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tk it,\\-i\utput relationships and production tcchnolugy in the Agricultural , 
Dr~clo~nlcnt Rank of Honduras are analyzed using a translog model. Scale economies 
h the .l\er;tce bnnch are not significantly different from one. They area funciion of 
outrut 11.t cls reflecting U-shaped cost surfaces. Roduct-specific economies of Scale are 
u h l . l n l ~ . d I \  different. Returns to scale of lending activities approach unity. whereas 
*re arc mponant unexploited economies to the expansion of deposit mobilization. 
C a t  stln~~,lcrnentarities between lending and deposit mobilization indicate advantages of 
mnI rrli\ ~rion o f  financial services over the traditional specialization in lending of 
w*.ult~lr;~l development banks in developing countries. 

A * &  ll e)rtlt: .!gricuIturaI development banks, financial intermediation costs, Honduras. 
W e  esilcolnles. translog model. 

xnouledce of the production technology of fonnance and thc evaluation of their opera- 
4~nc. la l  institutions is essential for analyzing tional strategies that emphasize lending over 
-kc[ structure and institutional perfor- deposit mobilization. Furthermore, consider- 
mncc. Many regulatory and managerial deci- able regulation exists in less developed coun- 

irrc based on specific assumptions about tries regarding bank branching, bank size. and 
mnomics of scale and other features of the loan pricing. These regulations are formulated 
a t . 0 1 ~ t ~ u t  relationships in these institutions. with imperfect knowledge, if any, of the Pro- 

several recent studies have ad- duction structure of financial institutions. In 
b s s e d  the measurement of scale economies particular, government subsidization of devel- 
Ld cost cor~plementarities in the production opmcnt banks should consider the cost s t ~ c -  

services (Benston, Hanweck, and ture of these banks to determine the mag- 
Hunter and Timme: Mullineaux; nitude of the subsidy and the expected impact 

'UWJ!' and White: Pdnrar and Willig 1977). of the policy on output expansion. Thus, the 
Kucver. few attempts have been made to knowledge of the production Stlu~ture of 

ut relationships in de- financial institutions becomes essential to as- 
operating in less developed sess the likely consequences of financial pol- 

icy. 
function primarily as Studies on development banks in less de- 

s intermediating govern- veloped countries by Gheen and by Nyanin 
s of credit established by have provided limited insights into the Cost 

providing limited deposit structure and underlying technology of these 
e rural clientele. The lack institutions because of the choice of very re- 
cc regarding the cost- strictive functional forms for the cost function. 
n these banks has so far In general, the use of Cobb-Douglas or con- 
ent of their overall per- stant elasticity of substitution (CES) specifica- 

tions implies the adoption of highly restrictive 
' ""'as is an asinant professor in the ~ ~ p a r ~ n m t  or assumptions about the technology utilized by 3"" '~onomicr and bnl S O C ~ O I ~ ~ ~ ,  Ohio  we Uniwr- financial intermediaries. Under these Spec- 

lpful comments unl s ~ c t i o n s  
ifications, scale economies are forced to re- 
main constant regardless of the level of out- 
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put. Thus, the correspcnding average cost 
curves are either downward or upward sloping 
throughout the entire output domain. 

In this article, a translog cost function is 
used to analyze the cost-output relationships 
and production technology of the Agricultural 
Development Bank of Iionduieas. Enlphasis is 
placed on the measurement of scale econo- 
mies and on the sensitivity of this measure to 
the choice of functional form and estimation 
procedure. This cost function approach also 
allows the assessment of cost complemen- 
taritizs (economies of scope) in the provision 
of banking services. In addition, estimates of 
the elasticity of factor substitution and the 
price elasticities of factor demands are based 
on the estimated parameters of the translog 
cost function (Binswanger; Christensen, Jor- 
genson, and Lau: Ray). The resulting em- 
pirical evidence allows the assessment of cur- 
rent operational practices of the development 
bank and the formulation of improved expan- 
sion strategies. 

The following section presents the analyti- 
cal model and its main properties, Subsequent 
sections discufs the data and estimation pro- 
cedures and present the results of different 
estimation techniques. The final section sum- 
marizes the main findings and implications of 
the study. 

A Translog Cost Function 

The model formulation considers banks as 
firms which use invuts of real resources to 
produce financial s&vices (e.g., bookkeeping, 
loan evaluations, and deposit transactions), 
given a certain technology. Under this ap- 
proach, financial assets as well as bank 
liabilities are considered bank outputs to the 
extent that their production causes operating 
expenses. The treatment of deposits as a bank 
output is consistent with the "real resource 
model" approach to modeling the banking firm 
(Baltensperger), and it has been accepted 
practice in recent empirical work (Benston, 
Hanweck, and Humphrey; Benston et al.; 
Hunter and Timme). This approach is espe- 
cially relevant to analyze bank specialization 
in lending versus multiservice operations in 
development banking. 

Cost minimization subject to a production 
constraint yields a cost function that depends 
on output levels and factor prices. Develop 
ment banks usually operate under objectives 
consistent with development policy goals. 

However, to the extent that cost levels are 
considered in evaluating a bank's perfor- 
mance, cost minimization is a plausible behav- 
ioral assumption for these institutions. 

The translog cost function is essentially a 
second-order approximation to an arbitrary 
cost function. For two outputs and two inputs, 
the translog function is written as follows: -- 

where q, is quantity ofith output with q1 repre- 
senting loans and q, representing deposits, and 
p, is price of jth input with p,  representing 
salaries and wages and p2 representing the 
price of capital services. 

The cost-share equations for the cwu inputs 
are derived from equation (1) as 
(2) $1 = f l j  + &~,klnph + Ctrlt,lnqt, 

j , h  = 1,2, i =  1,2, 
where S, denotes the cost share of input j. 

Cost function (1) should be homogenous of 
degree one in input prices. This condition im- 
poses a set of restrictions on the parameters of 
equation (1) that is also consistent with the 
requirement that the sum of the cost shares (2) 
must equal one: 

Several properties of the cost structure and 
the underlying production function can be in- 
vestigated using the translog cost function de- 
fined in equation (1). These properties are 
summarized as follows. 

Overall economies of scale, ES, arc defined 
as the percentage change in cost when all out- 
puts increase by a common factor, A. In equa- 
tion (I), scale economies are measured as 

that is, 
(3) ES = a, + a, + ~ ~ , l n g ,  + yzzlnqz 

+ ylt(lnq, + lnqz) 
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levels, q, and q2: therefore, the ES measure is 
not ~nvariant to scale and is dependent on the 
output mix. If ES is less than 1, economies of 
scale exist since costs increase prop;'- 
ti on at el^ less than output. Values of ES equal 
to ur greater than 1 imply constant returns or 
diseconomies of scale, respectively. Partial 
economies of scale, ESt, and marginal costs 
of each output, MCt, can be computed from 

F equation (1) as 

and 

where Ct is the proportion of total costs C 
attributed to output i .  A discussion of the 
cost-attribution problem under joint produc- 
tion is found in Cuevas. 

Cost complementarities (economies of 
scope) exist in multi-output production when 
the marginal cost of producing one output de- 
clines with increases in production of another 
output (Murray and White, Panzar and Willig 
1981'). In terms of the parameters of the cost 
function ( I ) ,  Murray and White indicate that a 
necessary condition for cost complementarity 
between loans and deposits is 

( 5 )  Ytz + a,% < 0. 
For elasticity of substitution and elasticities of 
innut demand, Uzawa has shown that the 
Allen partial elasticity of substitution between 
factors of production, u,, can be written. in 
terms of the (dual) cost function as 

In terms of the parameters of the translog cost 
function ( I )  and the factor shares (SI), the 
AUen partial elasticities of substitution are 
computed as 

!n addition, the price elasticities of demand for 
Inputs, e,,, are obtained using the estimated 
Value of a,, and the factor shares (see 
ainswanger). 

It is clear from (7) that if all 8, = 0, then the 
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elasticities of substitution are independent of 
factor prices and equal to one for j # h. Fur- 
thermore, if all y* = 0, = 0, and r) ,  = 0, the 
cost function (1) reduces to a Cobb-Douglas- 
type cost function: 

with scale economies equal to (a, + a& and 
unitary elasticity of substitution. - .. 

Data Sources and Estimation Procedures 

D ~ t a  utilized in this study come from tweniy- 
eight branches of the Agricultural Develop 
ment Bank of Honduras over the twelve-year 
period 1971-1982. For the most part these 
branches were independently managed under 
a set of rules and targets determined by the 
central office of the bank. Except for very 
large loans, which were handled directly by 
the central office, lending decisions occurred 
at the branch level. Similarly, branches acted 
independently in the servicing of deposits. All 
variables were expressed in real terms (lem- 
piras of 1966 where 1 lempira equals 0.5 U.S. 
dollars) using the country's implicit GDP de- 
flator. These variables arc defined as follows: 

(a) Costs. Total nonfinancial operating ex- 
penses net of depreciation and provisions for 
bad debt. 

(6) Outputs. Total value of loans granted 
during the year (9,) and total amount of de- 
posit balances outstanding as of 31 December 
of each year (9,). Output definition has been a 
matter of concern in cost studies of financial 
institutions. Recent research suggests that the 
scale of economies resuits are invariant to the 
definition of output (Benston, Hanwek, and 
Humphrey; Hunter and Timme). In this study, 
two other output definitions wen used: ( i )  num- 
ber of loans and number of deposit accounts 
and (ii) =regate output (i.e., value of loans 
plus deposit balances). The scale economies 
estimates obtained . with these alternative 
definitions wen: similar to those reported 
below (see Curivas). However, the definition 
of q, as total value of loans and q, as total 
deposit balances provided consistently better 
fits than any of the alternative definitions. 
These results are presented in the following 
section. 

(c) Fuctor Prices. The price of labor ser- 
vices (p , ]  is measured as total personnel costs 



including benefits and social security pay- 
ments divided by the total number of employ- 
ees. A unit price of capital services ( p 2 )  is 
proxied by the ratio of depreciation plus rents 
paid over the total value of loans plus deposit 
balances. This ratio was considered an ac- 
ceptable proxy for the price of capital, even 
though depreciation was based on historical 
accounting values of capital goods (thus was 
not included in the measurement of costs). 

( d )  Loun size ( L S )  and deposit size (DS). 
These variables are included in the model to 
account for the heterogeneity of loans and de- 
posit transactions. Average loan size is mea- 
sured as the total amount of loans granted 
during the year (q,)  divided by the number of 
loans. Average deposit size results from divid- 
ing outstanding halances by the number of de- 
posit accounts. 'l'he variables are included in 
the cost function in interactive form with the 
output levels, 

'Thus, both the scale-economies indicator and 
the marginal costs of production depend on 
the average size of loans and deposits. 

Summary statistics of the data are reported 
in table 1. The translog cost function ( I )  is 
estimated as a single equation [by ordinary 
least squares (OLS)] and as a cost system with 
the cost share equations (2). Because cost 
shares must add to 1, one of these equations is 
redundant and thus is dropped from the sys- 
tem. The remaining equations, the cost func- 
tion and the labor share equation, are seem- 

Table 1. Summary Statistics of Branch-Level 
Data for the Agricultural Development Bank of 
Honduras, 1971-82 

Standard 
Van'a ble - Mean Deviation - 
Costs (Ip. 000) 270.46 324.74 
Loans, amount (Ip. 000) 2,166.36 3,281.95 

number of loans 2.08: 2,022 
Deposits, balances 

( I P .  000) n9.46 1.727.56 
number of 

accounts 1,160 855 
Rice of labor (lempiras 

per man-month) 199.27 64.42 
Rice of capital (lempiras 

per thousand lempira 
of oulput) 3.09 3.89 

Note: N = 32. See text for variable definitions. Values in con- 
slant kmpiras of 1966 ( I  lempin = 0.5 U.S. dollars). 
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ingly unrelated. Hence, the estimation of this 
two-equation system utilizes a generalized 
least squares procedure. As shown later, .aside 
from efficiency gains important differences 
may occur in the magnitude of the estimated 
parameters resulting from different estimation 
procedures. Thus, the scale economies mca- 
sure (and other parameters) will differ de- 
pending an the estimation technique. 

Empirical Results 

This section reports results of the estimation 
procedures. Their presentation highlights the 
importance of the choice of functional form 
and of estimation technique on the levels of 
the scale economies estimates, the effects on 
costs of loan size and deposit size, and the 
estimates of cost complementarities and elas- 
ticities. 

Firrictio~iul Forrn and Scale Econotri ies 

The measures of scale economies generated 
by the Cobb-Douglas i'unctional form (9) un- 
derestimated the cost-increasing effects of out- 
put expansion, compared to the estimates ob- 
tained with the translog functional form. The 
translog form resulted in a significantly better 
fit over the Cobb-Douglas form, according to 
the F-ratios obtained when testing for equality 
of the two regressions. Furthermore, F-tests 
conducted on the parameters of the (unre- 
stricted) system of equations formed by the 
cost function and the labor share equation re- 
jected the hypothesis of a simplified (Cobb- 
Douglas-type) functional form (9) with unitary 
elasticity of substitution. Loan size and de- 
posit size were not statistically significant in 
the Cobb-Douglas estimation: however. in- 
cluding these variables affected the estim'ated 
magnitude of economies of scale in the trans- 
log specification. 

Single Eqrruriori uttd S?.sretrr Esritrrnriotr I 
A detailed cornpanson of the results obtained 
with single-equation (OLS) and system esti- 
mation (GLS) procedures is presented in table 
2. System estimation improved the overall 
goodness of fit and especially thc statistical 
significance of individual coefficients. More 
important, scale economies measures ob- 
tained with the cost system estimation differ 
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T~I ) IC 2. Estimated Parameters of the Translog Cost Function, Single Equation versus System 
 tima mat ion 

I 
(1) (2) 

System of 
Single Equation (OLS) Equations (GLS) 

;-Ratio 
Estimate /-ratio Estimate (Asvmvtotic) -- -- - -- 

a, Ilntercepl) 
1 U, clnu,. loan51 

U, ~Inq?. deposits) 
dl 1lnrt. liiborl 
j: I inp .. c~~pltai l  
yIl l t l l t / ! i -  

?:; lIfll/:l2 
tlnq,lrtq:l 
~ l n , i ~ ) -  

03:: lIl1j~:l- 
f i t :  ~ lnp! !np~~  
TI! t!l:.l,lnp,) 
rl,: ~lnu,inp?l 
q:l 1111~.!inp~) 
q:: I 111q~Inp~) 
K: 
\\'c~~h:ed R: 
Economics of scale (ES) 

Sore: Factor-pnce ihqmogcneity restrictions imposed on dl estimated functions. Crosssquation reslriclions imposed on system 
esrundtlon. 
' is s~gnificant at .01 Ic;lel: ' is significant at .05 kvel. 
F-TJIIO. 
' R' of labor share equation: 0.2886. F-ntio = 28.50. 

significantly from those resulting from the cor- 
responding single-equation estimations. 

Table 3 shows the partial and overall econ- 
omies of scale obtained using the system esti- 
mation procedure. In this case, the overall ES 
value is not significantly different from one. 
However, the values reported in table 3 are 
not independent of scale effects and oufput 
mix. To analyze this result, it is useful to recall 
equation (3): 

where A summarizes all parameters and vari- 
ables in equation (3) that do not involve output 
quantities. 

Scale economies tend to disappear (ES a p  
proaches 1) as output increases, since both $,, 
and fn  are positive. However, an offsetting 
effect is due to joint production of q, and q,, 
since $,, c 0. Thc overall rcbsult is a U-shaped 
average cost surface, represented by the two 
branch-size cases reported in table 3. The 
"small" branch is represented by a point on 
the downward-sloping ponion of the average =I 
cost surface, whereas the "large" branch rep- 
resents a point on the upward-sloping portion 
of the surface. The values of the partial scale 
economy measures reported in table 3 indicate 
that substantial economies of scale exist in the 

ll 
bank's deposit activity. On the other hand, 
loan activity approaches constant returns to 

Table 3. Economies-of-Scak Estimates at Different Branch Sins Under Cost System Estimation 

"Small" Branch "Large" Branch 
Sample Mean Case Case 

Panial ES (;~lnC/ijlnq~) 
ql. loans 0.77 0.66 1.14 
q,. deposits 0.31 0.30 0.40 

Overall ES (X,dInC/dlnq,) 1.08 O.% 1.54 
- - - -- - - 

Note: Computed from column (2) of hbk 2. Bnnch size cras wen sekcted on the busis of loan aclivily, 19112. 
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scale for the average-branch size (i.e., a 
hypothetical branch represented by the sam- (10) MC, = 5 (B, + yi,lnqi 

4r 
ple means of all variables). Furthermore, the 
lending activity displays diseconomies of scale + yihql; + @ilnsz), 
ir, branches with large amounts of loans. where 

EJ:ft ts of Loan Size and Deposit Size Bi = a, + Zlrlulnpl, i = 1, 2, 

The addition of both loan size and deposit size 
interactions to the cost system improved the 
overa'l statistical performance of the estima- 
tion (see table 4). Both estimated coefficients, 
8, and 02, showed a negative sign meaning that 
the szale economies measure decreases as the 
average size of loans and/or deposits in- 
creases. 

The effects of loan size and deposit size 
becomes more meaningful when the marginal 
costs of lending and the marginal costs of 
mobilizing deposits are considered. Equation 
(4) is written in terms of the parameters of the 
cost function as follows: 

SZ = LS (loan size) for i = 1, and SZ = DS 
(deposit size) for i = 2. 

The signs of the estimates reported in table 4 
indicate that the marginal cost of lending is an 
increasing function of the total amount lent 
(f,, > 0). It is reduced by increases in total 
deposits mobilized (flZ < 0) anddecreases as 
the average loan size increases (8, C 0). Simi- 
larly, the marginal cost of mobilizing deposits 
increases as the total value of deposits in- 
creases (?= > 0). It benefits from economies 
of joint production (f,, < 0) and shifts down- 
ward with increases in the average size of de- 
posit balances (8, < 0). 

! 

i Table 4. The Translog Cost Function, Including Loan Size and Geposit Size Effects, Single- 
Equation versus System Estimation 

(1) (2) 
System of 

Single Equation (OLS) Equations (GLS) 

Parameter I-Ratio 
(Variable) Estimate I-ratio Estimate (Asymptotic) 

a, (intercept) 5.1313 3.652*. 6.0005 11.489. 
a1  (Inq,, loans) 0.0574 0.297 0.5814 5.787. 
a, (Inq,, deposits) 0.0768 0.212 -0.6449 -3.203. 
81 (Inpi. labor) 0.7055 3,233. 0.5585 !0.19?* 

(Inpa, capital) 0.2945 1.350 0.4415 8.056. 
YII (Inq~)' 0.0887 2.362' 0.1463 8.835. 
YII (lnq2)' 0.0368 0.375 0.2619 4.799. 
YII (InqIlnql) 0.0256 0.601 -0.0646 -2.693. 
811 ( I ~ P ~ ) ~  0.1191 1.257 0.0736 8.041. 
61, ( I ~ P Z ) ~  0.1191 1.257 0.0756 8.041. 
61, (Inp1lnp,) -0.1191 - 1.257 -0.0756 -8.041. 
W I I  (InqJnpt) -0.0452 - 1.007 -0.0766 -9.542. 
?IS (1nq1lnp,) 0.0452 1.007 0.0766 9.542. 
?at (Inqzlnp~) -0.0284 -0.394 -0.0103 -0.838 
VIZ (1nq2lnpz) 0.0284 0.394 0.0103 0.838 
el (Inq,lnLS. loan size 

interaclion) -0.0068 - 1.059 -0.0091 2.332' 

I 
8, (Inq,lnDS, deposit 

size interaction) -0.0143 -0.974 -0.0180 - 1.930' 
R' 0.8786 97.37. 0.8858 68.86b 
Weighted R2 0.8168c ! 
Econorn~es of scale (ES) 0.79 1.07 

Note: Factor-price hornopneity nrtrictims imposed on all estimated functions. Cross+quation nstrictions imposed on system 
estimation. 
' ' is siptficant at .01 level; ' is significant at .OJ k n l .  

F-ratio. 
R of labor sham equation: 0.3116. F-ratio - 17.42. 
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0.8118 

2.332' ' 

- 1 .950° 
68.8iib 

red on system 

I ,#. : oil~ate?; of the cost function parameters 
,::,II;.!!c c~.~..t complernentarities between loans 
.,!:,I ,:,.?loiis. The evaluation of the necessary 
. , ~ : I , I I : I u ) I I ~  i't'i. cost complementarity as indi- 
..l~c,: ti c.\prrssion (51 using the results in .,.. I , !  ; I  $11' table 4 gives y,, + a,a, = 
- 1 1  4 i t . y .  'i'herefore. the necessary condition 
151 I -  z.irrvied by these results. The price clas- 
tiilllcs lrl'f'actor demand reported in table 5 .  as 
U ~ I I  , I \  I Q(: estimated value of the elasticity of 
.9~i:l. .  !::.ii,!n betiveen capital and labor. cr,, = 
11 f . 3 .  c;.!r~ rrlatit'ely low even though no ap- 
r:ll!.:....:~ ~nints  of reference for development 
t-.~t!h\ :: :T: 11;)~1tid in the literature. 

I I : ? .  . I ; : I C I ~  anal!.zed the cost-output relation- 
\hll-, ;;nu productitin technology in the Ag- 
r~~~~l:t::;!i Crvelopment Bank of Honduras. 
I I I C  , ; lsln results and implications are sum- 
n1.11.1~id ;IS i ~ > l l o ~ s .  

1 1 1 ~  i1:'pathesis of a simplified Cobb- 
I ) , I I I ~ I ~ \  tuncrion with unitary elasticity of fac- 
Ittr \t~r~srit~rt~on is rejected by the statistical 
Ic\l i  performed in this study. The use of a 
l't'bh-Dougias cost function underestimates 
the cost increases resulting from increases in 
production. 

The estimates of scale economies obtalned 
using the (preferred) GLS procedure on the 
translog cost system differ from those ob- 
tained with single-equation (OLS) estimation. 
The tran5log specification of the cost function 
was estimated as a seemingly unrelated sys- 
tem with the labor share equation. It gave 
consistently better estimates than other spec- 
ifications and estimation procedures. 

The scale economies measure for the aver- 
%e branch is not significantly different from 
One. H o w e v e r .  the measures of scale econo- 
mies retlect U-shaped average cost curves. 
I?lp~nant differences occur between the mag- 
nttudes of t h e  partial economies of scale. 
While the returns to scale of lending activities 
approach unity. important unexploited econ- 
omies ol' kcale itre associated with the expan- 
sion of dcposit mobilization. This result im- 
plies t hut the bank could attain imponant cost 
economirh by engaging in "unbalanced" ex- 
P;lnsion. emphasizing growth in deposit 
?obilization over the expansion of lending ac- 
t .  I'hese cost advantages should be 

Table 5. Price Elasticities of Demand for Fac- I 
tors of Production, Derived from Cost Function i 
Estimates L t 

Labor Capital 

Labor 
Capital 

Note: Based on cost system estimates, column (2) of table 4. 
I 

[Recei~~ed Ocroher 1985: . f i t l ~ I  rt*\*isiott 

received A~rgrrsr 1987.1 

taken into account when designing and I 
h 

eval~ating policy strategies which require de- 
velopment bank participation. The expansion 
strategy suggested above would represent a 
substantial change in the predominant opera- 
tional mode of agricultural developnient 
banks, which tend to specialize in lending and 

B 
neglect deposit mobilization activities. 

Cost complementarities between loans and 
deposits suggest that the marginal cost of lend- 1 
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