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PREFACE AND SUMMARY CONCLUSIONS 

Over the past fifteen years, the food situation in the OMVS 
countries of Mali, Mauritania, and Senegal ha5 seriously
deteriorated The ratio today of domestic grain production to
 
total grain consumption is .83 in Mali, 19 in Mauritania,
 
and 62 in Senegal -- much lower than during the 19605 and
 
approaching the levels of the 1972-71 drcught years tClar'k G.
 
Rosb, "The Deteriorating Food Grain Situation in the Sahel and A 
Program :'r brain Self-Sufficiency by the Year 2000", AID,
December 19bZ In addj,t1on to the decline in per capita
production there are als Iarje year to year fluctuations due 
principally to vari tions in rainfall This induces great 
concern among farmers s to whether they will be able to feed 
themselves and intv'cduce uncertainty into gcvernnient planning 
for the allocation of scarce L',reign e)'change to food imports. 

The problems of increasing fond production have 
not proved
 
tc be particularly amenable 
to solution Although constraints on
 
the availability of investment 
fund5 ma, have accounted for some 
of t he d if f i :uLI ty ( , p 13 ) , more fun J.c,me n t a I -auses have
 
been (1) the lack of a viable technical ac k6je for rainfed
 
foodcrop cultivation in the zone with 
lean than 800 mm of 
rainfall and (2) the extreme difficult ie5 e:-.pe ienced in trying 
to develop irr igaton along the S_:enegal River wi ti.,ut the flow of 
that river being regulated A soluton to the first problem will 
require much more investment in agricultural re-ea -ch, though

this is unlikely to produce substantial results for at least a
 
decade Carl K Eicher, "Facing Up to Africa's Food Crisis,"
 
. re aqn Affairs, Fall 1982) The solution to the 
second problem,
 
however, is at hand
 

With construction of the Manantali 
 d n,m scheduled for
 
c:'mpletion by the end of the 19805, 
 the situation regarding
 
irrigation in the Senegal River B1asin 
 will be substantially

changed. This will permit relatively secure Jouble-crop
 
irrigated cultivation 
 to take place over an area of 250,000 
hectares. The ability to grow two crops per year will
 
substantially increase the profitability of irrigated cultivation
 
and enable ressurces to be more fully utilize ., thus , reatiji, the 
potential for increased food production In addition, the 
availability of a technical packege for irrigatel production

using high 
 yielding seed varJeties and fertilizer will further
 
increase production of foodgrains Equally if not more
 
important, this production will 
be much more secure than that
 
resulting from rainfed cultivation in this area of highly
 
variable rainfall
 

In planning for the expansion of irrigation, it is important

to consider the alternatives that are availatble at any moment in
 
time. In particular, there is need for a long-term comrparat ive
 
economic analvsis of the returns 
to investmrent in irri jation
 
versus rainfed agriculture when investment is envisioned to take
 



place over a period of decades This iz. the subject of this
 
report.
 

The analysiv was carried out using a 
 computer simulation

model described in tile text of 
th1e report The model is 
 ba= ed
 
principally 
on the ecunomic and finaiic'al analysis in the Project

Paper for AID's 
OMVS Integrated Development Project (IDP) Use
 
was also made 
of other project reports, such as the World Bank 5

appraisal of its Groundnut and Foodtr.,p Project 
tn Hali. These
 
reports were evaluated and the 
results were extrapolated over the
Middle and Upper Valle V of the Senegal River 
 The Lower VaIleY
 
and Delta were 'e,cluded since there is as of yet 
 no concrete
 
example of an eco:,rion irrijat 1on
iially viable scheme in that zone,

and it is imposs ible just now to say what s uch 
a scheme would
 
look like if it were 
to be develor-


Both rainfed and irrigated ultiva i-n 
were pr Jected to the
 year 2010 
 in teriis of hectares, 
 nuraber of taris, production

benefits, and 
costs Rates of expansion were hypothesized based
 
on anticipated maXinmum 
 rate .- of train n and supervision of

extension 
 agents Investment 
capital was left unconstrained
 
Costs and benefits of tie -tream 
 o1 nve-tillent were thenr
 
calculated and internal rates of returni 
were obta ined
 

The re sults of th is ana Iy 5 s sug.e t tha t n ter ne I rates of
 
return are substantially hiqher 
for irrijated cultivation than

for rainfed production. 
 The rates for Irrijaticn vary from 8
 
percent in BakeI to 23 percent 
in P, doi usi.ng manual techniques,

and from 18 percent jn C,.)rgol to 31 per-ent in CLuidimaka using

animal traction 4ates of return 
for ia nifc.d cultjvat on are
 
nega tiv e everywhere except Guid mak a in Ml r itaTiia aTn(d 
 in Ma If
 
where they rise to a maxiimum of 
21 percent usln, animal traction
 

The internal rate5 of return 
 for irrijated cultivation
 
include the effect 
 of improved secou i ' 
 Cf production as

estimated in the Project Paper 
for IDP Y'1,thout tlls effect,

rates of return vary froin -7 percent tc 15 porcent for manual

cultivation, 
 and from 11 percent to 23 percent for 
 animal
 
traction. Overall 
rates of return will, of cour:De, vary between
 
those for manual cult ivat ion and those tor annia I tract ion,

depending 
upon the pace at which animal traction i% adopted 
 In
 
any event, 
 rates of return for irrigatioro are. alm:t everywhere

superior to those for 
rainfed production except in Mali, where
 
only the of
rates return 
for rainfed cultivation have been

calculated. 
 This is because the opPortunities for improving

rainfed cultivation in 
 Mali are relatively _i.od and the
 
possibilities for extending 
irrigation there are 
limited and its
 
costs unknown.
 

If irrigation is pushed vigc.rouslv in the veers to come, the
model projects the development of bet-ween 1'8,OO and 153,000

hertares 
 by the year 2010, depending upon what combination of
manual and animal traction techniques is used This 
will absorb
 
the existing population of the redlion, as its5
wel 1 as ,rowth, but

wi.l only begin to require immi ijrat ion 
fi -,m ',ut ;Je the basin
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COMPARTIVE RETURNS TO IRRIGATED V37 DRYI.AND AGRICULTURE 

IN THE SENEGAL RIVER BASIN: 
 MODEL RESULTS
 

I INTR ODUCTIO4 

1.1. Purpose
 

The purpose of this study is to 
pre.En't to policymaker5

Projections of ret returns t, alternative investments in the 
Senegal River Valley Specifically, AID/RBDO charged the study
"to compare the investments ior irrigatel development planned
within the OMVS development plan to veal 2010 
 with possible

alternative nva tTients oDr the development of rainted 
agriculture during the same period " (RPDO--DR-63-017) The model 
developed will serve a:3 a companion piece 
 to the USAID/01,1VS
Integrated Development Project Paper (62,-062f1 puVlished by the 
USAID River Basin Development Office in Da1kar
 

1.2 Development of Model Scale
 

Although the model diaws extensively cn economic, financia.l,

agricultural and sociological data pre.;enteJ 
 in the IDP 
supporting analyse,, 
 it does not apply Jirectlv the numter of
 
hectares proposed for development by the prject in each 
of the
 
five specific project sites tonNor does it t ke in I o,onsidera 

the number of alrea Iy e 
- st IT1 irr i g a t i sri pe I I Inc ter Ra the r, it 
develops 
 a rate of eapansion of project irterventions which is
 
independent of specific 
donor proposals.
 

In this way, the model is somewhat unique Instead of 
accepting a given level of investment and extrapolating from it 
to levels of benefits, it project:, a realitic rate of
involvement of farmers in new agricultural development schemes
 
and then calculates the 
residual capital investment necessary to
 
support such an expansion. The results of the model can
 
therefore be analyzed independently of specific donor activity
 
levels.
 

1.3 Marginal Benefit/Cost Methodclcgy
 

Analysis of possible production scenarios has 
 been
 
performed both 
for improved rainted agriculture and for irrigated

cultivation using an incremental approach 
 In each case, an 
existing level of traditional agricultural activity is used as a 
benchmark against which to mea-ure increaseJ production and 
costs. Only marginal returns and costs above and beona those of

the traditional ystem are analyzed here *uch 
 an approach

differs from the IDP Economic and Financial Analysis which treaLs
 
irrigation as a new activity 
in the project area, and does not
 
subtract ou-t the 
net returns to traditional agriculture.
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A se'on i P r,,tan t' c ha rad c Le rrs c o t h a mo~d e~ r, en tad; i nc f Plethi15 pa Peris the, trea tmento; de _,~n.n'>'~~o' 

beejanAmortn~t crn on rd oreh hew 10ha" o 

corfarmihg ti- am.e(See Gaiine tt Fl,emf~ng ,Corddry and Carpentler, Inc, , "Organisatlio n ''i. 
Pour ]:a M 5e enIour du Fleuve -- AsSesment- I 

enamp ii0an t fi:he fv! 'system' 

.S.n..a.l 
 of.
Ala Epn four e ise fec Valeu f rose "II1I
Envromena~,
Efet' .~of'PrpoedDevelopmnents in, the- Senegal,River',Ba~in<, ~~Part ialran'Re~por~t for ,iwu,the ~ ea-o vm e Soc'io'econoics,vnti d::i: 

&:teSeegr "'~e P., 90') is~due 
to be phased o~it over taithe ,next ten, yvears, Under exis'ting,~'''
 
prposals aling will permit recession ,
 

......... .. ...pto'roduct~cori'tinu~ekon , th'f ssut t~ cu
during inFloodh re ten-yearagr transit'ion farmersar 5:te ,...whperiod.ich........as .......'. ....... 
as515ted in "the switch to frigation. rIn the model, the'transition' Period stretches 'from 1990 to 2000.~ We're 'walo 

cultivated after Project 
intervention using unimproved techniques~~< 
on the same ahrea of land,,as before projie ct i n tervention, i t would 
not 'figure a t all in the present analysis, Since ost, wai't 
production is not a direct result 
 of lownstream agricultural

development b u t rather is5 a'"fait - accompli res LIt ing f r om earlier, investment decisions,' only incremental changes in w&]o'
product ion 'are phased out knithis model. This approach i5 to be

distinguished from that 

' 

employed in the IDP Economic ~and"
 
Financial Analysis which included 'the" full value of walo
 
production throughout the thirty-year cash flow stream.
 

1,. Organization of Repo-rt 
'~Th remining siect ions of thsreport present the 'iodl f 

compar'ativ'e returns detail. 2 thein Section describes eooiadiv iions5 observed' in its constru.zt'ion. lSect ion 3 present'~h
 
model 5s definition of absorptive capacity and explains how thi5s

key independent variable affects model 's Sections'
the resuI ts,
4, 5 and .6 descr'.-be the traditional,' imp'rovad rainfed and
irrigated agiuJ.rlsyste6,an' the returns'which~ can be ..expected . from~ 
investing in altei'rnative iscenar ios,','Se&&tNon 7~~* 
compares the 'outcome -,of the mo deI to proje~cticns of,, 'uch~ 
parameters as land availabili'ty, 
popuilation growthi and far'ni-level.h
 
consumption in both conf~irm model
order to. 
 feasibilit'y and to,.
 

SPredict the" impact of investments5'On the wider national and
regional ~economies. 'Section 6'varies crtadn parameters 'and 
desr~lesthe sensitivity of internal' rates of re'turn 'to such


changes. Finally, Section 9~ indicat'e5'areas 'of' critial data,'
lacunae,~suggesting where future research Z-hould be focused. , 

2I MODEL DESIGN - 'l~7 ; 

2 1 E6o Ioqlcedai Div it sion s ~ ' t ' 

G iven the high''degree of~ eolo6gica''a d ' sit:Y:i
Senegal, River Baslin, both Pa r a IIe Iand Perpendicul'ar to0 

' rI"trve r, e model o f ~-t le'i t bas Jn ~;1 5 'divide6d ijnto reIa tivel < 17, 

i , 4­



homogenous zones. One of 
 the most cr Iical factor. to affect
 
agriculture, rainiall, varies from 300 mnm 
 p-r year in the Del ta
 
to 900 mm per year in the 
 Malian Upper Valley Resource
 
endowments, patterns ,.f social 
3rganjzat r:,n. -::st [,rojection5 and
 
ensuing calculation5 of of
rates return all follow similar
 
degrees of variation Therefore, the trade-oi - Letween iiprove d
 
rainfed and irrigated agriculture must be analyzed separately for
 
each zone.
 

2.2. Ten Administrative Zones
 

Following the methodology employed 
in the Gannett Fleming
 
report, -ONVSAssess'ment of Environmental Effect5 o)f ProposeJ

Developments 
in the Senegal River Basin," this model breaks the
 
basin into ten zones corresponding to the ten adminjstrative 
units contiguous to the river They are 
 in f-enegal, the
 
departments 
of F aja na, Podor, Matam and Bakel. in HMLaur'itania, the 
regions of Trarza, Brakna, Gorgol and Guidirniaka, and in 11ll i the 
circles of Kayes and Bafoulabe Daizana ani Trarza are defined to 
comprise the Lower Valley, Pod r, Nata M, BraknA ani Gor,.]o niake 
up the L,ower li.ddle Valley, BaLe] and Cui Jiiiak aic in the Upper

Middle Val lFy, 'ayen and '.'afoulabe compr i tlhtheUpper Valley

Though not a perfect reflect in of rea I tV the Mau I 
 tarian arid
 
Senegalese zone are pai red u p in or er I , p rmn 1 siripl if ied
 
app] icat ion (,f far in r s a.3ten5 data wh-n av Ilable on one 5ile 
of
 
the r i v e r bu t no t n e ce a.s i I v t lie o t her A, c or (I i n I v, Dag 3 a a aid 
Trarza are seen az, counterpar1 , as are PoJr and lirakna, latai 
and GorgoI, an(d Be kel and Guidjiaka 

2 3 Restric t i n " ,1t,del cope 

The two zoneb 
 of the Lower Valley were excluded from
 
consideration for two reasons. Fi r t 5 i n ce the po tential for
 
improvement of rainfed agriculture 
is clearly lacklig, it makes
 
no sense to per lc.,rm a 4,mparative e .erci1 e in that region
Clearly, with rainfall of
annual -50-350 nim, the only possible

investment alternative to expand agricultur.-a I pctential in this
 
region is through irrigation Second, due 
to the extremely low
 
rural population density (coriipare 
 the 1976 fIgureE calculated
 
from SONED, 
 Model isat ion des Prix Agr ,:ols- Rapport de Fin de
 
1ere Phase" Dagana 9.2 rural population/k '- v, Ma tam 51.0
 
population density 
is even lower in Trarzai, 5.uch expansion would
 
most likely involve heavy mechanization Though c .omplete data on
 
costs and returns to mechanized, 1r ij ated agriculture are
 
currently unavailable, 
there is fairly clear indication that such
 
a technique would be economically unprofi table, .fla-an Tuluy'z

calculations of net social pr.fitabiljiy of mechanized rice
 
production techniques in Senegal in Pearson, :1tryker and
 
Humphreys, Rice in West AfriLa, p 263) Thua., the model 
focuses
 
only on the remaining three river regiona 
 Lower Middle, Upper

Iiddl and Upper Valleys, aid .even zone S P3Adur, Ilatam, Bake],
 
Brakna, Gorgol, Guidimaka and Kayes/Bafoul.be
 

2.4. Riverine vs Ionriverine Population Breakdown
 

6
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'A s~I e tionw a ls50Made o)f t he d iffere In 
t m i~onr v enir Po p u la t'io n .5s -

M	~ e w e ri e ne an ~ . ne,. in oar floodt n a'eg~ toO wal o0fonde_ and hol Ial1d6 5so il ' 'is 

uf'fport
farme'r5r:.5rve themselves reIy Ing9Pri1marils1 	 Iu on aan
For e~idin 	 CUI~ as to'aay rom the rive'r, the J~ack of~iaa~ i.iia mi ed farming/llivestock m'ust 
be undprta kin order support Itto 	 he househ ,olId,nonriverine popu'lations 'are 
'Prop r i n fk l e i en,

taken from, 
anOiTOI
Le'ricol IaIs (as r'eported in 	 tuy bBai lhacheSTM Miit ucf sban5unl 

Rel1a tions Ex terieure'; Coop~ration et 
 Div6l.oppementE al t10nEconoTi que de 33lAmenagoment 

(F Iran cel 
FlIe uv e _S6niegal"- 1983, pV 42 	

de ]a Rive Gauch6 dufor SenlegalI and f'\o th
"4' PuralL 
 M~pw Ln 0~~en
IitiallyV, It 	 -uv reports 'for Maurlit ania .is assumed that proport ionsthese 
over 	 wilIl no t:,changetime.'"
 

2.51, Carrying Capacity 
of the Land
 

fuueInordere 
to get a sense 
of how the land is to0support
fuue
nrassinPplain(12e_
agric-ultural or expanded 	 hte bv' expanded'livetc 
 4ca t vit e5rough, 
c a~l ul at
on5
u capacity of ere. mad e t o e =t imate t h'- ' e ach zone. W~hen' these 	 Iivestock jicarrvingestimates
approximate herd 	 were comapar'ed wth-Jthe exploitation 5i ozfe5, expansion of livestockprd'ct onnatural 
Pasture 'no longer, appeared th'rou-hto be'14

poss5ible 
In the Fleuve region (departments of
Matam) of Senegal, 	 Dagaria, Podor
but 	 and 
as 	

would st ill be Po-,,sible in,/Bakel , 'as we]]in all riverine regions of 
Mauritania and 
circles of MaE~i.
impIIes, 	 Ths
anong 0oth11ex 

traction 	

th ig 5 that the deve'o~pment' of a",ni-alin Senegal wilI'l
I' 	 have
cultivated feed 	

to be bal ed 'to a large exten'and fodder, 
 'etn\o
 

2.6. Demographic Module 

' 

Table A. 1. prese'nts the 
demographic modulIe f or t he e ntireSenegal River Bas in. Data cul led
rep'orted 	 from 1976 national censuses
a
in varie ty of secondary sourcts' 	 i~ 
RAMS, SONED ) and Presented here., 	

(Ganne t't F1eming 
into rural 	

Popul ations are d i aggregaj ed 
' 

~and urban sectors,, 
 and dif'ferential effective growth\
rtsare appidt 
ah Initially', 
 it is,assum~ed't'hatri'It e5 do not chan'ge over t Ime' 	 those' ,In mos of Ma
"no significa'jt migration into urban 	
ia nia there is 

areas along the; 
-I 

" 

fact, 	 rivr
rates are,ge'nerally quite 
low, 'owing' Cothe 
significant 
.flIux of population intto 'Nou'kchott. 


' 

Populat Ioh' Is then" divided_ Intoassuming 	 numbers of householdsthe, same household si zes 
in t;each regJ 0 inas the,Economic and Financial Anal Y5s" 	 D 
erhueod 	 Aga in, the ,number ofm barsdoes not change o ver 't time 'The' evol Utionhou eholId g row th 	 ofalo0ng., the river is presented inThsufigur'es 	 Table A..""""
are l'ater be us5ed as a baselin Iedata" against' t'" household consumpti'onra wlh'c h '

to, compare' 
~g cu 'ltural "Iabor, etc
 

7I
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'4 " - 3 ABSORPTIVE CAPAC'ITYI 

~"~3I' 1, Ex t e nsion __Ag-- t-.r -nIng a Pr-ou------ Xy.~~~~ f-or- b s o rp t i Ve C a pa C tY 

lys~rie-ca pac&ity ijs t he key factoranyV project inter Yei't ion limiting expan-4-' oFor the purpojses- of th, s miod elI theJra inin,g and AIn~tal Ia ti n' in thea fiel1d ofU extens'ion , agents 15trea ted . s, a Proxy f or:.absor'pt've caPa c i~t y, ThI5, enA til'regardless 
 of 'Popul at ion, growth;- availabil ity of.agrl'culturalla~; or demand 0of farmers, for access 't<-hla'td ]' orln d P-

improved techniqijes the e'xpainsi'on of. the numnber of44 farms, in avandvlpment
quc9 y an In t V'tri-ti n1 ,j a direct function o'how
aficint 1ine
field, Resources to -cover thecotfsuhtrainIng 

quikly an exensonagents can be put' 'in, the
 

PIs 
recurrent *5alary and commodity Costs, -are 
 assumed for the
purposes of this mode] to ,be unconstrained. 

3.2. Schedule of Extens46n 

4gn'rann
 

A'ccordingl ,. an algorithm was developed to determfine how
 many farms, couC. be developed in eacht country, eliher under ,improved rainfed-c:.r under irrigated techniques. Mlauritania, 'lit:
4
was assumed, can'o nlIy train extension agents half' as ,qui^-k IY a ::-,can SenegalI and Mali, which 
seems reasonable given historical
rates of project expansion, 
 In Senegal and Mauritania- thetraining schedule projects ten newIagent.,5being -turned out every
4yea r for the 
first .fiv~e years;, every five,,year5 thereafter,' an ~"-

. 

additional ten new agents *ier VYear can be launched, Th us ,thirty years, Senegal 
-t 

and Mali will each have 1050 additional
extension agents in the,,field, whear 6as ,Mauri tania wilI' 'havet'Ignr-.a egd and JinstallJed 525, TaIaextension agent training, e'A'. shows the sceue0fl
Such 'a 'rate of eyp'an~ilon is tio10 us-cau >-
In .the early, years and more ambitious in Iat aer yeaars, The -"algorit hma- is varied in the sen~i tivi,ty aal~ysis sect Ion-of th is' 

3.3. Development of Farm involvement in roject 
Interventions -

It was felt that an individual agent, during his- first j
yer 5'4 aatrf~ tv t rainIng,can effectivelIy work with-. fi fty

farmers. ' As the farlmers' experience g rows, -it is ey.'p'ec ted that,~44XV<4.~ ex tens ion ageTnt produc tiv ity will ~ be douable'd. Teip atIoli 
t4ta t4 'as each new a,gen t come's son I I e" the fIftYEam r5 wis 4­

whom heaOr she deals dur'ing years I through 5 increases tJo one4>h1hundr'ed, Jarmer5 per extension agent after f Ive' years. 5oTiccalcu Iat ion' Was,appl ied to each new'4-graduating cl,455 c xtnio,, 
agen~ i Senegal andMa JA as5welIIl &s,4I n TMa'uri t~aTIaU As hw1n 

-- i'' -in n'T-i ' 'A. '4 ', th is meni n 5 tth'a t' by 'the. ye ar'20,10" 6'&:O f arms "ti4n" ',bol ISng an'd!Mall and 3,00 f arms i n-Maurta'nia op4u~dV~'J­
involIved In downstream deve'l' 4- Ap'ni~nt i n e4-'' 
R---- A to talI ot1 1700- farmf 8mi IiesRIver.Vl'Y. 
 woui',d-- the'efGre1'-­bane f"' directly from investments. 4 TbIe- A.5 r ns I'tas' this 
r a te of, ecpansion. of 4 absorptive capaci (yj,Jlnto4­'a& 4a t'e ofA ,~~ 

- eI o pmen t o f, Ia'nd -are a g 'v an-4a
4--4-4:4-;- ' ' 4 4 -

5umtI o n50of- :a ver-,g-e~fa rm' s iz e- - - - - - 4 " -44 

- - ' - - -~ ~ '- --- -'4 K - ' ' ~~~ '~ 4 , , A ' 4 ' - - -~4B 
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InTa b le 'A'4' t-he, t o ta I n umbear, of f arms wh ic hc a n b e ha n d 1ed 
b~~r'y-_ thieexten5 nrsaff i aoat "' 't; e ch!,, '~cc o r~d 1,ng t o t he 
g- oog rap h-i-44d:t5 r-P-b u-ia , -o verin-PopJ ro-s~s-z-(ones

ash wn'i n t he~ compnipent 0of thWe mo 61, T id i ostnir~ sb U~in i i a 1ya5s~med iot to 11harig a rtlm 

The r at e o f e xpa n5sion o f >in VolIvemn t 1of farms~ in ;j',
development ,interventIon 5 i s wit h in the poject d epn1''Of

Poplaton inthe pro iect zones. An adequa te( supply o f Iabor," 

should thus 'be vilbeto support the,,nvestment'5. 

o4.4oreTRADITIO1NAL FARMING SYSTEM
 

4 Sureso. Da ta4Riverine Farms 

SData on the traditional farming system is adopted from tie 
IDP paper Vo01 Tle IlI'I Sectionw3.Z.,j"'Technica I Ana lysis of the,
Agricultural Clomponentll. This report present., highly aggregated'
information' drawn from IBRD, FAO and~ local governmnent' sou~rces.. 
Given t he wide range, -of micro climates in alI o0f: t h C zones 
consideredhere the usua1~cautions about representa ti~v ness of 
data appyP, P' I 

Tab Ie k'6. presents a summat'tion of the farm b~udgets f or' 
r verine j 4 1 i n -1each~of, 'the" zones' of _the m'd elI Te ch nic;dI 
Scoefficients for inputs, wage,, and pric6E are taken from the, IDP
Economic *and F inancialI AnayIVsis. ' According to0 the I DP,
Agricultural Analysis, the use of ani'ma-l traction is found,, in 
insignificant aDrkounts except in Na Ili; t hu's, the b~ase case used 'in~i25 
the model>, only considers a manual-technique in Senegal ~an d' 
Mauri ta~nia, The Picture of the ti;raditional farm is Cri tical1 'o--0' 
A'he outcome of returns, later in the analysis. <S~nce this paper_' 
evaluates,-,the IeveI'of, incremental ne-t returns stemming f rom ,.a


given, Project intervention, the base-level of agiutua,
9activity bears direct ly on interna I rates ofreturn This 1., as''~ 
it should, be, The decision wehror.not to al ter anh exi s't ng
system should' be based' on the "level "of -p rojected ecnmc 
improvements Over the existing SYSt6M.,' ,2~ ' 

,
A, .fe tof Intercropping'' 
''' 

As shown, t he interoropping Of 5orghum and':niebeKjin " 
or r ainfed, product lon ffrom.- Ilat am/Gorgo1 "''to Ba Gu mk 

income,,above -those, of' orghum monoculture~ - inci u s ion, the~The A1 -~
 value of, nliebe hige yilding,'jand. higher Value czo, 
IncreasesL va-lUe o1 farm production' ~qAO'5oo~ 'n'coimeA1i 

mait i ,consistency wi t thie, IDP Ag r.ic uItura I.,Anal Yss 5o0f- th e 
tradi t ional1 farm ng 5ys5tem, ne wsot'Speci LtlCally iinc I uded 
in_the:,budgets of Podor and lBrakna It wi I''.be se tn Aa teri't A

-cuinhas~ on the' ana Iysis of'4c mnal rejurn'sA" 

i 



tj~<Kto proje c t Iive5 tment 

4 et urn--,, o Trnad 1~Vi on Pa rrmiing<~.­

Deedin.'o.asmtiosof,' hWuseh6Id 5ize and per, ,ap t a~ 

~ consumption ratLe5 the ex is tin'g- farms surv i ve alta -.51bsistence.~nw 
l e vel wi th potent~al n et revenue bare1,'cover, n,he value. ') 

household Ia b or ,evaluated a ,t~th e mark'et'wage fra te,. It 'i s~ 
arguable' 'thatthe subsistenice~farmzer doe ehisorhaet to 
the-. margin of ~error available to the farmer working under 
t rad l o n'a I technlque5 is very slim,;* 

5. IMPROVED RAINFED AGRICULTURE
 

5.1.' Scope of Improved Rainfed Agricultural Developrnent
 

Informed opinions are, that there Btill is not' a viable 
r a infed a gr icuIt uralI development packado for the en e ga I ive r, 
B a s in Much resea3rch ha's been done to impro.e crop varie ties5 t 
select those which are area-adapte'd,to detrin~e the appropriate., 
l e veI of'improved inp'ut aipplicatioi; jand;Kto develIop ilew manual 
and animal traction technique recommenhdat ions. Experience in­

,othegegrphialareas, however, has shown that the research­
farmer link often fails, to. be~ar tepsivfrtndca a~ 
f< a s Ib Ie at the research, station level. Bfearin this- inl mindV~ 
the improved rainfed model presented h'ee is a catoses~mt 

, o~~f the k'inds of- *enefits foreseeale from suich-Ka project- -

intervention. Furthermore, refurns have only been Cal cu Iated t o ' 

improvements in Matam1 Bake I Gorg'o I Gui dimaka and 
-Kaye5/Baf'oulab6 ;the' potential for improvenA ijb rainfed. 
agri'culture in Podor ,and Brakna is too poor to warrant the 4A 
exercise.,.'~ '"' 

~4b5.Z. Techni~al Coefficients forInip'roed Rainfed.Agriculture
 

Yields rise with an improved -rainfed packagr@ because o~f two ~ 
,factors: improved seed and improved i~cultivat ion:-varieties 


techniques. The following, kilogram per hectare <increases5 area
 
ass5umed:
 

Ma u I'/4 Tr a 0' 4,io 

~ ' ? ?4N16 b 751100 45 

a 5,,,uaer ad i t th i , el,- h -ra' 
Carm p'of he;Ampr- vemen -irs theus5<, thye its ticipa tictn P-or n 

. ' <The~ package does' 'not' .includefert ii zer or chemical p p) ica 'jibr<o , ­

alIth o ugh1 1n- MalIi there may,,be -5dffIcilent rainf-a] I4 o> <wa rrant 
hem 'AK,m n' aboUt iiiproed d 5tadinreas e d l1abor 

-& 

~Y&2fmes are4 t a k en directly fr~omthebI DPIEconomlic< idPnancal'< ' 

f 
4 

'V ~ 4~ < '' 44443~4~44-~~4-1-14(4'4.40a 

41 ~~~~-444.44W ',4 <44 ,~~-C-1 ~ ~ ~ <744~ 4.4 4 - 4-444- 4-< 



Ana y's'i s' pa ge 4 7. m o del a ss une"siV44 The t hat t he amflo un t of lan 
o, t85,to a gJv n'.,,c o ' o change n de rPip o dfarmijng %Y tem.4 

3 Crops InclIuded in the Improved Ra infedcAq riJcu 1,urel1)acka ge
 
The mo d itiae 	 - Ic op 

"'~~~"'''"~ icludes5
cn	 rm-theTh 4 tal nae 	 .~p traditCional
budget. in tAhe Projection of, impro;vem nt :" that is~l~r iLle0t/srghum 

S as wel1- a's ni6b'd Ni6b 1s, a high-value crop; its ,inclu5ion 4'I~ c of re turns may ,therefore r aise .iro fi't b'i Iit,yv" k.ca Icu Iat ions, 

~ }ji~~ Hwever, though the~ potenti alI for, such improvement 4is'there,5eel-Q"­

USAID/Semi -id 'Foodgrain"I Research 'and D~vlp~n '~Projct,~4
 
'ocumen tation on cowpeas research, for example), there~ may, ~in
t~he' ca.e of 
 n i6b 6 	 be to~drb'delay', in t"a time i 
applicati'on of i'esearch results to extension efforts. Therefore,1~i'4

the rate5sof retur'n to an 
improved' 	rainfed pa'ckageare pesented,>,,
 

"4.including 
 and excludin~g incremental improvements to niebd., Since
,Peanuts were only included in the M'alian traditional-farm system,
their", improvement is 'not included in the package in order -to
 
remain consistent with the other zones. 
 Table A.'?. Summarizes.
the budgets of improved~traditional farms. It is the d,ifference

i~h returns and cost5-between Crables'A.7. 
 and A.6. 	 which are used
'to calculate retuirns to project investment."
 

5,A', Cost 
of .the Improved Rainfed Agriculture Package 	
4 

The mos't criticalI factor 
to affect' returns is Cost, Th~e

calculation of' disco'unted 
 vailues of cash' streams is, highly'"<'


'', 'sensit'ive'to level and timing 'of project investmenjts. A vai

of earlier USAID and.IBRD projects~for the' develo~nment of rainfed
 

~ a'griculture"'were anl"zd and pr.ojet cos5ts from an IBRD project--~'

in Mali (see IIIRDReport. 'No. 
 34Oa-MLT, "Apaslo Integrated 
 . 

'similar' ini 'scope to thos 
o<., ti 'std, ,Excluded fro,
cons'id~ra tion,, 
however,' w fere,exehi ss rdyt~ 'otxcd of fice-''"'4~i 
operation,W 'technical, 'ass'i'stance and";si'pplemeit'a'ry ) proje ct 4 

4components since 'these are unlikely~ to-hvet be incurr'ed 
'repeatedlv-4'n the future, 'The remai~nin lin i es cmmd-i5local staff"' salaries,, opera,,t ion and~vehicle maintenance) were
 

'.to>
K 4~4 	 converlted per' farm costs 'and4 pdaedl,,f','9% annual inflation­
'from-'1973 to 1983 prices. 'These constant' costs were then applied

~to, the scale of intervention ipropo 5ed here,,, 

isteThe onI v c ost item not taken-"from the, IBRD proJect4 'paP6r7cW
istecos t,of exttens'ion. , 4The level' of investment,.in extension4~~' 

~ 4.' 	 Per., '-'~..c.are wa s 4calc.1lated! from,prcject co"st~tables" 59-9,3 "of th4 a"Economic -"dFanciad~P 4 Aal~~i 4 7I' -! -LL
 
number of' farms in'4the model,,- assuming' that."?r"a-1-T-extes 4 cos,i
O~er, - he~ctare,wi I I vd ro P:,5O4~~ .~,4'44,'44a,, 	 0%,a f t errt heif i rs fiv y f I e44cc tes"'nidn -'g 4"'Ifie e r, s ',reflctint ti e' 50%r late improvem'ent ine-Y t et ion,4 ae'nt, prodiYti'vit"" 

4, "4'~ ' S 5'"s> Tim Irg of P r 0ole Ct'4 C05~ 444 4 Jj4ts 4 '	 ,.' ~-'~' 

~.~4K7>:Th e prio jec t~,cos 5~ ummarY for ~i mp rov ed "re.1,n f e d~ag r-i 'c u~l~t u r e,4 14s 
i, oe f und. in Ta Ul e A. 8 ' 2 ini ti a I t i 'b ' 'i v~ i r1-

-4 '444 
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commodities, is pjvnn.d _*e I e4e1.U,1t c j ccwin D tijdi
replacement cCat: lumpedare veIy Y; thereafterI fi 

Operating cost, are cal ul tel-1 
 ,. a pe m ,a :, and P::p dTid 
contI 1uouS1y th ouijhCu t t he e v one tI ynv,Ii I I t ears as farm
 
involveient inc:raa e , TI u I a 
 e:: t e n i n , , . i c- t i med i n t he
 
same manner, tha I i direct IV linked to the rate of expan ion of
 
farm involvement, anid thu c, rt cLnt i n u Iv ec,:pandinj In the
 
extension of farm retu rnb in 
 y3ar 5 201 1-20-t0, commodity c -- t5 are
 
no longer Ic ILJded, .per-at oin, e:tensjoi ,,nd Iarm 
 c c,sa &re fixed
 
at th1eir 201) Ievel
 

5.6 Returns to Improved Rainfe. Agricul ture Project 

The reL u I t f u a h i i t c itt aI 'b ene I i t an d c c:-: t a cu Ia tio 15
 
ar e r a t e of r e t ur ii t o 1 nip x c v e lie i tt i n in Id . I i u Itur e 
 wh ic h
 
are negative 11 Iall zncae : 
 IG- U Icl :| IdIiIke 11 Hal 

halii_ nj £D ',IL: .LU ujj,: I 1_ir o v e me n t s 

Mat an, manual negat ,e n g a tiv e
 
Bakel , manual ne-gat ive negat ive
 
GorgoI, rmanua l neJative 
 negative
 
Gui di ma k a manual 2 
 12 S 
Kaye /B, nauual 8 6
 
Kayes/B, animal tr-,t i.n 28 '; 
 22 9 

The nuri-ber f f ar :, i nv Iv--d In the pr- e 1tpa it urnt iI tie
 
year 
 2010 a . whih t1ime Ie turn a rUe a t I a t e 1 w i t h f arms a tI 
fu II product iv i t y tao tIhe f irs t f ar.re c f e a h f arm '
 
involvement in the pr ect, the 
 yield increments achieved are
 
I e as t 'an s h own Ii T6 L, e /: 7
 

If njebet mpr.vcmnent= are included in the anal.I i S, rateS 
o f r e t u r !I iip r-c,v e J rafa t c a I I y Ht ite r j r : n r, ce5 in
Maur i t a n i a i inp r ov - GLi id ima Ka - I n tern,t I -tc f i t u r n t C 28 2% 
with the asumpt r, t Pf inIrc,,,en i,t- i n rI- eb prOdLI C 1c compared
 
t 12-o S with, ut In 
 t-a Ii an lmpr ,,' 1 . intfed agri cult ur al
 
pack aje Ta e L eCOIi I n c-en :e thi 
an iIIt Ila I1of et return of 
8,6% using rianual lechniqu e and an internal rate of ret:1rn of 
2 2 9% us ng a ii maI I tr ac t i on t e c h n iqu C If , Ie be t3i I e rcropped
with in] Iet /z-:rghuI and m, inclded in the I mproemVient5 package,
 
rates of returr incre
, )e to '0 8% and 2. 5 ior minual and animal 
t r a c t i on t e r q Le . I e t c v-- I', Ta t I es A 9 t hr o u g h A. 1 4 
present the c alcujAt Ion f,,r each of the :, i a -. e 

6 IR R IGATED AGT I CULTU IE 

6.1. Scope: of Irr ijated A ri-til tural 1; e ,ptient 

The model, as developed and prIse:ted in this pdper,
depicts several polar case of a ternat iv- investment 5cenarios. 
One of these, improvement in rainfed agriculture, is,outlined in
 

1
 



Section 5 The other two scenari,-- are presented in t!hII 
section. Both concern the development of irrigated agriculture
 
one assumes continuation of manuaI techniques nd the other 
hypothesizes immediate adoption of animal traction. An 
intermediate 5Ce ri i v nJi n wit h manu Ia Icu ltivation a.rid 
gradually tshiftIng t, animal tracticn can be devised as 
appropriate, given the pace of farmer 
leaining
 

6.2. Technical C,-efficient5 for Irrigated Agriculture
 

All techni aI coefficients which describe the irrigated
farming system in 
the various zone5 of the Se'negal River Basin 
are taken from the !DP Economic and Financial Analysis In this 
scheme, yields imnprcve initially somewhat, and then further after
 
six year5 of an individual 
iarmei 's invc,- errient in thw: project 

In most cases, the proposed irrig.Ied farn ing system for
 
ea ch z , ne I n t he mo de I i - a pp 1 ald d I re tIy t rCrI t he I )P.
However, assumptions regardinj the limit to the amount of land
 
available for devel, pment in :-all perimeters sorietimes affect 
how the IDP proposals are adapted. In the case of Drakna, 
Podor 
cropping patterns and level of levelopment :.,s t apprc,priate f :r 
intermediate perimetern are applied Outputi e,;Aluated using
Kaddi market prices Developme,t and input co.itS are applied at 
an exchange rate of 5 CFA = 1 til In a , ti n, -, in ce sma II 
per ime I er Id rid i a c o5e to e:haustion tIi I a tt am, he an aIVs6 a 
foresees al I future deve lopment of Irr Jct ion there at the 
higher, Podcr level of investmient, anIt there1ore pplie the 
Podor cropping system a:I, well an develcpmeiit and input os:ts 
levels In Gorgol. the expansion of Iri igat i,:n follow the 
pattern proposed in the IDP Project PapsI for Ka di until 1990 
after which the system and costs of devel:,pment in brakna apply
In Bakel, costs of development of the Collejiga perimeter
envisioned by IDP are as high a..;Podor, wh i:h indicates that the 
amount of land available for le.s e:,-pensive development will be 
quickly depleted. Thus, though the farming :-ystem pr.Dposed under 
irrigation does not change, 
 the costs of development are assumed
 
to be on a par with those at Podor by 1996. Guidimaka 
development is envisioned as it is in the 
Gourave section of the
 
IDP. The lack of a viable irrigation development package for the
 
Malian Upper Valley at the present time led to its. exclusion from
 
this analysis 
 Tables A.11. and A IS.a s1;ummarize irrigated farm 
budgets. Yield figures 
reflect hiiher productivitV as of the 
seventh year of a farm's involvement. It is the differences in 
returns and costs between A 1S /r 15 a and A t;. which are used
 
to calculate 
returns to project Investment
 

6.3. Cost of the Irrigated Agriculture P,=ck: ge 

Project cost.s are all adapted from the IDP Prolect 
Paper's

financial tables. Consistent with the improved rainfed scenario,
 
the costs of regional organization support, technical 
assistance
 
and supplementary project components are excluded, as well 
as as
 
the contin'gency and inflat ion line i tems Commod1 ty and 
operating costs (vehicles, 
 office and technical equipment,
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project 5taff sal- a les, vehicl 1e maintenan.ce and Office operation) 
are applied from the propsed USAID contribution levels, 65 
calculated per hcctare, to the number cf frmi inv.lved in the 
interventions in this model 
in the same way as ws.. done in the 
improved -ajnfed model tnee Section 5 4 ) In Hauritania the 
proposed lev-] :f i:ve.tman t ;: signitli.itly liJher than in 
Senega:. Extei, ion cos1z p-r hectare in all three countries are 
the same as thoe uiJer an improved raint e packaje The project 
cost summary fcr improved irrigated agriculture is to be found in 
Table A. 16.
 

6. 4. Ti ming at Pi iec Cost.-

The timin .f investments follows the same pattern as for
 
the improved rainted package in.
That commodity replacemunt
 
costs are lumpy expenditures occurinj once every five years

Operating expenseo to
expand after the first tour years according 
the rate of expa,sion of a ;-i n ii v,:, 1 'v en t in the project
Construction, 1rr ga t i: qu I pmen t 3qJ e Mten_ i . c o s t a3re 
directly linked tL the level cf farm inclvement ccntinuously 
expanding over t ime 

6.5 Security Fenotits and the Irriga tnJ A.jr culture Project 

Included in tQ:e irrigated ag lc ului t u C I v i s is an 
evaluation of the bene tit. to impi wo.' feimer ser:urity a5 a 
result of the intervention Using the :!me methodology as 
employed in the IE:P Economic and Financial Analysi:, the value of 
the reduction in variance of average net incme is added to the 
original net incomt stream In this way, the frequency and 
severity of drought occurances and their eflect on i :omeo from 
rainfed agriculture are accounted for 
 and reflpeoter in the
 
relative difference in internal 
rates of return between irrigated 
and rainfed agriculture 

6.6 Returns to Irrigated Agriculture P 3ject 

The resuits of the incremental benefit 
 and cost
 
calculations 
 are rates of return t, irrigated agricultural
 
develogment which are substantially higher than tho m e found with
 
improved rainfed agriculture Though the number 
ot tarms expands
 
at exactly the saoe 
rala in each polar case., cnd though the
 
investment costs are much higher under iri gation than under
 
improved rainfed, the not 
 returns t. ineatment yield the 
following internal rates return. n Lu..L~Jiof 71 increases to far Mer 
security: 

Manual Animal Traction 
ThI.LLS.Lu T ,hrnii que. 

Podor 23 .1 
 25 5
 
Matam 18.' 22 5
 
Bakel 7.9 2: 
Brakna 14.2 
 25.9
 
Gorgol" 12.5 
 178
 
Guidimaka 11.t8 30.9
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Tables A.17 through A.28. present the calculations for dll twelve
 
cases.
 

If 
 the value of the increa ed benefit5 to security are not 
added to the net return5 stream, the following internal rates of 
return are obtained 

LLL00Animal Trao ticn
 
TIcnnLw.nn Te chniqu 

Podor 15 3 1A .1
 
Matam 11 0 15 ? 
Bakel -7 7 
 16 0
 
Brakna 
 9 ( Iy 5
 
Gorgo 7 7 11 1
 
Guidimaka 5 6 22 9
 

Although these rates are below those 
in which ihe benefits from
 
increased security are included, they are still higher than 
returns to rainfed cultivation 
in every ,a e ex:cept for Guidimaka 
using the manual (but not animal tractlon' te:hdique 

7 MODEL VALIDITY
 

7 1 Land 

The model predjcts that by the year 2010 Senegal will have
 
developed 50,000 hectare5 of iiigated perimeters, assuming .75
 
hectares per farm 
 in Podor and Matam and 50 in Bakel using

manual techniques, or 102,000 hectares, assuming 1 50 hectares
 
per farm usin. animal tractin Mauritania, with a lower 
absorptive capacity and slightly smaller irrigated area per farm
 
(see Table A S.), will have developed ne:.rlV 10,000 hectares 
under manual cultivation or 51,000 hectares if animal traction is
 
used. Such projections are well within the 204,000 hectare: 
deemed easily irrigabla by the technical repo)rt i55ued in 1978 by

the United Ntiona Development Programme and the Food and 
Agricultural Organization, "OMV5> Etude Agro-Pedolc iA ue de ]a
Vallee et du Delta 
du Fleuve Senegal" (Rome, AG:DR/RAF/73/060)
 

This implies the following annual rate of em:pansion of 
irrigated area, by country 

Senegal/manual Seneial/animal 
traction
 

,Years hectare., hectareL. 
1-5 365 750
 
6-11 i095 2250
 
11-15 1825 37S0
 
16-20 2555 
 5250
 
21-25 3285 6750
 
26-30 4015 6250 
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Mauri tania/nmanual r=uritaj ia/animal
 
trac t i cn
 

Years hec tI .:tec
t-e,
 
1-5 129 357
 
6-10 
 387 1071
Ii-15 6qI 
 1675
 

16-20 902 25
 
21-25 1 1 0 
 3375
 
26-30 1118 4125
 

The rates of expansion implied here assume a significant increa e
 
in managerial capacity 
on the part of national administrative
 
bodies.
 

7.2. Population
 

Comparing the 
 projected expansion of farm involvement in
 
project interventions in Table A 4. with the 
populat ion-by- farm3
 
expansion in Table A 2 
 it 15 seen that there wi]l be a
 
sufficient 
 number of farrs in the project : 1one, a 1lowing for
 
natural demographic growth and foreseeahle 1ii-grat ion, until 
the
 
year 2005 (see Table A 29 for the compari.,cri Df firi number-)

By 2010, the rate 
 c f e:ipans Ion of faI, inIvclveI in project

interventions wi]l eI::eed the Alemograph I J- , In 5o-11 
zones It 15 1 1 keI y ho ever, jtha t mi gir -un In Io the region
will increase as a re-ult of the I pa, d, of
I.: prf i t ,bility

agriculture in the region and will compen ,-ate for he Jap.
 

7.3. Consumption
 

As stated in the IDP E:ecut iVe 
 Summary ,,ne of the

overriding concernz of the OJIV states ho., beei, t., invest 
 .in
 
irrigation as a means of decreasing the 
 burden Cf foodgrain

imports on trade balances (IFDP, EiXe:ut IVe IITAhe.ry, p 2.) . To
 
see what impact irrigation would have on lcel toodgrain markets,
 
supply and 
demand figures have teen calculated.
 

Assuming a per capit-n food.irain consumpticr figure of 100
 
kilograms in urban areas and 150 
k lograi .' in rural areas, Table
 
A.30. estimates that 96 million tons of 
grain (primarily rice,

maize and sorghum) 'illI be ccinsumed on the ',enegaIe.re aide of the
 
river, 95 
 mill ion tons wi l be demanItl by consumers in
 
Mauritania and an est inia ted 93 iliIi on tor: will 1,e needed in
 
Kayes and Bafoulabe, Mali by the year 201C2
 

Tables A.31., A 32. and A 33. compare theae demand figure5

with production projections under rainted and irrigated

agriculture scenari'os in Senegal, Mauritania 
and "ali (rainfeJ

only, in Mali). Under an imprcved rainf d pr,,gram, only in Mali
 
will the increased production meet cC'nsuiD needs, the
ption

Senegalese and tlauritanian riverine re.ion will 
nct be self­
sufficient 'under such a program
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Alternatively, irrigation 
in these tw. countries could leadto an e::ces5 oi fujodqrain Production over ('0osuflption, thereby
contributing to grain nee:J. -Lut ide the ri vi b-jri, by a5 ear IYas 1990 with anima! tracticn in Senegal 
cr si late .o 2005 withmanual cultivation only in Mauritania By 2110, there would bean export out theof region of as much , 90 mill )in ofgrain tons
from farms under animal tract ion, or as little a 189million tons from manually cultivated f-rmsa in Senegal and
 

Mauritania combined
 

8. MODEL SENSITIVITY
 

8.1. Base Case Assumption5 

As stated in Secticn 4 2 assumpt lon- about the level of
traditional 
farm activity will *:ritically affect 
rates, of return
For example, when intercrcpping of dieri 
 millettsorghum 
 with
niebe is assumed in the existjn.j farm svytems r Pod .rof and Drakna(thereby rai.in- the valu :,f trad i ' i n a prc.ducticn anddecreasing net incremental ret urn: t,. i II I q JCI, rate6 ofreturn to manua i r i g a t e A LII ti v a t . , 10 5'1' a rid 1 7 .8%without and with security benef it- in Pc,, and 5 7% and 10 %in Brakna The respective returns aninTlto tracti:n cultivatedirrigat on 12 andare 1%, 20 3% in Pcdci ani 16 and 22 8% infrakna Clearly. the vel %7aI and isbIl ty .I ex stn j

product ion 
 should be Ipecified 'l:,acu at. in 2 uch a. model 

8.2. Timing of Project costs 

This model allows for project costs t, be spread over time,increasing gradually as more farms are J.evel.,.ped by the projectThough costs do outweigh the value of incremental benefits to thesystem during first yearsthe few in any jiven z=,ne, they are notdesigned to fall heAvily in the first five project years Weresignificant costs such as te.chnical a-.31s tcnce) a dd ed to thebudgets' 
 early year.,, the relative profitability of irriuated
agricul ture over Iniprc,ve A rairfel .gricultue would be 
compromised
 

However, simply delaying 
the entire ,udget by five or ten
 years does not afiect rates of return.
 

8.3. Rate of Extension Agent Tri-.ining
 

Varying the aljorithm which determirs I fhe pace -f extenaionagent training by the percent
same acios.: all zcnes: was found to
change absolute, 
but not relative, rates ff return.
 

9 'JIIMARY 

9.1. Costs of DevElopment.
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The-i te 
mo a1 

4~:~ es1983 ;-Pri 

~~~traditional 

v n'in~ e c ie here do 'not -co f a cheaply -11 jTh 
etiate,.tha~fo'm19,0to 2 010 si05:mllI n (in 'consta~nt 
woul 4Tbe needed, to finance I0 p ogram o f' improved­agricuiture in.Senegal, Mauritania~adMl
 

-4-7 2-47m -llh--f ~e de6veI opmenF ,of-- i.rriga-t ed '-per mete r5-,,,
cultivated, manualIlIy 
 or~ $952 mi'llion f or t he development,' or.. 
irgto usn anmltraction tehiqe in; -enegal and "-

Mauritania only. 'See,Tables A.34.4 to''A.36. for the schedules of-~ ~~ 
inve5tmentC05ts. These~ ex~clude 
farm costs, as well as~technical
 
assistance, regional organization support, peripheral project 
components , and re current costs after the yeav .2010. 

9.2. Data Weaknesses 	 . 

Three* components of* the model. should De studi-ed furthe~ 
before model re fineme~nJ are a ttempted, fir t, the assessment-o 
incremental improvementisTnutbe based on a more disaggregated
 
vilew of the existing far~m system than (hat found in the IDP
 
Agricultural Analysis. Second, th~e tradeoffs 	 ­betwen manual and, 
animal tract cultivation techniques must be moreaion. 
 accur at
specified and the process of farm-level, a .dption
of traction':. -<'+b; 
better- understood.- Third, irrigated dev elopmenat obviously is'the
 
beneficiary of sunk research cos=ts. More emphasiz must be, placed
on developing-; a viable a improvsrnent;44 package< r ;;::7?

'44.4 	
'4for the Middle and- Upper 

i 
Valley

i ', i. 
before such--a 

.
packaq

. .e 
e can 

: p1
trulIY,-

a -i 

be competitive with irrigat~ion. -447 

i~tA 6 n444 444: 

i~ :1+1;!! ~i i; ;]i 	 ii!1+i;i 1 :i+; + ~ ii4S! ;) ;; : 
ii:S +:L; ;77+ iii]iii!,

;i++Ii;+iii ~ ;II 1i: i] ;+i~ ! iik ! i E 7: Q : IF ++++4-	 +): - - 4 , *4--i4i;1 

4 

+ ) i# ! !7 ii', !7 i;, ii::i11i~i~i i?7+4 

44 
4 44= ............
4 44. 

4 4 

+ 
i i i ; .):ii !i i ':+++; '; '' 

4 [i iii 

): i i 11i '1]i; :ii;:ii +!i i !!i!; i~i~..i i i:+.. .. .i '' + . . : i f' >i )i ;fI'+ ' . ... ..£ ~ i ' <i'+;1' i +1+~i ='il'....; i~. . . ' "' . .. .. .. . . .." . =++! + j i 

4,++ 	 : i ii+.FI- i ;.-,++ i
i 

+++++,+++ +++ iii~i. i++!i ; Ii +++i iii+++!+ " ++7++=++' ++++.
:;:i 1; .' + ~+ ++ :+++;++ :; 

~ i~:i[I~ ] 
+1	 ,i 11 1;+(: d + :.: :.t ; !:+;! ?44­' i:+' ii;+ 11;,13 £1:l i~ +' .+ii i! .... .... ;q ii [ii~i . ; ;iit + ; i ii,! ii~iii I~lV.; if ! IX41( 

.- 4 -­

4- 1­

4 - 7 4ji+ 
-44 

http:to''A.36


List of Tables
 

Section 	3
 
A. Senegal River Basin Population Proje:tions
 
A.Z Number of Farms, Riverine Pcpulation
 
A.3 Training Schedule ct Extension Agents
 
A.4 Expansion of Farm Involvement Year by Year
 
A.S. Expansion of Irrigated Land Area
 

Section 	4
 
A.6. Traditional Riverine Fars Budgets
 

Section 	5
 
A.7. Improved Traditional Riverine Farm Budgets
 
AB. Project Cost5, Imprcved Rainfed Agriculture
 
A.9. Rates of Return, Improved Rainfed Agriculturelmanuaj, atm
 
A.10. Rates of Return, Imprcved Rainted Agriculture/manual, Bake!
 
A.ll. Rates of Return, liproved Rainted Aoriculiurelmanual, Gorg:l
 
A.12. Rates of Return, Improved Rainfed Agriculture/manual, Guidimaka
 
A.13 Rates of Return, Improved Rainfed Agriculture/manual, Kayes/Bafoulabe
 
A.14. Rates of Return, Improved Rainted Agriculture/animal tracticn, Kayes/Bafoulabe
 

Section 6
 
A 15 Irrigated Farm Budgets (manual technique) Years 7-plus
 
A.15.a.Irrigated Farm Budgets (animal traction te:hnique) Yuars 7-pliiL
 
A.1i Project Costs, Irrigates Agriculture
 
A.17. Rates of Return, Irrigated Agricultureimanual, P:dor
 
A.18. Rates of Return, Irrigated Agricultlire/animal traction, Podor
 
A-19. Rates of Return, Irrigated Agriculturelmanual, Matam
 
A.20. Rates of Return, Irigated Agriculture/aninal tractico, Matam
 
A.2l . Rates of Return, Irrigated Agriculture/manual, Bakel
 
A.22, Rates of Return, Irrigated Agricuture/animal tractica, Bake]
 
A 23. Rates of Return, Irrigated Agriculture/manual, Brakna
 
A.24. Rates of Return, Irrigated Agriculture/animal traction, BrAkna
 
A.25. Rates of Return, Irrigated Agricultureimanual, Gorgol
 
A.26. Rates of Return, Irrigated Agriculture/animal traction, Gorgol
 
A.27. Rates of Return, Irrigated Agriculture/manual, Guidimaka
 
A.28. Rates of Return, Irrigated Agriculture/aninal traction, Guidimaka.
 

Section 7
 
A.29. 	 Number of Farms, Projected Rural Riverine Vpulaticn
 

minus Projected Farm lnvolvement/lrrigation
 
A.30. Foodgraiu Consumption Estimates
 
A.31. Foodgrain Self-Sufficiency Estimates under Improved Rainfed Agriculture
 
A.32. 
 Foodgrain Self-Sufficiency Estimates under Irrigated Agriculture/Senegal I
 
A.33. 
 Foodgrain Self-Sufficiency Estimates under Irrigated Agriculture/Mauritania
 

Section 	a 
A.34. Project Investment Costs. Improved Rainied Agriculturt
 
A.35. Project lnvestment Costs Irrigated Agriculture/manual
 
A.36. Project Investment Costs: Irrigated Agriculture/ani3al traction
 



-------

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

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

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

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

A-l. Senegal River Basin Population Projections

('000)
 

Zone 
(frowtb 

Rate 1980 1985 1990 1995 2000 2005 2010 

Dagana 
Rural 1.0216 114.10 126.97 141.28 157 22 174.95 194.67 216.63 
Urban 1.0384 122.60 148.02 176.71 215.75 260.49 314.49 379.69 

-----.------------
 -.-------

Tote] 236.70 274.98 319.99 372.97 45.43 509.16 596.32
 

Podor
 
Rural 1.0218 137.70 153.38 170.84 
 190 29 211.96 236.09 262 97
 
Urban 1.0269 
 7.80 8.91 10.17 11.61 13.26 15.15 17 30
 

Total 
 145.50 162.29 181.01 201.91 225.22 251.24 280 27
 

MaI aa
 
Rural 10216 156.40 174 04 193.66 215 50 239.80 266 84 296 94
 
Urban 1.0265 10.80 12.31 14.03 15,99 20.77
18.22 23.67
 

Total 107.20 186.35 207 69 
 231 49 258 03 287,61 320.61
 

Bake]
 
Rural 1.0215 25.40 28.25 
 31 42 34.95 38.87 43.23 48.08
 
Urban 1.0263 3.40 3.87 - 4.41 
 5.02 5.71 6.51 741
 

Total 28.80 35.83
32.12 39.97 44.58 49.74 55 49
 

Total
 
Senegal
 

Rural 1.0217 433.60 482.63 537.21 597.96 665.58 /40.84 824.62
 
Urban 1.0368 144.60 173.10 248.38
207.31 297.69 356.91 428.07
 

TOTAL 578.20 
 655.74 744.52 846.33 963.26 1097.75 1252.68
 

vc/o 



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

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

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

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

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

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

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

Trarza 
Rural 1.01 198.02 208.12 218.74 229 90 241 62 253 95 266 90 
Urban 1.01 24.52 25.77 27.09 28.47 29.92 31 45 33 05 

Total 222.55 233.89 245.82 258 36 271.54 285 39 299 95
 

Brala 
Rural 
 1.012 143.24 152.04 16i.J9 171.31 181.83 193.01 204.87
 
Urban 1.012 13.68 14.52 15,41 16.36 11.37 18.43 19.57
 

Total 156.92 166.56 176.80 187.67 199.20 211 44 224.44
 

Gorgol
 
Rural 1.018 135.88 148.56 162.42 177.57 194.14 212 25 232.05
 
Urban 1.024 21.84 24.59 27.69 31.17 35.10 39.51 44.49
 

Total 157 72 190 10
173.15 208.74 229 23 251.77 2.6 54
 

Gu diaka 
Rural 1.02 
 81.93 90.46 99.87 110.27 121.74 134.41 148.40
 
Urban 1.02 7.03
6.37 7.76 8.57 9.47 10.45 11.54
 

Total 88.29 97.49 107.64 118 84 131 21 144 87 159 94
 

Total
 
Mauritania
 

Rural 1.0142 559.07 599.18 642.41 689 04 739.34 793.62 852.23
 
Urban 1.0165 
 66.41 71.91 77.95 84.57 91 85 9984 108.64
 

TOTAL 625.47 671.09 720.36 773 61 831 18 893.47 960 87
 

Kayes
 
Rural 
 1.0259 153 87 174.86 198.70 225.80 256.60 291.59 331 36
 
Urban 1.0267 55.03 
 62.78 71.62 81.71 93.21 106.34 121.31
 

Total 108.90 237.63 
 270.31 307.51 349.81 397.93 452.68
 

Bafoulabe
 
Rural 
 1.0258 94.26 107.06 121.61 138.12 156.88 178.19 202 40
 
Urban 1.0269 8.04 9.18 10 48 11.97 13.67 15.61 17.83
 

Total 102.30 116.24 132.09 150.10 170.56 193 81 220.23
 

Total
 
Mali
 

Rural 1.0259 248.13 281.92 
 320.31 363.93 413.48 469.79 533.76
 
Urban 1.0267 63.07 71.96 82.10 93.68 106.88 
 121.95 139.14
 

TOTAL 311.20 353.88 402.41 457.60 520.37 591 74 672 90
 

TOTAL
 
SENEGAL RiVER
 

RURAL 1.0194 1240.80 1363.73 1499.93 1650 92 1818.40 2004.25 2210.61
 
URBAN 
 1.0305 274.08 316.98 367.37 426.63 496.42 578.70 675 85
 
---- .------ ------ ------ ------


TOTAL 1514.88 160.71 1867.30 2077.55 2314.81 2582.96 2886 46
 



A.Z. Number of Farms, Riverine Population 
('000) 

Zone 1980 1985 1990 1995 2000 ZOOS 2010 

Podor pop 129.44 144.16 160.59 178.8? 199.24 221.92 247.19 
(I farms 

pop/11 ) 12,94 14.42 16.06 17.89 19 92 22.19 24.72 

matal pop 145.92 12.38 180.68 201.06 223.73 248.96 277.05 
(I farm 

pop/6) 24 32 27.06 30.11 33.51 37 29 41.49 46.17 

Bakel pop 22.76 25.31 28,15 31.32 34.83 38.73 43.08 
(Ifarm­
pop/U 2.84 3.16 351 3.91 4.35 4.84 5.38 

Brakna pop 70.47 74.80 79.40 84.28 89.46 94.96 100 80 
(0 farm -
pop/10) 7.05 7.48 7 94 8.43 8.95 9.50 10 08 

Gorgo] pop 73.24 80.07 87.54 95.71 104.64 114.40 125.07 
(0 farms • 

pop/6) 12.21 13.35 14.59 15.95 17.44 19.07 20.85 

Guidi pop 58.99 65.13 7.1.91 79.39 87.65 96.78 106 85 
(I farm -

pop/I8) 7.37 8.14 8.99 9.92 10.96 12.10 13.36 

Kayes pop 153.87 174.86 198.70 225.80 256.60 291.59 331.36 
(4farms -
pop/l3) 11.84 13.45 15.28 17.37 19.74 22.43 25.49 

Dafoul pop 94.26 107.06 121.61 138.12 156.88 178.19 202.40 
(0 farm 
pop/13) 7.25 8.24 9.35 10.62 12 07 13.71 15.57 

Total Farms 

Senegal 48.47 53.95 60.05 66.84 74.39 82 80 92.16 

Mauritania 36.21 39.01 42.11 45.43 49.04 52.95 57.20 

Mali 19.09 21.69 24.64 27.99 31.81 36.14 41.06 

Total 103.77 114.68 126.79 140.26 155.23 171.89 190.42 



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

A.3. Training Scbeduje of Extension Agents
 

Yearly Training Capacity (total number of agents)
 

Year: I z 
 3 4 5 6 1 8 
--- --. -- 9 10 11
--..---.----.-
 --..-
 ---.-
 ---.-
 ---.--
 --... ..
 

Senegal 10 20 
 30 40 70
50 vO 110 130 150
 
Maoritinia 
 5 10 15 20 
 25 35 4.5 55 65 75
 
Nail 10 20 40
30 so 
 70 90 110 130 150
 

A.4. Eipansion of Far Involvement Year by Year (total number of farms)
 

Zone % Total 2 3 4 6
5 7 
 0 9 10 11
 

SENEGAL 
 500 1000 1500 2000 2500 4000 5500 8500
7000 10000

Podor .43 215 430 640 
 860 1075 1720 2365 3010 3655 4300
 
Matam .49 245 490 980
735 1225 1960 4695 4165
3430 4900
 
Bakel .08 40 80 
 120 160 200 320 440 560 680 800
 

MAURITANIA 
 z5O 500 750 1000 
 1250 2000 2750 3500 4250 5000

Brakna .35 88 175 263 439
350 700 963 1225 1488 1750
 
Gorgol .36 180
96 270 
 360 450 720 990 1260 1530 1800
 
Gaidimaka .29 
 73 Jo5 218 290 363 
 580 798 1015 1233 14S0
 

MALI
 
Kayes/ 500 1000 
 1500 2000 4000
Z501 5500 700 8500 10000
 
B&f ouIabe
 

/­



A.]. Training Schedule of Extension Agents, cont.
 

Yearly Training rapacity
 

Year: 12 
 13 14 15 
 16 17 18 19 
 20 21
 

Senegal 180 
 210 Z40 270 300 
 340 380 420 460 
 500
Mauritania 
 90 105 120 135 IS0 170 190 2,0 
 230 250
Mali 180 210 
 240 270 300 340 380 
 420 460 S00
 

A.4. Expansion of farm Involvement Year by Year (total number of 
farms), cont
 

Zone 12 13 14 
 is 16 17 
 18 19 
 20 21
 

SENEGAL 12500 15000 17500 20000 22500 26000 
 29500 33000 36500 
 40000
Pojor 5375 6450 ?525 8600 
 9675 11180 12685 14190 
 15695 17200
Hatam 6125 7350 8575 
 9800 1102S 12?40 14455 
 16170 17885 19600
Bake] 1000 1200 1400 
 1600 1800 2080 
 2360 2640 2920 3200
 

MAURITANIA 6250 
 ?SO0 8750 10000 11250 13000 
 14750 16500 10250 
 20000
Brakna 2188 
 2625 3063 3500 3938 4550 5163 5775 6388 7000
Gorgol 2250 2700 3150 3600 
 4050 4680 5310 
 5940 6570 7200
Guidinaka 1813 2175 2538 2900 3263 3770 
 4278 4785 5293 
 5800
 

MALI
 
Kayes/ 12500 15000 
 17500 20000 22500 
 26000 29500 33000 36500 
 40000
 
Bafoulabe
 



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

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

A.]. Training Schedule of Extension Agent5, cont.
 

Yearly Training Capacity
 

Year: 21 22 23 24 
 25 26 27 28 29 30 31
 

Senegal 500 550 600 
 650 700 810
750 870 930 990 1050
 
Mauritania 250 275 325
300 350 375 405 43.5 465 495 525
 
Mill 500 550 600 700
650 750 
 810 870 930 990 1050
 

A.4. Expansion of Farm Involvement Year by Year (total number of farms), coant
 

Zone 21 22 24
23 25 26 2? 29
28 30 31
 

SENEGAL 40000 44500 49000 53500 
- - - - - - ­

58000 62500 68000 73500 79000 84500 90000
 
Podor 17200 19135 21070 24940
23005 26875 
 29240 31605 33970 36335 38700
 
Matam 19600 21805 24010 
 26215 26420 30625 33320 36015 38710 41405 44100
 
Bakel 3200 3920
3560 4280 
 4640 5000 5440 5880 6320 6760 7200
 

?AUIITMIA 2000 22250 24500 
 26750 29000 31250 34000 36750 39500 42250 45000

Brakna 7000 7788 9363
8575 10150 10938 11900 13825
12863 14788 15750
 
Gorgol 7200 8010 
 8820 9630 10440 11250 12140 13230 14220 15210 16200

Guidinaka 5800 6453 7105 7758 
 8410 9063 9860 10658 11455 12253 13050
 

MALI
 
Kayes/ 40000 49000
44500 53500 58000 62500 73500
68000 79000 84500 90000
 
1foulabe
 



A.5. Eipanzion of Irrigated Land Area (hectares)
 

MANUAL TECHINIOUE 2 3 4 5 6 7 8 9 10 11 12 13 

SENEGAL 
Podor 

Arma per farm 
.75 161 323 484 645 806 1290 1774 2256 2741 3Z25 4031 4838 

atam 75 184 368 551 735 919 1470 2021 2573 3124 3675 4594 5513 

Bakel .50 20 40 60 80 100 160 220 260 340 400 500 600 

Total 365 730 1095 1460 1825 2920 4015 5110 6205 7300 9125 13950 

MAURITANIA 
Brakna .75 66 131 197 263 328 525 722 919 1116 1313 1641 1969 

Gorgol .301 .75 27 54 81 108 135 216 297 378 459 540 675 810 

Guidima .50 36 73 109 145 181 Z90 3S? 508 616 725 906 1088 

Total 129 258 387 516 644 1031 1418 1804 2191 2578 3222 3866 

MALI 
Kaesl8 .75 375 750 1125 1500 1875 3000 4125 5250 6375 7500 9375 11250 

ANIMAL TRACTION TECHNIOUE 

SENEGAL 
Podor 1.50 323 645 968 1290 1613 2580 3548 4515 5483 6450 0063 9675 

Mata. 1.50 368 735 1103 1470 1838 2940 4043 5145 6248 7350 9188 11025 

Bake] 1.50 60 120 180 240 300 480 660 840 1020 1200 1500 1800 

Total 750 1500 2250 3000 3750 6000 8250 10500 12750 15000 18750 22500 

MAURITANIA 
Brakna 1.50 131 263 394 525 656 1050 1444 1838 2231 2S25 3281 3938 

Goriol 1.3011.50 117 234 351 468 585 936 1341 1746 2151 2556 3231 3906 

Guidima 1.50 109 218 326 435 544 870 1196 1523 1849 2175 2719 3263 

TotWl 357 714 107] 1428 1785 2856 3981 5106 6231 7356 9231 11106 

MALI 
Kares/b 1.50 750 1500 2250 3000 3750 6000 8250 10500 12750 15000 18750 22500 



A.S. Expansion of Irrigated Land Area (hectare5)
 

MANUAL TECHNIQUE 
14 15 16 17 18 19 20 21 22 23 24 25 26 27 

5644 6450 7256 8385 9514 10643 11771 12900 14351 15803 17254 18705 20156 21930 

6431 7350 8269 9555 10841 12128 13414 14700 1635' 18008 19661 21315 22969 24190 

700 800 900 1940 1180 1320 1460 1600 1760 1960 2140 2320 2500 2720 

12775 14600 16425 18980 !1535 24090 26645 29200 32485 35770 39035 42340 45625 49640 

2297 2625 2953 3413 3872 4331 4791 5250 5841 6431 70ZZ 7613 8203 8925 

945 1080 1215 1404 1593 1782 1971 2160 2403 2646 2889 3132 3375 3672 

1269 1450 1631 1885 2139 2393 2646 2900 3226 3553 3879 4205 4511 4930 

4511 5155 5799 6702 7604 8506 9408 10310 11470 12630 13790 14950 16109 17527 

13125 15000 1875 19500 22125 24750 27375 30000 30000 30000 30000 30000 30000 30000 

ANIMAL TRACTION TECHNIQUE 

11288 12900 14513 16770 19028 21285 23543 25800 28?03 31605 34508 37410 40313 3860 

12863 14700 16538 19110 21683 24255 26828 29400 32708 36015 39323 42630 45938 49980 

2100 2400 2700 3120 3540 3960 4380 4800 5340 5880 6420 6960 7500 8160 

26250 30000 33750 39000 44250 49500 54750 60000 66750 73500. 80250 87000 93750 102000 

4594 5250 5906 6825 7744 8663 9581 10500 11681 12863 14044 15225 1i406 17850 

4581 5256 5931 6876 7821 8766 9711 10656 11871 13086 14301 15516 16731 18216 

3806 43 0 4894 5655 6416 7178 7019 8700 9679 10658 11636 12615 13594 14790 

12981 14856 16731 19356 21981 24606 27231 29856 33231 36606 39981 43356 46731 50856 

26250 26250 26250 26250 26250 26250 26250 26250 26250 26250 26250 26250 26250 26250 



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

A.6. Traditiomal Ilverlue Farm ludoets 
Farm
 

Zone Crop 	 Area Yield Price Value of Seed So Tools Transport Income # Labor Value of 
(ha) (kg/ba) (local P) Prod Cost Cost Cost Dayb Housebold
 

(local P) 
 Labor
 

Podor Dler!lsorg 2.00 150 71.3 21390 
Wilo/sorgh 3.00 450 71.3 9W55 

Total 5.00 117645 5350 7018 2000 103277 290 145000 

Kam Dierilori 1.25 150 68.3 12806 
Dierh/nieb 1.25 300 85 31875 
Vilolsorgk 1.90 450 68.3 58397 

Total 3.15 103078 5570 7018 2000 88490 183 91500 

Bake Dlerlloro 1.60 400 68.3 43712 
Dieri/aleb 1.60 ISf 85 20400 
Dlerliill .40 250 68.3 80 
Dler'lineb .40 150 85 5100 
Valo/sorgk 1.36 450 68.3 41800 
Total 3.36 117842 7692 7C18 2000 101132 208 104000 

Brakea Dieril/org 2.00 150 16.2 4860 
Walo/orgh 3.00 450 16.2 21870 

Total 5.00 26730 1200 1490 400 23640 290 29000 

Gorvol Dleril/sorg 1.25 150 16.2 3038 
Dierl/uleb 1.25 300 22 8250 
Valo/sorgk 1.90 450 16.2 13851 

Total 3.15 25146 1381 1490 400 21875 183 1300 

Guldimaka Dleri/lorg 1.60 400 17 10880 
Dieri/ieb 1.60 150 22 5280 
Dierilzill .40 250 17 1700 
Dierilniob .40 150 22 1320 
Walolsorgb 1.31 450 17 10404 

Total 3.36 29584 1806 1490 400 25888 208 20800 

Kayes/Baf Diert/sorg 1.45 800 139.4 161704 
manual Haile .44 950 141.8 59272 

Peanut5 .57 750 270 115425 
lice .08 850 149.9 10193 
Vailo .05 00 139.4 5576 

Total 2.51 352305 8348 12300 6000 325657 406 304500 

Kaye/lBaf Dierilsorg 1.11 880 139.4 142300 
animal Haiae .35 1045 141.6 51863 
traction Peanuts .57 825 270 126968 

Rlc& 1.80 935 149.9 25232 
Total 3.58 573408 22760 12300 8000 449631 523 392250 

(also: 80717
 
oxen care)
 



A.7. Improved Traditional Riverine Fars Budgets: Year5 7-plus
 

Zone Crop Area Yield Price Value of Seed Si 
Fars 

Tools Transport Income # Labor Value of 
(ha (kg/ba) Ilocal P1 Prod Cost Cost Cost Days Household 

(local P) Labor -----
Pod or 

----------- -------- -------- --------- -------- -------- -------- -------- -------- -------­
. . . . . . . . 

Natam Dierilsorg 1.21 450 68.3 38419 
Djerilnieb 1.Z5 400 85 42500 
Walolsorgb 1.90 750 68.3 97328 
Total 3.15 178246 6988 7018 3000 161240 218 106825 

Bakol Dierilscrg 1.60 700 68.3 76496 
Dieri!nieb 1.60 250 85 34000 
Dieriii'll .40 550 68.3 15026 
Dieri/nieb .40 250 85 8500 
Walolsorgb 1.31 750 68.3 69666 
Total 3.36 203688 9204 7018 4000 183466 245 122480 

Brakni 

Gorgol Dierilsorg 1.25 450 16.2 9113 
Dieri/nieb 1.25 400 22 11000 
Walolsorgh 1.90 750 16.2 23085 
Total 3.15 43198 1665 1490 600 39443 218 21765 

6uidjalaa Dieri/5org 1.60 700 17 19040 
Dieri/nieb 1.60 250 22 8800 
Dieri/mijl .40 550 17 3740 
Dieri/nieb .40 250 22 2200 
Walolsorgh 1.36 750 17 17340 

Total 3.36 51120 2108 1490 1200 46322 245 24496 

Kayes/Baf Dieri/sorg 1.45 1100 139.4 222343 
lalua Mlaire .44 1250 141.8 77990 

Rice .08 1150 149.9 13791 
Vaio .05 1100 139.4 7667 

Tota1 2.02 321791 10810 12300 10000 2$8681 434 325668 

Kayes/Baf Dieri!5org 1.16 1280 139.4 20698 
animal Maize .35 1445 141.8 71715 

Rice 1.80 1335 149.9 360210 
Total 3.31 638906 31454 12300 22000 642488 554 415530 

(also: 80717 
oxen care) 



A.8. Project Costs, Improved Rainfed Agriculture
 

MailIBID Project Paper: Per farm ezpenditures (US 1983 $)
 

PYI PY2 PY4
PY3 PYS
 

COMMODITIES
 
Firaitore and equipment .25 2.74 2.69 .15
 
Vehicles, Fleldtno expat) 
 .96 3.92 .98 1.09 3.92
 
Lorries 
 2.38 1.18
 

SUBTOTAL, CO?9ODITIL5 3.59 7.85 1.24
3.67 3.92
 

OPERATING
 
Local Staff, Field 4.29 5.84 6.7
6.53 6.83
 
Gar 6 Wkshop stiff, Field .2 .28 .43 .46 .47
 
Operatg Ezp, Field Office .11 
 .17 .26 .31 .34
 
Operato Eip, Genoarage .15 .26 .47
.39 .53
 
Vehicles NAO,FleldlGarage 
 2.5 3.51 4.03 4.1 4.1
 
Motor-t Bicycles, KiD .38 .44 .59 
 .63 .67
 
Lorries, KiD 1.12 
 1.19 1.09 .96 .91
 

SUBTOTAL, OPERATING 9.07 11.69 13.32 13.64 13.85
 

Total 
inUS II 12.66 19.54 16.99 14.88 17.78
 

Senegal totil inCFA 3798 5861 4464
5097 5333
 
Sub, Comodities 1076 2354 1102 
 372 1177
 
Sub, Operating Costs 272Z 3507 4092
3995 4156
 

Mall Total itMF 7596 11722 10195 8928 10666
 
Sub, Conodities 2151 
 4707 2205 744 2354
 
Sob, Operating Costs 5445 7015 8184
7990 8313
 

MAuritania, Total isUN 760 1172 1019 893 1067 
Sub, Commodities 215 471 74220 235
 
Sub, Operating Costs 544 799 831
701 818 



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

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

A.9. Rates of Return, Improved Rainfed, Hatam
 

(million CFA)
 

1983 1984 1985 1986 1990 1995 2000 2005 2010 2011-40 

Number of Improved Rainfed FZtn5 245 1225 4900 11025 19600 30625 30625 

Increxectal Value of Production 12.49 58.90 142.14 165.60 350.33 604.77 871.25 

Project costs 
Extension costs 

36.29 76.39 
4.33 

6.36 
70.72 

7 .I6 57.27 
141.43 318.22 

101.i2 
565.72 

159.10 
883.94 

159.10 
883.94 

Incremental Farm Co5ts
 
Seeds 
 .35 1.53 4.42 6.15 10.94 17.09
 
Transport 
 .25 1.23 4.90 11.03 19.60 30.63
 

SubloiA, 
 .59 2.86 9.32 17.18 30.54 47.71 47.,1
 

Incremental Labor Costs 
 4.24 19.94 54.17 75.80 134.75 210.55 210.55
 
-.-------------------------------------------------------------


Total Costs 
 36.29 
 85 56 99.88 230 38 468.47 832.83 1301.30
 

Net returns 
 -36.29 -73.06 -40.98 -88.23 -302.87 -482.50 -696.54 -430.05
 

Net present value @15% -534.932 
laternal rate of return negative 

/1
 



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

A.I0. Rates of Return, Improved Rainfed Agriculture/anual, Bake]
 

(million CFA)
 

1983 1984 1985 1986 1990 1995 z005
2000 2010 2011-40
 

lumber of Improved Raimled Farm5 
 40 200 800 ,800 3200 5000 5000
 

lncremental Value of Production 
 2.35 11.31 36.31 .47.13 129.A2 213.08 262.03
 

Project costs 
 5.92 12.47 1.04 4.16 
 9 35 16.62 25.98 25.98
 
Extension costs 
 .75 12.32 24.63 5542 
 98.52 153.94 153.94
 

Incremental 	Farm Costs
 
Seeds 
 .06 .29 .92 1.62 Z.B9 4.51
 
Transport 
 .08 .40 1.60 3.60 6.40 10 00
 

Subtotal 
 14 
 .69 2 52 5.22 9.29 14.51 14.51
 

Incremental Labor Cost5 
 .74 3.55 11 19 19.80 35.20 55.00 55.00
 

Total Costs 
 5.92 
 14.11 17.59 42 50 89 79 159 63 249.42
 

Net returns -5.92 -11.76 -6.28 -6.19 -22.66 -30.01 -36.35 12.61 

Net present value 1 151 -44.v263 
Internal rate of return negative 



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

A.11. Rates of Return, Improved Rainfed Agriculturel/anuaj, Gorgol
 

(million UN)
 

1983 1984 1965 
 1986 1990 1995 2000 200s 2010 2011-40
 

Number of Improved Rainfed Firms 
 90 450 1800 4050 7200 .11250 11250
 

Incremental Value of Production 
 1.10 5.21 12.72 .15.24 32 01 55.06 78.51
 

Project costs 
 2.66 5.61 .47 1.87 4.21 7.48 11.69 11.69
 
Extension costs 
 .38 6.19 12.38 27.85 49.51 77.36 77.36
 

Incremental Farm Costs
 
Seeds 
 .03 .12 .33 
 .46 .82 1.28
 
Traisport 
 .02 .09 .36 .81 1.44 2.25
 

Subtotal 
 .04 .21 .69 1.27 2.26 3.53 3.53
 

Incremental Labor Costs 
 .31 1.47 3.98 
 5.57 9.90 15.47 15.47
 

Total Costs 
 2.66 
 6.35 8.33 18.91 38.90 69.S 108 05
 

Net returns -2.66 -5.24 -3.12 -619 -23.66 -37.14 -52.98 -29.53 

Net present value 1 15% -40.6397 
Internal rate of return negative 



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

A.2. Rales of Return, Improved Rainfed Agriculturelmanual, Guidimaka
 

(million UM)
 

1983 1954 1985 
 1986 1990 1995 1000 2005 Z010 2011-40
 

lumber of Improved Rainled Farms 
 73 363 1450 3263 5800 9063 9063
 

Incremental Value of Production 
 , 1.07 5.16 16.58 30.77 59.37 97.55 119.78
 

Project costs 
 2.15 4 52 .38 1.51 
 3.39 6.03 9.43 9.43
 
Extension cot 
 .05 2.22 4.43 9.98 17.73 Z7.71 27.71
 

Incremental Farm Costs
 
Seeds 
 02 .11 .33 .59 1 06 1,65

Trasport 
 .06 .29 1.16 2.61 464 7.25
 

Subtotal 
 .08 .40 1.49 3.20 5.70 890 8 90
 

Incremental Labor Crst5 
 .27 1.29 
 4.05 7.17 12.74 19 90 19.90
 

Total Costs 
 2.15 492 4.28 11 49 23.74 42.20 65.94
 

Met return5 
 -2.15 -3.85 .88 
 5.09 7.03 17.17 31.61 53.84
 

Net present value # 15% 17.24411
 
laternal rate of roturn 28.2
 

/
 



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

A.13. Rates of Return, Improved Rainfed Agricultureimanual, KayesiBafoulAbe
 

(zillion If)
 

1983 1984 1985 1990 1995 
 2000 2005 2010 2011-40
 

Number of Improved Rainfed Farms 
 2500 10000 22500 40000 62500 67500
 

Incremental Value of Production 
 141.05 611.08 1458.81 2727.41 4398.73 5036.56
 

Project costs 
 148-05 25.98 103.91 
 233 80 415 65 69.45 649.45
 
Exteasion costs 
 147 85 295 70 665 33 1102.80 1846.13 1848.13
 

Incremental Farm Costs
 
Seeds 
 6.04 21 .92 45.27 80 48 125 75
 
Transport 
 10 00 40 00 90 00 160.00 250 00
 

----- ..---- .---- - . 

Subtotal 
 16 04 61.92 135.2? 240.48 375.75 375.75
 

Incremental Labor Co5t5 
 53 32 211 22 471 56 838 3Z 1309 88 1309.88
 

Total Costs 
 148 05 243 19 672.75 1505 95 2677 25 4183.Z
 

Net returns 
 -148.05 
 -10 14 -61 67 -47 14 5006 &15,53 653.36
 

Net present value @ 15% 
 -518.306
 
Internal rate of return 8.6
 



A.14. Rates of Return, Improved Rainfed Agri ;ulture/aniaal traction, Kayeslafculabe
 

(illjion lT) 

1983 1984 1905 1990 

Number of Improved Rainfed Farms 2500 

Incremental Value of Production 240.58 

Project costs 
Extension Cost5 

148.05 25 98 
221 49 

Incremental Farm Costs 
Seeds 
Transport 

21.74 
35.00 

Subtotal 56 74 

Incremental Labor Costs 

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

Total Costs 

58 20 

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

14805 362 40 

Net returns -148.05 -121 83 

Net present value 1 15% 
Internal rate of return 

1366.869 
22.9 

1^95 


10000 


1202.89 


103.91 

442.98 


86 .94 

140 00 


226 94 


232.80 


1006 63 


196.26 


2000 


22500 


3127.51 


233.80 

996.70 


195 62 

315 .00 


510 62 


523.80 


2264 92 


662 59 


2005 2010 2011-40 

40000 62500 62500 

6.014.44 9863.68 12028.86 

415.65 649.45 649 4531 
1771 92 2768 62 2768 623 

347.76 343.38 
560.00 875.00 

907.76 1418.38 141B 375 

931-20 1455 00 1455 

4026 53 6291 4S 

1987 91 3572.23 5737 424 



A.15. Irrigated Farm Budgets (manual technique) Years 7-plus
 

Zone Crop Area Yield Price Value of Farm ln:ome # Labor Value of 
(ha) (kg/ha) (local P) Prod Costs Days Household 

(local P) Labor 
--------- ...---------.--------- ------------------------------------------
Podor Rice .25 9500 76? 12i63 

Corn .25 3501 72.5 63438 
Sorghum .25 3250 71.5 58094 
Tomatoes .25 22000 20 110000 
viebe .25 2100 85 44625 
Wlo 3.00 450 71.3 96255 

Total 3.75 554574 134480 420094 485 242500 

Hatiam Rice 25 9500 74 7 177413 
Corn .25 3500 69 5 60813 
Sorghum .25 3250 68 3 55494 
Tomatoes .25 22000 20 110000 
Niebe .25 2100 85 44625 
Walo 3.00 450 68.3 92205 

Total 3.75 540549 134480 406069 485 Z42500 

Bake] Rice .25 9500 74 7 177413 
Corn .25 3500 69 5 60813 
Sorghum .125 3250 68 3 27747 
Niche .125 2100 85 22313 
Waeo 1.00 450 68.3 30735 
Diiri 2.00 500 68 3 68300 

Total 3.50 387319 93038 294281 408 204000 

Brakna Rice .25 9500 15 6 37050 
Corn .25 3500 16 4 14350 
Sorghum .25 3250 16 2 13163 
Tosatoes .25 22000 5 27500 
Niche .25 2100 2 11550 
Wao 3.00 450 16.2 21870 

Total 3.75 125483 27646 97837 485 48500 

Gorvol Rice zO 8500 15.6 26520 
(Yrs 1-) Corn .07 2500 16.4 2870 

Sorghum .07 2500 16.2 2835 
Tomatoes .03 18000 5 2700 
giebe .03 1800 22 1188 
Valo 2.00 450 16.2 14580 
Dieri 1.00 450 16.2 7290 
Total 3.30 57983 13317 44666 306 30600 

Guidimaka Rice .08 9500 16 1 12236 
Corn .31 350n 17.2 18662 
Sorghum 31 3250 17 17128 
Tometoe5 .11 22000 5 12100 
gilbe .11 2100 22 5082 
Whio 10 0 450 17 7650 
Doeri 2.00 500 17 17000 
Total 3.50 89858 18342 71516 394 39400 



A.15.a. Irrigated Farm Budgets (animal traction technique) Years ?-plus
 

Zone Crop Area Yield Price Value of Farm Income I Labor Value of 
(ha) (kg/ha) ']ocaI P1 Prod Cost5 Days Horebold 

(local P) Labor 
----- - ------------ -------- -------- -------- -------- -------- --------
Podor Rice .50 12500 76 7 479375 

Corn .50 4500 72 5 163125 
SorghuR .50 4250 71 5 151938 
Tomatoes .50 25000 20 250000 
Niebe .50 2800 85 119000 
Walo 2 50 450 71.3 80213 

Total 4.00 1243650 413166 i30484 655 327500 

Matal Rice .50 12500 74.7 466875 
Corn .50 4500 69 5 156375 
Sorghum .50 4250 68.3 145138 
Tomatoes .50 25000 20 250000 
Niebe .50 2800 55 119000 
Walo 250 450 66 3 76838 
Total 4.00 1214225 413166 801059 655 327500 

Bakel Rice .75 12500 74.7 700313 
Corn .75 4500 69 5 234563 
SorgLum .375 4250 68 3 108853 
Niche .375 2800 85 89250 
Valo 1.00 450 68.3 30735 
Diern 1.00 550 683 37565 
Total 3.50 . 1201278 279769 921509 600 300000 

Brakna Rice .50 12500 Is6 97500 
Corn .50 4500 16 4 36900 
Sorghum .50 4250 16.2 34425 
Tomatoes .50 25000 5 62500 
Nlebe .50 2800 62 30800 
Walo 2.50 450 16.2 1825 

Total 4.00 200350 85070 195280 655 65500 

rorgol Rice .90 12500 15.6 175500 
lYrs 1-6) Corn .27 4500 16.4 19926 

Sorghum .27 4250 16.2 18590 
Tomatoes .13 25000 5 16250 
iebe .13 2800 22 8008 
Vao 1.00 450 16.2 7290 
lieri .00 450 16.2 0 
Total 2.30 245564 77096 168468 546 54600 

Guidimaka Rice .30 12500 16.1 60375 
Corn .83 4500 17.2 64242 
Sorghum .83 4250 17 59968 
Tomatoes .37 25000 5 46250 
Niebe .37 2800 22 22792 
dain 1.00 450 17 7650 
Dieri 1.00 550 17 9350 
Total 3.50 270627 79625 191002 558 55800 



A.11. Project Costs, Irrigated Agriculture ('000 local carrencv)
 

PYI 


Constroctio Costs per farm 

Podor 18.81 
matam 18.81 
Blake 490.80 
Braina 3.76 
Gorgol 1718 
Gaidimaka 28.05 

Irrigation EquJpnent Co.5ts
 

Podor 178.0' 

Matal 178.08 

Bakel 105.04 

Brakna 35.62 

Gorgol 13.04 

Guidivaka 4.55
 

Couodities Costs:
 

Senegal 22.24 

mauritinia 9.81 


Operating Costs:
 

Senegal 4.42 

Mauritania 6.15 


PY2 


377.61 

377.61 

306.30 

76.01 

20.57 

32.63 


52.21 

52.21 

63.03 


10.44 

13.04
 

8.18 

.43 


9.32 


6.15 


PY3 


355 97 

355.97 

28.82
 
71.19 

22.25 

35.29 


70.48
 
76.48
 
21.85
 

15.30
 

10.14 


4.28 


PY4 PY5
 

295 95 386.83
 
295.95 3b6.83
 

59.25 77.37
 
43.59 43.59
 
12.00 3.13
 

17.17
 
8.90
 

10 14
 

4.20
 



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

A-17. Rates of Return, Irrigated Agriculture/nanual, Podor
 

(million CFA) 

1963 1984 1985 1990 1995 2000 zoos Z010 2011-40 

Number of Irrigated Farms 115 J720 5375 11180 19135 29240 29240 

Incremental Value of Production 
 77.37 
 618 94 2017.04 4354 53 7631.42 11847 71 12775.77
 

Project costs 
 29.69 110 14 488 99 I081.22 1666,12 110j.66 Z900 38 220 46
 
E[ tension costs .91 
 4.19 16 25 44.33 87.17 144.80 200,94 200 94
 

Incremental Farm Costs
 
Seeds 
 75 6 00 11.76 39 02 66 78 102 05
 
Fertilizer 
 10.07 80.60 251.87 523.89 896 67 1370 19
 
Cbemicals 
 1.48 11 83 36.98 ?6.92 131 65 201 17
 
Fixed cbg perin maint 3.70 29.64 92.61 192 63 329 70 503 81
 
Water 
 8.15 65 22 
 203 P2 423.95 725 60 1108.78
 
Small tools 
 .29 
 2 34 7.32 15 23 26 06 39 82
 
Farm transPort 
 6 5 16 17.20 37 84 67 06 104 92
 
Seasonal t g capital 
 .51 4 08 I .74 26.50 45.35 69 30
 

Subtotal 
 .00 25.61 204 87 641.30 1335 97 28 88 3500 03 3500.03
 

Incremental Labor Costs 
 19.35 39.38 218 30 607.78 1216 07 2049 16 2888 21 3002.95
 

Total Costs 
 49.95 179.32 928 42 2374 63 4327.34 6786 50 9489.57
 

Net returns witb project -49.9 -101.95 -309 48 -357 59 27 19 044.92 2358 14 
 5851.39
 

Net present value @ 15% 67.77611
 
Iternal rate of return 15.3
 

Increased benefits to security 
 15 32 122 55 382.96 796.56 1363.35 2083.32 2083.32
 

New net returns w/security 
 -49.95 -86 64 -186 93 25.37 823.75 2208.27 4441.46 7934.71
 

New NPV 1861.580
 
New IRR 
 23.3
 

http:12775.77


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

A.18. Rates of Return, Irrigated Agriculturelanimal traction, Podor
 

(million CFAJ
 

1983 1984 1985 
 1990 1995 2000 2005 2010 2011-40
 

Number of Irrigated Farms 
 215 1720 5375 11180 19135 29240 29240
 

Incremental Value of Production 
 206.72 1656 53 
 5396.14 11634.38 20292.62 31405.33 33380.Y4
 

Project costs 
 32.73 202.78 959.36 2140.40 3355 22 4603.84 5819 52 459.68
 
Extension costs 
 1.81 8.38 32 51 88.65 174.35 289 60 401 89 401.89
 

Incremental Farm Costs
 
Seeds 
 1.99 1602 51.48 109 45 187 33 286.26
 
Fertilizer 
 37.87 302 98 946.81 1969.36 3370.63 5150.63
 
Chemical5 
 10 32 82 56 258.00 536.64 918.48 1403 52
 
Fixed cbg perin P~int 
 6.76 54 11 169.10 351.72 601 99 919.89
 
Water 
 16.31 130 46 407.69 848.00 1451 39 2217.85
 
Small tools 
 .29 
 2.34 7.32 15.23 26.06 39.82
 
Farm transport 
 1.94 15.48 48.38 100.62 172.22 263 16
 
Seasonal wkg capital 
 1.69 13 53 42.29 87.96 150.55 230.06
 
Oxen bought/sold 12.04 24.08 133 95 
 312.21 500.53 695 57 764.90
 
Animal care 
 7.49 59.94 187.31 389.60 666.82 1018.96
 
Animtrac equip repaymt 
 5.39 37.70 97.96 180 65 295 38 442.14
 
Subtotal 12.04 114 13 849 07 2528.55 
 5089 77 8536 41 12737.18 12737.18
 

Incremental Labor Costs 38.70 7396 40033 1135.20 232372 3904 62 5479 06 5701.8
 

Total Costs 
 85.28 399.25 2241.238 5892.80 10943 06 17334.47 24437 65
 

Net returns with project 
 -85.28 -192.53 -584.76 -496.66 691.33 2958.15 
 6967.68 14060.39
 

Net present value # 15% 1393.449
 
Internal rate of return 18.1
 

Increased benefits to security 
 27.38 
 219 684.39 1423 53 2436.42 3723.07 3723.07
 

New net returns w/security -85.28 -165.15 -365.76 187.73 
 2114,86 5394.57 10690.75 17803.46
 

New NPV 4170.198
 
New IRE 25.5
 

http:17803.46
http:10690.75
http:14060.39
http:17334.47
http:12737.18
http:12737.18
http:33380.Y4
http:31405.33
http:20292.62
http:11634.38


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

A.19. Rites of Return, Irrigated Agriculturemanual, Mats.
 

(million CFA) 

1983 1984 1985 1990 1995 2000 2005 2010 2011-40 

Number of Irrigated r:rs5 245 1960 6125 12740 21dOS 33320 33320 

Incremental Value of Production 91.72 726.36 2248.35 4664.93 8187.58 12723 56 13781.15 

Project costs 
Extension costs 

30.12 
1.03 

123.07 
4.78 

554.04 
18.52 

1224.65 
50.51 

1907.95 
99.34 

1603.87 
165.00 

3274.32 
228.98 

220.46 
228.98 

Incremental farm Costs 
Seeds .80 6 19 15.88 2726 46.66 71.30 
Fertilizer 11.48 91.85 287.02 597.00 1021.78 1561.38 
Chemicals 
Fixed cbg peris maint 

1.69 
4.22 

13.48 
33.77 

42.14 
105.53 

87. 65 
219.51 

150.02 
375.70 

229.24 
574.10 

Water 9.29 74.32 232.26 483.10 826.85 1263.49 
Small tools .33 2.67 8.34 17.35 29.70 45.38 
Farm transport .74 5.88 19.60 43.12 76.44 119.56 
Seasonal wkg capital .58 465 14.52 30.19 51.68 78.97 

Subtotal .00 29.13 232.81 725.29 1505.19 2578.83 3943.43 3943.43 

Incremental Labor Costs 22.05 57.98 348.23 919.22 1719.27 2902.02 4157.53 4288.28 

Total Costs 
 53.20 214.95 1153.60 2919.66 5231.75 8249.72 11604.27
 

Net returns witk project -5s.20 -123.23 -427.24 -671.32 -566.82 -62.14 
 1119.29 5099.99
 

Met present value 0 15% -1027.47
 

Internal rate of return 11
 

In~reased benefits to security 
 17.46 139.65 436.40 907.71 1553.58 2374.02 2374.02
 

New net returns w/security -53.20 -105.78 -287.59 -234.92 340.89 
 1491.45 3493.31 7474.01
 

New MPV 850.9241
 
New IRR 
 18.2
 

http:11604.27


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

A.ZO. Rates of Return, Irrigated Agriculture/animal traction, Natam
 

(million CFA) 
1983 1984 1965 1990 1995 2000 2005 2010 2011-40 

Number of Irrlgdted Firms 245 1960 6125 12740 21805 33320 33320 

Incremental Value o!Production 239.13 1908 73 6098.99 12960.69 22615.65 35010.45 3721.72 

Project costs 33.57 228.63 1089 41 2427.27 3798.87 5'204 27 6567.41 459.68 
Extension costs 2.06 9.55 37 04 101.02 198 68 330.01 457.97 457.97 

Incremental Farm Costs 
Seed5 2.21 17.60 53.13 107.40 183 82 280.89 
Fertilizer 43.16 345 25 1078.92 2244.15 384095 569 32 
Chemicals 11.76 94.08 294.00 611.52 1046.64 1599.36 
Fixed cbg perinmaint 7.71 61.66 192.69 400.80 685.99 1048.25 
Water 18.58 148 67 464.58 966.33 1653.91 2527.32 
Small tools .33 2 67 8 34 17.35 29.70 4 .38 
Farm transport 2.21 17 64 55.13 114.66 196.25 299.88 
Seasonil wkg capital 1.93 15 42 48.19 100.24 171 56 262 16 
Oxen boughtlsold 13.72 27.44 152 64 355.77 570.37 792 62 871 63 
Animal care 8.54 68 30 213.44 443 96 759 86 1161.14 
Animtrac equip repaynt 6.14 42 96 111 63 205.86 336.59 503.83 

Subtotal 13.72 130.00 966.89 2875 83 5782.64 9697.8 14469.15 14469.15 

Incremental Labor Costs 4j.l0 98.90 567.77 1558.58 3059.94 5155.65 7323 85 7583.30 

Total Cost5 
 93.46 467.09 2661.17 6962.70 12840 13 20387.81 28818.38
 

Net returns with project -93.46 -227.96 -752.45 -863.? 120.56 2227.85 6192.07 14291.i3
 

Net present value @ 15% 351.0185
 
Internal rate of return 15.7
 

Increased benefits to security 
 31.20 249.56 779.88 1622.16 2776.39 4242.5? 4242.57
 

New net returns w/security -93.46 -196.76 
 -502.89 -83.83 1742.72 5004.24 10434.64 18534.20
 

New IPY 3509.5Z2
 
New IRR Z2.5
 

http:18534.20
http:10434.64
http:14291.i3
http:28818.38
http:20387.81


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

A.ZI. 
 Rates of Return, Irrigated Agriculture/manual, Bake]
 

(million CFA)
 
1983 1984 1985 
 1990 1995 2000 10OS 2010 2011-40
 

Number of Irrigated Farms 
 40 
 320 1000 Z080 3560 5440 5440
 
Incremental Value of Production 
 .00 8.95 71.98 239.59 525.09 918.37 
 1423.86 1526.08
 
Project costs 
 36.48 35.54 
 79.22 103.10 307.98 *456.50 608.94 287.J6
Eztenslon costs 
 .11 
 .52 2.02 5.50 10.81 17.96 24.92 24.92
 

lncresestal Farm Costs
 
Soeda 
 .02 .13 
 .60 1.56 2.66 4.07
Fertiliier 
 1.12 8.95 27.97 
 56.18 99.57 152.16
Chemicals 
 .05 .43 1.34 2.79 
 4.77 7.29
Pump operation 
 1.61 12.91 40.35 83.93 143.65 219.50
Pump loan repayment 
 1.17 9 35 29.23 60.80 104.06 159.01
Small tools 
 .05 .44 1.36 7.63 
 4.85 7.41
farm transport 
 .08 
 64 Z.in 4 96 8.92 14.08
Seasonal wkg capital 
 .06 62 1.93 4.01 6.86 10.49
 
Subtotal 
 .00 4.18 33.47 104.98 219.05 375.34 574.01 
 574.01
 

Incremental Labor Costs 
 3.60 736 41,13 119.32 247 35 417,01 592 31 615.16
 

Total Costs 
 40.19 47.60 155.84 332.90 
 785.19 1266.82 1800.18
 

let returns with project -40.19 -38.64 
 -83.86 -93.30 -260.10 -348.45 
 -376 32 24.34
 

Uet present value 1 15% 
 -507.3
 
Internal late of Return 
 -7.7
 

Increased btnoflts to security 
 2.85 2Z.80 71.25 
 148.20 253.65 387.60 387.60
 

lew net returns wlsecurity -40.19 -35.79 -61.06 
 -22.05 -111.90 -94.80 11.28 
 411.94
 

Mew NPV 
 -218.744
 
New IR 
 7.9
 

q' 



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

A.z. Rates of Return, Irrigated Agriculture/animaJ traction, Bake]
 

(million cFA) 
1983 1984 1985 1990 1995 2000 2005 2010 2011-40 

Number of Irrigated Farms 4O 320 1000 2080 3560 5440 5440 

Incremental Value of Production .00 37.86 303,24 980.54 2101.31 3655.45 5647.40 5954.11 

Project costs 56.11 71.63 196.25 234.01 767 43 1101 97 1457.90 545 22 
Eatension costs .34 1.56 6,05 16.49 32 44 -53 88 74 77 74.77 

Incremental farm Costs 
3eeds 

Fertiliter 
.31 

7.07 
2 51 

56.54 
8.03 

176.69 
17 00 

367 52 
29.10 

629.03 
44.47 

961 21 
Chemicals 

Putp operation 
.47 

4.62 
3 79 

36.94 
11.85 
115.44 

24 64 

240 11 
41.18 

410.95 
64 45 

627.97 
Pump Joan rcpayment 
Small tools 
Farm transport 

3.51 
.05 

.44 

2805 
.44 
3 52 

87.66 
1.36 

11.40 

182.33 
2.83 

24 48 

312.07 
485 

42.76 

476 87 
7.41 

66.24 
Seasonal wkg capital .21 1.66 5 20 10 81 18 49 28.26 
Oxen bought/sold 2.24 4.48 24 92 46.89 93 12 129.41 142 31 
Animal care 

Anintrac equip repaynt 
1.27 

1.00 

10.15 

7.01 

31.72 

18.23 

65 98 

33 61 

112 ,92 

54 95 

172 56 

82.26 

Subtotal 
 2.24 23 43 175 54 525 65 
 1062 44 1786 72 Z674.b1 2674 01
 

Incremental Labor Cost 
 770 
 14 69 81 80 231,57 470 35 789 93 1114.71 1147.84
 

Total Costs 
 60.88 111.31 459 63 1007.72 2332 65 3732 50 5321 39
 

Met returns with project 
 -(A 88 -73.45 -156.39 -27 18 -231,34 -77.04 326 01 1512.27
 

Net present value @ 15% -326.441
 
Internal rate of return 
 10.9
 

lucrpased benefits to security 
 5.09 4075 127.32 264 84 453.28 692.67 692.66
i 
New ret returns wlsecurlty 
 -65.88 -68.36 -115.64 100.14 
 33.50 376.24 1018.68 2204.93
 

New ;PV 189.2326
 

Xew RR 
 17.4
 



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

A.3. Rates of Return, Irrigated AgricuhJureisancaj, Orakna 

(Billion UM) 

1983 1984 1985 1990 1995 2000 2005 2W; 2011-40 

haber of Irrigated (arms 88 700 2188 4550 7788 11900 11900 

Incremental Value of Production 7.13 56.75 185.12 399.81 7M.32 1088.54 1175.24 

Project costs 16.21 14.19 49 43 11Y.46 203 68 '302.19 412,17 193.66 
Extension costs .09 .41 1 58 4.30 8.45 14.04 19.48 19.48 

Incremental Fara Costs 
Seeds .10 81 2.54 5.29 9.05 13 83 
Fertiliter .85 6 75 21.10 43.88 75 12 114 78 
Chemicals .11 .88 2.75 5,73 9.81 14 98 
Fixed cbg perin saint .30 2.41 7.54 15 68 26.84 4101 
Water .67 531 16.59 34.51 59.06 90.25 
Snall tools 
Farm trAnsport 

.02 

.05 
.13 
.42 

.41 
1.40 

85 
3.08 

1.45 
5,46 

2.21 
8 54 

5easonal wkg capital .04 .33 1.04 2 16 3.69 5.64 

Subtotal .00 2.14 1705 53.38 )Il17 190.47 291.24 291.24 

Incremental Labor Costs 7.92 9.39 3610 78.93 139,00 215.96 223 48 232 05 
-------------
Total Costs 
 24.22 26.13 104.15 256.07 462.29 722.66 946.36
 

let returns witb project -i4.22 -19.00 -47.40 -70.95 -62.48 -21.64 142.18 438.81
 

Net present value 1 15% -148.994
 

Internal rate of return 9.6
 

Increased benefits to security 1.25 9.98 
 31.16 64.84 110.98 169.58 169.58
 

New net returns w/securit! 
 -24.22 -17.75 -37.43 -39.,,7 2.35 89.34 311.75 608.39
 

New NPV -22.7299
 
New iRl 14.2
 



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

A.24. Rates of Return, Irrigated Agriculture/anims{ traction, Braina
 

(million UN)
 
1983 1984 1985 1990 
 1995 4000 2010
2005 2011-40
 

Number of Irrigated Farms 
 88 700 2188 
 4550 7788 11900 11900
 

Incremental Value of Production 
 18.99 151 28 493.43 1064 53 1857.80 2875.93 3061.51
 

Project costs 
 16.46 21.74 87 27 202.99 332.86 477.06 629.97 193 66
 
Extension costs 
 18 .81 3.15 
 8.60 16.91 '28 08 3897 38.97
 

Incremental Farm Costs
 
Seeds 
 .24 
 1 89 6.03 12.76 2185 33.38

Fertilizer 
 3.28 
 26 07 81.50 169 47 290 08 443.24

Chemicals 
 .85 6 75 21.10 43.87 75.09 114 74

fixed cbg perin maint 
 .55 4 40 13.77 28.63 4?.00 74.87
Water 
 1.33 10.62 33.19 69.02 118 14 180 52
 
Snail tools 
 .00 .00 00
.00 .00

farm transport 

.00
 
.16 126 3.94 8.19 14 02 21.42


Seasonal wkg capital 
 .14 1 ]0 3.44 7 16 12.26 18 73

Oxen bought/sold 
 .99 1.96 10 90 25.42 40 74 5663 62.27

Animal care 
 .61 4 88 15.25 31 71 54.28 82 94

Animtrac equip repaynt 
 .41 2,84 7.39 13.62 22.27 33.33
 

Subtotal 
 .99 9,53 70 71 211 02 425 18 
 713 62 1065.45 1065.448
 

Incremental Labor Costs 
 3.17 602 32.60 92.40 189 16 31782 
 445.97 464.1
 

Total Costs 
 20.79 38.10 193.74 515.01 964.10 1536.58 2180.36
 

Net returns with project 
 -20.79 -19 12 -42.46 -21.57 100 42 
 321,22 695.57 1299.34
 

Net present value @ 15% 180.8575
 
Internal rate of return 
 19.5
 

Increased benefits to security 
 2.24 17.83 55.72 115.87 198.33 303.05 303.05
 

New net returns wlsecurity -16.88
-20.79 -24.63 
 34.15 216.29 519 55 998 62 1602.39
 

New HPV 
 406.5019
 
New IER 
 25.9
 

- uU 



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

A.25. Rates of Return, Irrigated Airicultureinanua], Gorgol
 

(million UK) 
1983 1984 1985 1990 1995 1000 2005 2010 2011-40 

Number of Irrigated Farms 90 720 2250 4680 8010 12240 12Z40 

Incremental Value of Production 
 296 23 59 142.66 
 335.74 618.80 983.52 1072.70
 

Project costs 
 16.44 7.97 17 44 102.64 169 O 242.51 320.35 95.59
 
Ezteasion cost, 
 .04 .17 91 
 3.71 7.99 13 73 19.33 19.33
 

Incremental Farm Costs
 
Seeds 
 .03 22 1.47 3 03 5,39 8,40
 
Fertilizer 
 .30 2 42 1" 18 40 62 72 73 113 53
 
Cbemicals 
 .03 20 
 2 13 5.19 9.38 14 71
 
Pump operation 
 .50 3.97 9.24 17.62 29 09 43.67
 
Pump loan repayment .32 
 2 52 14.12 32,55 57 81 89 89
 
Small tools 
 .Z8 74 1.36 2 k
 
farm transport 
 .03 22 1.14 2 82 5 26 8,43

Seasonal wkg capital 
 0z 19 
 91 2 06 3 64 5.65
 

Subtotal 
 1.22 
 9 75 46.48 104 62 184 67 286.42 Z86.42
 

Incremental Labor Costs 
 8.10 9 26 33.56 88.75 159 51 256 07 285.76 294 58
 

Total Costs 
 24.57 18.61 61.67 241.59 441 12 696 99 911 86
 

Net returns witb project 
 -24.57 -15 66 -38.08 -98.93 -105 38 -78.19 71.65 376.A8
 

Net present value @15% -19Z.756
 
Internal rate of return 7.7
 

Increased benefits to security -24.57 1.28 10.26 32 06 6669 
 114 14 174 42 174 42
 

New net returns w/security -14.38 -27.82 38.69
-66.87 -. 35.95 24b.07 551.20
 

New NPV -62.9042
 
New IRR 
 12.5
 



A.26. Rates of Return, Irrigated Agricuiture/anismal traction, Gorgol
 

(million UM)
 
1983 1984 1985 1990 1995 2000 2005 2010 2011-40
 

Number of Irrigated Farms 
 90 720 2250 4680 8010 12240 12240
 

Incremental Value of Production 
 17.51 140 56 
 442.16 941.79 1647.15 2554.21 2745.10
 

Project startup costs 
 18.35 13.51 43.kL 226.99 389 6? 577.69 785,49 135.96
 
Extension costs 
 .16 .72 2.93 .8.53 17.07 '28.57 39.77 39.77
 

Incremental Farm Costs
 
Seeds 
 .24 1.92 5.70 11.43 19.30 29.30
 
Fertilizer 
 3.00 24.02 81.01 171 52 295.55 453.11
 
Chemicals 
 .36 2.86 17.61 41.04 73.15 113.93
 
Pump operation 
 2.19 17.54 28 OA 44.83 67.78 96.94
 
Pump loan repyment 1.37 
 1094 34.15 71.02 121.53 185.70
 
Snall tools 
 .00 .00 .00
.00 .00 .00
 
farm transport 
 23 187 4.63 9.00 14.99 22.61
 
Seasonil wkg capital 
 .13 1 07 3.47 7.30 12 54 19.20
 
Oxen boughtlsold 1.01 11.21
2.02 
 26.11 41.91 58.24 -64.97
 
Animal care 
 .49 3.89 14.55 31.49 54.70 84.18
 
knintrac equip repaymt 
 42 2 92 7 35 13 26 21,66 32 54
 

Subtotal 
 1 01 10.45 78.25 222.70 442 80 739.46 972 55 972.55
 

Incremental Labor Costs 
 2.81 6.22 37 31 109.73 218 39 368.06 521 87 540.52
 
--------------------------........-------------------------------------------------------


Total Costs 
 22.32 30.89 161.57 567.95 1067.93 1713.78 2319.68
 

Net returns with project -22.32 -13.38 -21 01 -125 80 -126 14 234 53
-66 62 856 31
 

Net present vAlue 0 15% -144.556
 
Internal rdie of return 11.1
 

Increased benefits t security 2.29 34 119.19
18 57.31 203.99 111.71 311.71
 

New net returns w/security -22.32 -11.09 -2.67 
 -68.49 -695 546.24
137.37 1168.02
 

New NPV 87.50082
 
New IRR 
 17.8
 



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

A.27. Rates of Return, Irrigated Agriculture/Eanual, Guidiaala
 

(millioz UN)
 
1983 1984 1985 1990 1995 2000 2005 2010 2011-40
 

Number of Irrigated FarMs 
 73 580 1813 3770 6453 9860 9860
 

ihcresental Value of Production 
 3.41 Z7 29 92 69 206.28 363 62 566 59 621.38
 

Project costs 16.98 
 8.95 24.78 38.34 63 91 92.53 113 03 41.56

Extension costs 
 .OS .22 .87 237 4.67 776 10 76 10.76
 

Icremental Farm Costs
 
Seeds 
 -.01 - 09 -.21 - 31 - 53 - 81 
Fert iiL 
 52 4 12 12 88 
 26 77 4583 70 03
 
Chemical5 
 .05 40 2 60
1 25 4 45 6 80
 
Pump operation 
 43 3 40 10 64 22.1 37.86 57 85
 
Pump loan repayment 
 42 3 36 10 52 21 87 37 43 57 19
 
Small 1oo15 
 00 00 
 00 00 .00 00
 
Farm transport 
 06 46 1 45 3 02 5 16 7 89
 
Seasonal wkg capital 
 03 21 65 1 35 2 32 3 54
 

Subtotal 
 .00 149 11 66 37.17 7742 132.52 202 48 202.48
 

Incremental LWgor Costs 
 5.57 7 74 29.73 66 51 120 33 
 187 91 199 03 206.90
 

Total Costs 23.60 1840 67 24 144 39 266 14 420 71 
 525 31
 

Net returns with project 
 -23.60 -14 99 -39,95 -51.69 -60 06 -57.09 41.28 159.65
 

Net present value i15% -161.898
 
Internal rate of return 5.6
 

Increased benefits to security 
 1.04 
 8 27 25.84 5372 91.96 140.51 140.51
 

New net returns wlsecurity -23.60 -13.95 
 -31 69 -25.86 -6.34 34.87 181.78 300.15
 

New NPV -57.2760 
New IRR It A 



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

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

A.28. Rates of Return, Irrigated Agriculture/aninal traction, Guidimaka
 

(million UN) 

1983 1984 1985 1990 1995 2000 2005 2010 2011-40 

Number of Irrigated Farms 73 580 1813 3770 6453 1860 9860 

Incremental Value of Production 
 14 58 115.9b 380 00 823 09 1441.19 2235.79 2403 79
 

Project costs 19.03 
 13.68 36.16 87.50 1S1.10 228.90 287 40 193.56
 
Extension costs 
 .15 67 2 61 7.12 14 01 '23.27 32.29 32.29
 

Incremental Farm Costs
 
Seeds 
 .11 
 89 2 86 6 08 10.42 15.91
 
Fertilizer 
 2.74 21 73 67.93 11 25 241 .7? 369.41
 
Chemicals 
 .54 4.33 13 53 26 13 48 15 73 58
 
Pump operation 1.34 
 10 66 33.33 69 31 118 63 11.27
 
Pump Joan repayment 
 1.28 10 17 31.60 66 13 113 19 172 94
 
Small tools 
 .00 .00 00 00 00 .00
 
Farm transport .25 6.16
1.97 12.82 21 94 ?3 52
 
Seasonal wkg ca ital 
 .;J 91 2 83 5.88 10 07 ,5.39

Oen bougbtlsold 
 .82 1.62 9.03 21.06 33 75 46 9Z -5b 84
 
Animal care 
 .45 3 56 11 i2 23 12 39. 57 60 46
 
Aniutrac equip repaymt 
 34 2 35 5 ?2 10 68 1? 45 26 21
 

Subtotal 
-- - ---- - ­

.82 .79 65 60 196.54 39? 15 668 11 869 87 889.87
 

Incremental Labor Costs 
 2.63 503 
 27 36 76.6 155 06 259 68 363.08 373.85
 

Total Costs 
 24.62 28.17 133 74 367 78 717 34 117996 1572 63
 

Net returns with project -- -13.60 77 12.22 105 76 261,23 663 15 914.21
22.62 -17 


Net present vaJue @ 15% 196.9195
 
Internal rate of return 22.9
 

Increased benefits to 5ecurity 
 1 86 14.77 46.17 96 01 164 33 251.09 251.09
 

New net returns w/security -22.62 -11.74 -3.00 58.39 201.77 
 425.56 914.24 1165.30
 

New NPV 383.8877
 
New IRR 30.9
 



A.Z9. 
 Npmber of Faris, Projected Rural Riverine Population minus Projected Farn involvement/Irrigation
 
('000)
 

Zone 


Podor farm number projection 

Namber o farms inproject 


Matam farm number projectioii 

Number of farms inproject 


Bakel farm number projection 

Number of fa'ms inproject 


Brakna farm number projection 

Number of farm5 inproject 


Gorgol farm number projection 

Number of farms inproject 


Guidimaka farm number projection 


Number of farm5 inproject 


1980 


12.94 


Z4.32 


2.84 


7.05 


12.21 


7.37 


1965 


14.42 

.22 


27 06 

.25 


3.16 


.04 


7.48 

09 


13.35 

.09 


8.14 


.07 


1990 


16.06 

1 72 


30 11 

1.96 


3.52 


.32 


7.94 

.70 


14,59 

.72 


8.99 


.58 


1995 


11-89 

5.38 


33.51 

6.13 


391 


1.00 


8 43 

219 


15,95 

2.25 


9.92 


1.81 


2000 


1992 

11.18 


37.29 

12.74 


4 35 


2.08 


8 95 

4 55 


17.44 

4 68 


10.96 


3.77 


2005 2010
 

221 9 14.72
 
19.14 29.24
 

41.49 46.17
 
21.81 33.32
 

4 84 5.38
 
3.56 544
 

9.50 1008
 
7.79 11.90
 

19 07 20.85
 
8.01 12.24
 

12.10 13.36
 

6.45 9 86
 



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

A.30. Foodgrain Consuaption EstiJates tJillion tons)
 

Per Capita 
Zone Consm.(t 1980 1985 1990 1995 2000 2005 2010 

Podor 
Rural 
Urban 

.15 

.10 
20.6E 

.78 
23-01 

89 
25-63 
1.02 

28 54 
1 16 

31.79 
1.33 

35 41 
1.51 

39.45 
1 73 

Total 21.44 23.90 26,64 2971 33.12 36,93 41 18 

Mat am 
Rural 
Urban 

.15 
.10 

23.46 
1.08 

26.11 
1.23 

29.05 
1.40 

32 33 
1 60 

35,97 
i 82 

40 03 
2.06 

44.54 
237 

Total 24.54 27 34 30.45 33 92 37,79 42 10 46 91 

BakeJ 
Rural 
Urban 

.15 

.10 
3.81 
.34 

4 24 
.39 

4.71 
.4( 

5 24 
.50 

5.83 
57 

6.48 
65 

7.21 
74 

. . .. . .. .. . . . .. .

Total 
. . 

4.15 4.62 5 15 5.74 6.40 
 7 14 7.95
 

Total
 
Senegal
 

Rural .15 53.35
47.93 59,39 66 11 73.59 81 93 9120

Urban .10 2.20 2.51 2.86 .2,6 
3 72 4.24 4 84
 

TOTAL 50.13 55.86 62 25 69,3? 
 77.31 86.17 96 C4
 

Mauritania
 

Brakna
 
Rural .15 21.49 22.81 24.21 25.70 27.28 28.95 30.73

Urban .10 1.37 1.45 1.64
1.54 !.74 1 84 1.96
 

Total 2Z.85 24.26 25 75 
 27 33 2901 30.79 32.69
 

Gorgol

Rural 
 .15 Z0.38 22.28 24.36 26.64 29.12 31.84 34.8

Urban .10 2.18 
 2.46 2.77 3.51
3.12 3.95 4.45
 

Total zz.57 24.74 27 13 29.75 
 32.63 35.79 39.26
 

Guidiuaka
 
Rural 
 .15 12.29 13.57 14.98 16.54 18.26 20.16 22.26

Urban .10 .64 
 .70 .78 .95
.86 1.05 1.15
 

Total 12.93 14.27 17.40
15.76 19.21 21 21 2341
 

Total
 
auri tanja
 
Rural .15 54.16 58.66 
 63.55 68.87 80.95
74.66 87.80
 
Urban .10 4.19 5.09
4.61 5.61 ;.19 6.84 7,56
 

TOTAL 58.35 
 63.Z7 68.64 74.48 87.79
80.85 95.36
 



A-30. Foodgrain Consumption Estimates (3illion ton5)
 

Zone 
Per Capita 
Conss.(t) 1960 1985 1990 1995 2000 2005 2010 

Mail 

Kaye 
Rural 
Urban 

.15 

.10 
23.08 
5.50 

26.23 
6.28 

29.81 
7.16 

33 87 
8.1? 

38.49 
1.32 

43.74 
10.3 

49 70 
12.13' 

Total 28.58 32.51 36.97 42.04 47.81 54.37 61.84 

Bafoulabe 
Rural 
Urban 

.15 
.10 

14.14 
.80 

16.06 
.92 

18 24 
1.05 

20 72 
1,20 

23.S3 
1 37 

26 73 
1.56 

30.36 
1.78 

Total 14.94 16.98 19.29 21.92 24 90 28.29 32.14 

Total 
Hall 

Rural 
Urbao 

.15 
.10 

37.22 
6.31 

42.29 
7.20 

48.05 
8.21 

54 59 
9 37 

62.02 
10.69 

70 47 
12.20 

80.06 
13 91 

TOTA: 43.53 49.48 56.26 63.96 72.71 82 66 93 98 

TOTAL 
SENEGAL RIVER 
BASIN 
RURAL 
URBAN 

TOTAL 

.15 186.12 

.10 Z7.41 
---------

Z23.53 

204.56 
31.70 
--- -

236.26 

224.99 
36.74 
-- --

261.73 

247.64 
42.66 
- ---

290.30 

272 76 
49.64 

----

322.40 

300.64 
57.87 

- -

358.51 

331 59 
67.58 

399 18 



A.31. Foodgrlal Self-Sufficiency Estimates under Improved Rainfed Agriculture (million tons)
 

ZonelTr:hnique 1985 1990 1995 2000 2005 2010 Z011-40 
---- ------------ -- --- -- - - - - - - - - -

Hat am 
Production Z.05 5.00 3.99 ?.85 13.08 14.31 
Conso tion 23.90 26.64 2'.71 33.12 36.93 41.18 

Excess production -23.90 -24.59 -24.70 -29.13 -29.08 -28.10 

Bike] 
Production .40 1.26 2.04 3.75 6.00 6.22 
Consumption 4.62 5.15 5.74 6.40 7.14 7.95 

Excess production -4.62 -4.75 -4.48 -4.37 -3.38 -1.95 

Gorgol 
Production .75 1.84 1.47 2,88 4.80 5.26 
Consumption 24.74 27.13 29.75 32.63 35 79 39.26 

Exce55 production -24.74 -26.38 -27.91 -31.16 -32.91 -34.45 

Guidizaka 
Phoduction .73 2.29 3.69 6 80 10.88 11.27 
Consumption 14.27 15.76 17.40 19.21 21.2i 23.41 

Excess production -14.27 -15.02 -15.10 -15.52 -14.41 -12.54 

Kayes/Bafoulabelmanual 
Production 5.23 21.00 47.39 85.24 134.25 135.86 
Consumption 49.48 56.26 63.96 72.71 82.66 93.98 

Excess production -49.48 -51.03 -42.95 -25.32 2.58 40.27 

KayeslBafoulabelihimal traction 
Production 9.33 38.64 89.60 162.52 257.41 262.71 
Consumption 49.48 56.26 63.96 72.71 82.66 93.98 

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

Excess production -49.48 -46.93 -25.31 16.89 79.86 163.43 

Total Excess Productionimanual 

Senegal -,28.52 -29.34 -29.18 -33.50 -32.46 -30.05 

Mauritania -39.01 -41.40 -43.02 -46.68 -47.32 -46.99 

Hali -49.48 -51.03 -42.95 -25.32 2.58 40.27 



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

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

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

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

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

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

A.32. Foodgrain Self-Sufficiency Estimates under Irrigated Agricoiture/Senegal (million tons)
 

Zone 
 1980 1985 1995
1990 2000 2005 2010 2011-40
 

Podor 
Production/manual 
 1.02 ?.89 21.78 40.69 71.24 110.52 118.80

Consumpljoq 
 21.44 23.90 26.64 29.71 
 33.12 36.93 41.18
 

~~-------------------

Excess productlonlmanual -21.4. 
 -22.88 -18.75 -7.93 7.57 34.31 69.34
 

Productionlanima! traction 
 2.23 17.69 5434 111.84 194.61 00 70 317.25
 
Consumption 
 21.44 23.90 26.64 29.71 36.93
33.12 41.18
 

~~-------------------

Excess productionlanimal tractioa -21.44 -21.67 -8.95 24.63 78.72 157.68 -----­

259.52
 

Hitam
 
Production/manual 
 1.16 9.00 24.82 46.37 81.18 125.94 135.38
 
Consumption 
 24.54 27.34 30.45 33.92 
 37.79 42.10 46.91
 

~~-------------------

Excess production/manual -24.54 -26.18 -21.45 -9.10 8.58 39.08 79.03
 

Production/animal traction 
 2.54 Z0.16 61.9Z 127.45 221.76 342.66 361.52
 
Consumption 24.54 
 27.34 30.45 33 92 37.79 42.10 46.91
 

--------~----------

*----- ------Excess production/inimal traction -24.54 -24.80 -10.29 78.00 -----­89.66 179.66 295.75
 

Bakel
 
Production/sanual 
 .18 1.43 4.36 8.93 15.53 24.00 25.33
 
Consumption 
 4.15 4 62 5.15 5.74 6.40 7.14 7.95
 

~~-------------------

Excess production/manual 
 -4.15 -4.44 -3.72 -1.38 2.53 8.39 16.05
 

Productionlanimal traction 
 .54 
 4.33 13.65 28.70 49.89 77.03 81.02
 
Consumption 
 4.15 4.62 5.74
5.15 6.40 7.14 7.95
 

Excess prodtctionlaninil traction -4.15 -4.08 
 -.82 7.91 22.30 42.75 69.08
 

Total Excess Productiolimanual -50.13 -43.93
-53.50 -18.41 18.68 81.78 164.42
 

Total Excess roductionlaniual trac 
 -50.13 -50.55 -20.07 60.54 190.68 380.09 624.35
 



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

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

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

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

A.33. Foodgrfin Soil-Sufficiency Estimates under Irrigated Agriculture/lMauritania (zillion tons)
 

Zone 


Brakna
 
Production/manual 

Consumption 


Excess production/manual 


Productionlanimal traction 

Consumption 


Excess production/animal traction 


Gorgol

Production/manual 

Consumption 


~~-------------------

Eicess production/manual 


Production/animal traction 

Consumption 


Excess productionanimal traction 


Guidimaka
 
ProductJolainuaia 

Consumption 


~~-------------------

Excess production/nanual 


Production/animal traction 

Consumptlon 
....---------------- --
Excess production/ainimal traction 


Total Excess Production/manual 


Total Excess Production/animal trac 


1980 1985 1990 
 1995 2000 zoos 2010 2011-40
 

.42 3.21 
 8.87 16.56 28.9? 44.98 48.35
 
22.85 24.26 25.75 27.33 29.01 30.79 32.69
 

-22.8S -23.84 -22.54 -18 
 46 -12.45 -1.80 12.29
 

.91 7.17 21.53 43.47 75.70 117.02 123.06
 
22.85 24.26 25.75 27.33 
 29.01 30.79 32.69
 

-22.85 -:3.35 -18.58 -5.80 14.46 44.91 84.33
 

.31 235 6.73 13.22 4.57 39.59 49.73
 
22.57 24.74 27.13 29.75 32.63 35.79 39.26
 

-22.57 -24.43 -24.78 -23.02 -19.41 -31.22 .33
 

1.14 9.07 26.91 53 49 90.63 137.54 132.80
 
22.57 24.74 
 2713 29.75 32.63 35.79 39.26
 

---- ------------ ---------.
..- ---- ..------
-

-22.57 -23.60 -18.G6 -2.84 20.86 54.84 
----

98.28 

.27 2.11 6.41 13.08 22.88 35.46 37.99
 
12.93 14.27 15.76 17.40 19.21 21.21 23.41
 

-i2.93 -14.00 -13.65 -10.99 -6.13 1.67 12.05
 

.75 5.92 
 18.75 39.53 69.02 106.89 114.01
 
12.93 14.27 15.76 17.;0 19.Z1 21.21 23.41
 

-12.93 -13.5Z -9.84 1.35 20.32 47.81 83.18
 

-58.35 -62.27 -60.97 -52.47 
 -37.99 -31.35 24.67
 

-58.35 -60.47 -7.29 147.56
-46.48 55.64 
 266.09
 



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

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

------ 

A.34. Project Investment Costs: 
 !aproved Rainied Airiculturt
 

1983 1984 
 1985 1990 
 1995 2000 2005 2010 
 Total 

Hat am

Project costs 
 36 29 6 36 25.46 57 7
Eztension cost5 101 82 159.10 7?2 19
 

70 72 141 43 318.22 565.72 883.94 
 8039 44
 

Bake]

Project costs 
 5.92 1 04 
 4.16 9 S 
 16.62
Extension costs 25 98 289 34
 

12 32 
 24 63 55 42 98.52 153.94 1400.06
 

Subtotal, Senegal (RjJ CFA) 
 42.21 
 90 43 195.67 40. 6 782.69 NL12295 1;601.02
 

Gorgol

Project costs 
 266 47
EIteusion :ost5 

1 87 4 4 11 69 130 14
 
6 19 123 8 
 27 85 49.51 77 36 703,58
 

Guidiiaka
 
Project costs 
 2.15 
 36 1.51
Extension costs 3 39 6 03 9 43 104 q6


22 
 4 43 996 
 l173 2771 25056
 

Subtotal, Mauritania (mill UM) --------------
4.81 9 5 20.19 45 43 80 76 1I 18 
 1189.Z6
 
Kayes/Baloulabe, manual

Project costs 
 148 05 75 98
Xayes/Bafouab, manual 

103 91 233 60 415.65 64? 45 7234 05
)47 65 295------ 70 665 33 1182 80 1846 13 16805 66------...... 

Subtotal, Mali(ail] 1f) ------ .------------148.05 173 N3 
399 61 899 13 
 1598 45 
 2497 58 24042.72
 

Kaye5lBafoulabe, animal traction
Project costs 
 148 05 25 98 
 103.91 233 80 
 415.65 649 45
Kayes/Bafoulabeanimal 7234.05
traction 
 221 49 
..........................................442.98 996 70 11 9?I2
2768 62 2518055
 
Subtotal, Mali (mill MI) 
 148.05 247.47 
 546.89 1230.51 218?.57 3418.08 32414.60
 

Totalicosts inUS S (Cmil) .4? 75. 
 1.65 3 72 
 6.62 10 34 
 9823

(incl. Mali/manual)
 

Tptal 
costs inUS $ (mill) 
 .47 .87 
 1.90 42 
 7.60 11.88 112 16
(inel. Mali/animal trac.) 

http:32414.60
http:24042.72
http:1;601.02


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

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

A.35. Project Investsent Costs: 


1983 


Podor
 
Project costs 


Fodor 


Hatam
 
Project costs 


Extension costs 


Bakel
 
Project costs 

Extension costs 


Subtotal, Senegal (Bill CFA) 


Brakna
 
Project costs 


Extension cost5 


Gorgol
 
Project coa1 


Extension cost5 


Gaidimaka
 
Froject costs 


Extension costs 


Subtotal, Mauritania (zill UM) 


Total project costs in US I (nil 


Irriiated Agriculturehianual
 

1964 1985 1990 1995 2000 2005 1010 Total
 

9.69 	 110 14 468 99 1081.22 166 1; 2303 66 Z900.38 36826 38
 
.91 419 16 25 44.33 8? 17 144 80 200 94 2080 75
 

30 1 12 07 554 04 1224.65 1907 95 2603 81 3274 32 41635 32
 
1.03 4.76 18 52 50.51 99 34 165 00 Z;6 98 2371 09
 

36.48 35 54 79 22 103.10 30 95 456 50 608 94 6715 68
 
II .52 2 02 5 50 10 61 17 96 24 92 258 08
 

98 34 278.23 1159 03 2509 30 4099 36 
 56;1 79 7238 50 8988729
 

16.21 	 14 19 49 43 119.46 203 68 302 19 412 17 4656 E6
 
.09 41 I 58 4 30 8 45 14.04 19 48 0l 76
 

16 44 7 97 17 44 102.64 169 01 242 51 320 35 3667 41
 
.04 17 91 3.71 7 99 13.73 19 33 189.63
 

$.98 8 95 24 73 38 34 63 91 
 92 53 1i 03 1514 02 
05 .2 87 2.3? 4 67 7 76 10 76 111 45
 

49 80 31 90 95 01 270.82 457 71 672 75 891 12 10341 12
 

1.16 
 146 5 45 12.88 21 29 3019 39 05 471.98
 
3i11
 

61 



A 36. Project Investment Costs: Irrigated Agriculture/animal tractirn
 

1963 1964 1985 1990 1995 2000 2005 2010 Total 
- - --..- - - -. . . . . . . . . . . . . . . . . . . . .- - - - -

Podor 
Project costs 32.73 202 76 959 38 2140 40 3355 22 4603 64 5619 52 73293 61 
Estension costs 1 61 8 36 32 51 68 65 174 35 289 60 401 69 4161 50 

Matas 

Project costs 33 57 228 63 1089 47 2427 27 37^8 87 5204 27 6567 41 82911 48 
Eltension costs 2.06 9 55 37,04 101.02 198 68 330 01 457 97 4742.17 

Bate] 
Project costs 56.11 71 63 196 25 Z34 01 767 43 1101 U 1457 90 16075 86 
Extension costs .34 1 56 6 J5 16 49 32 4 53 58 74 77 7?4 23 

Subtotal, Senegal (mill CFA) 126.62 522 53 2320 0 5007 85 6326 98 11583 56 14719 45 181 96 

bill 
Brakna 

Project costs 16.46 2 74 67 27 202 99 332 86 477 06 629 97 7456 19 
Eitension costs 6 81 3 15 8 60 16 91 28 08 38 97 403 51 

Gorgol 
Project costs 18.35 13 51 43 05 22i 9? 369 67 577 6; 785 49 8647 78 
Extension costs .16 72 2 93 6 53 1707 26 57 39 77 407 .07 

Guidimaka 

Project costs 19 03 13 68 36 16 87 50 151 !0 228 00 .'7 40 347S 2E 
Eltension costs 15 1? i ? 12 14 1 23 27 32 29 334 34 

Subtotal, Mauritania usill UM) 54.31 51 14 177 21 541 72 921 61 1363,56 1813 68 20726 17 

Total project costs in US I (Nil 1 33 Z 59 10 69 25 72 43 12 61 34 79 50 951 91 
mill 


