated value ob the investrent Lor that year.  Therefore, the total
interest charges wode against an investniene wvidl depend on the depreciation
pmethod usca.  Using ctraighi-line depreciation as the ase method, conpare
it with to other conmwon metrhods or caleulating depreciation costs:
accelerated depreciation (e.g., gectining balance) ana decelerated
depreciation (c.d., amortization). Thece are shown in fable C-1 and Figure
C-1. Asowae that the Livestment nas ne salvage velue, has an lnterest rate
of 8% and Lhat the lnvestment will have a uselul lifespan of tive years.

The difterences 1 the totael intercct and uepreciation costs in this
example (or the three methods of caleulating depreciation costs dre not
great (sec wable ¢=1). the diticrences whlch o cxlst are due to the
airferences in intcrest cocts.  Interest costs arce arectest for the
arortization methoa pecause the noncepreciation vaiue or the investnient.

Obviously, in real life cituations, not all paats ol an lnvestnent
will aepreciate ot the sauc rate. ol vorks, ror ceanple, ny depreciate
over a period o thirty yeoars, gales and controls over o period ol ten
years, and accomjaiying structures over a periou oi iifteen.  The

calculation of depreciction values for chis investment would require a more
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Table C-1.
Depre

ciation.

Comparison of Depreciation and Interest Charges for Three Methods of Calculating

Decelerated Depreciation Accelerated Bepreciation

Year Straight-Line Total ~__Amortization Total Declining Balance Total
Depreciaticn Interest ‘eclation  Interest Depreciation Interest

L.E. L.E. L.E. LUE. L.E. L.E. L.E. LB L.E.

1 2,000 800 2,800 1,705.50 800 2,504.56 4,000 800 4,800

2 2,000 640 2,640 1,840.93 663.63 2,504.56 2,400 480 2,880

3 2,000 480 2,480 1.988.20 576.35  2,5304.56 1,440 272 1,712
4 2,000 320 2,320 2,147.26 357.30 2,504.50 864 172.80 1,036.80
5 2,000 160 2,160 2,319.04 185.52  2,504.56 1,2969/ 103.68 1,399.68
Total 10,000 2,400 12,400 10,000.00 2,522.80 12.522.80 10,000 1,828.48 11,829.48

a/s.
=L,

b/ .

— I this

s

[A/ 7

ment.

o

S

140V

10,000 investment, S-vear life span and 8% iuntevrest.

= calculation, L.E. 772.00 remuined to be depreciated at the end of vear 5.
This was added to the calculated depreciation for year 5 of L.E. 518.00 to fully depreciate the
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L.E.

10,000

Straight -line
8,000} Depreciation
6,000} \</ Amortization

AN
4)000 [
Accelerated \
2,000 Depreciation
0 1
0 ! 2 3 4 5

Figure C.1. Undepreciated value of a L.L.10,000
investment with a 5-year life using threc methods
of depreciation (sce Table C.1.)
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APPENDIX E

Benefits and Costs of the Pipeline System

Proposed for the El-Hanmami Canal

Prepared by: Farouk Abdel Al and Melvin D. Skold

The problems identified by Fgypt Water Use and Management Project (EWUP)
researchers and reported in earlier reports arce keys to identifying the
expected benefits of a pipeline delivery systew. Jt is expected that a pipe-
line will provide for (&) a more uniform distribution ol water along the
branch canal, () deliver water on a wore timely basis to all farmers along
the canal and (¢) provide water in volumes adequate to insurce efficient dis—
tribution of water over the ficlds.  Additiconally, the pipeline will (d) save
water, making it available for irrigating new lands () stabilize the water
table and prevent crop vield reductions associated with high water tables and
further improve deloriorated soil vesources which have accumulated salts over
time. Other scavinge include: (f) savings of canal cleaning costs and ()
freeing land frem use as canals cenabling an expansicn of the cropable land
and, perhaps, reducing the amount ¢ land required for drains.

Problems to be corrected by the installation ol the pipeline system
include:

1. Providing a uniform amount of water available to all lands served by
a canal. Wolfe, ct al. reported thot lands at the end reaches of
canals may rcceive only one-fourth: as much water as those at the
beginning of the canal (FwWIP Technical Report No. 3).

2. Rzsulting from the poor water distribution, Shinnawi, et al.
reported (EWUP Technical Report No. 5):

a. Farmers near Lhe lower one—third of a branch canal expect maize
vields which arc less than two-thirds of the expected maize
yvields of farmers in the upper one—third of a branch canal.

b.  About two-thivds of the {aymers in the Jowor one-third of
branch canals have securcd access to a punp, either by rental
or purchase, whilc only 10 rorcent of the upper end farmers use
PUmpSs -

c. Parmers near the lewer end of branch canals grow fewer sumer
crop veqgetabhlos and qgrow axn o mvize than farmers near the upper
end of branch canals.  The bower end Larmers indicated that
they would prefer to grow none high-valved vogetables if wate
were avall: ble in the quantitics and Limes roquined.

d. Lower end farmers would also grow more wintoer vegetables and
less perscem; again, increasing their incane potentials.
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3. igh pumping costs for water would be reduced. About two-thirds of
the lower end farmers either rent or own pumps. The costs of pump
rental or cwnership and operation of pumps can be saved.

4. Improved water control as provided by the pipeline system will:

a. Save water which is needed to irrigate other lands thereby
increasing production elscewhere.

b. stabilize the water table giving the duel benefits of (a)
increased yield from all crovs served by the system and (b)
reduction in the deterioration of the soil due to water logging
and salinization.

C. Facilitate the application of water to crops according to their
cvapotransportation needs and with improved efficiency over
[ields thorehy increasing crep yield potentials.

5. Land will be saved by requiring less for distribution of water than
is required by canals and improved water control will mean less land
is also requirted for drains.

6. Further, costs of maintaining canals and drains will also be
reduced.

Weighting of these benefits and costs can be placed in a partial budget-
ing framework. ‘'he partial budget censiders:

A. Ixpected added returns.

B. Expected reduced costs.

C. A plus H.

D. Expected added costs.

E. Lxpected reduced pumps.

F. D plus P

G. C minus ' — net benefits (or cost) of the change.

Data are not available which permit a precise calculation of all
benefits. Recause cramples of more optimally controlled water applications
are not immcdliaic 'y avallable in BEgypt, berefits [rom such contrel can only
be based on cxtrarolations L[rom olsewhere.  Gn the other hand, completion
of such a systen will enable IWUP rescarchers to obtain the data necessary
for evaluation of othor ing rovements in on—farm water management. Jt 1S
uscful, however, to consider the potential bonelits qualitatively as well as
quantitatively.

A, Added Returng:
1.  Potential yield incrcascs. The pipeline will serve 780 feddans.
The lower one-third (260 feddans), which have lewer yield

oxpectations than is the case for upper one-cnird, will
experience increased oxpected yvields.
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Expected maize yields (upper) 10.6 ardabs
Expected maize yields (lower) _6.7 ardabs
Differencc in expectations 3.9 ardabs

About 50% of the land is in maize during the summer

season or 1/2 x 260 = 135 F of maize, only 1/3 not
served by puanps or 135
3 = 45 F.

]
b
~J

45 F x 3.9 ardab increase 5.5 ardabs additional
maize/year valued L. S0l TLF. 1404,

Shifts to higher valued crops.

Expected net return per feddan of maize 13 ardabs @
L.E. 8 = 1..E. 115 less all costs of I.E. 103 = L.E. 7.

Expected neto rebwns per feddan {rom:

tomatoes at Beni Magdoul L.E, 52
artichoke at Beni Magdoul L.E. 240
cabbage at FE1 Hanmami L.E. 351
cggplant at 11 Hanmami L., 288
AVERAGE L.E. 218

Difference, expected returns from vegetables
(average) and maize:

l.he 218 = L.E. 7 = L.E. 211

Uprer end farmers have about 2/5 of their land in
vegetables during sunmer; lower end farmers without pumps
have about 1/5 of their land in vegetables during summer.
About 173 of the lower ond land, (173 x 260 = 86.6 F)
15 not scrved by g,

200
86.6 foddang cropped with (1/5) 2 times as many vegetables;
vogetah les increasce of about 17.3 feddans per year with an
increased expected gross return of (17.3 x LL.E. 211=)
L.F. 3,650/year.

General vield increases duc to: stabilized water table level,
improved irriqgation efficicney, improved irrication timing.

Data to support iny assuptions on these matters are not

availlable.  I[notallation of a system to provide control of
irrication water wils enablce EWUP scicentists to learn of the






operating pumps range between L.E. 40 and L.F. 52 per feddan
per year. fTaking a cost of L.E. 45 per feddan per year for
each of the 260 x 2/3 = 174 feddans at the lower end which
are scrve’ by pumps, total pumping cost savings of I.E. 7,830
per year can be achieved.

C. Added vetuing plus reduced costs (per 780 feddans served) :

Added Retwing:

. fotie 1,404
. b 3,650
Lot 26,957
Nodla

[l . _7.__’/,6‘9.__

[ S N R S
»

L., 32,771 per year added returns

Reduced Cousts:

1. L.Be 1,960
2. L.ke 2,500
3. Lolie _7.0.20

el 120290 per vear reduced costs

L.E. 45,001 added costs and reduced returns
D. Increased Costs:

1. Annual fixed cost of pipeline L.E. 500,000 cstimated at 30
vears Life (500,000 / 30=) 1..E. 16,0667. ‘

N
.

Intercot on investment L.E. 500,000 at 10% = L.E. 50,000 per
Y(.‘(Jr.

3. Anual operating costs o the pipeline (estimated) s
-~ Maintenance (5% of cquiyment cost) = J.E. 5,220.
—  Blectric power.

2 pumps x 10 hr./day x 300 days/yr. x 0.045/KwH
(economic price of eclectricity) = L.E. 13500/year.

— Labor
2 laborcrs ¥ L.F. 40/no.
2 technicians = LR, 60/mo.

(Governmient rate plus incentive) L.E. 1,680/yr.

E.  Reduced Returns: Reduced return estimates arc accounted for in the
added returns scction because changes in net returns were
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F.

G.

considered.

fncreased costs plus reduced returns:

Increased Costas
1. Annual tixed cost L.E. 16,667
2. Interest on investment/yr. L.E. 50,000
3. Operating costs, annual. L.E. 20,500
total, increased costs/yr. e
87,167
Reduced returns 0
TOTAL L.E. 87,176
C minusg [
Added returns plus reduced costs L.E. 45,061
Added cost plus reduced returns L.E. 87,167

Benefit (cost) per year L.v. (42,106)

or 42,106/780 F = L.G. 53.98 per feddan per year

These preliming:y calculations indicate an excess of costs over
benefits, however, it must be stressed that:

l.

Perhaps the most important henefit of a pipeline system is its
value for research and demonstration. EWOP analyses have not
been able to estimate sane of the expected henefits. It is not
known:

—  How much yields can increase with reduced and stabilized water
tables.

—  low much improved water control can reducc 50il cdeterioration.

— How mach the value of water caved is to downstream users of
the water.

These and other benefits and costs can be more carefully evaluated
by installation of such a syscent. The analyses will be potent il
beneficial to nther regions in Egypt as well.

Costs excrxd benelits primarily becousce of the interesi charage on
the estimated investient cosi.

(a) If a commonly used World Daink rate ol interesi on investments
wore applied, e.g., 3 percent per year, the total annual costs
would e L.i. 52,167 ~aainst projected bonofits of L.E. 45,061
per year, or a bhenef it of L.F. 7,106 tor the project or
L.E. 9.11 per foddan scrved.

—-62—



(b) Or, if as somc arque, interest charge should not be made on
public investments, the annual costs reduce to L.E. 25,061
per year with no interect charged. Renefits then exceed costs
by L.bF. 24,561 per year or I.k. 9.11 per feddan scerved.

We can also comparc between the average costs for lifting water by sakia,
diesel pumps versus the cost of water delivered by the new pipeline at E1 Han-
mami. The average cost/year/feddan by using sakia is 21.25 LE*, to use dicsel
pumps it costs 38.40 LE per year** per feddan and the estimaved average cost
per year for onc feddan by using the pipeline will be 26.28 LE. (Using the
cconomic price for Blectric power.***) But, if the official price for the
first 70,000 KXWl of LE 0.020347/KvH, the next 100,000 KW priced at LE
0.016647/KWii, o=d the next 130,000 KWH is priced at LE 0.015847 KWH. Water
delivery by the new pipeline will be the cost of 15.58 LE per year/ feddan.

* Costs are calculated using staff paper #21 - Water Lifting by Sakia
by Forrest Walters, August 1980. Assuming that one sakia scrves 10
feddans

** Costo Lor diesel pumps are calculated based on using a pump 6"/6"
for 48 hours per year for one feddan which is the average time for the
3 most comon cropping patterns in the E1 Hanmami area and using 0.80
LE as the rental rate lor cach hour, These three patterns are shovm on
the next jxgre.

*k** The average costs for operating Lhe pipeline system were calculated
by using only the cocts of clectrical power, labor, and maintenance.

1f we added i addition to these the annual depreciation costs and the

annual interest costs, we then come to 66.88 LE/feddan using 3% rate of
interest and to 111.75 LE/feddan if a 1079 rate of interest ig applied.
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APPENDIX F

A Preliminary Evaluation of Improvements to Mesga 10
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Abstract

This preliminary economic evaluation on raising Mesga 10 at Beni
Magdul site using the following three sets of assumptions:

1. No yield increase and no production cost increase.

2. Ten percent yield increase and 2.5 percent production increase.

3. Twenty percent yield increase and 5 percent production increase.

This preliminary evaluation shows the potential benefits and costs of this
project. The interpretation of the evaluation results for Mesqa 10 shows

also that the raised mesga is going to provide the proper quantity of water
to the famm level to permit more efficient on-famm irrigation.
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Introduction

The Egypt Water Use and Management Project (FWUP) has identified inade-
quate water delivery at the end of water delivery systems as a problem (11,
l:‘) 4

In effort to solve the problem of shortage of water at the tail of the
mesgas, and to eliminate the costs and efforts of labor and animals required
for 1ifting water by sakias and other means, BWUP is constructing an elevated
mesqgas at Bend Magdui to replace Mesda #10 which scerves approximately 54.6
feddans. The 54.6 foddans are served by 8 sakias (6 sakias are turned by
cows, and 2 by doniwys), plus a well at the end of the mesqga served by a
diesel pump.

The technicai changes required are: constructing a cement line elevated
mesqa, beside the existing cne, a pump at the head of the mesaa to provide
water at the rccuircd level and provide sufficient water for irrigation in the

proper times to rnable the farers to apply good cropping potterns with good

roduction. [n acdition, cther needed chanues are dztatled in the pilot pro-
i s I3
gram for this mesaa,

The objectives of elevating this mesga are to provide the proper quantity
of water on a giavity feed basis to all farmers on the mecga. A sufficient
heod will ve provided o allow for fast and more of{icient irrigation, also
eliminating the necd rov various on-farm water 1ifting systems. ‘The elevated
mesqga will ailow more control of seepage losses which currently are contribut-
ing to the high witer table, et the same time the replaced mesca will serve as
a drain.

Method of Economic. Evaluation

This econamic study which presents a pre-feasibility study for Mesga 10
improvements is a preliminary analysis based on partial budget method of
evaluation. The partial budget shows mainly the estimated Benefits and Costs,
the general categories of henef *tg and costs are:

Renefiils

A.  Mdded Benefits (benefits added as the result of proposed changes) .
B. Reduced Costs (costs for existing system which will no longer occur
becaugs of Lhe proposed changes) .
LostS
C. Added Costs (costs added as the result of proposed chiange) «

D. Reduced Bencfits (benefits Lrowm existing system which will no longer
occur because of the proposed change) .
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Net Benefits (costs) = Total Benefits (A + B) - Total Costs (C + D)

The net benefits (costs) calculated become the basis for judging the
desirability of the proposed change. Tf a series of alternatives for proposexd
vhanges are to be considered, a partial budget for each alternative must be
constructed.

Riscount and Interest Rates

In econamics, it is generally agreed that the appropriate use of discount
rates is the key to the cefficient use of capital resources and that interest
rates should reflect the opportunity cost of foreign loans, limited interest
charges may be made.

Because many Egyptian irrigation improvements are based on low interest
loans from international cources, the selection of an appropriate discount
rate may involve less of a fundamental conflict. At this point in time, a 4
percent rate for government operations scems to be a reasonable compromise.,
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Existing Irrigation Methods
Qﬂﬂﬁi%Llfb.BBM,M&qdul

Mesga 10 is located on the left side of Beni Magdul canal. The distribu~
tion of the 8 sakias which serve the area are indicated in Table 1 and Map A.

Table 1
Distribution of Sakias on Mesqa 10, Beni Magdul

Right Side_ _. o left Side

S;xk,iﬂ_ﬂm,.,_WMa-ﬁmyed Sakia No. _ Area Served

5.81 1
5.00 2
6.50
3,71
6.00
15.75

3.75
8.08

oUW N
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The cost of lifting water by sakias in the existing irrigation system
is estimated according to Staff Paper #21, "Water-1lifing by Sakia. 'The
Incremental Cost of Cow Power," by Forest Walters, August 1980, in Table MNo.

2.
Table 2
Lifting Cost by Sakias (1)
on Mesqa 10, Beni Magdul
Area Annual Cost Total Annual
Sakia Served Per Feddan Cost
No. Location L. I PP TS PN FP% OPU
1 Right Side 5.81 19.21 111,61
2 " 5.00 20.60 103.00
3 " 6.50 18.21 118.37
4 " 3.71 22.68 84.14
5 " 6.00 19.21 115.26
6 " 15.75 15.03 120.49 (2)
7 " 3.75 22.68 85.05
8 " 8.08 17.46 141.08
TOTAL 54.60 878.99
(1) We assume that the 8 sakias are turned by cows.
(2) Ve assume that sakia no. 6 irrigated the area of 15.75 f. for

6 nonths, and the diesel punp at the end of Mesga 10 irrigates
in the spring and swmer (6 mentis) .
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Economic Evaluation

] e 7 .

a. 0% (No yield increase)
b. 10% vyield increase, 2.5% cost increase
c. 20% vyield increase, 5% cost increase

I. BENEFITS
A. Average Annual Added Benefiis

1. Increased gross profit from yield increase L.E.
a. 0.00
b. (688 X 0.10 X 54.60 £. = 3756.48) (3) 3,756.48
C. (688 X 0.20 X 54.60 f. = 7512.96) 7,512.96
2. Annual Value of land saved 34.40
(8 sakias X 25 m2 / 4200 m® = 0.05 f.)
688 X 0.05 f. = LE 34.40
TOTAL AVERAGE ANNUAL ADDED BENEFITS a. 34.40
b. 3,790.88
Ce 71.547.30
B. Average Annual Reduced Costs
l. Lifting by sakias (a, b, c) 878.99

(3) Average crop production value per feddan = LE 688
Data from 1979/1980 - Beni Magdul Farm Record Summary
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Lifting v diesel pump (a,b,C)

(15.75 £. ¥ 2 month X 3 times X 2 hours X 0.75

- (15.75 f. X 4 month ¥ 4 times X 2 hours X 0.75

Labor to distribute irvigation water (a,b,c)

0ld Mesdaa

54.60 C. ¥ 4 winter aonths X 2 times/month X 4
54.60 . %X 4 spring & fall wo. ¥ 3 tines/mo.X5
54.60 f. X 4 sunmer nonths X4 times/month X 6

Total irrigation hours

Elevated Mesqa (4)

54.60 £. X 4 month X 2 times X 2 h

£4.60 £f. X 4 month . 3 times X 2 h

54.60 f. X 4 month ¥ 4 times X 2 h
Total frrigation hours

Number of hours saved = 10265 - 3931 =

il

LE 141.

LE 378.

= 1747
= 3276
= 5242

10,265

= 874
= 1310
= 1747

3931

6334

Labor hours costs saved = 6334 X LE 0.25 = LE 1583.50

(4) Number of hours needed for gravity irrigation f
is 2 hours. “he engineering calculation wag 1.

..74....
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L.E.

518.75

1,583.50

eddan

1 feddan.
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Mesga Maintenance (a, b, b)

20 laborers x LE 2.00/day x 3 times

Total average annual reduced costs

Average Annual Total Benefits (I A+B)

~75—

de

Ce.

120.00

o P e Pt

3,136.64
6,893.12
10,649.54



C. Average Ann .al Added Costs
1. Average annual depreciation (5)
- EBarth work LE 112/20 = LE 5.60
- Structures LE 12500/20 = 625.00
- Gates LE 320/10 = LE 32
2. Pumping annual cost (6) LE
- Pixed costs (depreciation) 145.00
D. pump 16.5 hp LE 1450/10 yrs=145
- Operating costs 360.00
(1 labor x LE 30/month x 12 mo.=360)
- Fuel costs 597.50
D fuel 3 liter/hr x 3931 hr x LE
0.03 = 353.79)
0il fuel 0.08 kg/hr x 3931 hr x LE
0.775 = 243.72)
3. Maintenance LE
- Earth work 0.00
~ Gates (8 gates x LE 4 = 32) 32,00
-~ Structures (LE 12500 x 0.01 = 125) 125.00
~ D. pump (LE 1450 x 0.05 = 72.5) 72.50
(5) Estimated useful life
- 20 years for carth work and structures
- 10 vears for gates and D. pump
(6) If we used electric pump we have to re-~alculate the

electric power charge.

~76~
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662.60

1,102.50
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4.

Annual interest on average investment

(earth work LE 112 + structures LE 12500 +
gates LE 320 + pump LE 1450 = 14382

LE 14382/2 x 0.04 = 287.64)

Drain Maintenance

013 mesga 10 will serve as a drain
15 labors x 2 days x LE 2/day

Crop production cost increase (7)

- a. LE 134 x 54.60 £ x 0 = 0.09 a.
- b. LE 134 x 54.60 £ x 0.025 = 182.91 b.
- c. LE 134 x 54.60 £ x 0.050 = 365.82 C.
Average annual total added costs
a.
b.
Ce
Average annual reduced benefits
Added costs + reduced benefits a.
C+D b.
C.

(7)

Average crop expenses per feddan = LE 134 fram
Beni Magdoul Farm Record Summary.
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287.64

60.00

0.00
182.91
365.82

~ oo

2,342.24
2,552.15
2,708.06

0.00
2,342.24

2,525.15
2,708.06

1979/1980
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NET BENEFITS (A+B) - (C+D)

LE 794.40
LE 4,341.00
LE 7,941.48

a. 3,136.64 - 2,342.24
b. 6,893.12 - 2,552.12
c. 10,64:.54 - 2,708.06

I

]

Interpretation ¢f the Evaluation Results
for Mesaa 10 at Beni Magdoul area

The average annual net benefits using the (¢} set of assumptions (no
yield increas=, no production cost increase) are estimated to be LE 794.40.
The average annual net benefits using the (a) set of assumptions (no yield
increase, no production cost increase) are estimated to be LE 794.40. 'The
average annual net benefits per feddan will be LE 14.55. It ic reasonable
to expect that there will be a yield increase if the farmers took advantage
of the improved irrigation system and if the proposed Farmer's Organiration
can provide enough discipline to maintain the required farmer schedule for
irrigating. However, the averagc annual net benefits using the (b) set of
assumptions (10 percent vield increase and 2.5 percent production cost
increase) are estimated to be LE 4.341.00. This amounts to a net benefit
of LE 79.51 per feddan.

The average annual net benefits using the (¢) ot of assumptions (20
percent yield increase, and 5 percent production increase) are estimated to
be LE 7.941.48. The average annual net benefits per feddan will be LE 145.45.

This preliminary econamic evaluation using three sets of assumptions
shows the benefits of this project which the raised cement lined mesga
can provide, i.e., the delivery of the proper quantity of water to the
farm level to permit more efficient on-farm irrigation as well as allowing
more control of seepage losses which in old mesgas are contributing to high
water tables.
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Land Area

1 acre

1 feddan

I hectare (ha)

1 square kilomerter
1 square nmile

7, 3 Y
NVacer Use

1 billion w”
1,000 m?
1,000 m?/ feddan

AMERICAN EQUIVALENTS OF EGYPTIAN ARABIC

TERMS AND MEASURES COMMONLY USED

IN TRRIGATION WORK

in sq meters

4,046,856
4,200, 8335
10,000.00
100 x 10
259 x 100

N acre-yul!

810,710
0.81071
0.781

(= 238 mm of raintall)
<20 mY raintall
(= 100 mm of rainfall)

metrie

P YV SRR e TR ey
Other Jonserstons

I ardd 198 liters
V oardah/oddan

1 kg/iedim

Egyptian Units of Pileld Crops

Cotton {(unginned)

Cotton (lint or ginned)
supar, rlax straw
Pilce {rough or unmilled)
Lentils

Clover (L7 oatm)
Broadbeans, tenugreck
Wheat, chickpeas, lupine
Maize,
Linsced
Barley, cottonsced, sesame
Grouadnuts (in shells)

unlon,

sorghu

Ln acres in teddan
| 0.96335
1.03805 1
2.47105 2.38048

247,105 238.048

640,00 616.4

tn acere-inchey

9.72852
9.372

U.Sl

5.62 bushels
5.41 bushels/acre
2.12 1b/acre

Eg. Unit n kgs

metric ginte 57.5
metric qintur 50,0
Gratan 15.0
daritba 945.0
clah 160.0
avded 157.0
ardab’ 1645,0
urdab 150.0
Ayl 140.0
ardab 122.0
ardad 120,0
ardat 75.0

s in hectares

0.40469
0.42008
1
100,00
259,00

to convert kg.
wntts/feddan to
tons/ha, vultiply by

(0, 3744
0.1190
0.1071
72,2496
0, 3309
0.3737
U, 3690
0.3571
0.3333
0. 2904
0,2857

0.1745
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