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. 1 UNI VCRGlfi, ;'C2' Ui"OONii'7 

A Methodology for Measuring Bene:qts OCT 1 ,,. 1976 
of Integrated Rural Development ProjJ:cts 

J /\gric~!~;_.1r2l Ec:ilcrJjc~; 
Gerald Feaster Y 

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 projected population 

levels. 

Al though increasing agricultural i)roduction:has been the goal of . 
governments of developing countries and international assistance programs 

progress has been slow. While each cmmtry and region is urnque, 

agriculture development programs would be facilitated if essential factors 

for development can be identified and their affects on production mGasured. 

Knowing these relationships could assist policy makers identify key factors 

and to evaluate the development impact of alternative policies. 

I q 

In recent years some efforts of international agencies have taken the 

form of regional integrated (multi-component) rural development projects. 

These projects are often characterized by regional 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 emperi­

cal evidence on the development impact of the components either individually 

or collectively. 

The purpose of this paper is to present methodology which could assist 

in the empirical measuremcmt of hypothesized relationships which are assu.111ed 

to underlie the development process. 
,( 

The primary focus is the agricultural 
,___ l' J 

1/ Agricultural Economist~?-Economic Research Service, U.S.D.A. The views - ~ -

expressed are those of the author ,md do not necessarily represc:::nt those of 
U.S.D.A. 

Contributed Paper presented at Annual Me~tings of the Arner:!,can Agricul~ui-a1 __ 
Economics Association, August 15-18, 1976. 1ne Pennsylvmna State Univers1ty! 
University Park, Permsyl vania. 
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ii1frai:;.trt1cturc and. its relationshi1, to development. ·· 1hc pr~mise is ·· 
. . ' . : 

t_b.-'lt. r:1 it1ifr1rr1~ infn1sti1;1cture js necessary to st:i~nu~ ~te and m4irtt:~in 

<level OJ)lilCTlt. . 1 f a fm·ornblc cc~n()mic Cll\'1 roament is ere~ tcc1 ·farmers 
. ' . . . . . . . ,· - .. '... ·, ·.: . ·:; . . .. ·.'.' 

will l)e i11otiv,.1tcd ·.r,o mhkc -dccis.io11s re:~ul ting :in capHa1''~cctmi41ation :·, '• ... '. ,•. ' . .. . . . . . ·•"':. -· . 

c'!-fd jncrcascd m1tpl1t at the farm lcyel.: Applicatjnn o(4.he ~e,~h~do- .. 
·1 ... . 

. ol'ogy .is <lcrtiohst::r·atcc1 using data collected in Colombia~ 

Data Source . 

Data used to .test the mcthodo1ogywerc obtained from a 1968 faJ;m-lcvel 

survey of for.mcrs ;Jn . the Caquo·ta Ccilo~izatioll Pr()jcct . of the Colornb,ia.i~ 
I 

Agrarinn Rc_fotm Institute ,(JNCORA}. . The objective of the Caqueta_ p:roject/ 

was to cncoOnige rcgion:1J' devclc)pm8nt in c1, spnrse1y settfoc:l jungle r¢g:i.on . 
:,.. ., . . 

. -.of Southern C9lpmJ',i.:i -by ptovidin~ ro;Jds, credit, tcclurical ,:i5sistance, ·• 

mafkct centers, anc1 health-education facilities, 

Average form Si7.C in the region \\'i:IS nhout 70 }1cctarcs and c:olonists 
. . 

. had bcct1 .on their fanns ~m average of seven years. During thj s pcri69-

the average amount of credit 'received per ·fann was about 27,000_pesos 
. . 

. · and the colonists received an average 2.5 techn:ical assistance visits. 

from a crecli t supervisor the year p~ior to the survey. 
. ,' ' 

~bst cre-cllt was used to establish a cattle enterprise ... · Improved 
. . '. . . . . . . ' . . . ' 

pasture ·was usual lY planted after a harvest o( corn or rice \•:hich iva; . 
. ' ·, . 

matkctcd and also C:OTI!-slllll(}d on the fonn. When the colgttists began fanning· . 
: .. · . . 

they had irnprovcd pqst.urc and cattle valued at $82,000 pesos (19~,s prices) . 

pe'r foi,n~ At tfte time of the survey (scvcr1 rc~1rs lat.el') they, 'tlad cattle · 

anc.i)mprovcd pa*turcs Vtl lu~d at $282,000 p~sos (1968 p:rice~) ·p~r fa11n, an 
. . . . ,' ·. 

· hwrcnse .of 200.000 pesos .. The mock•l was used to idcnnrr' the ext~Il~ 

to·t1.1idt' f;mn h'vcl dc.'\'C]n.f)mcnt as represented by.the ~.attlc cnteftnd,sc.·• 
• ... " . . . -· . . 

. w~s nssociatc~I \vit.h:: SPl:dfic. infrastructure services ;uch ii~ roads, credit'' 
. .· . •'• 

and technica.1. assistance.· 

.. ... 

I 
! 
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Development Mode] 

'D1e basis of the rncthodolor~Y is a regression model which utilizes fann. 

level datci. 11w purpose is· to demonstrate or p·rcdict how hifrastri1cture 

components irnnac/on fa1111s, 'The h:isic ch.:illen~1e \was to select and Jl!easure 

iltdcpendent variaHks whkh represent the availability of infra~tnicture 

servjces at the fann level. 
. . 

Basic influences hypothesized to affect fann ~evel development iri the 

model ,werc!:credit, technical assistance, roads,,market centers, number of 

years the fa1111er had used credit, length of time on the fann, fann size,. 

and education of f:anncr. TI1e fonnu1ation of the model and definition of t'he 

speci fie :i ndependcnt variables arc shown: lJ 

DF = a1 + h1 C + bzl + h3IC + b4Yc - b 5c 2 - b6 r 2 - b7KlogA ,.. bgMlogA + 

b9HlogA + b10ElogA 

where: 

. DF -· Farm Development Index· 

a1 = Constant 

C = Total Credit Received by Fanner 

I = Ntunber of Credit Supervisor Visits in 1968 

Y = Average We~ghtccl Years with Credit 

K = Kilometers:from Farm to Road 

·. A = Number of Years on Fann 
• d 

i', 

Ji 

M = K:i lomctcrs1 from Trail-Road Junction to J\farkct Service Center 

H = Total Hcct~res in Fann 
i 

E = Years of Education of farn1cr 

---·~---
il Peter E. Hildcbnmd collaborated in development and tcst:ihg of the 

TT1(>cf61. . 

,. 
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Crc·dit and tcd1,,ical assistance were hypothesized to have p'ositive 

effects on developr:1cnt. TI1c· credit influcnc.e was measured in terms of the 

total value df lo;ms (C) received 111 ccinstant pes~s from all sources while 

on the form. Technical assistance was mcasuycd by the ilumbcr oJ annual 

visits (I) the fa:rmer received from the extension agents (credit super­

visors}. CrcdH and technical assistance were hypothesized to have both 

independent and joint affects on development and an interaction term was 

· included in the model (IC). Because farnicrs that had. credit for long 

time pc"riods would be more developed, the weighted average years with 

credit (Y) was also·included as an interact.ion tcnn in the model (YC). 

The influence of roads and ma1·ket centers at the farm level were 

measured by distance from the fann .. Because farms closer to roads and 

markets have more access to these services it was hypothesized that such 

I 
I 

fanns would <levclol) at faster rates. Hence, inverse relationships between 
. . 

distance and development were expected. The "road" variable (K) was the 

distance betl-ieen the fann and road, and the "marketn variable (~0 was the 

distance between the market and the point the farm trail joined the road. 

Because both the road m1d market influences were assumed to increase over 

time, years on the fann (A) was included as an interaction tern1 with each 

of these vatiablcs. 

Over time development at the farm level reaches a maximum as fann 

capacity is reached. Because farm size 0-I) is· an important determinant 
. ' 

of c:ipacity it w;1s hypothesized to be positively related with develop-

ment. Fann size w~1s included as an interactior1 tcnn with number of years 

on the fann to depict development over time. 

Education of the fanncr was asst.m1cd to be an important factor posi­

tively re.lated to development. Education was measm:cd in terms of number 

of yc.irs·of schooling (E) attained by the farmer. The average number of 

years was 2 .. _l'.ducation was included as an interaction term with years on 

the f;l rm (A). 
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Findinr,s 

The general rnoclc.1 was tested using six different· devcJoprnent indices · 

-a!;· a .dependent v::n·j able. ·, 111e independent variables and model fonnu1atio11were 
. . . . . 

ideniical in each case. . The dependent variables used to measllre production 

· potcn.tial \•lerc uieasqres of farm capital which were closely asJoci1ited with . · 

·. prodbcUon 1cvels and agricultural dcvc1oprncnt. Because cattle proc1ucti()Ii:/WaS 

. the dominant agr:lcultural enterprise in the. region the following dependent: 

variables were, used: (1) value of cattle, (2) value of pasture, (3) value a°f 
.!> ' •. • . 

cattle and pasture, (4) change in capital value of cattle, (5) change in 
. '·. . ~ 

Capital value of pasture, and (6) change in capital v·aluc of cattle and pasture. 

Forty to 64 percent of the variation in the dependent variables.were ex­

plained by the independent variables in the rnodels (table 1). In general, 

the analysis indicated that credit, roads, technical a.ssistance, and market 

centers have positivo influences on fan11-1evcl .development as represented ·by 

fann capital acc:rnr1uH1tfon. The effect of education on deye1opmcnt·was not 

consi.,stcnt, possibly because of the· low educational levels of the farme-rs. 
. t\:'_ ; . .· . - . . 

Farm, size, an Jmpo rtant noninfrastructural variable was positively ·associa te.d . · 

with capital accumulation. 

Credit .Impact 

The relationship between credit and development are illustrated in 

figure 1 us:_ing equations I. l, I. 2, and I. 3 from table. L '11ie capital value. of 

cattle and irntn·ovcd pasture for alternative credit levels for a typical fa11n 

. is shown. The curves may tmdcrest:imate impacts of credit since they do not 
'i;;r 

show the impact of these credit levels on annual income or on other capitqL 

itemSsuch as native.pasture, corrals, fencing, hogs, mules, etc. 

The relationship depicted in Jigi.irc 1 is for a 70 hect:1re fa11n focated' 

8 kilonictcrs from a road and 14 kilometers from n marketing cooperative. 

Furthcnnorc the colonist was assumed to have 2 years of education, credit 

;was outstanding.an average of 3 y-ears,. and the farmer had received 'thfre 



TABLE 11 

INFRASTRUCTURAL DEVELOPMENT MODEL I: INDEPENDENT VARIABLES, COEFFICIENTS. DERIVED FROM 
REGRESSION ANALYSIS OF 132 FARM UNITS FROM CAQUETJ\ INFRASTRUCTURE SURVEY 

:: E .ol 
0"' CJ "' ... 
-~c.:i "O - :: 

~ 
~ .D '° CJ ~ ...... 
c....·c "' C cr';J "' c,; 0 ~~ "r) ;, 

C 

Independent Va.ri,ibles ~/ 
R2 

IC YC c2 12 K1ogi\ MlogA Hlogi\ ElogA 

L1 DF1 2.24 • 024** 1.533** 
(. 00017) £1 {. 7298) 

. 00183 .. 00270H -. 00()009 - . 051 ** - . 697** - . .-643"* . 242T* ·• 754 . 60 
(. 000005) (. 000002) (. 000000) (. OC-066) (. 051?) (. 0488) (. 00i2) (. 7637) 

I.2 DF2 -3.14 • 029** . 931 
(. 00019) (. 8466) 

. 00235 - . 00047 - . 000018'1'r -. 066** ··. 573** -.256 . 340t.* - . ..;,52 . 57 
(. 000005) (. OOC,0J2) \. 000000) (. 00077) (. 05')4) (. 0566) (~_0014) (. SSSS) 

I. 3 DF3 '-. 90 . 054** 2. 464* .• 00419 . 00223 - . 000027,,!d< -.ll7i* -1. 770** -.904** . 582~'- . 301 • 64 
(. 00052) (2. 2892) (. 000015) (. 000005) (. 000000) (.00208) (. l 606) (. 1531) (. 0037) (2. 3951) 

!. 4 DF4 l3 • 023* L 333* 
(. 00020) (. 8625) 

. 00313* . 00352** -. 000011* -. 063** -. 516** -.780** • 227o+·* l. 526* .58 
(. 000005) (. 000002) (. 000000) (. 00079) (. 0605) (. 0577) (. 0014J (. 9024) 

I.5 DF 2.96 s .018* -.503 
(. 0001 S) (. 7983) 

. 00886** .00174* -. 000029** -.127** . 043 .221 . 142** -1. S3** . 40 
(. 000005) (. 000002) (. 000()00) (. OCD73) (. 0560) (. 0534) (. 0013) (. 8353) 

I. 6 DF6 3.1 . 040* . 830 
(. 00052) (2. 2819) 

. 01199"'* .00525** -. 000040H - . 190•! -. 473 -.55S* . . 369~* -. 306 . 56 
(. 000015) (. 000005) (. 000000) (. 00207) (: t 600) (. 1-527) (. 0037) (2. 3875) 

*Significant ctt 80% level, one-tail test 

'?;../ The independent variables are: 

** Si g11i_fi c,:mt at 90~(. level 

's!.I The dependent variables are: 

C: total credit received ($100) 
I : number of INCORA Credit Supervisor visits, 1968 
Y; average weighted years with credit 
A: number of years on farm 
K: kilometers from fann to road 
M: kilometers from trail-road junction to INCORA market-service center 
H: hectares in farm 
E: years of education 

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

DF1 ~, cctpitll v,1lue of cattle ($1000) 

DF2" C3pic1l value of improved pasture ($1000) 
DF3 = capital value of cattle and improved pasture 

($1000) 
DF4 = change in capital value of cattle ($1000) 
DF5 "" ch-rnge in capital value of imµroved p-1sture 

($1000) 
DF6 = change in capital value of cattle and 

improved pasture ($1000) 

S:..I The variance of the coefficients are in 
p:uenthesis. 

Source: 

J. Gerald, An Analysis of the Relationship between 
2nd Agricultural Deve1oornent in C.:iot..!eta, Colombia, 

Feaster, 
Infrastructure 
Ph.D. disserta-

tion, University of Kentucky, 19/0. 



sl.mcrv isor visits dur iru'. the past year. The capiu,1 values for selected · 

credit levels arc: shnwn in. table 2. 

Table 2- -Rclnt:ion!~hip between credit. atid. selected development 
ln<lices, Caqueta Colon1z~t1on Zon8s, 1968 

···-·-· ··-----·-·-· . --··--·--··-- -·· ·--·---·--····--·--··-· 

Tnt :LI crc·d it : 
· rccc iveJ 

Cattle 
(va]ue) 

---- .,. --------~·' ----------·-•·-··-- -_, _______ _ 
T 1nnroved 
past11rc 

· ·(value') 

:Ctd.tie (J i111provecl 
pHsturc 
.(va1ue) 

: - - - ·- - ~ - - - - - - - - - - - 1 9 6 8 pe s o s - - ., - - - .:. - - - - - - '-- - - - - - - --

0. ; .. : 14 ,"500 14 , O O·O 
($ 860) 1/ ($ 8 30) 

20,000' .•.. : 21,600 20,200 
( $1,180) ... : ($1,270) ($1,190) 

40,000 .... : 28,000 24,900 
($2,360) ... : ($1,660) ($1,470) 

60,000 .... : 33,800 28,300 
($3,540) ... : ($1,990) ($1,670) 

-1/-Uoll ar cqui v,11.en t. Source: table 1 

. 28,500 
f$J., 680) 

41,800 
($2,460) 

53,000 
($~.,130) 

62,100 
($3,600) 

In themodel -it was hypothesized.that technical assistance increased 

the effectiveness of credit. 'Ihis rclc1;tionshjp was represented by an 

interaction tenn (IC) combining credit received and number of visits from 

an extension agent during the year. If the number of extension visits, 

were increase'.!d the curve would shift upward, jllustrati.ng both the,<lirect 

effect of technical .1ssistancc on devcJopmcnt :md its interaction with 

credit. 

Road lrnp<.1c t 

·111e findings generally support the hypothesis that farnLs closer to 

a road develop at a faster rate than fonns farther away. It was hypo­

thcs i zed that road benefits increase over time. This was r(~presentcd 

by an interaction term in the cquat ion (K log J\). Using coefficients 
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Capital value (000) 

DoLlars Pesos I/ 

80 

(lt. l) 70 

(3. 5) 60 

(3.0) so 

(2.4) 40 

( I • 8) 30 

( l • 2) 20 

( •. 6) l 0 

0 

\ 

! 
I 
' r 

I 

I 
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Cattle, and 
lm~tbved p~stures 

Cattle 

lmproved pasture 

JQ 20 30 40. 50 60. 7-0. Bo (000 pesos)!/ 
( .. 6) (I • 2) { 1 • 8) ( 2 • 4) (3 • 0) ( 3. 5) ( L l) ( 4 . 7) (0 0 0 doll a rs) .U 
d e f ra t e d v a I u e (I 9 6 !J ) o f · a I 1 T o a n s r e c e i v e d 

I/ Constant pesos (1968 ~ 100). 
2 / 0 0 I l a r C q lJ iva 1 e n t • ,_ 

1-'il;tn;e 1~;..Relationship between total c!'edit received 
end ::-:~pita] value of im;>roved pasture arid cattle, 

· ·· Caqucta, Colo:nbia, 1968/~9 

Source: 'table 1 

/ 

I 
I 



cocffjcicnt~·; Jn t:thlc l, rond -bu1cfits arc illustrated in table 3 for 

various years. Thc:,c va 1 uc•; shm~ the effect on f:n:m development of being 

1 kiJ rnnctcr clo:;cr to a 1·oad for selected years. For example, in equation 

1, 3 the benefit of bci ng an addi tiona] kilometer closer to. a road is 

approximately $900 pesos the 5th year and increases to about .'i;T, 500 pesos 

after 15 years. 

Table 3- - l ncreas(~ in farm can ital ncr kilometer of reduction rn distance 
between farm and roadJ se] ected years. 

Equation 
number 

I.I 

I. 2 

1.3 

Dependent 
variabJ c' 

-------·-

:Value of cattle 

:Value of pasture 

:Value of cattle & 

Year: 

5 10 15 20 

:---------------pesos-~--~----------

487 697 820 907 

573 573 674 745 

pasture: 888 1,270 1,494 1,652 

I.4 :Change in Value of cattle: 261 516 607 67] 
·• 

Source: Talili J. 

The relationship between roads and development fs also shown in figure 

2. Thi.s figure shows changes in value of cattle and di.stance to a road for 

a 10-ycar.developmcnt period for alternative levels of credit and technical 

assistance. ]./. Case I illustrates a situaticm with no· credit or technical 

assistance and Cas~ II shows Average ~redit and technital assistance levels. 

3/ The curve ts based on equation 1.4 in table l. The value of the other 
independent variables in the equation are ns follows: M = 6; H = 70;. 
E ~ 2; A - 10 and Y = 5. 

,, 
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2.0 
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DF4 Change in Capital 
Value of Cattle ($1000 pesos) 

C = Credit ($100 pesos) 
I= Number of annual visits 

Extension Agent 
, 

K = Kilometers from farm to road 

Source: Table i I Eq_uatic,n L ¾, 

5 · 10 15 

lease II 
C::::300 

fh3 

Case ID · ._.,,. 
C=349-5. 031~ 

, ~3. 2-. 058K " 

2.0 25 30 

Kilometers From Fann to Road Kie and I 

Figure 2 .--Relationship Between Distance to a Road and 
Development, Given Alternative Levels of Credit and Technical Assistm1Ce. 
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fo Case III, hoth tcclmiccJ.1 assi,;trince and credit are functions of 
distnnce to the road. Vi.stance-credit arid dista;1ec-technical assistance 

\\'ere dcrive:J from data. The equations used are: 
~ I 

relationships survey 

l = _-;. 2 .038K (t ... ]. 4) A ! 

C = 349 - 5.03K (t ... 1. 7) B 

1 = ntnnber or mmuaJ vi:; its :from ext en', j on agent. 

C····· total. c:n·dit rcceivt·d 

K ··· knomc'tcrs from farm to road 

Al though equations A and B ,,·ere not highly sig11j ficant statistically, 

they were substjtqtc<l .f'or the respective I and C terms in Equation I.4 

(table 1) for illtLstrat..i.vc purposes. In comp;rrison with Case II (average 

.credit and average tcclmical assistance), farms near the road in Case III 

are more developed than ftrrm~ f1:1rther f 1·.h_,,_~ d .:rom roa . 1he curve in Case III 

reflects the utilization 0£ more credit· an~1 more technical assistance by 

farms near the road in .1dd:i.tiort to other advrn1tagcs related to increased 

accessibility, such as lower transport costs. 

l!~.i.~· ,1! L.~~!12 

·nie mock·] generally supported t lie hypoU1c.•sizecl Tclationships between 

infrastn1cture and dcvcl oprnent. '11w rcsul ts .indicate that the model could 

he useful i II cva1 u~1ti ns~. imracts of j ntcgn1 tcd rural devc] opJ11ent projects 

and for projecting impacts of altern:itivc. infrastructure investments. 

An adv,mtai~e of tlw rnotlcl is th:rt it 11!,',l'."tn·cs the impact of key 

v,rriabJcs (e.g., ro~1ds, credit, tccl:nic1l ,1:~-~1stancl') }1ffccting development 

which can he :.1ltcred hy policy mnh~;:; in dcvL'lnpjng countries. 'l11e model 

c;in be ,tpp1 iC'd in n1ost devclopi1tf'. ,· 1J1mtric:-: c,r rr•gions bccmse it is com­

pr.ised of h1dqle11r.lc11t v;1ri:1blcs th:1t :ire cni'111Dn to most fonn situations and 

-~ 
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can be obtained through farm surveys. 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 fonns of development indices which can be specified in terms of farm 

capital and/or annual production for different types of fanning operations such 

as crops or livestock. 

The model can be used to E;Stimate 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. 

,· •. -,,~--,,.~--~,~ . "'°'t' 
%" 


