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A Methodology for Measuring Benefits (CT 1- 1976
of Integrated Rural Development Proje¢

CALIFORNIA

Gerald Feaster 1/

Food shortages underscore the necessity to stimulate agricultural
output in developing countries. Other countries can make up food
deficits in the short run, but collectively these countries have to in-
crease their own production in order to maintain ptojected population
levels. .

.

Although increasing agrigultural productidaghas been the goal of
governments of developing éountries and international assistance programs
progress has been slow. While each country and region is unique,
agriculture development‘programs would be facilitated if essential factors
for development can be identified and their affects on production measured.
Knowing these relationships could assist policy makers identify key factors
and to evaluate the development impact of alternativé policies.

In recent years some efforts of international agencies have taken the
form of regional integrated (multi-component) ruralldevelopment projects.
These projects are often characterized by regiocnal investment in various
public'infrastructure components such as roads, credit, technical assistance,
and marketing centers.  Although the integrated rural development projects
are capital intensive requiring large investments, there is limited empéri—
cal evidence on the development impact of the components either individually
or collectively.

The purpose of this paper is to présent methodology which could assist
i | in the empirical measurement of hypothesized relationships which are assumed

i to underlie the develcpment process. The primary focus is the agricultural

e - U2 . . : .
1/ “Agricultural Economisty Economic Research Service, U.S.D.A. The views

i expressed are those of the aufhor and do not necessarily represent those of
! U.S.D.A. :

Contributed Paper presented at Annual Meetings of the American Agricultural
Economics Association, August 15-18, 1976. The Pennsylvania State Universitys
University Park, Pennsylvania.
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- 1nfr1s11uctuxc 1nd its relatjon\hlp 1o’ devnlopmont ThC-Pfehise¥i§~‘
>vthnt a mxnxmum 1nf1i truaturc ]s>no(pqqqry to qilwulate and malntaln

’wfii dével0pment.l ]f a fﬁ\Ordb]C CLOHOMlL cnv110nmcnt is ctcatod fqrmols;

VJ]] be Mﬂ11th<d ‘to make doc1<10nx 1cxu1r1no an (Op]ld] accumulatlon

. \,-.

'and Jncrcascd‘autput mt the,farm ]evel._ App]lcat1on of Rhe mcthodo-*

‘olopy 15 dcmonszyntcd using ddta collccted in Co]ormla,

Data Source.

e o e e .

'Data used to test the'mcthOGOIOQy were obtained from a 1968 farm-Tevel

' survcy of farmo An the Faqueta CO]OﬂJZdt]Oﬂ Pro;cct of thu Colomblan

i

Agrdrlan Rcform 1nqt11utc (INCORA). Thc objectlve of the Caqueta prolectf

was. to oncnurﬂpv rognonn] dovo]npmont in a sparqo]y settlcd Jung]e rcg:on
-:of Southern Lo]ombla h) pr0v1dln& roads, crodit technrcal[a551stance,

_markot ccntors, and health cducatjon fﬂCllltlcs.- | ,v{'v  ';f?f-

|

had bocn on thLJT fdrms an ‘average of ecvcn year Durlng tﬁis'périﬁd;:f'
thc avelage dmount oi credit rec01\od per farm was about 2/ OOO pesos

and the colonlqts recelvcd an average 2.5 tochnnca] asqlstance v151ts‘
from a credlt superv1sor the year prior to the survey. | |

bbbt credlt was usod to cstab11sh a cattle cnterprlse.’Improved'.

: pastuxc was ucuqll) p]ﬂntcd aftcr a harvest of c01n or rice which was

nmxkotod and dl.n consumﬂd on thg farm. Whon the Lolonlsts began farmlng

thoy had Jmproved pnxtuzc ﬂnd cnttlc valuod at $8? 000 pcsos (1968 pllces)

per: farm. At the t1mc of'thc.surv0y~(scvon years 1ater) thev had cattle

and ‘improved pastures vnlnod at $282,000 pesoq (1008 p11c0s) per farm, an
increase of 200,000 pesos.  ‘The modcl was u\cd to 1dcnt1f) the ettcnt

to.ﬁﬁﬂxﬁx“fnrmvlovel dctc]opmcnf as reprosonted hv-thc cattlo~enterpr150

'st aSHOC]ﬂth hlth \pCLlilC 1nfrastructure sexv1co< such as xoads cr(dlt

nnd tcahnlcn] aﬁsxstancc.*

Average fﬁrm size in thc rcplon was ahout 70 hectares ‘and colonists
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Ibve]opmont Mode]

Fhe h4<1s of the methodolopv 1% a rC?rCSSIOn modcl whlch utlllzes farm

's*.gflevo1 datd Thc purpoqo is to demonstrato or prhdlct how 1nfrastructure

i

“:components 1mnactﬁon Fannq The haslc challcnwe\wab to qe]ect and measure
- iﬁaependent \1]ldb]05 whlch renresenf the avallab111ty of 1n£rastructure

'
o

servxcee at the farm level., - .
R Basic 1nfluenccs hypothe<1zcd to affect farm IOVel development 1n theA‘ f}f
'-mnde] werc credlt technlca] a€51otance, roads,- marPet centers, number of o é
years the farmer}uu] used credit, length of time on the farm, farm s1ze, |
énd education of farmcr. The formulation of the model and deflnltlon of the ﬁ
spec1f1; Jndcpcndont Vlrlablcs alo‘qhown‘ 1/ | }
DF = a) + bjc * bZI + bgIC + b4w bSC - b61 - b7KlogA bngogA +
" bgHlogA + hlof Logh S

where g ' ' R B T LT Y RN

z}DF = Farmvﬁéﬁeiopmcnt Index - SV L i

f'al Constant | B , : SR 0

:‘C = Total Cfedit Received by'Farmer

I-= Numbcr of Cred1t Supervisor VlSltS in 1968
v Y = Avordge Welghtcd Years with Credit - . _. o 1“¥
K = Kllometers}tlom Farm to Road '~v‘ o | ‘ e B |
A= Numbcr of )calq on Iarm - | S g o e
' g\ M = Kllomcterx f]om rrall Road )unctlon to Bhrkct Serv1ce Center
" H = Total Hectarcs in Farm ]
ﬁiE~= chfs‘of‘EQUCation of fafmer

‘?’ é/ Potex l Hild@bfund collaborated in dévc]bpment‘and testihg.bf the‘@:
ﬂ“ mo 01 : S ‘ . ' B ‘




Jndepcndcnt and JOlnt affects on deve]opment and an 1ntelact10n term was;» .

Bccause both the road and market influences were assumed to incredse over

. - p
(1cd1t and techiical assistance were hypothcsaacd to havc poxlt1vo

Cff(utk on developnvnt. Thc credlt 1nf1ucncc was measuredxln terms of the g

‘totdl valuc of ]Odn‘ (C) received in conotant pesos from all sources whlle

on the farm. ]CLhnl(d] assistance was moa5Ufcd by the number of annual

v151ts (1) thc farmo1 received from the extension agents (credlt supcr- ’ e

_v1§ors),_ Credit and technlcal a551stdnce were hypothe51zed to have both _'

~1ncludod in the_mpdel (IC)..  Because farmers that had credit for long
time periods WOuld be more developed, the welghted aVerage'years_wltha N

credit (Y) wusyaléowincluded as an interaction'térm’in'the model"(YC).

The Jnfluenco of roads and market centers at thc farm level were . . "‘

~a

' measured by distance from the farm. Because farms c]oser to roads and /

markets thC m01e access to these services it was hypothe51zed that such

farnn wou]d devo]op at faster rates. Hence, 1nverse relatlonshlps between

-_dlstancc and deve]opmcnt were expected. = The "road” Varlable (L)'was the

dlstancc between the farm and road, and the "market” varlable (M) was the

dlStdnCC bctwecn ‘the market and the point the farm trail JOlned the road

-

‘time, years on the famm (A) was included as an interaction term with each

of these rariablég.

Ovor time dove]opment at the farm level reaches a max1nmm as farm
apaC1ty is reachod Becauso fnrm size (H) is an 1mportant detennlnant

of capacity it was hypoth031bed to be p051tlvely re]qted w1th dovelop—

»ment. laln1917c was included as an interaction term wlth number of years

‘on the farn to dcp1at dove10pnmnt over time.

" Education of the farmer was assumed to be an'impOrtant.factot'posif
tivcly relatéd to developmcnt. Education was measufcddih terms'of.number

of yoarq ‘of schooling (l) dtlllnCd by the fdrmcr.= The éveraée number ofd

L years was 2. ldULIlIOH was 1ng1udod as an 1ntc1actlon term with years on

the .1.z_un (A) .
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Findings ‘ e

i1hL gencxal rodel Wils tc;tcd using »1x dlfferent dcvc]opment 1ndlcoq
as’a dopcndpnt varlablc; "The independent varlab]e andﬂmodel formUlatloh;wefefe~
idenfiCal in each'rase. The ‘devendent variables used to measure productlon
.potcnt1a] were measuros of faxm capital which were closely associdted “1Lb»
_preductjen lcvels undvagriculpural development., Bccause_cattle'productienxwas.
the aemlndﬁﬁragficultural:enterprise in thelregionlthe-felloeingbdepehdent} |
u'variables were,USed: (1) value ef'cattlc, (2) valge,of pestﬁre,i(S)lvalue of
Cattlc dnd plStUIC (4) change in‘cepital value of cattle; (5) chenge.in
-depltdl vqlue of paeture, and (6) change in capita] value of cattle aﬁdypaStﬁre.
| "Porty to 64 percent of the var1at1on in the dependent var1ab1es were. ex— | v“~’§
- plalned by the 1ndepcndcnt varxables in the models (table 1) In general |
.the analy51s 1nd1cared that CTCdlt, roads, technlcal a%snstance, and market .
Conters hdve pos111ve 1nfluences on farm- level development as represented by
fdrm caplial dceumulatlon The effect of‘educatlon»on development.wns not
;COHSJStcnt p0551bly begause of the low educatlonal levels of the farmels.
,erarmHSJLe, an Jnmortant non:nfrastruc1u131 variable was pos1t1vel) QSSOC1dted :

E w1th ‘capital accumu]atlon ‘ . E N A n

Credit Impaet | T - e é
Tho relatlonehlp bctwcen Credlt and deve]opment are 111ustrated 1n »:‘l. . %
flgure 1 using oquatlons 1.1, 1. 2, and I.3 from tablc 1. The cap:tal value of ’ . k

cattlc dnd Jmpxovod pasture for dlteTndtIVC credxt levels for a typlcal farm
is Qhown. The curves may underestimate impacts of credlt since they do net
;showlthe impact of thcsc credit levels on annual income or on other Cavltalr, |
iitcmersuch as ndtiverasture ~corrals, foncing, hogs;bmﬁlcs etc; |
Fhe relatlonshlp depicted in figure 1 is for a 70 hectdre fqrm lu‘ated'.

;8 kl]omctors tlom a road and 14 kllothers from a maxketln coopelatlve

flrurthcrmOIc the co]on1st was aSsmed to have 2 )ears of CdULﬂthﬂ credlt

"'"I-w‘lv. Olltbtﬂllfllllf' ‘m JV(‘T.\“C ()r 3 YC ArS cand thc fdl‘mer }ldd 10(,91V(‘d tthC



INFRASTRUCTURAL DEVELOPMENT MODEL I: INDEPENDENT VARIABLES, COEFFICIENTS,
REGRESSION ANALYSIS OF 132 FARM UNITS FROM CAQUETA INFRASTRUCTURE SURVEY

TABLE 1

DERIVED FROM

- =4 =l

gs _gt: % é Independent Variables a/ 2

e 9.8 g

e 2% £ c 1 IC YC c? 12 Klogh  MlogA  HlogA  Elogh

s > L), -

1.1 DFI - 2.24 . 024%* 1.533%% . 00183 L.002704+ -, 000009 -, 051 #* -. 697 % ~. 648%x L242+¥% 754 . 60
(. 00017) ¢/ {.7298) (.000005) {.000002) (.000000) (.00066)  (.0512)  (.0488) (.0012) (.7637)

.2 DF, -3.14 . 029 %% L9310 . 00235 - . 00047 -.000018** -, 066++ -, 573 %% -.256 C.340%% 0 - 552 .57

‘ (.00019) (. 8466) (.000005) (. 00GSI2) (.000000) (.00077)  (.0574) (.0566)  (;0014) (. SS5%)

1.3 DF3 -.90  .054%k  2,464%  ..00419 00223 % -.000027#% -, 117+%  -1,270% - 904%x  582%x 301 .64
(.00052)  (2.2892)  (.Q00015) (.000005) (.000CO0) (.0C208) - (.1606) (.1531)  (.0037)  (2.3951)

1.4 DF4 i3 .023% 1.333%* . 00313% .00352%* -, 000011* ~.Q63%% -, 516%* ~.780%%  227%% ] 526% .58
{(.00020) (. 8625) (.000005) (.000002) (. 000000) (.00079)  (.0605) (.0577)  (.0014) (. 9024)

L5 DF 2.96 018 -.503 .00886%+ . 00174%  -.000029%k -, 1274k . 043 .221 J142%K o1, 834k 40
(.OC018)  (.7983) (.000005) (.000C02) (.000C00) (.0CO73)  (.0560) (.0534)  (.0013) (. 8353) '

1.6 DF6 3.1 . 040% . 830 L01199xx [ 00525#* -, 000040+ -, 100+ -+ 473 -.558* | ,369%x - 306 56
(.00052)  (2.2819)  (.000015) (.000005) (.00000C) (. 00207)  (*1600) (.1527)  (L0037) (2.3875)

*Significant at 80% level, one-tail test

a/ The independent variables are:

MEEEPRTO

total credit received ($100)
number of INCORA Credit Supervisor visits, 1968
average weighted years with credit

number of years on farm

kilometers from farm to road : :
kilometers from trail-road junction to INCORA market-service center

hectares in farm
years of education

r*Significant at 90% level

b/

</

NOTE: All money values are in Colombia Pescs (1968)

J. Gerald,

Arn Ana

The dependent variables are:

DF, = capital value of cattle ($1000)

DFp = capical value of improved pasture ($1000)

DF3 = capital value of cattle and improved pasture
($1000)

DFy = change in capital value of cattle ($1000)

DFg = change in capital value of improved pasture
($1000)

DFg = change in capital value of cattle and
improved pasture ($1000)

The variance of the coefficients are in
parenthesis.

Source:
Feaster,

velopoment

in Cagueta,

Colombia,

Ph.D. disserta-

]
and Agricultural D
University o

tion,

Kentucky,

1970.

ysis of the Relationship between Infrastructure
f



7
Suporvisor visits during the past ycar. The capital values for selected

credit levels arc shown in table 2.

Table 2-4Rclntionship between crcdit_aﬁd selected development
Indices, Caqueta Colonization Zones, 1968

Total credit,  Catile Taproved — iCatile & dipraved
. SSPRRRrEE 21 uc rasture pasture .
Tuccnc.dw:~ (value) *_(value). -(value) N
’ ; ........... . --1968 pesios_-,,—..-‘;.:‘.‘.....-;___‘;v_ ..‘{..'-.‘_;...
0....: 14,500 14,000 28,500 .
T ($ 860) 1/ (§ '830) . ($1,680)
20,000....: 21,600 20,200 41,800
($1,180)...:  ($1,270) ($1,190) - ($2,460)
40,000....: 28,000 24,900 ' 53,000
($2,360)...: - ($1,660) ($§1,470) ($3,130)
60,000....: 33,800 28,300 62,100
($3,540)...: ($1,990) ($1,670) - ($3,600)

1/ Dollar equivalent. Source: table 1

In the model ‘it was hypothesized that technical assistance incréaéedxx ‘f‘
Aihe cffectiveness of credit. This relationship was repreSeﬁted;by.apﬁ  )
interaction term (IC) combining credit received and"nuﬁber‘df VisitS‘ffqm
an extension agent during the year. If the number of extensibn visité ,
were increased the curve would shift upward, jllustrating'both the\dirécf
effect of tcchnical assistance on development and its intcractién“wifh vx
ctédit. ) | |

Road Tmpact

The findings generally support the hypothesis thaﬁ farms closér'to
a fbad develop at a faster rate than farms farther éway; It was.hypo4:iz>
'thésizcd that road benefits increase over time. This wﬁs»reproséﬁtéd |

by an interaction term in the equation (K log A). Using coefficients



g Capltal valuev(OQoy o L | - | j
DO"R’S ‘P(‘SQS l/ N , »

| (4?7) ’f;i, 80}

-

- s T . L B R T
gf ’ o H(FT}),':K 70 . ’ »>} o //;/;/*”* Improved pastures

3.0) - so0

o2 sl
S8 30,/%fﬂ

(!.? - »0:;ﬁ::#;££?:

. — cattle.
2 —1 | e
/ SRR . . A A
M .

”"#} _ dmproved pasture

|
i

10 20 30 40 50 60 70 - 8O (ooo pesos)‘/
.6) (1.2) (1. 8) (2.4)(3.0)(3.5)(4.1)(4.7) (00O dotlars) 2/
deflaled value (|968) of all loans rece:ved . _

I/ Constant pesos (1968 = 100).
2/ Dollar cquuvalent :

S , Fighre 1-~Relationship between total credit received
o g - and ”Jpztal value of improved paqture and cattle,
S : Caqueta, Colombia, 1968/69

Source: " Table 1
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coefficients _in table 1; road benefits arc illustrated in tablc 3 for

various years, Ih(wc values show the effect on farm. dcvolopment of being

J kilometer closer to a road for scloctcd ycars. - For examplc,~1nrequt10n‘
1.3 the benefit of being an additional kilometer closer to a road is
approximately $900 pesos the 5th year and increases to about ﬂl;SOO DPesos’

after 15 ycars,

L
£

Table 3--Increasce in farm canital per kilometer of *cductlon in dlstance
between farm and voad;  sclected years.

Equation : Dependent ; ; Yo?r :
mmber ; : variable v .5 ; 10 .15 ; 20

: R R PESO§ - === faemnm o
.1 :Value of cattle roas7 697 820 907
1.2 ‘Value of pastﬁrc ; 573 573 | 674 '745
l;3 :Va]uc of cattle § pasture; 888 1,270 1,494 ,1;652
1.4 - :Change in Value of cattle: 261 516 607 671

_ Sburce: Tablc 1.

The relationship between roads and development is also shown ih figure

2, This figure shows changes in value of cattle and distance to a road for

a 10-year development period for alternative levels of crédit and'technical

assistancc. 3/ Case 1 illustrate a 51tuaL10n wlth no- credlt or techn1ca]

assistance and Cnee 11 shows average credit and technical a851stance levels.

3/ The curve is based on equation 1.4 in table 1. ' The value of the other

lndepcndont varilbles in the equation are as foll M : | '
X < g are as ows: M= 6; & = 70:. .
E = 2 A= 10 and Y = 5. - ?,§“'; SR

A
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60
DF, Change in Capital
Value of Cattle ($1000 pesos)

¢ = credit ($100 pesos)

50 I = Number of annual visits,

- Extension Agent

K = Kilometers from farm to road

40

e : ‘~;§¥&
= 2ii g Cage III \%\
, \\.1;0 . C=349-5. @3&

Source: Tab‘e 4 Fquaﬁon . £ \

e | ! L e~

(¥ 5 10 s 20 25 3

Kilometers From Farm_to Road Kic and I

.--Relationship Between Distance to a Road and

Figure 2
dit and Technical Assistance.

Development Given Alternative Levels of Cre
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In-Case IIT, both tcchnical HSSifLﬁHLO and cxod1t are fhnctlons of
distance to the road. Distance- c;odlt and distance- techn1ca1 aQSlStdnCc

relationships were devived from survey data. Ihp equat;ons used_are; ’

\

1=3.2-.038K (t=1.4) A o
. C =349 5‘.031( (t =1.7) B 5 |
~ Where: o ' |
1 = numbe1 of annual Vlulfe from extens 1on agent j"“%’”
C= »It.‘otnl crq-d‘i t v'l‘(;‘CG"lV(."d |

K = Kilometers from farm to road
‘AlthOudh equntions A and B:WCTO not highlv significént Statistically,

. they were qubst]tutod for the ICvactlvc I and C terms in Lquatlon I. 4

- (table 1) for illustrativc purposcs.  In comparison with Case II (average 5

credit and average tcchnical assistance), farms near the road in Case IIT

_are more developed than farms farther from the Toad, .The curve in Case IIT

reflectS'the'utilization oF rore credit’ and more techn1ca1 a°51stanfe by

N

farms near the road in addzt:on to other ad»xn agus related to 1ncreased

accessxb111tv such as lower transport costs.

Implications

N'Thc npdb]‘generu]1y‘subpértcd the hypothosized relationshibé'betwéen
jhffastructure aﬁd'dcﬁclopmeﬁt; The results nndlcato that the model could
be uxcful in ov11u4t1nv 1mnact% of JnTOOTqrcd rural devc]opmont pro;ccts
and for DTOJOCtan']mpﬂctS of altornatlve‘1nfrastructurev;nvestments;

An ﬁdvxntuno of tho modol is that it moa@ur@s.the'impaCt df'key_ .
valllhloa (0 v., xoad% credit, technical assisténco)'affectihg‘dovélopment

whlch can hc 41101od by DOl1Ly me<., in d(X\]OPJH countries. The model

cnnibc npp]qod-1n most dovcloplng countrios ¢r rwgloﬁs:hccause it is com-

prised of independent variables that are common to most farm situations and
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can be obtained thréugh farm éurveys."Also additional independent’variables
can be added to the model to account for other important factors affecting
development such as irrigation water. The dependent variables in the model
are forms of development indices which can be specified in tefms of farm
capital and/or annual production for different types of farming operations such

as crops or livestock.

The model can be used to estimate benefits occurring to typical farms in

a region. These estimates can also be aggregated to estimate regional benefits

which can be compared to the cost of the integrated rural development project

at various points in time which is information that should be of particular

value to policymakers.




