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Agrofbres try has become a rather p4pular subject amongst agricultural 
scientists in the past decade or so. This may have been caused partly 
hyte frequent- fa i~l o o t teitauprou ces r Jtos" 

*agriculture and forestry, partly by a geine .beliefia t agroforestry 
is Asuperior land use systeb t also bcause of a ter,4 tcy to Jump 
on the band wagon. 

"ate C' 

*Whatever the.s-''L;,son. the ult ima te test of agroforestry's usefulness 
will be its acceptance by the farmers.' arious traditional aVoto 

retysystems can beJseen throughout the world and these have,, 
obviously passed this test already. Adaptation of these system to 
reflect changes In farming systems and/or envromi-en:s as well as 
development of n ttechnoogies is expeicted to take place In the 
next decade and it Is precisely these systemi/technolagiss which 
have to be put to the test to provaitheir usefulness. 

Design and development of new or md,"if ed agroforestry syst.wl
technologies should therefore be done wit% the ultimato users .$u 
mind so as to avoid disappointment at the end. 

In th.is paper, the role of economics In the desig!and dv.lopm
of agroforestry land use systamsitechnologies 1* discussed. 

nt 

*Since economics deals with helping peopi. to miakw decisions ina 
rationa1 way, first and foremost, the1 typo of decisions to be. =a&e 
in agroforestry as well *a the information required to make d"ciIona 

,are, briefly looked into. The role of ecotramics in the di~agnostic, 
design and development phase-14,d its interrelationship with oth'IN' 
disciplines art then briefly discussed. culminating intoKi riviev, 
of the methods of economic analysis. 

*in dealing with the econiomic analysis of agroforestry systezs/tcwaQ
logies, emphasis has been put on the farmer's potlat of view. 
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because his/herc acceptance of this form of I. ad use 1, t~e ke4 o itswidespread introduction. iovcvez if, the last section oi Ithi paper , some attention isalso give~n to the analy~sis Of agro~oresry frm3 

Since. many good economic textborko ex.ist already, no dta ed. ipioof, Che economic pricile and methods of analy*q' is includoil inPaper; infitead, examplea 
this 

are used to demontrate the agtoforesty
application of such principle, or methodsof a well "the specific aspects of 

to tgh *oweagroforestry land useasys.t 
0. 

Finally, this paper ha. dealt with the vco
in Particular, the iqlaof aitroore.itry And,analysis of It in A rathir skethy tAnrr wo, ah t providenome general guidel:Lne, cto tndivtdumls nter*sod In tho design ^inddevelopment of agroorest m. This paper a y In futu perhAps b* *xpandobut It im felt that errytimis in tho tIrat instance5 should 6o outI on the applicaio 
and publlciuing of the actual use of econ~omicsdosIgn, dovolopmnnt in theand appralal of now .iod exLtLn isrefore.stry 
ilystuoa. 
 This would nat 0l holp to view agroforestrbut mots objectiveiy.It would a.lso scresa tho role economichas to play In evvioping
this form of land usc. 

. 

"J 
. . . .. . .-.." ++ + : :+ "+ + 



jr 
3 

0 

The m contribution bn to thelesig and deveiiopmnt of stro

( 2. ... . . "c si 
-Jore.try is to aciita e decision,msakin anit' ee0sa tSee 
useful to star identifying the type of decision* that,'have 

e 

ro be 
- made.*, The following broad categories del nthiftd 

Should ri prqfo rvr tIpo oZut L t usd to tro.l a particular 

p prooblmor ar thae i+ ot- bena"rpO ze-rb tj aother40ution 

For example, Ito~soil fertility problem has been diaood, 
should it be solved by buying and apy0ng C t rappropriatu 

artificil fertilneror should it 
intcroducing hedgerows otrflWf~L~dUan 

be solved bnt-,oroxsplo. 
Qeoahala. which will 

be lopped regularly to, provide green manure. - .f.K 

What tyipe qf tree/sruba ahow'1d be used to Volvo a parroulu' 
* ~~problemn?. A.' 

For example, to plan A shelterb+lthshouldr ge )twalsjv 

or*Zpta *imut&du4insa be used? ' 

0 How amd wheAre ih~ould the tre oomtvnen't be planted?' 
This category lavolves a number' of decision, such asi plknt -
ing method, 1 d ' plant, spacing, 'Inter-cropibing A 

vsoCiuo mono-' 
.]d ''Ar ' 

0 
cropping, plant location, time of plantins, ae. Fr Isitaple, 

growing Callimidiiv 0xaZo jhy'eu to Solve 'a diagnosed tUeldIV 0 
problem on A farm could be done by dirvct soeding ofr v~b 4 
seadlings; plants could be spaced 1moster or 2meters spartz 
they could be grown in A pure stand or Inter-cropped wiith ' 

annual crops or planted on benchrisers or farui boundaries, 

What hubandary~and harvoet~ng sysetam should be 4(kopWd 

* This decimion category deals witth veeding, fertillaing And 
harvesting time. Tor example,' when csaa siamta Is grow~n 
for mulch, should it be lopped two, throe or t~r tines a 
yean 

0 
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):-. To enable an economist to-make dcwsions,, 
aspets ib Tequirer r. 

tnfotrma.ionon the following. 

" ,.:mprve hequ it'Ot..t,.the fatritr's objectives 
ii) rosourceg and conatraints to oduction; 
,Mi) po'tenric agrororestry system/tecnologiea. 

K. , K.; 

3. 1 Thei farl wa" objeative he. 

In subsistence and semi-cou ercial farming, the far r's 
objectives are usually to satisfy the basic household ned*s 
as toproducas much cash as possibl to buy.o... et..a.s 
Improve the quality of life. '. ,. 

:hort-tatri' 

-:lil 

to 
.. 

In the 
output 

Long .i.'n, most farmers also aim At mAinlt~ning the level of 
they have reached, but preferably to increase it. 

* 

* "' 

Trying to achieve this longer-term objectiva may conflict with the 
short-run objective, especially It resources and/or farming tochno-
logy are insufficient to satisfy basIc levvls of food. energy and. 

Bcash reqiiirewunts. , In such sl~u*tat.s, farmers, quite maturally, 
p~tve priority to the present, rather than the future and therefore 
olur-exploit their resources which results in a gradual destruction 

their productive capacuity. j-Howver, observing~the ScAdoIa 
destruction oi world's resources shouLd not he interpr~eted &xia 
lack oi lone-~term objectives on the farmrs' side. 

* 

ICRAF (1) is9 .in the process of developing A mthodooy for 
diagnosing taie problemsat farm 14vvl with the aim of designing 
the appropriate agroforeacry activities (research and/or dewelopent). 
Satisfying the diagnosed needs will become the objectivec of the 
proposeod intervontions in the farm system. However. It should be 
emphasised that not All needs can be fulfilled, while certain needs' 
uty bo best fulfilled with non-agro forestry Interventions. 

LK 
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dThe first ateop after deter 
 ing the farir's needs hould t
be to screen them with a view to determining whether or not thcrfoy p< 

are capable of being shlvdv.with the hlp ofagr.orestry. To,f cil4tace. this process, -I CRAF prvp4Cx, 4 -1lis- 0 -'UCr- n9e4.-' 

V *. ±) suppl of food (crops as well an U~ves cock products)i
t) supplyof energy;
 

,iA
 111) supply of shelter,
 

IV) supply of rawl materials for home induw.ry; 
V) supply of cash. 

The first ctegory offers a particularly broad potential for
 
agrofoiutry either in A dirct way, I.e.-
 production of edible fruits,
 
or in an indirect way, 1i., fodder production for live rto4,
con
erva 
on of moisture, maintenance or improvement of soll fertility, otc.
 

S 3.2. Reaauzi,.o and oanstm~ints tor ptvduot'iOn 

Resources and constraint constitute 'the Ita 
t to production; In 
other wordis fearsible fam plan Is one which CAi.. Into contd..ratlon 
the resources atnd constraints in which the farm ha. to operata. 

According to Carpenter (2), resources and constraints for a rerm 
can be sub-d~vided Into thrde cagories, naawlyl

i) farm family resources; 
li) physiral 
resources and onvironment;
 
iii) govornmont/soctAl environment.
 

Family rui~ources Are an aggregate of several factors which~ togethev 
1 0 constitute the farm, i.e.. 

I)family siZe, Age, labour forco;
 
it) managemont skills, education
 

*iii) 
 farm size, quality;
 

iv) locatiou, distance, Acceas:
 
V) disease hazards.
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*"Activity bud~eis" have to 
be prpared for each agroforestry syscesI
 
tachnology'.to be considered for researchj and/or development. Ideally, 

0 these budgets should contain the following Inforzat ton (3),
 

1) a ltst Of the dem~ands placed on rarm-resources per unit level 
Of the activity-, 

it) 	 quantification of any tnter-relationship betwieen the special 
yactivity and other possible act1Vttee (i.e. grazing rejulnre*ntca* .of 	 14vastock, rotational attributeA of crops); 

III) 	 a list of any non-resovcew constraints on the level of the 
activiity either alone or In combination with other activities 
(i.e. marketing constxnintis or constraints reflecting thea 
personal preferences of the farm : : 

iv) a lsting of variable cost per unt level of Ucttvity; 

v) a statement of the output produced per un level of the activity
and If the output is mold e-t ofo an t., the not price recetv.d. 

Because of the muti-P-brod naturo of Atmost &It agraforestry systems# &II of 
these data "houtl be plotted 4ednst a tIMe SCAlM . 

The dif ferent agraforcutry systems been 64=4rivad in a dlqjrsa bynave 
To rres 	(4). 
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Before discussing the dIfferont Aspects of economic analyass L an
 
* *..agroforestry context it seems useful to first of all'outlina the role i 

Of economics in 'the different 	 diames of generating appropriate 
agroforestry technologies/systems.'
 

* 	 4.1 Dia!Jnostio phase 

In the diagnostic phase of the whiole planning process, economics 
should be use to define the "boundaries" In wtdch any new aystes/ 
technology has to operate (see 3.2.) as well as to analyowe the 
existing systvms so as to Identify bottlenecks Inthe present 
farming system. These can then in~ turn becom the tocal'point (a) 

4 	 for designing appropriate agroforostry as wvlt as non-aproforqstry 
solutions. 

The 1atter bottlenecks are cocmionly displayed with the help of 
weekly, maonthly or S0asonAl proftle#, e.g. 

- tabotar profito . depicting supply and demand of tabour ever tim 
0 - Cash f7ou 	 shoving cash inflows and outf lowe including loans
 

and debt servicing over tiins.
 
- Fo~od profiea showing food production (its storage and food 

consumption) over time (for the main products only). 
A more sophisticated form of akfood profile is 
a nutrition profile.
 

- 4Dtrgjj profits : shovtng the consumption of energy as well i~a 
the supply of energy proaducts over time. 

Traditionally thoe profiles hAve been substantiated on the basis of ' 

studies providing dotailed quantative inforisation. Although such
 
detAil see to be ideal, 
inrapid rural appraisal where 	little tim 

* 	 and/or data are available, obtaining a rough qualitative picture. 
identifying critical periodA may be all thar IspossIble or necessary. 

4.~~~~2 hs	 'Aiin 

0The axr ante analysis of a new technology may either be based on an 
intuittie or an analtioat approach (5). 

http:teohnogloe/.la


0 

In tile very early stages of the design~ procens, emhasis will mosC
 
likely be on the izitu$ tive approach u~th pn~sy a few simple ecno
 
analysed whenever data 
are Available. Later on in the Idesign phase 

_de~ii_6__-_*en th- Oigtil gnethrough *some form. of 

____ 

togtIng* (on- farma or oa-station), the emaphais gradually 

Onalytical approach) as more data on the tcho og 


may . shift.~ to tile 

eo-av#.z4#§l 

Part of the early design process will be to deC140 ai( tO Vhete 
certain desired tree functions are best lorated.~For exa.mple, it
fruits have been Identifteti am having a potential for solving the

diagnosed cash or food problems, several potential plantng 
altos aril
 
feasible. 

To facilitte th~v decisi on mAicing procoes, the follimdng istops
augge ted 

are 

Lint all ocndhc* trvt fl~nat~vnv fo4- Ow~ vt4 arva aw wi 4 

Tree functions ay be sub-dividod on the basis of the tree component
performing a productive Andi/or a mervico rolt. 

A Oiwe pxdo hil1ore be defined an all material ouitput whih to

harvested/collectod 
 IrrestpectIve of~whether It Is an ond or inttrmedlat,
product or whether It isi sold or consumed.. 

Thu moot common productit arti, fuialwood, fruits. timber, polo*, ctaftwood,charcoal, fodder, leaf litter (mulch). 

A reo, eezvioar wtll htqro be dofinod as all icmttrit.1 output which Is 
obtained from the Individual treen,arrangement of and/or deri*,ed frmtespatilthe truese within A pystom. e.g. tree* to provide shAde 
to humans and/r inmals, a ltving fence to keep out aniwmas, a rowof trues for deamarcating a boundary, A shoitotbeic to protect crops 
and/ur dwalUnga against the wind, acattered trgas nr ro of trees tocontrol erosion. 
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While~ t fare hevoe ore ~~utose tor leesilitie, oc)fe 

most cou oona Ara; 

nor detaile on the bai
a - d oIfpresnt andoro tenil ,
 
use potentia( rb/and)pefrmn esevc role o:
e fo a ... :
 

moatoonries,
 

gatingo s ee ied on basis o eor pteral.t pantis sir-esthece 

preent fre Mrlaned)ftordnu a(d Tn eruseand potenti atal 

Sinceno d aed hCO At of i ntft altertoai use. rdti cidife ionsit
insudingded ondheTablhome ond b sw prestoan4/o. poea, 

sh (be tefunctionus tes loaimlndmaatv)etos.Te
 

natind eanisage- thi sonthe,bac i s te*orfand cotertin 
oe byomndI iscluimpotn n ths repc to*ain ht zibly 

of odlore/orhe rd ucies.ainwt tesriefntos 

no deta i ecoomi : xa . s o, di.t !r - t ".i.ct o /h . ':".alt....er:folowt in p errotd,s" t. .i.N i. otIs€,' ca 
a..v. La envissgn.. t thi etagt eselec on of :for@ ercai" sites:= 
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may -ira ate d If et~ ta produ Fotr amp I min r....a le 
shlebl would more'or les exclujde tree produvts
 
which~ require the hiarvesting ofthoc whole trea mi pl o
 
sholtero a, n the other hand, !o"ld poil Iclude.o ree .hprozts. 

:7At the a tive, site noL-_iecfW, fo-. A._sare _r I*-uma,
 
be considet.,4 for producngtree products, 
 In~ order to got an~ 4ppreclatioa
of posathle differences' In coaand~ bovketr bewt individual attts
 
it may be uset~i to study 
 the existing apta~la (qurtbuti*n tit treea

Ingien reuan4 to find out wh ertain t5,08c (functiona) are fewdi4 n
 
Particu.14I locAtiona. 
 A tabor of fatr a~l o sytitbased
 
frow such An exertcla,
• a.&. diff r nce with regard to: 
(dlatunce, bait. ctc.) protdction against azgitxl# 

our, 
or theft, poctrntili
 

use of land, serc
 

The enod product of such An exercise would be a matrtx wtttcm links th*t 
differe~nt true functions and planting If Autes,locAtion hf
bean Wder.ifted as be~ing nuitabla for nev.trtr tru rction, muilti
purpose tretts bemay coaLdar'ed An veil a ccaintions of "ono
purpose 
 true (Hoe oample of tru decision~ nwktrx). 

K~tpiJ0Jtru" "'L.notearl do'asi Mari 

loc~atin .rablj land gF&XtnS laad hOM COgaPOg .1 

1.cto2 3 1 2 2 

erosion et. X 

fence 


sha~de 
f* X- - = -p X 

fodder 
 X 
 X
 
fruits X 

-i! i~'U,Mu Ch 
. 

XX Ll.- 1 ;J Ut :k "t " m aL";k
........ , . --f 
" r~ I,": 


---.... .
 "X- ] - - . . i ,'; 4 ,:' t ,, Ut 
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arabia land 1 # 'ontour linta 
2 -vacerlugged area 
3 -boundaries 

grazinig land I2 general 

home' compovnd I2 general2 

2 -boundaries 

Having narmwd dow the tha,,,6 of OzdCctpj agroforwetr, Uotd use 
Byetetegohw o(XO8, of of 	the kmti 	 aa25W doi,~rw~z 
the 	 choicea z, th Thvg~rni to Qooporente 01 praocivev. 

~Itshould be noted that atthough this sequence in etops shul be 
followed In. principle, Ii practice, step* of ten hnvo tobe taken 
tilmultaneouniy. 

Severtal miet~hods 4f vconomic Analvvi. br~eZy described maylater, bo 
used to dcciii, about dif(.tent aomponents And mAnAganent proctices. 
Howevor, in the abience of "hird" data in the eaFly stage#0f the 
design process, a more intuitiv, approach may be called for. The 
IntellgenL'observation of existing tree spacles And aanagenc prac
tic,,. in the %tudy Area May 	 in such cases provida the best clue to 

the 	 most appropriate choice. 

* * 	 Mzthaang Z&ntijYed se'vora potancial ag1mfor4str sy*m/awog. 
Im hi ZI*,Aj'kC/~1* final volowtion of onlyj tho w'r.t promiing one. 

In thIs doselaction procvss, severail faCtors shoild be taken into 
accoiunt. 

4) 	 ne Amount raquirudol atspecific tree product. ro r exaapi 
* . planting treea foz Ct'alwood in a voodlot in a vaerloggeit

section of A farm mcay not satisfy the present or~ projected 
newds for fuelwood anid 4 sacm&d less proftuble aite rnAtive 
should also be coitsidaed. 
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nT1 h e in iLY vO= egj ofo hnture o d c/ol gi eswitbh' regard
to the uae of a spe'jlfi sca ic re....n A . For d 'e,arocky area ,CIf the farm may have been iden~t&iied As being suit:bafor fuelwood productio~ nas wel as fruit production. if

multipurpose trees don't appear to haVe A potential and if* ~~ ththoe-e~ ~ wuj4_~
 
either funjlvaod or frut,,s only one of 


~ ~ rd 

the acttvitltes can be
80lected to the Oiclusion of the other. 

In the more advantaged stage of the design proce.s, when ideas have
tested, avotherimportant 

o . 
use of what In g enorAll coi dre4parto f'_tanu management comes 

e to be
Into focus. i.e. mor4tnc,In Inputs and
 

outputs.
 

.is paperopmen,,- p.ate 

ThiO final phase in the generation of now tochnolo~y dcals with th*tntegcflition of the newly developad technology And/or existing tecinolo~y

Into the farms. The major task 
 for An economistfind the best at this stage is toponniblo combination (irtechnologiesfor each farm type go as to solvethe diagnose~d problems In the molt economic why and 
at the miniumi of risk. 

Emphasis in this final phase is on the analyt~cj. appro ch And the 
differtent aspects of such MAnaYOsLO Are the Oubject of the rest of
 
th is paper., 


5. Ecnoi -maysia Crppteqd to WV~rdr 

5.1. ALnefte~ ztd cs,-, 
In analysing dLfferent agroforestry W1, systemsland 'Croz a fArmrt,point of v ,, only -N$,t costs anti benafit, Art tAken into.Aco,whiledthe irv+ costs and bentits (aloo referred to An t8taw4it'd.*) 
are excluded. 

j~V. 4~\. .j.. .'..V" 

+i++ +/++ i~ + 
........... 

0 
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0an 
Indirect benefits are 

agroforestry land 
while Indiret cos t6 

of the system but not 

thoe which result from the introdution of 
use system, but are not rectived by the farmer, 
are those Inputs required for the Introduction 
paid for (in full) by the farmer. 

An example f - rct . I i.. i f a1indir benefit' ........

in an Irrigation later reservoird s i restn frm a 
agrofores'try land use systema aimed at prevent-in7,..duc...$oil o eo0 

ups trewas 

An example of An indirect cost is the damagecaused on neijhbourtnS 
farms by an increased bird/insect population because of the inclusion 
of treee on a(1 arm. A aspaial category of Indirect costs is alao the 
"uneconomic" pricing of certain inputs, this aspect Viii be dealt 

with in section 6 of this paper. 

Benefits from a farmer's point of view are the physical outputs 
multiplied by the m(trt pi-oo received for a unit sold or th Qppol3ityi 

PdeO the farmer would have to pay to acquire an additional unit. of th*1 
0, Howeveroman Ol iproducts for his/her consumpt-ion.

lowver, many products from agroforestry actAiUtita are in fact not 
marketable and in such cameo different methods of valuation art 
suggested. Fodder from browse trees may, for exaiplo, be valted 
on the banis of its energy content and digestible protein cootent ad 

the per unit prices for theme measures derived from comercal feeds 
(6). Fuolwood may be valued according to the value of substitute fusls(7) . 

Attention should be draii to the fact that this valuation method of 
benefits may be inadequate to datermlne the real bonefits to the farmer, 

especially in subsistence faming. If, for oxamle, a former is 
unable to purchase fodder either, because there is no market or h* &es 

not have the cash, the benefits of an agroforestry system producing, 

fodder should be measured in terms of livestock productiou. 

0 a 
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'Certain arfrsr eeiscnol'emaueyacmaio
with.ocher land ugss~ Includins, ~ . .non.aroores. .. b try usefi.~g~ a onl -rame: This brinp,. .. ... . ........ .... . ... .
 .. ..... .Into focus the concept of added benef t from ... h and .agrofores tr, comparison.~ 

h e to Ilwng exam le o i do -L de g rad t I on s r ea- ....hI 46d 
.4e lan is crpe otiutfland fertility measurs, thot~t adequate soil consierv , tionethe productive, capacity of such land vil l

gradually. del"e A hedgerow cropping system with' lopped res"uiarly tree spclsfor leafy mul,+h may help to maitain soil fertility. 
The grage t.ita of such a system vould therefore,in production value be che dterancebetween the t.-c/, nd 'j~thiou hadgero., cropp~ns',situatIon as demontrated in figuro 5.1.1. 

P rod. 

-value 

time 
-

Costs from a faarr point of view are tho Inputs rm~tilUd byth." o&ku pritcV paid, for etach S ~ ' A:~unit of purchased tnputa Anid theupportt ty teturn (oppoftun'.y mooce) of the faronr'gs own resourcon intheir, next best use. Tn%"latter inputs only need to be coxtid in c-AS,of a partii~i budr%!t analysis (goo iliso 5.3.) 

i 
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Hired labour may therefore be coated theat going marker price If it 
cani be addea eoaily to existing h'eed tabour usae. Faally tabour orhired labour withdraw n Its i~t On the fam has to be coated 
according to the opportunity cost principle. This va~lutiocvwLl.5--- lydlfracrigt esnado the existence of off-farm 
employmntopportunlities. If there is a real opportuity of beingemployed as a casual labourer, 'famiylabour Is normally valued at 
the net wage received In~such employment.exist If no such opportunitiesthe opportunity cost of 11abour in estmatecd at 50 - of75Z Itu 
markcet price In thle offtsfaOn and 1231 of its market price in the
peak season (8). 

The costing of land will depend on whether tho farmer owns or rents it,
In case he/she rents, the rental prce mAjibe taken, while the Cpportunity
 
cost principle has 
to be used in case the land is owned. 

The opportunity cost of land Is mainly determined by its present use 
and its potential productive capacity. Wheti designing agrofortstry
land use systems, It ts importnnt to dttferantl4i~ 
 between iocations 
having different opportunity coats, since it Vill ia(fect theattractiveness. and hence the spatial ......
 
forestry activittes on theu farm (seia also section 4.2.) 

Raw materiaLs, such a fertli ,rs, seedlings and chemicals. whichare usually not produced on the fArm, are costed -t purchase price. 

The costing of what is called the 
farm's own physical capitAl
 
resources, I.e. buildings, breeding stock, perennial crop* 
wWd
machinery, has to be based on the opportunity cost principle.
 

Since the opportunity cost of each owned fArm rvsource may be difficult 
to ascertain oepartely, they are often combined by computing onlythe overall net returns to family resources (gross productiotvl" 
minus purch.sed inputs). 



18 

This approach is'used in the previously mntioned att and VtWIu 

agroforestry comparison., The raku 'rus to family rsucsi h 
ithout situation can be considered as the opportuniy cost: of the 

farm resources committed In the with situation. in case there are
........dif ferences -in family- resource u----t.... 

situation, the opportunity returns to such lover or additional 
resource use, on or off farm, have to be assessed using the 
opportunity cost principle s'entl~ned earlier. 

0 

..70i 

The net benefits between two alternAttves way consist of the net 
value of additional o~tput and/or the opportunity roturns of the 
reduced inputs requiTed to obtain the sa amount of output. An 

example of the lAtter benefits to the introduction of a labour-
saving fuelwood activity. It Is envisaged that in view of the 

fact that fuelvood in many countries is becoming scacer, the 
labour involved in collecting fuelvood In the wiitout situatio, 

will increase over tim . Further, the opportunity returns per unit 

of labour will rise witt, an Increased labour demand and for 
collecting fuelvood because increasingly labour viii have to be 

vithdrawn from other productive uses on the farm. (see Fit. 5.1,2.). 

. 

0 

Fig. 5.1,2. Vevslopnmnt f~wlaood oollio*n tbourinput mid *oft 
p12' farm 

ltabour cost 

m • 

rtini?:I0f 

p 2 



* 5.2. Dzacotuntinq
 

Due to the multi-period nature of agtotorestry land use system, 
valuation of costs and benefits over time has to be considered. 

*-- - conoiics -deAls'with thi aspect' thouh "' -tcnq6ic4tt' 

di~ooitingwh.ich ,ithe 
process of adjusting fucure costs and 
benefits so as to express its present value. The adjustment 

factor, comumonly called disao.,:t rata is derived from the accepted
timo valum of consumption. This way be explained in simple terma' 
as follows. If we ask a thiraty farmer whether he prefers a glass 
of beer now, or two glassed of beer later, the aaswer would depend 
on his degree of thirst. In an extreme 
case, a farmer who is so 

*thirsty that he beslieves he wilt not survive another hour will take 
A glass 	of beer now, irrespective of the amount offered later (9). 
In such 	a case the discount rate would be very high, If the farmer.
 
on the other hand, has just finished a glass of beer and propumably 
his degree of thirst has been reduced, he might forego tho extra
 
glass of beer now for two glasses of beer Later, i.e. he has A 
lover personal discount rate.
 

As Is clear from this example, the personal rate of discount Is rather
 
difficult to determine since it varies from one commodity to the next. 
depending on the level of risk aversion and the relative scarcity of
 
the commodity which in turn ts determined by the scarcity ct produrtion 
resources. According to Flinn (10) 
it is likely, however, that%
 

i) 	 poor farmers have higher discount rates than rich farmers; 

it) 	 farmers with profitable invvstmnt alternatives, or stringent 
necessities, have higher discount rates than others; and 

iii) 	 farmers who live in a natural environen that impo** high
 
risks on them will have 
sreater 	discount rates then others.
 

Any rate.will, therefore, be subject to discussion and "ost *conc e.ists 
either use of several discount rates, from which the user can select. 
or use the intrnat rate of return (see also ',.). 

0Y 
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It would be Interesting, however, to exaaine whether or not agroforesty
 
land use systems have a similar discount rate as non-agrofurtstry land
 
use systems. Ina recent paper by flarou (LI) it is argued that there
 
in a lover risk attached to agroforestry sysStems as corZpared.-to-po
cropping systems and therefore farmers may more easily foregopreseqt
 
cotuption than with non-agrofores try 
 interwentions. .Another factor 
which will perhaps result in a lower discount rate for agroforestry.
 
is the general awareness for a need for tree 
plant ng created by .
 

international as well 
as national bodies.
 

On the other hand, Insecurity of tenure in many iawtl tarmin 
sit'uations
 
may strongly discourage farmar4 from planting trees, And Indirectly
 
cause .,higher rate of discount.
 

The formula for discounting future costs and benefits Is presontd btlov:
 

n

Vo - Vn (I r) 

.
 A 

In which V00 present value. 

V - future value in year n
 

r - discount rate .
 
n - number of years until future valua occurs
 

5.3. Moaauro of *omuirs ortJ-izo 

To compare alternative technologies/syst.s, three different lWasurs. 
of economic worthiness may be considered.
 

Prvoent O'aZw ooteo (P.V.C.) .
 
P.V.C. n c i + Ir ) -n 

In which Cn costs in year I.
 

This measure iI used to compare 4t1t1rnAtIve twchnolohies/hystems wtdch
 
have the sae benefits but a different cost structure1 also "ferred
 
to as the Lae cost analyria. 

. ... : : 0 
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Set preeent va. u or wor'th (N.P.V.) 

n
 

Ibis measure Is used to compare alternatiLve tachnologiesisysttas
 

with different*flows of cost and benefits. . .L :
 

14.P.V. in usually expresac¢d per unit of land but my also b expressed
 

per unit of any other prodv.ction factors.
 

Because of the absolute navtit* of thi a eaaur6¢ it Canot be uaed 

to compare alternativzs which Are not mutually exclusive.
 
with different flows of costs and benefits. Hwvri nls of'
 

whn.Pthe benet flwoasn utoay also bhe
usuall pruit La'ad expreiss
 
Thar r uhBe (,PV,0
 

This measure is alsousd toc ompare alternative tchnolois/yst 

illconeral l ih Agrresnt (13),llIecu~eetras 

higher hann 50 or when comparing mutually exclusive aternstivs (12),
 

Th. Outua/tur
Thre bio-cooi tic olteionshtpslao stocparforthelentvbasis for~cnlgu/y 

Whiltheiffrst funon bensis. ei i isw 1. shuld be 

sicnob alyseis
 

ofcorsthan o 

. Input/output re tionships

iphtr thap0rodue hern oarng tputy eanlushe tirdna desa(l2
 
2. I n p u t.!n p u t r e lat~ion s h i p* . . " . .
. . : 


second funclio aoddresse te to cmbieproduced, bhe questionof hz 


with kiao comin ion o output s hould be produced divn a'crtaia. 

amountp ofinputs. r iT '4ir 




I Ug 

a.-1 

General principles for 4. cislion making, In each of these. cases~ orea 
outlined below and illustrated ith somageroforaetry examp)les. 

Ho routo-r 

Production funlctions curves are commonly 
relations bo*tween the level of input and 

used to 

the roe 

illustrate the 

.)ting output. 

To determine the 

furiction as well 

knoajn. 

optimum level of~ output, the physIcal- production 
n theauni prices of inputs And output* have to be 

-

IdeallY, the quantLty of inputs should be increse.d to such~ 4 levek 
that the volue of the last added unitof input equal* tho value of 
the resulting output; 1.6. narginal costs equal marginal boost its. 

Care ahould be taken however, with the Applicition of this prIncip)...o 
where costs and baneft occur over a portol of morv thAzn one year. 'An 
ax.Impla of. how to dotermine tho optimal harvveting age of a trot may 
illustrate this. 

A 

a 

Assume the following cost/benefit relAtion for ahypothetLcal tr* 

Tab 14 44. Z. 1.' FL#J o voa and, ~ ,Ap~thtctto 

Accumulated 
benefits (1) 

Annual coats 

yer~l it1 

20 

. 

5 

2 

30 

5 

60-

5. 

4 

120 

5 

5 

170 

5 

6 

210 

S 

7 

Z30 

5 

a 

234 

5 

a 

coss (). 2.3 4. 6 6 7 7 

(1) it hurvested In that year. 
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APYig the undiscounted veriton of the aqui-rna nal t priuciple to 

determine the optim m harvesting titmiof the tree would laeS to A 

decision to harvaut this hypothetical tree after 7 yetar, sinct in 

year 8, marginal coets ("5).exceed marginal, benefits(w4)._ However,, 
such method ignores the fact that the benefits aoaudd Ut the previous 

years reduce In present value if rovlised only at the end of yoar 7. 

Therefore the decision has to be based on a year-to-year compariaon ofI,,ho 

prenent value of the accumultated beiiefits atnu* the sum of the presirnt 
value of the annual costs. That year which tves the htiheat N.P.V. 

Is selected as the optimumz harvesting tim. 

The N,P.V. of n treo 

computed as follovi 

at the end of year 6 would, for example, bi 

Tabto 5. 4.1. 2. Computateon N.PY. 

atr6 yeare. 

of hyotioal 

Year 

tree hanva.ted 

iscount factor 

(121) 1.0 

1 

0.89 

2 

0,8 

3 

0.71 

4 

0.64 

3 

0.51 

6 

0.51 -

Benefit" 210 - -

Discounted 

benefits - - 107.1 107.1 

.Establ shment cots 20 

Annual costs - 3 5 5 5 3 3 

Harvesting costs - .- - . - 6-

Discounted costs .10 4.4 4.0 3.5 3.2 2.9 S.6 43.6 

Met ptesent value (discounced benefit., minus discounted coots) ' 63.50 

*Becaure of the multi-output nature of moet agrofortstry OYINRu, A cih 
modification of this approach may be required if part of th. destred 

benefits are realised on an annual basi ,,e.g. fodder, fuelvood. 

Benefits in Yuch cases should be subdivided into those realised only at 

. -
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*the time the whole tree is harvested and those realisod on81 an aual basis..The latter benefits wlfl have to be dLcountedo n au oanual biia, ,inar
 
to L~w annual coa, and addod to the former accumulated benefits 

Several other declsions which have to be taken In dotgnltig agroforcutry
SYsItemd/tachnologieo can be based on the marginal costj dad bcnaflt 
pr IncIpie e-g. Plant spacing, level of Labour Input for weeding and 
farrtlisng, etc. 

*However, data will usually be insuffictent to detomine the optimm
level of inputs And therefore it its comaon to compare only tve or
three different levels of inputs 
and select the one which sWows the

highesit k.P.V. 
 The following axample llustratos this mthod,
 

A farmer considere 
planting Ca47dj.,u Ocj!- tytv for fwlvood
production. Two system 
are f£astbloi, L.m. planting 2 mters upart

and harvesting once a yea;, and planting I m4ter apart and harvestlng
trtco a year, An t=ng that both oystems viii last for *bout $ yearv,
the following costs arnd benefits are projectedi 

Tab 1-d 5. 4. 1.3J. Flow of wat and hvnsfitn en rvopsioc of ct*;,3tn 

l w~.r 0 1 24 
Co ta : dla1d - 200 200 200 2O 200 

.Labour ~ 23 20 20 20 20 .40
 

need 
 50  - - - . 
Total cost so 2210 220 220 220 240 

5gner~tts - 450 450 4 o 

Coata: land - 200 200 200 zo 200
labour 8 12 12 t1 12 25 , 
Seed 13 
 - - - -
Total costa 
 21 212 212 112 
 212 22.5
 

Benefits 
 " - 360 360 360 400
 

0 



* 	 Assuming a diacount rat4 of 122, the N.P.V. of I-moter spac.ing
 
S'.364 and of 2-metvr spacing is 206. 
Provided t oportunty
 

coets and the 	 discount rateo were correctly choQsen, tUw j, ter 
spain metnhod appearsto-be the better mahd 

5..2 How to vinvu inpute 

To produce a givta umunt of output ,a decision haa to bw taken aAd 
to how to combine two or morc inputs for Its production, 

The general principle Is to replace an tnput (u )tth another (x2) 
unt the marginal values of the inputs are equAl, 

Zo produac ourxvea (all posaJll-e combtnAtion- of two Input ulting 

in the same amount of output) and io" oote line (all combtngLaont 
of two inputs 	whtch can be purchased for a It n cost) are uavd to 
Illustrate this point (,ae Pig. 5.4.2.1.). 

Fig. .	 sooJ~t axonlc 	cx nti of x~ 	an'd x tO pmh~tv P, 

X10 12 inputs
 

..... 	 + produt.o
 

.1"
 

+
- -- "t YI 	 ': ; ::'*i	 
'2 


... 

xx 

aI " 
 . .. "
 

*+ 
 ,
 

0 	 + r 
++ 	 +/+iiM
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*.To satisfy many of the""Identifledo.and needs such as fuelwood, shel~teroften f~od, the farmer's obJectiv* will be to produce. a given

amout atthe leaet risk and therefore the above outlined prinziple.[s very nwucb applic4ble in the design and development of agro

forestry ftemi/tebnloges 

Similarly, with regard to the question of how much to produce.
discussed aarlier, datm oftenare insut(r.it to 4etermincomabnatton the optinof Inputs to produce the required output and therefor,most decloci making I;%this field deals with comP'-1ring0 the present
value cost (P.V.C.) 
of only two possiblea combinarlons of inputa.

An example in given below.
 

Asasum 
 the sam situatioa as In theIlat exAfApL*,:cepti with'the 
 . .that the farmer requires an annual supply of 330 m of tuelwood usitngeither the. 1- or 2- moter spacing (pric., of fuelvood l5/.m)

Tat)Z i 5. 4. 2. tYea. Cotit J'4wd n rooect of bWo pivtig diatmtV* 94. 
prvcbac J0 m of fu.wlood ayv'ttai1y ehptetcl 

tht-Jtar acng0 

3S 

1 2 3 4 5
 

Land (0 hectare) 
 - 200 200 200 200 200Labour 30 20 20 20 20 40 
Seed 50  - - - -
Total 
 80 220 220 220 
 220 240
14fuelvood - - 30 30 30 33.3
 

~ad(1.25 hectares) - 250 250 250 2.10 250
Labour 10 15 15 is is 30 
Seed 16  - -
Total 
 26 265 265 265 
 265 280
 
M fuelvood 

3 30- 30 33,3 

*' 
*.. " . . '<U,:" t 

-, 

http:insut(r.it
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Assuming a discount rate of 12%, the present value cost of the l-mterSspacing methodis 884 and of the 2 -iter &pacing is 990 and, therefore, 
the I-meter planting distancetbionniAl harvesting ap~pears to be it cheaper
method, provided, of course, that the opportunity costs land la:-ibour. are-coe ctl chosen, of and 

It should be noted that similar oit,s in both alternatlivs could have K->g 

been omitted from the comparison since they would have balanced each 
other out. 

5.4.3. What to produce 

A distinguishing feature anof agroforoscry land use system is that 
resources are used to produce multiple outputs. A theoretlc~l zodal 
dealing with decision making in such a situation was devvloped around
 
1920 by 4dgevorth-Bowley using a box diagram. Since then. the theory 
has been further developed and is presently destribed in many
(agricultural) economics texcbooks and articles (1. 15, 16, 17). 

The general principle with regard to declsion making in multiple output
production systems is to increase input meto any7 coonent so that
the marginal value products of this input is the aam* in each alternative . 

To illustrate this optimisation procedure so called iso ooet a+d ieo 
revenue curves are used. An iso cost (also called production possibi
lity) curve shov all possible cominations of outputs of teo CoNmpoente 
using the samw amount of inputs (coats). Different curv., are therefore 
possible, depending on the levels of inputs assumd or Available, 

Three types of output/output relationships are usually identified I.e.
 
complementary, supplementary and coustitiv*.
 

In oamplsmnnary relationships, increasing the output of one cosponanc
* ~results in a corresponding increase in the other (see Fig. 54~~ 

* .. -++,+!i~i..+ 
.........
 S +...... 



In WPP19mntazy relatonships, an increase in the output of
 
uflO component does not afiect the output of the othier 
(see FiS. 5.A.3.1.) 

XnOm~t~1~-irelationships an-increase In- 04- output- of -ou* 
component decreae the production of the other (see Fig. 5.4.3.1.). 

In reality, production possfbtlity curved are ofteun coeposed of a 
combination of these three relationship#.
 

Y Y 

Yt Y 

Y2 2 

Iso rwvenuo curvem,on the other hand, represent itl. possible coebt
nations of outputs of two components *whiehhavul an equal value. It 
constant pricees are Assumied for both products, each tao revenue curve 
would ba A straight line with an angle equal1 to the reciprocal of the 
price ratio between the two products. 

. 
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*The point of tangency of the ae revenu-d and the iso cot curves determines 

tile Optimum combination oe two products at cercain 2osc level. Value 
marginal increase in the output of one equals the value auxgfnal lose in 
output~of the other (see Fig, 5.4.3.2.). 

?Yg. Optimum v. r..3.2.of outpuits 

.. Iao revenue line 
Outpult 

Optimum combination..... of ou.tpuat I and 2 

a t A .v ve• l , ,, -,le 

Output~ 2 

-, 	 An example of the applicationi of the allocatiou of scare& resouces in. 
a multiple output a~roforeatry land use system is given belowi 

Assume a fAtuast wants to introduqe A hedgerow system of UU048oea 
Zou~?cophaaon his cropland, whe~re ha has been 

of evryyear. He intends to h~rvvest theais 


to supply organic tartilizer to his musea crops 
some fuelvood. 

graving tw rp 
rove twice ayear
 

as well as to produce. 

*Y
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He coniders twopos.iblehedgero spacing, i.e. one t 3-uetrs 
between the rows taking up the25X of cropland and one at l.S-uneterbetween the rows taking up to 50Z of the cropland (width hedgerow 
ass5mumd toabe 0.75m) . 

The following assumptions are made with regard to the Iriputs and 
outputs of suc a laAI use sys tem. 

Leucaena production iS estimated at I kg of dry leaves/meter/year.
(starting year 1) containing nitrogen contenta 

3 
of 3.52. The
 

-meter spacing method will 
 therefore result in a production of117 kg of organic nitroK.,%por year (half per crop) while the 
l.q-meter spacing will produce 233 kg of organic nitrogen (per
intercropped hectare). 
Sand on data by Ieans et at (t6) It is

computed that average,
on I kg of organic nitrogen produces 6.3kg of maize* and hence annual mAize production vill be increased
 
by 734 kg using the 1mter spacing and 1,468 kg using the 1.5
 
meter spacing. These Incruases are gross 
since 
the per hectare
 
production will be 
reduced beause of a lose in acreaSe. occupied
by the hedgerow...
 

The annual tuelvood production of Letac~a is estim~Ated At 2 and 
4anu 
for the 3- and l.5-mater spacing. respectivily.
 

The following additional assumptions were mdes vith regard to Inputs

and outputs of maize and laucaena.
 

TaoZ 5.4.4.2l. Annunl inpute and output. per'hentam 8 maize or"a 

Produo:tion 

1,000 kgSeeds 

Ok. .
Labour (excliumding harvest) 100 ran-days 
Hlarvesting labour (0.04 x production) mA d4iyu. 

*It should be noted that at high ratsa of application of organicnitrogen. it ts unrealistic to maintain the sam 6 3. conversion 

rate.
 

- . 

S
 

http:5.4.4.2l
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rable 5.4.3.2. FZow of inputs I oaoter of Zjuoaena 

Sed uleSg 

Labour (man-days) 

Seed (kg) 

0 

50 

3 

1 

50 

-o 

2 

150 

-

3 

150 

-

4 

150 

-

5 

150 

-

6 

150 

-

7 

150 

-

a 

150 

t 

*Labour 

Maize 

Fuelwood 
Seed maize 

Seed laeena 

1.5/kg 

15/m3 

5/kg 

300/kg 

8/man-day 

Based on these data, flows of coats and benefits were mde for the 
proposed land use systeme (see Table 5.4.3.3. e d4). 

two 

Assuming a 122 discount rate, the net present valu per hectare of 
the cropping system with the tautaens hedgerovs spaced aZ 3 wmters 
resulted In a net pr.ent value of 2,513 while the 1.5 seter spAcin 
resulted In 2,956. The latter &pactn$, therefore, seos to r 

in the more benoficlal land use. 

r.lt. 

5.5. M-.thoda of anialyis 

The mthod of analysis demonstrated in the example insection 5.4. 
is commonly referred to as mu i-poriod bw4t comparison or ooet 
benefit analysis. 

S Most of the comparisons mAde were par'tial In nature in that they 
dealt only vith part of a whole farm system. Although this mthod 
may be used for analysing mutually excluuiv't. rotor t.rochnolo e /i 
systems it should be kept in mind that rather large partial b :dgett 

,maye required to fully analyse the Impact an aprforestry Latervv*

tiin has on the whole farmasystem. Inparticular, the, avsa~atioo of 



3 

0 

Maize (0.75 hectares)
 

se-


Fuelwood (0.25 hectares) 
 -

0 


Ha!z U 975 
 bhect4res)
'no; '"•: -. arvestinj) _ 


-
 n 

-

L~ ©:: uc0.5 cctar eL,.18 
100± 

- C. ack 225

Tc L a C 25 

12 

1,125 


-

-

1,125 


600 


240 
187 


!00 


-
1.127 


1,125 


1,105 


30 


2.260 


600 


.76 


167 


300 

_ 

1563 


3 

1,425 


1,105 


30 


2,260 


(.00 

476 


187 


30o 

1.563 


4,5 

1,125 


1.105 


30 


2,260 


600 

476 


187 


300 


1.56,3 

Owegev at 

6 

1,125 1,125 


1.105 
 1,105 


30 30 

2,260 2,260 


00 
 600 

476 
 476 


187 
 187 


300 
 300 


1563 1.563 


78 

1,125 


1,105 


30 


2,260 


600 

476 


187 


300 

1563 


1,125
 

1,105
 

30
 

2,260
 

600 

476
 

187
 

300 
3 1 0 

1563
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yiare 
Pm;0 1 23 4 78 

.'il~ze (J.5 hectares.) 
- 750 750 750 750 750 750 750 750 

ent- - 2.202 2.202 2.202 2.202 2.202 2,202 2,202 

Fuelvood (0.3 hectares) - - 60 60 60 60 60 60 61) 

Total benefit, - 750 3,012 3.012 3,012 3,012 .012 3,012 3,012 

XAize (0. he:tarps) 

-

im.,' ur 4 x: .a r~ tar~ing; - 600 400 600 6C00 600 600 600 600 

-eeds -

16C 

125 

630 

125 

630 

125 

630 

125 

630 

125 

630 

125 

630 

125 

630 

125 
Leu:.-,i-
- labour 

(0.5 hectarea) 

200 200 600 600 600 600 600 600 600 
- seeds 4 C - -
Total costs 650 1,535 1,955 1,955 1,955 

_ 

1,955 

_ 

1,955 1,955 1,955 
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silvipastoral system, may provO to b* difiicult usjing the third awthod,
 
because of.its many linkages in the farm systems.
 

A disadvantage of partial budget in,ip gone raJ,.. fact t it- 
is rather ditficult to determine the relative acarc.ty the
of faruer'a " 
ovn produ~tion esources, einco the acarcity doed not only depend on the
 
availabtilty of farm 
 resourcee und the demand mAd4 upon them by the
 
alrernativs considered 
 to satlsfy r particular objectvtw, but also
 
by the 
demands made upon them by other al4ternative, considered by the r 0 
fafner whLch are not mutualLy exclusive.Thia h~a reporcuneitons onits the
selection of activities, since A wrong judgamont of the relativt scarcity
 
reflected In the opportuntty cost of the 
 resources may castly lead to
 
selecting the vrong alternative. To avUod suth a 
 sit iloao ordinary
 
budgeting may be complimented 
 by comput Ing twt h*-nvfi.,: pr writ o~f a
 
noaroe pmdoti&io reeouro1.
 

By computing the N.P.V.0' for several potentially scarce roa'jurcva,
 
a resear her 
can tet whother or not the cho0co made, bweaA on the
 
initial budgeting method, 
 would change if tht scarcity o1 pdOuction
 
rasoruces were 
 different frum what was orizint~ly AassuAwd 

Thi following example May clarify thie procedure -

Assume a tofarmer has aele.t thd moet appropriate plat aacLng .* -.-

And harvesting frequency SalAtr to thoib Igivan in th eaXWp)Q In$ctIn 5;n
5.4.1. However, In this case he/sho is not quite surv about the 
rej~ativ scarcity of the threv pridtiction. factors lnvolved, i.ea. land, 
labour and soado. Thereforu the tdacounted not benefIts por 

nilt of a scarce reaource ort couputed in the followina way: 

per hocmg% discounted no~t 	 dtocounttdbenef its plus opportisaity value 
land; 

j~r i of taun-* 	diacowitud not benefit, plus discotwited vklu, labour
 
opportuziity costs, divided byi the ntuber of 
 nan-ays 
(l muAn-dayj 5 monetary units) 

http:acarc.ty


*Per uni of aced : discounited not ben~efits plus discounted value ded 

cost, divided by the physical seed unito CI seed 

unt 25 monetary units). 

Using the data presented in Table 5.4.,1.3. the follovng N.P.V.'s are.: 

computedz 

Table 5.5.1. N.P.V. per wmit of scarce ru.dource at 131 discout race 
* 
 -uwte' oacring I-viaron opaotng 

N.P.V./hectare 	 1,085 92" 
N.PV./man-day 15.9 
 16.4 
N.P.V./seed unit 207 
 4.6
 

While one criterion (N.P.V./hectre) favours the I-mcter spacing 
mthod (at 12Z discount rate), the H.P.V. per wilt of seed And the 
NIP.V. per man-day favour the 2,-rcer spacing, which means that it
 

* 	 land Is aot th*t scarcest resource, it seems advisable to select the
 
2-inete, mpacing.
 

Wh,.Ze-fam budgeting takes into account 	all activities to b. trtt-akau
 

* 	 by the farmer. To compare different whbole farm plans thore ia,thoatofar,
 
no need to zompute the opportunity cost foranch of tho, !Arm'pt ovn ruvourcoa 
since the combined discounted returns tu these resources constitute the 
correct measure for comparing the attractiveness of each of ttw&4 plans 

* 	 to the farmer concerned, 

To ensure, however, that each of the proposed plans does not excied
 

the availability of the farmr's own resourcos It Is cosmmon to pw*PAr* 
profIles of 	 the periodical use of land, labour and Cash (s". also 
section 4.1.).
 

Although partial and whole farm budget c mparlson are the mot frequenitly 
used =nchods in farm analyXis, a disadvantage of tho mothod I* that it 
does not optimise the use of scarce fara resources. It merely selects.
 

the best alternative 
from two or 	more feasible tochnologiea/pla.
 

+ +++0+ 	 +++e+!+++++++ + +++++++++++++++++++ 

. . ++ 	 V+. 1 +p- r ;;+;+'; S + + 
0 
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Aarhoda which seibct and combine activitte into a farm plan ichw Is 0 
at once optimal have a ppffzmn-. n apeaoi to farm planning. 

mn*piffed pror=wmdng -(w.p.) -is a mathod of iselucting a farms plan in
 
Wich the required calculation* dre perforned by hand,, 
 For this reason,
 
the application of the maethod 
 is confind to ralattv-i utl plamnin
 
problema involving only 
 a few activtties and LWSiralnth.,, If tho real
 
planning problem Involves many a,.tivictea 4nd contrains, a in usually
 
the case, the planner must use his Judgement to eliminate all but fse
a 

of the activities and to restrict the constraints to be constdlred to a
 
few c ucial ones (3). If this Involves too grvit an abridgeint or
 
reality, o.p. ay have to give way 
 to the compurer ba ted techniqua ofr
 
I inear ps-ogrwyn7inlj.e
 

No detailed duscription of thee two mothom ia given hore since can AIt 

be found in appropriate .oettbooks (19.20),f Attentio uld bo .in r
 
however, to 
the fact that tho agroforustry application of such mothods 0 
again calls for A multi-pariod approach bringing focusInto discounted
 
costs and benefits An wall as 
 the doftnition of raource &vaIiAhklity .
 

and rosourco demand by different activitiest in time (21,22,23).
 

6.6. INiA and io,-raincj 

So far, the analysis has been wholy ItnrCjin atue, i.e. inptA
 
and outputs 
were asiumed tri have fixod values, However, in practice, 
many of these paromoc..art arm *Co Aajt~u In naturv, I.e. they hae a
 
probability of having a certaLn 
 value (5)
 

This brings Into focus risk and uxatafnty which, in sa1fnr 
decision meaking, is A very. important ctonsideration. It is thvreforwt 
necessary to subject the ft rat rsulits of the annlysim to a 
test to evaluate the validity of the conclusion in tha light of angie r 
in coats, benfit& or discount rAtos. 

Different apprcaches may be taken for the sensitlvity test. The most 
common ono La to change the benefits, costs or discountnrates tther 
arbitrarily and examine the effects on the profitabilty Am well As
 

i~i>iAAAA 



ranking of 	the alternatives. The following example ilJlus trateo this 

meathod

Twsets-oat ne-preant vaiuas, -at 12.' a~a-ar30.., -ara-computed- on -the 
d-ita earlier praented in Tabl 5.4,1.1. Selecting 127.as the 

appropriate diacount rate would result in choowLng die end of year 

6 as the optium harvesting t1oc of the hypothcacia1 true; howveer, 
a 302 discount ratu would favour harvesting te tree after 3 years, 

Tame 6. i. N.PW. 'a h thtica jcple tws of xi 

Yea'P 12 . 30% 

2 -6.93 -10.20
 

3 8.56 3.14 

4 38.53 9.78 
5 55.03 14.69
 

6 62.80 9.05
 

7 58.06 .1.53 

8 46.84 -6.80 

Another approach to th aensitiVity analysis is to calculate bwaA a*A 

points for the tachnalojo*ea*ywtees nelected. For example, st wh~cb 
5 	 discount rate would the optimuma harvesting tlm*c of a tree thn& fraft 

one year to the noxt? Such A quetion zwy be snvowtd 4CO the help 

of the marginal vine of zwta.n (MR . which ia computed Am folio"wz 

(X+l) (X+) (X+l)) X - .J.." 


(BX - 1)
 

inwhich 

BX accumulatod benefits year x 

C a annual cost year x 

Hx harvesting cost If harvested InL year x 

- *i....... 
 ,;; .It the discount rate exceeds the H.R.f., the optimuma h4rvetingtiv* 

would be year x, If It Is below tho M.RR. It woul~d be year x+1. 

't, 

. 
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Tabto 5, l.1.. R.R.. )phatia4 ... tme. 

Na, 3 4 5 .
 

.. R.oR. - o o 86 95 37 
 .21 7 

Wthen dealing with an agroorestry Lveo wI4li usually has sowo annusi
 
benefits, thais formsula should bt@Mojifi4 Co
 

(B + b (xM C I (1 )f3 


(3x x
 

in~ which 

8z bendi of annualy litrvred pruduco 

Another posadbk broak ovoh anly. i ts; F.0 doeratns i rt . of-::str iitan4
 
matzo hadgoro system axample uxod In scti..i't .. 4 at .icn..
w "r
 

average convermioa rato 
 (caiused, for exsAiple. by cO blth rat* of appiueI4t1 " 

tho I .5-mdter hodgerow 3AWt~ tts uvrW~ould luau t* edvtag the)-or 
alternative, 

The following formula mvnybl u d to wuagicn the rnIu.m41...uu
 

Lncroeut (y) for yuar I to 8. . , ,
 

(N xau: x V') (N x 4C x CA PI 

N -annual1 productcion organic nitrogen 1.4 mater hadgraw (233 
OC . assumed changt in tho comver'siLon rate 
PMI price u'a* 1.5) 

Ch harvent; labour coofttiirnt (0.04) 

P price labour (8) 



It can be computed that the suma of the di~scounted value of Y o 

(1 *r -n equals 112 for,& C 0.1d 

" Since at the break even conversion ratesTn (-I *T ) L 4 

(difference In NP.V.'s betvieen the 3- and 1.5-voter spacing at 12 
discount race). The break even conversion r~ire is comuted to be 
6.) - 443/112 x 0.1 - 5.9, 

6-7. The use of ooptr in ooonovndo amilyain 

Cost benefit analysis coupled iuith san~itivity Anslysts is a rAthor tediorus 
O undertaking and computerisation may facilitate the asayst' task. 

Recently the Australian National Ur ve.rity and ICUF collaborated In 
the development of MULBUD. This rdcro computer 80ftVv is 'usdr

* triend~y' and performs cost benefit and senA~itt analyseas for msutti
period multicrop agroforestry )And use system* to bo modelled with the 
help of this program. 

At present, the progrm Is further developed to Include l1vtxtock 

enterpriscs as wtll. 

ICRAY to also developng/collocting other small prorA~wx to Assist In 
* the analysis, e.g. cost berwfi~t unAlyxis, optimal h.2rvtsting age tres, 

surface computation, crop livestock budgeting progrmm (developtd vith 
the help' of the Centre 
of Michigan). 

for Research in Sconomlc Ddvatopnt, U~niversity 
4, 

6. Project antaZyeid aepwata of agr'oforwerry 

Emphasis in this paper has so tar been put on wiavinp,agrofomstry frma 
* A farmer's 

of benet 
perspective, whiich, among 
and costs attributed to 

other things, Unmits. the scope 
"grofoeastryAScouparod to viving 

agroforestry from a higher point of view. 

. .. .. 
 '. F.F, :')+: + ;i+'::-+: 

4 4. " -4-r- ; ' .' r, + + " . d++ + .+' :; + ::+'- ' : , +:
+r+ ++ +'+' +
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project analysis, typesoI usally two of cost bee fit Ari"lysiM
 

ar Identlfied, i.e. the ionan.al nd the onodic, Onen (12) 4 ftoto
 

th f.to thefarm a an evaluation in termsr h OCejlrtmii ly-or other-entritics paytec.ndct of Its atractivej%,triIe¢s# 

definetheviw In- asyeO s as a evaluation in ehi of m 'w
e th ov
 
efficient u~e of~ avala~ble reaouroets to nationalproduce luuomv. 

Farm analyst"A, In thin vontext. is therofore cne of the (In~cl~l
 
ai ialyuaia rondiiced within tho projec~t analyais 
 framework. Stimilarly, for
 
ex4e a fnanctAl analyoils may e conducted from~ tho ioreazrxy serykae
 
point of view In "mseof thc- taungyn 4sucep. Wr~ile the iAruzer wvld
 
conduct such 
an analysts hy evaluating coats and benefito to produce
 
a roodcrop (Including 
labour he/she ha, to provide to the forestavica
 

to allIow him to u," the lAnd, thu forest morvice would tvnluatt theIr 
cost and benefits to produce tivdber (Including cilvt of zakeinj fclitt
 
or input oervices provided 
to the 
tautnya farrocr but excluding coat of
 
•abour provided free of 
charge by nomr fariirv). 
 .
 

In an economic analysti. Indirect costo and benefits (from the 
 tArt':
 
point of view) have to be Included in thte analyiatsince itoctty aAA 
 ptt 'h 
to ititereaated In total resource ume iuid aggrogatt prodtuctioo A A
 
result of the agroforascry project.
 

Furthermore, market prices tieed 
In tho (InAnctAl anuy%1% have tobe
 

adjusted for i-trfciovzcn, In the free marker mochintisa. to rvtlect
 
the true economic value of Inputs 
 and outputa, This adjuttaent of 
prices, commonly referred to at haw pricing, in decribed .r al1:
 
textbooks on project anilysts (24, 25, 26, 27, 28, 291) 
And Is t-*"f.rr
 

only briefly described herd uiming Brown'us Approach (12). 

A4sjwutingt'nfzpjn~na 

These thelude varioum taxe. and duties, substidites nd grant ,an veil as 
loan instalments And repaymentm. Wh:la these. re tncluded In the -


financial anAlysis, they ihould be excluded from the econosdt anAlysip. 

http:t-*"f.rr
http:paytec.nd
http:ionan.al
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* Aduo inqt~wpl~e~j of fom, 

The Of icial rate of ang . R) used by the Central Bank uid 
* . for a analYsis_*houd..be.ncil r

exchange (S.F.R.) whon the currency is t'ther over or undr-valut1, 

Four differont input categortaet are ctstngulbhed: 

*.Non-prQ4duoad 1,nput 

Far land and labour, thj opportunity cost principle ha to be used. 

Looalj pmuc.;d enput 
Deponding on whether or not euizh inputs would be expored if thtro
 
waa no projectand4hathor or (ot thero e excess capacity In the 

Oroducine Irsdustr.y, tho opportunity cost of such tap~tn could bitforalgh oxchan~o tnasus valued at SE.R. or prLces paid by altrnativi 
users (adjusted for transfer payments) or coat of varIAbla revource., 
used to produco it. 

l.rp~tsod ininito 
The S.E.R. should be used In th econom~ic analyoi to valuo Imported
inputs WhIlt. tariff and xubsidlio nhould be excludad, 

tVixed +*np+oont ~imput 
• 

Mixed component Inputm 
are inputs which are producod locally b.t V41dcontain some ca,( attr.ibLtUrlto4 LiQ mported raw oata .s. A dtltt ctishould be mde bectwen foreoin and domstic com ntpo1twritt the prviouslyd* explained rulas should be appli1id to each one of th . 

A14 u sinjn Me pZriov OfouCpt 

Five major cAtegories are Identified. 

EPaportdoutputs . . + .++
;f ".. 'i+ :. . ++" + + +++: '
 .
 

11w border price (f.o.b.) muitipli..d by the S.EK.R. should be used to
* compute the axport prt.jt price. 
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* Irqortod Oubs ti.a.e_ 

The parit. pri ee ie Colrped by wilt plying the, 0.It. value.
 _ oor the fo re ipi exzha ngo O0 0 146. t ~
Vd~tttia ., : ............
...........
.. ............ 
 . .
 

Locally ocnswrid Pmidzeti 

The general rule to valueis theue product, at farm-gate prices r at
 
the point of 
tirat nale after deduti g subedles Iwl otker tr4azter
 
payments.
 

Benefits which have a tuV 
 value but are diffieult to masure. They
 
may he ignored or mubjectively asseamed iv they only form a 
rall fr~czio. . 
of the total benefits. If they for the main part of tth benctitA th* 
Leuwt oinat~analyoio (P.V.C.) bdmay used tit 40te{gin Olhe W1',vt v
 
method to produce them.
 

Interodiate pmdet . 
Products which are 
used an inputs 
in other farm onterprisiNs art tot valtuvX,
 
gi
Mnce, their value will he part of tho grot pro octiov valu o! thr end 

Product. 

Society an a whole Clty Vant 
to achieve Other objeCtiv01 With the projjert
 
e.g. to hxvi t impact on the diostributronno( rglmonai Lneomo. eluplhyw nt
 
naviug and InvestzX.nt. Arnold (0) 
 nt io. in him paper that air
foreatry projeets should in fact be bAsed oa groups with %_iared econok
m.mi -.

objectives and .4ruation, aida uasuri.' f socin Cultural hot-nity. 

To incorporate additionaltheno ohjectiv!s Into the wre traditioat'.
 
ec011omic analygimes.% oe~aI 
 CN.,st LWWfit AnaiAA' hAN tor be CondChW#.
 

The commo procedure is to 
 firSt computO A Masure.of vconomic¢ profita
bility for differi.,t project alternatitvo and to adjust thom to t.,e
 

account of each alternAti.v', contribution co thq asoclSoci e ty .... gials of 
' 

'4* * **. '" . . * . * *" '* 0 
p 

' . - A 

http:InvestzX.nt


Hanter-It, a~ligtispo (7) uef'.,, uevo fJ~tdvrbt 2 

143COP-wise approach by irkL aCCOuntLflg for VftS a,_ 
inI i 4I y A we tgtI In o f pro~,dtct hAm


eiter( nffcajor dt~rtmont,1 to %ocicty usingj A ocjd
 

In pracrice this may Wt v'ry diffLcut to lmpjeowc-j, tiwve. And
only a Subjecttmo diaiCUSHI(M Of UiOae Of thV. 460,Uai b"-rfitl =4Y t4S 
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