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Research Review 

Statistical Estimation of Firm-Level Demand Functions: 
A Case Study in an Oligopolistic Industry 

By S. Shapouri, R. J. Folwell, and J. L. Baritelle* 

Demand theory has occupied a pnme place m economic 
hterature The statIStical estimatIOn of demand relatIOnships 
has usually focused on mdustry or aggregate market levels, 
and researchers have used time senes data and have assumed 
perfect competition However, the lack of data from second
ary sources and the cost of assemblmg data from pnmary 
sources have precluded analysIs of demand at the firm level 
In a market With Imperfect competition 

A recent marketmg survey by the Economics and Stabsbcs 
Semce and,Washmgton State Umverslty Yielded a data set 
which enabled researchers to estimate firm-level demand func
bon In an Imperfect, competitive market The pnnclpal 
objective of thiS research was to gam information on the 
marketing and consumptIOn of U S WInes The results of thiS 
study lend credlblilty to the postulates of the theory of the 
firm under Imperfect, competItive market structures 

Microeconomic Considerations 

Pnce-quantlty declSIons of competitive firms are detemllfllstIc 
because of the atomlStJc character of the demand market, 
the firm IS 8 pnce taker and, therefore, the demand function 
It faces IS perfectly elasbc 

The behaVIor of the firm In makmg pnce-quantlty deCISIOns 
IS usually Indeterminate In an Imperfect, competrtIve market 
stru~ture. In an ohgopoly, thiS mdetennmancy anses from 
the varymg degrees of mterdependence among the partiCI
pants Each ohgopollst IS aware (to varying degrees) that 
speCific actIOns will lead to, or WIll stimulate, responses by 
nvals 

The IndiVidual firm In an ohgopoiIstlc market faces Its own 
mstmct demand curve (see 4) I Thus, the quantity the Qth 
firm sells depends on the pnclng deCISIOns of all firms (n) In 

of agricultural economics In the Department or Agricultural 

the Industry 

Q"" 1, 2, ,n (1) 

The proflt{unctlOn (n) of the Qth ohgopohst IS 

(2) 

.Shapoun IS an agricultural economist With the Inter
natIOnal Economics DIVISion, ESS, Folwell IS a professor 

Economics Washington State University I and Barltelle IS an 
agricultural economISt With the NatIOnal Economics DIVISion, 
ESS 

ItalICized numbers m parentheses refer to Items In the 
references at the end of thiS article 

The economISt's efforts to analyze and premct finn behaVIOr 
can appear confused when the ohgopohst competes Wlth 
nvals For example, one way for the economISt to ensure a 
deterrDlnIstic solution would be to Incorporate rea9tlon 
functIons for competmg, nval firms' prlcmg deCISIOns (equa
bon (2)) It may also be necessary to make behaVIOral as
sumptions concernmg the market share and the degree of 
product dlfferenbatlOn Pnces, product (quantlbes), quality 
and promotion (advertIsmg) could all be major elements of a 
firm's demand curve 

In,exammmg the theory of the firm under an Imperfect, 
competitive market structure, we restncted our resear~h to 
the pnce dimenSion as presented m equation (1), as mfor
matIon on product and promotIon deCISions of speCific firms 
was not available We antiCIpated that (1) most firms face a 
demand function With approXimately the same pnce elastiCity 
as at the aggregate market level or at a shghtly more pnce
elastIc one, (2) some firms face demand functions With slgmf
lcantly greater price elasticity, and these finns charge lower 
pnces, and (3) some firms face less pnce-elastlc demand func
tions, and these finns charge higher pnces We expected that 
the pnces of nvalfinns would be stabstlcally slgmficant In 
cases (1) and (2), where a firm faced a demand fUnctIOn that 
was at least as pnce elastiC as the mdustry level 

We speCified and estimated aggregate market-level or Industry
level demand functions for vanous types of American wmes 
These functJOns generated mformatIon on the nature and 
elastlclbes of the aggregate market-level demand functIOns by 
wme type Then, we speCified and eshmated demand func
hons by WIne type for each major U S Wine firm We com
pared the firm-level demand functIOns With mdustry-Ievel 
demand functIOns to confirm the ohgopohsbc structure of 
the market 

Method 
We estImated the demand functions usmg cross-sectIOnal, 
wme purchase data The purchase data were reported 
monthly by a panel of 7,000 house,holds We used cross
sectIOnal data from February 1975 through January 1976 to 
estImate,mdustry-lev;1 demand functI~ns We used data from 
August 1975 to January 1976 to, estimate the firm-level 
demand functIOns Costs of compilatIOn precluded recordmg 
brand data for the entlle penod We eshmated the functiOns 
usmg ordmary least-squares regres~lOn 

We speCified the aggregate market or mdustry-Ievel demand 
functions for each U S wme type This speCificatIon was of a 
double-loganthmlc functional form 
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• 

(3) 	 We speCIfied the demand functions for indiVIdual finns 
(brands) by WIne type as 

where In denotes the natural log value of the folloWIng 
vanables Q"k = quantIty of the Ith type of WIDe purchased 
In the Jth month by the kth household per adult member 
(ounce/adult), Y,h = the deflated Income per adult m the kth where £ = £th brand of the Ith type of WInes, P a the de
household m theJth month ($l,OOO/adult), p". - the deflated flated, weIghted-average pnce patd by all hous~i.olds for all 
pnce paid per ounce for the Ith Wine type purchased In other brands of the Ith type of wIDe dunng the Jth month, 
theJth month by the kth household (cents/ounce), U/Jh a and V"hQ a the random dISturbance tenn We defined all the 
random dIsturbance term, and Bo I B11 and B2 "" ordmary other vanables as before_ We estimated firm-level demand 
least-squares estImated parameters We deflated the Income functions only for those nlDe firms that had a relatIve market 
and pnce vanables by the monthly Consumer Pnce Index for share of at least 1 percent (table 1) 
all Items The double loganthrruc functIonal fonn prOVIded 
the best stattsttcal results over other functIonal forms-for We treated each purchase by an IDdtVlduai household as an 
example, the linear, Inverse loganthmlC, and senuloganthrmc observatIOn If a household purchased some other brand of 

wme and not the brand considered, we dJd not treat as a zero 
We esttmated demand functIOns at the Industry level for the purchase for that brand, but entered It as an observatIOn ID 
major wme types (1) vanetal red, whIte, and pmk table the data set we used to estImate the demand functIon for the 
wines, (2) nonvanetal red, wlute, and pink table Wines, alternative brand. Thus, the estimated functIOns are demand 
(3) sherry, port, and other dessert wines, (4) champagne and functions for purchases of a gIven brand. 
other sparklmg wmes, (5) apple, berry, CItrus, and other 
flavored WIDes, and (6) vermouth, flavored and natural The subsbtute pnces we used In the firm-level demand func
bmnwes 2 We mcluded other wtne types In earher spectfica~ tions were the average pnces of all other brands In a regIOn
tlOns of the demand functIons as substItutes (equatton (3», dunng a gIVen month (1';,) The regtons we used were the 
but the pnces of such substItutes were not stattsttcally mne U S census regIOns (see 2) In earher speCificatIOns, we 
Significant used as separate explanatory vanables the pnces of other 

brands for the WIDe type whIch each speCIfic household pur
chased rather than the average pnce for all competing brands 
We dropped thIS speCIficatIon because a smgulanty (X)'>

2 Varietal table wme 15 made of at least 51 percent of the 
matnx made the estimatIOn of the parameters uSing ordtnarykind of grape after which the wme IS named, and nonvarletal 

table wme IS a blend of various vanetles of grapes least-squares (~a (X'X)-l X'Y)) ImpOSSIble 

Table 1-Market shares and average pnces, by U S WIDe company, August 1975 through January 1976 

All firm Wme type Gallo average 

Market shares 	 Percent 

Varietal table 61 261 24 159 38 13 05 15 09 NA 
Nonvanetal table 327 119 23 1 55 47 23 20 16 NA 
Dessert 394 87 7 1 44 35 152 38 33 NA 
Flavored 504 136 1 100 20 6 21 10 1 NA 
AUwme 329 129 20 28 45 38 36 20 15 NA 

Average price 	 Cents per ounce 

Varietal table 60 45 37 60 75 44 86 96 115 61 
Nonvanetal table 41 46 38 51 56 36 73 73 66 43 
Dessert 45 46 50 53 69 48 72 91 82 56 
Flavored 45 49 96 59 50 44 78 76 84 52;, 
N A = not applIcable 
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Industry-Level Demand FunctIOns 

Table 2 shows the estImated Industry-level or the aggregate 
market-level demand functIOns for the major wine types It 
presents the slope coefficients and their l-values The slope 
coef.ficlents associated with the pnce vanables are negative, 
stattstlcally slgmficant, and between zero and -1 ~e retruned 
explanatory variables WIth signs (m agreement with economic 
theory If the value of the standard error of the slope coeffi
cIent was less than the value of the slope coefficIent The 
results of our study show that the demand functIOns for each 
wme type at the U.S Industry.!evel are melastlc wIth respect 
to price The slope coefficients In the estimated demand 
functIOns are ehisbclty coefficients for the double-log func
tional form 

Firm-Level Demand Functions 

Tables 3, 4, and 5 report the estimated demand functlOns for 
each Wine type at the firm level The signs of the slope coef
fiCients conform to a prIOri economic theory, that IS, the 
SIgns assocIated wIth the pnce of the wine tipe conSIdered 
are negative, and those related Ito pnces of substlt~te WInes 
and to'Income are posItive We report only those slope 
coeffiCIents or those cross elastiCities for substitute wmes 
that are statlStlcally.S1gmficant . 

In the case of vanetal table wIDes (table 3), only the p"ce 
elasbclty of the firm-level demand funcbon for pInk varietal 
table wIDes dIffer SlgmficantlyJ from that of the IDdustry· 
level demand functIOn (see footnote 3 of table 3) All the 
other firm-level demand functions have pnce elastlclbes 
whIch do not dIffer Slgmficantly from the aggregate market
level elastiCity Umted Vmtners has the dominant market 
share for varietal table wIDes and has lowest p"ces (table 1) 4 

Thus, we expected a more pnce-elastIc demand fUDcboD 

J To test for SIgnificant differences between pairs of slope 
coefficIents, we used a t test of the followmg form 

The value of the covanances (Cov I J) was assumed to be 
zero 

• Use of brand names In thiS article IS for IdentificatIOn 
only and does not Imply endorsement by the U S Depart
ment of Ag'rIcuiture 
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The lower part of table 4 shows the estImate-d firm-level 
demand functions for nonvanetal table WIn-es Compansons 
of the pnce elastIcllles a!'the firm level With those at the 
Industry level (table 1) reveal that If a finn·level demand 
functIon differs from the aggregate, market-level demand 
function with respect to pnce elasbclty, the directIOn of die 
ference 15 always toward greater elastICIty The other pnce 
elastiCIties are almost Identical With those at the IDdustry 
level In four out of five cases, when the firm-level demand 
function was more prIce elastic, the pnces of substitutes 
were slgmficant -

The only firm-level demand functIOn which was Significantly 
less pnce elastic than the aggregate market·level demand 
functIon was that for Chnstlan Brothers' nonvanetal, pmk 
table WInes The average pnce ChIlstian Brothers charged for 
nonvanetal table wmes was among the hIghest In that product 
category 

Table 4 shows the estimated firm level demand fUnctIOns for 
sherry and port dessert wines Only for Gallo sherry was the 
firm-level demand function less elastIC than that at the ID· 
dustry level, however, the difference was not statistically 
Significant For all other firm-level demand functions for 
sherry, the pnce elastiCities were greater th~n, or the same as, 
those for the mdustry level Pnces of substitutes were Signif
Icant for two of the eight finns 

Compansons of firm-level demand functions for flavored 
wlDes (table 5) WIth those at the mdustry level (table 1) 
mrucate two groups m whlCh the firm pnce elastiCIty was 
S1gmficantIy greater than the IDdustry pnce elastICIty Gallo 
and Mogen DaVId berry wines 

Thus, our statistical estimation of firm-level demand functIOns 
In an oltgopoltstlc market substantiate the antICipated theo
retical results, which are based on the behaVIOral assumptIOns 
underlymg conjectural vanatlons for such a market Situation 
The mne firms studied faced demand functions that were not 
Slgmficantly different from' those for the aggregate market 
When an indiVIdual firm-level demand functIOn dIffered from 
the aggregate market-level demand functIOn. It tended to be 
more pnce elastic and the pnces of substItutes (nval firms) 
were Significant 
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Table 2-Market demand (unctions for U S WIne types 

Slope coefficients' Related statlqtlcs2 

Per capita Type Intercept Price -Income n R' S S, 

Bo t B, t B2 tI J l 
Q" 

1,000 dollars Cents/ounce Cents/ounce 

Varietal table wmes 
Red 361 353 033 61 -077 -17 3 302 683 031 057 069 
Wh,te 332 293 34 58 - 64 -103 287 493 19 56 62 
Pink 368 292 38 61 - 93 -127 312 381 35 50 62 
Concord 380 360 15 35 - 86 -124 280 600 21 52 58 

Nonvanetal table wmes 
Red 384 101 1 25 124 - 94 -446 319 4,035 34 61 76 
White 364 839 33 142 - 89 -381 310 3,043 35 58 71 
Pmk 401 1108 18 72 - 99 -473 332 2,616 46 57 78 

Dessert wmes 
Sherry 316 456 22 700 - 51 -133 282 1,319 15 56 62 
Port 387 528 17 48 - 90 -169 307 822 27 55 64 

Sparkling wmes 
Champagne 284 159 52 66 - 43 -55 285 436 14 67 72 
Cold Duck 280 178 26 36 - 24 -36 275 351 07 56 58 
Sparkling burgundy 326 137 20 19 - 41 -27 281 82 09 57 59 

Flavored wmes 
Apple 289 325 15 37 - 35 -5 5 272 471 09 47 49 
Berry 284 331 23 60 - 36 -66 269 534 13 45 48 
Citrus 359 355 31 60 - 87 -157 293 581 32 55 67 

Vermouth 361 299 02 ' 4 - 74 -93 272 325 21 45 51 

Brandy
Flavored 401 208 04 - 66 -75 259 44 60 31 48 
Natural 287 95 26 21 - 31 -30 258 40 28 35 40 

' 4 

, Parameters of the 4f!mand functions estimated via ordmary least squares 
1 Related statistiCS Q'J = mean of the dependent variable, n = number of observations, R2 = coeffiCient of determmatlon, S = standard 

error of the estimate, ana Sy = standard deVIation of the dependent vanable 
3 NotstatJstJcally slgmflcant, the standard error of the slope coeffiCient IS greater m value than the value of the estimated slope coeffiCient 



1,000 dollars  Cents/ounce  Cents/ounce  

Table  3—Table  wines:  Firm-level demand functions  

2
2
 

C
O

 N
 C

) 0
 	

00 	
O

 	
CO 	

CO 	
1-1 	

CO CO 	
m

 N
 .4. 	

C
O

 O
 	

C
O

 co o 	
C

) N
 .4. 	

N
 1-1 

.4. G
O

 d. C
O

 	
CO 	

.4. 	

•
 	

CO 	
CO CO 	

CO CO CO 	
CO 	

CO CO CO 	
N

 N
 O

 	
N

 CO
 LO

 
0

 

d
. C

r) N
 rl 	

r-1 	
CO 	

CO 	
CO 	

d
,  N

 	
0 C

O
 	

CO CO 	
0
 0

0
 N

 	
O

 L
I) 

CO 	
CO 	

CO LI) LO 	
CO CO 	

CO 	
CO .4. CO 	

CO CO .4. 
0
 

N
 	

N
 d

l 	
N

 	
CO 	

T-1 	
N

 	
0

 0
0

 	
011-1 	

N
 C

O
 	

CO
 00 00 	

CO CO CO 	
CO 1-1 

'0 L
 	

N
 	

1-1 	
N

 	
M

 	
v-1 	

CO CO 	
N

M
M

 	
1-1 .4+ 	

CO CO CO 	
d C

O
O

O
 	

N
 N

 

C
O

 N
 C

) 00 	
1•1 	

0
 	

0
 	

0
 	

01 	
CO CO 	

C
O

 N
N

 	
0) C

O
 	

CO
 N

 CO
 	

.4. C) CO
 	

N
O

O
N

 
00 1-1 C

O
 d• 	

'I. 	
7-I 	

1-1 	
7-1 	

C.- 	
0 C

O
 	

00 C
O

 N
 	

N
 .4. 	

0 1.-1 d, 	
CO 'ci4  CO 	

CO CD CO
 

1-1 	
I-I 	

CO
 .4. 	

N
 N

 T
-I 	

1-1 r-I 

C
O

 C
O

 C
) C

O
 	

'zr 	
N

 	
4
 	

0
 	

co 	
C

) 4
 	

o co C
O

 	
C

) 0
 	

CO
 ,--( r- 	

C
) r-I co 	

N
 co ,..-1 

co 1•1 C
O

 C
O

 	
C

) 	
CO 	

CO 	
N

 	
N

 	
1-1 7-1 	

1-1 v-I 1-1 	
N

 M
 	

0 1-1 cr) 	
co co 00 	

CO
N

 0) 
CV 

CO CV CO 	
CV 	

CO 	
CV 	

CV 	
CV 	

CO CO 	
CO o

i o
i 	

c..S CO 	
CO CO csi 	

c6 CO CO 	
c\i csi cN

i 

• co 	
• crc 	

r-1 .4 CO
 

; r-I 	
,-i r-i ,-i 

• .4.
• 0) 	

• C
D

 • 	
N

 	
0 C

-- C
O

 
• 1-1 	

• CO 	
• N

 • 	
O

 	
N

 d. C
O

 
. O

 	
•
 
.
 
.
 

LO 
1-1 	

r
i
 	

00 	
CO CO CO 	

• Cn 	
00 N

 LO
 	

.71:  C
O

 • 	
1-1 r

i
 

CO
 .4. 1-1 	

C.1 	
CO CO 	

N
 	

CO 	
M

M
 ; 	

"-A 1-1 r
i
 

	

C
O

 M
 0

 C
O

 	
N

 	
O

 	
co 	

co CO
 	

CO 	
CO CO M

 	
C

O
 N

 • 	
0) 03 C

O
 

	

LO r•-■
 

	
0
) 	

d
l 	

O
 	

N
 1-1 	

ri C
O

 	
• CO 	

C
O

 N
 	

C
O

 C
O

 • 	
111-1 

0
 C

O
 0

0 .  ri 	
O

 	
N

 	
CO 	

C
) 	

1-1 	
CI CO CO 	

N
 0) C

O
 	

.41 0) 	
GO

O
 N

 	
cr.) LO CO 

.1
. 0

3
 .4

. N
 	

CO 	
I 	

1-1 	
11 	

CO 	
N

C
O

C
C

 	
0

6
) 

I 	
N

O
 	

CS) CY) .1, 	
N

 C
O

 	
N

 L
O

 
1 	

I 	
1 	

1 	
1 	

a
 	

I 	
I 	

I 	
ri 1-1 1-1 	

1 e 	
1 	

I 	
I 	

I 	
I 	

I 	
1 	

I 
I 	

1 	
I 

	

C
) C

O
 1-I 0) 	

0
 	

N
 	

N
 	

C
) 	

ri 	
C

) N
 '4. 	

N
 C

O
 r-I 	

N
N

 	
N

0
) N

 	
C

O
 N

 In 	
t- 4

 r-I 

	

C
O

 O
)0

0
 .4

 	
co 

"4: 	
'4: 	

CO 	
co 	

cn c ,c Cs1 	
0) CT) C7) 	

N
M

 	
L

O
 in N

 	
T

0
0
 ,-1

 	
a
l t- c

r) 

O
 

i 	
I r.4 	

i 	
I 	

1 	
I 	

I 	
I 1-11- 	

I 	
I 	

I r- ■
 

	
,-I '2 1 ,-t 	

,- r-1 ,--; 	
I 	

I 	
I 

	

I 	
I 	

I 	
I 	

I 	
I 	

I 	
I 	

I 	
I 

	

,,, 	
m 

rn
 	

on 	
tn

 	
rn

 

7
1
' 0

 0
 In

 	
CO 	

N
 	

0 d• C
O

 	
CO CS) 	

C
O

 0) 0 	
C

T
) C

S) 	
N

 C
O

 0 
CV 

O
O

O
 	

co 	
r- 	

N
 N

 	
L

ti .4; O
 	

O
N

O
d
'C

O
O

 
 

T-4 	
1-1 	

N
 m

 	
N

 N
 N

 	
ri 	

ri r-4 1-1 	
ri M

 	
11 

C
O

 .4. N
 C

D
 	

CD 	
N

 	
CO 	

CO 	
N

 	
C

O
 

N
 	

M
 N

 O
 	

0
 c

o
 	

00 	
C

O
 C

O
 co 	

M
 N

 N
 

N
 C

O
 1-1 it) 	

CO 	
v-1 	

M
 	

00 	
CO 	

C
O

 1-1 0 	
0) C

O
 C

) 	
0
 0

 	
0

 N
 N

 	
1-1 1-1 	

e".1 

c
 

CC CO 	
m

 	
M

 	
N

 	
m

 	
M

 	
C

C
 4

 4
 	

c,S
 ceS

 	
d' C

C
 	

4
 4

 4
 	

,:t; 4
 4

 	
c■6 ceS ceS 

ct 
in 	

0
 

di 	

O
 

	

6" 	
co) 

,-.4̀ 	
4

 
	 ▪ 	

t
 

.. 
Z 	

c) 	
.4.4 	

CI) 	
d) 
,
 	

es 
.. 	

0 	
.6 
	

-p 	
0

 
ci) Z 	

6
 	

o
 	

PO
 	

'5
! •0

 	
at 	

0
 	

o
 

0.) 	
p
...,.. 	

ct ,-. 	
-.... 

.4 	
cp 	

cu 	
4) 	

w
 

V
I
 D

 
..,..01:, .'4 
	-1-> 	

..0
 	

cs2 	
as 

7
8

 
›
,
›
 

0,,  
CO 	

.-. 	
0

 	
0

 	
a
 8

 	
Co 	

2
 
,
 	

:t4 	
.0

,
.
.
.
 

2
4

4
-
x

 	
...-0

:t-x
 	

C
I 4

-) 

CC 
	

a)  0
 	

cL, cli .0
 0

 	
.sl '3) .4

 	
'cc: <1."Z

 5
 

-0
 w

 4
  5

 2
 7

., ..5
 z

 
'17'
 	

a.)
,• 	

2
 I'D

 Z
 lai 	

°
 
	

-'7'  -- 
-,- . • —

 - 4
.0

 0
 	

c
p
 " c

u
 .0

 0
 	

•••• 

71 .2
, 7

,' 	
P

4
 i:Z

 	
E

<
1

 	
tr... 1:4 	

,P4 	
I
c
4

 	
o

zoc_) 	
T

-1:-R
c4

.o":, 	
:..:.9

1
:4

4
.: 	

„ar=4 	
E

i
:
4

a
. 	

:7-,t
:
4

a
, 

-
.

1:4
.1:7::. 

- —a 
"E

 	
Cd .-a 

C., 	
0
 	

cd 	
4

 	
=

 	
Z

 	
cd 

• r.: C CD 	
-
 	

CD 	
a
 	

0
 	

a
: 	

7
4 	

0
 	

a
 

Cd 	
o
 

Z
 

Related statistics2  

C
O

 

Slope  coefficients' 

.44 cl? 
CO 
U

 0
  

C.) 
z  

10-1 

C
Q
 

n
ra

 O
 

tn0 

• • See  notes  at  end of table.  • 



Table  3—Table  wines:  Firm-level demand functions  (Continued)  
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1,000  dollars  Cents/ounce  
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Table  4—Dessert  wines:  Firm-level demand  functions  

Slope  coefficients' 

a
s
 (1) 

co • 0
 Q
  

CD • 

1,000  dollars  Cents/ounce  Cents/ounce  

• 
Slope  coefficients' Related  statistics' 

as 
a
s
 U

 

as E
 

0
 

a
' 

V
 ICD 

N
 

cc 

N
 

PO 

a) 
0. 0

 

cC 

E (13 
CU 

0
 

a) 

-071 

a
) 

CC 
-0

 

c13 
O C) te

 

C) 

E/3 

a) 
0
 

V
 

O
 

ci3 

-0
 

0
 

3.4 

P. td 
ti 

75
 

41) 
C.3 
•.$.1 

a) 
-0

 

o
 

•-• 
ca 
• 

-0
 

a) 

▪ 	

a) 
F..) 

0
 

0
 

c.) 
0

 
• 

v) 
0
 

›
, 

).) 

.0; 

0
 -4

•
 
;
  

• 
0
 

U
 

0
 

(I) 0
 

c
a
 a

o
 

.0 C
D

 

C
r E

tn 
▪
 

C1) 

• 
*
>

, 
O

• 
0

  
›
, 

z
  

'c734 (1)  0
 

z_15.z
 0 C

.3 ro  

VZ.  
O

 0
a
)
•
.'" 

>. -0 
0. 

>
C

b
. v,  

a 
CC

 
<1.) 	

C) 
7-■

 
C

C
 0

 z
 

E
tA 

0 0 
c
n
-Z

•-• 
z
  ••■•J cn

C.) 
O

w
 0

 
• 

° Z
C

I) 
ct  

D
U
 

• 0 y
• C

z
 

a) 
C.) 

-0
 

O
 

uc 

	

c71 	
C

a 

as 

CI) 

	

C3 	
C13 

	

"0
 	

.3 

0
 

a) 
4
a
' 0

 
C.) 

ra. 
0

 

0
 

	

C.) 	
s. 

N
 `" ,L;A

 
0

—
, E 

• 
7-I 

0
 

O
 g

 
q--to2 
O

 z O
 

0
-

•
 0

 a
)c

; 
F

 D
 c)4 

	

,;i;  • 11 w  C

▪ 	

a
 

O
 

a,  0
 U  

O
 

• c

.zs 	
a
 

U
 

O
 

"z$ 

-0
  U

 ct
 

CU
"
:
 r

  

C
t C

O
 c

t ,„, CU 

O
 CO 21)  Q

., 

	

-o 	
0

 • 

5 &
=

 E
 z 

4.1162 
t,t 

to: 
O • ctS 

c
 
c
l

y
 w

  
• w (1' .)%

o,  
0.) 

0
•  

II 	
z
 

C
C

 C
U

 

O
 

PO 

23 

• 



.- ...,.. 

<' 

I - " 
I - r l i 

r:..~ ) -'I h".  ,',, " 

" , 
, I , - " " ~ , 

'1, } ~ 

-- , ...>---. 

Related statlstlcS~-

Per capIta. SubstitutePrace, 'lncohme- - 'pnce' Q n s' Sy1---,:--.---+--::,--.---+-:--.--+-::-.---1 _01'" 
_ Bo I' 'B1 I t B2 I t B3 I t' 
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Gallo ~ " -'-- , ' 
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UmtedrVlntners 
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Mogen,'D~V:td
Berry ~ 2'~~ 50 3_ 77 -13 70 24 247 30, 44. 

Paul Masson 
J\llayp~ 28 -1 3) ~ 70 24 247 17 30 ~9 
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In Earlier Issues 

Agncultural economics Without questIOn wlll ultImately be 
Judged by how much It can help people solve theIr problems 
Yet, Inthe last 15 years, agncultural economISts have paid 
less and less attentIon to the Vital problems and ISSU"'[ of 
land problems and poliCies 1 The refinements In marginal 
analYSIS, In particular, have< little to offer In deVlsmg solu
tIons for land problems and gulllmg the fonnulatlOn of land 
poliCies Yet deCISions are always bemg made, and land 
policy IS continually being fonned or modified It IS dIfficult 
to aVOid the conclUSion that agnculturaJ economists are a~dJ
eatmg their responsibilitIes In an area In which their trammg, 
research, and Judgment should be of value. 

Raymond J Penn 
Vol 6, No 4, Oct 1954, p 127 
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Predicting Debt Reschedulings in Developing Countries 

By Eileen M. Manfredi" 

Export credIts penmttmg the delayed financmg of Imported 
goods are generally used by officIal agencIes of exporting 
countnes to stimulate foreIgn purchases CredIt offered by 
commercIal suppliers IS usually short term, whereas the offi
CIal export credIt sales program of the CommodIty CredIt Cor
poration (CCC) prOVIdes credIt to foreIgn governments for U S 
agncultural exports for up to 36 months The Government 
also tnes to Induce banks to proVIde more pnvate financing 
by msunng some loans against nonrepayment for vanous com
mercIal find noncommercial reasons The'mcreased number of 
reschedulmgs of external debts-that IS, the change In the re
payments schedule of prevIOusly contracted debts-by devel
opmg countnes m recent years has made bankers less Wlllmg to 
assess "sovereIgn risk," for a country's default on payments 
Thus, objective measures are needed to evaluate an IndJVldual 
country's probabIlity of debt rescheduling _ 

Because of growing mterest In uSing statistical models to 
predIct debt reschedullngs for a speCIfic developmg country 
[or a gIVen year, I compared the results of two models pub
lished 10 1971 and 1977 (see (3)) I Applyuig 1972-77 data 
for 60 developmg countnes to the Frank/Cline dlscnmmant 
function and to the Feder/Just loglt analysIs revealed two 
interesting pomts FIrst, there was no Significant difference 
between the accuracy of predlctmg debt reschedulmgs 10 the 
years before the first major 011 prIce Increase by the Organl' 
zatlOn of Petroleum Exportmg Countnes (OPEC) and those 
for subsequent years Second, the' Feder/Just system worked 
far better than the Frank/Clme system because It meludes 
a capItal flows vanable 

The Frank/Cline Model 

The Frank/Cline quadratic dIscnmlnant functIOn IS based on 
the relatlOnslup between four external debt and trade van
abies In the form of the two ratios and a cn~lcal value deter
mmed from the sample countnes (2) The sample meluded 
26 countnes and 13 reschedullngs m the 1960-68 penod The 
equatIOn (4) states that a country IS predIcted to reschedule 
ID a glVen year If 

356 X2 - 3428 X X-54 4 X2112 2 

+ 42 1 X, + 73 1 X2;;> 9 643 

*The author IS an economist with the International Eco
nomICS DIVISIOn, ESS 

ItaliCized numbers In parentheses refer to Items In the 
references at the end of thiS artIcle Here I employ the ong
mal coeffiCients of the two models without attemptmg to 
reestImate them 

where 

X, = 	 total debt semce payments (pnnclpal plus 10

terest) 10 year t dIVIded by merchandIse exports 
10 year t, thus, X, = the debt servIce ratIo (nSR) 

- amortization payments (pnnclpa! payments only) X2 
on the debt 10 year t dIVIded by the total external 
debt outstandIng, dIsbursed only"lagged 1 year, 
that IS, m year t - I, thus, X2 = the amorllzatlOn 
ratIo (AMR) 

The debt semce ratIO (nSR) IS an Important varIable for as
sessing a country's debt problems because It measures that 
country's abIlity to finance debt sernce payments out of 
current export earnmgs The operation, 1 - DSR, gIves the 
proportIOn of export earmngs left over to purchase Imports 
without usmg other sources of foreign exchange Debt sernce 
payments are a/preVIOusly assumed contractual oblIgatIOn at . 
set matunty and mterest rates A hIgh nSR, accordIng to the 
Frank/ClIne equation, Increases the likelIhood of a debt 
rescheduling, thus, It IS a warnIng that a country IS vulnerable 
to sh~rtrun fluctuatIOns m export eanungs Each country 
controls the level of new debt It incurs, therefore, the level of 
debt semce payments (the numerator of the nSR) can remam 
constant or can change as the result of government polIcy 
However, a country has lImited control over the value of Its 
annual exports. Thus, Wlth a ftxed numerator, any declIne m 
the denomInator Will caus~ a nse m the DSR and further 
constram a country's ablhty to ll1].pOrt 

The amortIzatIOn ratIo (AMR)'ls a measure of the matunty 
structure of a country's external debt A hIgh AMR mdIcates 
a short, average repayment penod or a bunchmg of matunties 
which are about to come due that may cause finanCial prob
lems unless new loans are extended A high AMR Indicates a 
higher concentration of borrOWIngs from pnvate sources than 
from offiCial sources, which tend to have longer matunbes 
Although repay 109 10 a shorter penod puts greater stram on a 
country's foreign exchange earnings, a high AMR may Inwcate 
that the country has excellent economIc growth potential 
because of Its ability to attract loans from pnvate sources 
A hIgh AMR, accordmg to the Frank/Clme equatIon, de
creases the hkehhood of a debt rescheduling In general, 
countnes Wlth low AMR's are also those WIth the lowest per 
capita Incomes and the least developed economies They 
depend almost entirely on foreign 8ld for capital Inflows 

AGRICULTURAL ECONOMICS RESE1\RCH/VOL 33, NO 2, APRIL 1981 
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New Analysis with Frank/Cline Equation 

USing 1972-77 data, I reapplIed the Frank/ClIne dlScnmlnant 
functIOn to 60 counlnes (a Wlder group than prevIously), 
and I compared predictIOns of debt reschedullngs Wlth actual 
multilateral reschedullngs (table 1) The abIlIty of the equa
tion to predIct debt reschedullngs correctly has not changed 
since Its fonnulatIon In !971 However, both the number and 
percentage of type I errors (f..lures to predIct a reschedulIng) 
and type II errors (f..lures to predict no rescheduling) vary 
wIdely each year .ThlS vanablhty of the equatIon In correctly 
predicting debt reschedullngs could result from mIssing 
vanables that were not modeled by Frank/ClIne E,ther other 
economIC vanables compensate for those In the Frank/Cline 
funchon so that a country exhibiting a type II error can aVOid 
rescbeduhngs or that country wIll have taken some policy 
steps to preclude rescheduling 

A sharp rise lfl the DSR m one year IS 8 charactenstlc of 
countnes that the Frank/ClIne model predicts would have 
rescheduled but that did not Usually, the faulty prediction 
was due,to an unexpected detenoratton In export earnings 
(as for Zamb,a In 1977) or to a large debt seMce payment 
for l,year (as for the Sudan In 1975) A rescheduling can be 
aVOIded If the economIc effects are short term and If other 
capItal flows can be tapped or If foreIgn exchange reserves 
can be drawn down for that year Other countnes aVOIded 
such predlcted,reschedullngs each year by attracting large 
pnvate capItal Inflows (for example, MexiCO) or by obtrumng 
large forelgn ..d grants (for exrunple, the Yemen Arab 

Table I-frank/ClIne dISCriminant functIon, 1972-77 

Indicator 	 1972 

Predicted rescheduhngs 	 11 

Actual rescheduhngs L 	 2 

Correctly predicted to reschedule 	 1 

Correctly predicted not to reschedule 48 

Missed rescheoduhngs (type I error)l 	 1 
(50) 

False predictIOns (type II error)3 	 10 
(17) 

Total number of counlnes 	 60 

RepublIc)_ Other vanables and polICIes, such as finanCing 
froin the InternatIOnal Monetary Fund, were not accounted 
for In the frank/ClIne functIOn 

The Feder/Just Model 

The Feder/Just model was based on 10gIt analySIs whIch uses 
a bmary-valued, dependent vanable (I) For each country In 
any gIven year, the probabilIty of reschedulIng can be pre
dicted by the follOWIng equatIOn, whIch IS baSed on 1965-72 
data for 41 counlnes and 21 reschedullngs 

p 
In -- = 59 2 XI + 0 4 X2 - 39 6 Xa - 01 X. 

1- P 

where 

p ... probablhty of rescheduling debt, 
XI = 	 debt seMce payments dlVlded by exports of 

goods and seMces (DSR), 
X2 '" 	 Imports mV1ded by total mternationai,reserves 

(meludlng foreIgn exchange and gold holdmgs), 
Xa = amortIzation payments dIVIded by total de?! 

outstanding, meludlng undisbursed debts (AMR). 
= per capita Income, X4 

X. = 	 total capItal Inflows dIVIded by debt seMce pay
ments, and 

X ." growth mte of merchandiSe exports In prevIous 
6 8 years 

1973 1974 1977 

CountrIes 

8 6 11 7 11 

2 4 2 2 1 

2 0 1 0 1 

52 50 48 51 49 

0 4 1 2 0 
(0) (100) (50) (100) (0) 

6 6 10 7 10 
(10) (11) (17) (12) (17) 

60 60 60 60 60 

Note 	 Numbers In parentheses are percentages 
L Multilateral debt rescheduhngs 
l The percentage of type I errors IS calculated from the ratio of missed rescheduhngs to actual rescheduhngs 
3The r.ercentage of type II errors 15 calculated from the ratio of false predictIOns to the actual number of countfles that did not 

reschedu e 
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All vallables, except debt service payments and exports, are 
lagged 1 year 

Two of the SIX varIables used by t'eder /Just are the same as 
those used by Frank/Cline, except for minor differences In 

defonltlOn In the Feder/Just formula, X, oncludes exports 
of merchandise sales alone, X3 uses a denominator of all 
external debt outstandong (oncludong undISbursed debts) 

X2 IS the ratIo of Imports to reserves As accumulated foreign 
exchange reserves are another means (m additIOn to export 
earnongs) of payong for debt servlcong, they should be oncluded 
In predictIOns of rescheduhngs However, the level of reserves 
should be mcluded as a rabo so that comparisons of a specific 
country's reserve positIOn can be made across countries and 
over time As reserves are generally considered a buffer to 
pay for Imp,Hts In times of low export eammgs, It IS com
mon to use an Imports-to-reserves ratio 

X4 IS the level of per capita lfIcome It IS related to the past 
growth of the domestic economy When X4 IS used as a sepa
rate variable, the growth of the domestic economy IS not 
signIficant because, 111 most developmg countnes, It IS hIghly 
correlated WIth export growth, which IS a separate variable 
However, the per capita level of Income IS slgmficant, a high 
level mdlcates a greater abilIty to reduce Imports of consumer 
goods to pay for debt servlcong 

XS IS the ratio of all capital Dows to debt servICe payments 
In many poorer countnes, capital flows-especlally grants 
and officlalloans-t!qual or surpass the value of annual ex
port earnmgs Therefore, capital flows can explain how a 
country Wlth • hIgh DSR or other unfavorable ondlcators can 
manage to avoid debt rescheduling In a given year The ratio 
IS a good short-term indicator of a country's ability to meet 
debt service payments However, the flow of external capital 
from all sources IS extremely van able ThIS ratio may fluctuate 
widely from year to year for a given country, m several cases, 
when capIta] outflows exceeded mflows the ratio was negative 

X6 IS the growth of exports over the prevIous 8 years ThiS 
dynamiC varl3ble contrasts With the StatiC use of exports 
as a denomlllator 111 Xl Because export earnings are the 
pnmary stable source of funds for makong debt semce pay
ments, a good growth rate IS a favorable economic mdlcator 

The SIgnS of the coeffiCIents on the Feder/Just formula are 
the same as those predIcted from theory, that IS, hIgh values 
for Xl and X2 lead to a greater probability of rescheduling, 
as the coeffiCient SignS are POSitive and as In each case a high 

ratio Imphes a lower debt semcmg capacity For X3 to X6, 
high values Imply a lower probablltty of reschedultng, as the 
coeffiCient SignS are negative For Xa, a high ratio Imphes a 
long-term debt problem, but It does not Imply a need for 
Immediate rescheduling For X4 to X6, higher levels and 
ratIos Imply a better abIlity to semce debt and, therefore, 
a lower probability of rescheduling 

Evaluation of New Analysis 

Table 2 gives statistIcs on predictions of rescheduhngs, ena
blong us to compare the Feder/Just logot analySIS WIth actual 
reschedulongs 

The Feder/Just model had less annual vanablllty than the 
Frank/Clone model on terms of type I errors-that IS, the 
faolure to predl"t counlnes whIch actually rescheduled, It 
showed an Improvement on the latter half of the study penod 
However, lis average of type I errors for the 6-year penod 
was no better than that on the Frank/Clone model The real 
strength of the Feder/Just system IS Its supenorlty In mini
mizing type II errors-that IS, false predictions of resched
ullngs The Feder/Just system falsely predIcted 17 of 325 
reschedulmgs, With an average error rate of 6 percent over 
the 6-year penod The Frank/Cline model falsely predicted 
49 of 360 reschedullngs, Wlth an average error rate of 14 
percent 

An analysIS of changes 10 the vanables and of the reschedulmg 
probabllotles [or the sample countlles dunng the 1972-77 
penod shows that detenoratJon m Xl (debt sernce ratio) and 
10 X5 (capItal flows ratIO) generally caused a country to 
move [rom a zero or a low probability to a hIgh probabIlity 
Countnes predIcted to reschedule tended to have hIgh debt 
servIce and Import-to-reserve ratios and low per capita 'n 
comes and caPItal flows ratIos An outflow of capital funds 
from a country facmg adverse economic or pOlitical condi
tIOns was deCISive In many cases In predlctmg a rescheduling 
Table 3 shows the range of values for each vanable [or all the 
reschedulmg predictions 

The capital flows vanable, WIth Its sharp changes m magnItude 
and directIon, gIves the Feder/Just model a greater degree of 
annual vanatIon In the probability of reschedulIng and fewer 
false predictIons than does the Frank/Cline model Many 
countnes With unfavorable levels for other vanables can aVOid 
rescheduling theIr debts If they can mamtam capital mflows 
at a hIgh rate Contonuous flows of grant aod to the poorest 
countnes and private caPital flows to the developmg countnes 
With higher Incomes can serve thiS purpose The other 
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Table 2-Feder/Just loglt functIon, 1972-77 

Indicator 1972 1973 1975 1977 

Countries 

PredIcted reschedullngs (P > 05) 4 5 3 3 ,4 7 

Actual reschedulmg' 2 2 4 2 2 1 

Correctly predicted to reschedule 0 1 1 1 1 0 

Correctly predicted not to reschedule 49 49 49 51 50 42 

Mlssed rescheduhngs (type I error)3 2 1 3 1 1 '0 
(100) ( 50) (75) (50) (50) (0) 

False predictions (type II error)4 3 3 1 1 13 6 
(6) (6) (2) (2) (6) (12) 

Total number of cpuntnes S 55 55 55 55 55 50 

Note Numbers lD parentheses are percentages 
I Multilateral debt rescheduhngs 
2 The Zaire rescheduhng m 1977 was not counted as a miss because of the lack of necessary data for a probability
3The percentage of type [ errors IS calculated from the ratio of mISsed rescheduhngs to actual rescheduhngs 
4 The percentage of type II errors IS calculated from the ratio of false predlctlOns of rescheduhngs to the actual number of 

countrIes that did not reschedule 
5 Although 60 countries were InItlally Included, some missing data excluded 5 countnes In the 1972-76 period and 10 

countries III 1977 

Table 3-Ranges of variables for rescheduhng predictIOns 

Values multlphed byActual values Feder/Just coefflclentS l 
Vanable 

HIgh Low Median HIgh Low Median I RangeI I I I 
X, Debt sefV1ce ratio 0402 0016 0167 +238 +0947 +989 230 

X2 Imports reserves 992 206 733 +397 + 824 +293 389 

X3 AmortlzatlOn ratlo 195 015 063 -7 72 - 594 -249 713 

X. Per capita Income 1,070 100 230 -107 -1 00 -230' 970 

X5 Capital debt serVice, 324 -95 1 08 -940 +276 -313 370 

X6 Export growth rate 220 - 03 056 -11 6 +1 58 -295 132 

I The signs are from th~e Feder/Just coeffiCients, however, high, low, and median are hsted as corresponding to the actual 
values multlphed by the coeffiCients For example, the low actual value for X5(-9 5) tlmes the coeffiCient (- 2 9) equals +27 6 
In thai case (MaUrItIUS, 1977), the In (P/l - P) = 0 947 + 1 86 - 0594 - 68+ 27 6 - 11 6 = 11 4, and the probabIlIty of 
rescheauhng was 1 

countries-those not,receIvmg large flows of foreign aid and However, If the highest and lowest values are ehmmat~ed, we 
those not achIeVIng suffic;ent export and domestIc growth to can see that those countnes which rescheduled tended to 
attract pnvate capltal-tend to reschedule theIr external have the follOWIng charactenstlcs (a) debt servIce ratIOS of 
debts 11 to 16 percent, (b) Import to reserve ratIos of 29 to 5 4, 

(c) amortIzatIOn ratIos of 0 02 to 0 03 (mdIcatmg long-term 
Table 4 gIVes the values for each of the SIX Feder/Just van debts averagIng 30-50 years matunty),,(d) per capIta mcomes 

I
abies for those countnes whIch had multIlateral debt resched of $120-$300, (e) capItal mflows to debt servIce ratIos of 
ullngs dunng the 1972-77 perIod All the vanables, except 1 to 2 (mdIcatmg lIttle net mflow left over), and (f) annual 
Xl' show a Wide range between the high and low values export growth rates of 6-13 percent 
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Table 4-Values of variables for rescheduling observation 

Year and country X, X2 Xa X. X. X6 P 

1972 
Chile 0100 480 0026 760 0339 0072 0004 
PakIStan 211 528 022 130 4300 065 030 

1973 
India 191 206 034 120 940 055 981 
PakJstan 147 257 022 110 2090 036 448 

i974 
Chile 115 737 060 720 490 060 012 
Ghana 037 288 023 300 042 130 001 
India 167 3'39 037 120 1130 059 900 
PakIStan 138 246 022 120 2350 069 034 

1975 
Chile 286 2300 080 1070 -1 34 160 1000 
India 126 466 034 120 189 135 003 

1976 
Indi3 109 544 031 140 207 136 001 
Zaire 113 1810 021 130 108 055 997 

1977 
Zaire 100 129 072 130 

High value 
Low value 

286 
037 

2300 
206 

080 
021 

1070' 
110 

4 30 
-134 

160 
036 

1000 
001 

Median value 126 480 031 130 1 13 069 034 

= Data not available 

All those countnes WIth multilateral debt rescheduhngs m clents With the most recent data and also ex~nmentmg WIth 
the penod had POSitive, although occasIOnally low, probabll other ~anables, different lag structures, and other mathe
Illes of reschedulmg With the Feder/Just model The Feder/ matICal forms 
Just model generally assigned a high probablhty of resched
ulmg to countnes that actually reschedul_ed- References 

(1) Feder, Gershon, and Richard E Just. "A Study,of Debt 
Conclusion SelV]cmg Capacity Applymg LogIt AnalYSIS," JourlUJl 

of'Development EconomiCs, Vol 4, Mar 1977, 
Of the two premctlOn systems, the one WIth the capital flows pp 25-38 
vanable (X. m the Feder/Just Model) did a better Job of (2) Frank, Charles R Jr, and Wilham R CllOe "Measure
aVOidIng false predIctIOns-that IS, of mmcahng countnes for ment of Debt SelVlcmg Capacity An Apphcallon of 
wluch caPital Dows offset otlier unfavorable mmcators The Dlscnmmant AnalysIs," Journal of InternatIOnal Eco
mterrelatlonshlp of many mdlcators IS Important, usmg the nomiCS, Vol 1, Feb 1971, pp 327-44 
debt service ratio WIthout other vanables leads to overpre (3) Manfredi, Eileen M "Premctmg Debt Reschedulmgs m 
dlctmg,debt rescheduhngs. Although the Feder/Just model.ls D~velopmg Countnes " Unpublished Master's theSIS, 
supenor to the Frank/Clrne model because It produces fewer Vl[gmla Polytechruc Institute and State Uruverslty, 1980 
type II errors, further work IS needed to lower type I errors (4) Smith, Gordon W The External Debt Prospects of the 
Usmg the Feder/Just model IS a smiple way to Judge a Non-Od-Exportmg DevelopIng Countnes 'An Econo
country's external financial positIOn and credItworthiness A metriC AnalYSIS Overseas Development Councll Mono
more dependable system would reqUIre reestimating coeffi- graph No 10 Washmgton, DC, 1977 
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Special Lectures in Economics 

As dehvered by E. B. WIlson, John R. Commons, John D. Black, and 
Frank H. Kmght before the Graduate School, U.S. Department 
of Agriculture, February·March 1930. 45 pages. 

Reviewed by Harold F. Breimyer* 

A question to,be asked about the content of any sCientific 
discipline at any tIme 15 What part 15 temporal, and what 
part IS peren mal? 

A reVIew of four lectures delivered a half-century ago reveals 
which tOPICS have proved to be only or·the-moment and 
which have persIsted The test can also be reversed we can 
learn whIch Issues In the early eighties have half-century 
antecedents, suggestmg that they may remam WIth us a willie 
longer, and which are new 

The 1930 lectures by dlstmgUlshed scholars were mtended to 
enhance the prestige of two then-young mstItutlOns-the 
USDA Graduate School and the Bureau of 'Agncultural 
EconomIcs (BAF:) Both have sUl'Vlved-the former mtact, the 
latter Imperfectly In a senes of reorganiZatIOns 1 

The Four Speakers 

The four speakers were truly distInguIshed E B WIlson was 
preSident of the SOCial Science Research Council John R 
Commons was the renowned InstitutIonal economist at the 
Umverslty of WlSconsm, aging, but sllll a firebrand John D 
Black, after moving from the Umverslty of MInnesota, had 
achIeved emmence at Harvard The younger Frank H Kmght 
was on hiS way to economic fame at the Umverslty of 
ChICago In the late th,rt,es Black was a frequent USDA 
lecturer, the others were rarer guests of the Department 

Students of economIc thought wIll remember that m 1930 
classlCal and neoclassical Ideas nvaled for acceptance 
Chamberhn and Robinson had not yet pubhshed their 
theones of monopolistic and Imperfect competition, and 
J M Keynes was an obscure Enghshman deeply Involved In 
denYing that Germany could or should pay World War I 
reparatIons 

Also, at the tIme of the USDA lectures, only 6 months had 
elapsed SInce the stock market crash, unemployed people had 
scarcely begun to sell apples for a nickel on City sidewalks, 
and the Impendmg Great DepressIOn was not on these four 
scholars'mmds Worth noting With whimsy, however, IS the 
forgotten fact that the late twenties were supposed to usher 
In a New Era What an era It (the thirtIes) turned out to be' 

*The reviewer IS a professor In the Department of Agricul
tural Economics, University of l\llssoun-ColumbIR 

BAE was the founding agency of the current Economics 
and StatIstics Service (ESS) 

Furthermore, contemporary events were largely neglected 
Three speakers, sensitized to the needs of the nascent BAE, 
addressed the nature of sCience and the sCientIfic method 
Frank Knight was more Interested In human nature As 
economic events revolve around the behavior of human 
bemgs, saId KnIght, those bIpeds are the proper target of 
analySIs 

The Four Research Approaches 

Amazingly, the speakers offered the new BAE no heady 
opllmlSm They were chary about applYing the sCIentIfic 
method to econonuc data Ironically, thiS viewpoInt was the 
only consensus among them The four shared few common 
Idioms Wilson, m fact, began by saymg that the bIggest 
problem IS defimtlOn Imphcltly, the other three cqrrobo 
rated, as each did hiS own definItional "thmg " (Is there com 
mon language m economICs today? Probably not) 

Perhaps the best cOinage IS to classify the four sCientists' Ideas 
for research proposals as (1) InslltutlOnal, (2) mathematIcal, 
(?) StatIStIcal, and (4) qualItatIve DlVldmg the mathemallcal 
and statIstICal may seem strange to us but a dlstmctIon was 
made, notably by, Wilson Presumably mathe,mallcal IS the 
genenc concept, and StatlStIcallS a speCific apphcatlon 

For what must have been the 99th tIme, John R Commons 
restated hiS mstltutlonaJ theSIS He then stood by, awrutmg 
attack-whIch came LIke Kmght, Commons began WIth an 
evaluatIOn of human nature, which he then converted to a 
denunCiatIOn of the premises of classical economics Human 
bemgs are,lrratlOnal and selfish There IS no "preordamed 
harmony of mdlVldual mterests" as Adam Smith supposed 
Moreover, as early as 1798, Mathus had "attempted to dis 
IllUSIOn the economists" who saw man as ratIonal Man "IS a 
bemg of passIOn, stupidity, and JustificatIOn" Therefore, 
the only recourse IS to accept "concerted action In control 
of Indlvldual actton," the essence of mstItutlOnalism 

John D Black, who had studIed at WiSCOnSIn, treated the 
Ideas of Commons gIngerly, but negatively They never go 
beyond "qualitative terms," he complained Frank Kmght 
was less hltmg In fact, "there Is~much Justification for an 
'institutIOnal' approac]1 " But KnIght believed It would 
take us only a httle way toward analytIcal discreteness 
(Knight doubted very much else would, as noted below) 

In 1930 BAE economists were expenmentmg With mathe
matIcal tools m general and stahstILal analysIs In particular 
DespIte the prommence already earned by Mordecai EzehIel 
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and Elmer Workmg In correlatIon techniques, the fOUT_ 

speakers were less than enthusiastic S3.ld Wilson, "The mathe
matical method IS not yet through In economics but It IS 

hkely largely to remam the work of a small fractIOn of stu
dents of economics" Commons vouchsafed only a qwck 
satmcal comment economists, like phYSICiSts, he alleged, are 
becoming aruoous that theIr sCience may be "resolved mto 
nothIng but pure mathematiCs We are beIng enticed Into 
pure number" Black endorsed all quantrtattve studies, then 
regretted that data are usually madequate 

Knight, Wilson, and Commons shared distrust of statistiCal 
techniques, and for slmuar reasons Knight, the philosopher
economlSt, was by far the most eloquent He declared as hIS 
mwn theme "the contrast In character and method between 
the natural sCiences and those whl<;.h deal Wlth man In 

society .. Further, "The root of the difficulty In regard to 
explammg and controlling human bemgs IS the fact that the 
explamers and controllers are lIkeWise human beings" Wilson 
was sure "penodogram" analysIs could be apphed to the stars 
but feared economic phenomena were not that dependable 
"TIme senes are treacherous" 

Kmght cIted WIth approval the RanlIan VISIon of a conflIct 
between "the mechanIcal and ethical VIew of human nature" 
Also engagIng, but too mvolved for futher comment here, 
are Knight's notes on the "problematiC" In human affalIs 
In human behaVior, "the ends of actIOn are problematic In 

about as,great a degree as the means" (Then what can be 
trealed as gIven, as exogenous? we could ask ) 

Not surprisingly, Knight concludes that econOmIC analYSIS IS 
more an art than a SCience, and "we should learn from the 
way In whIch the arts are learned and taught rather than 
from physlcaJ sCience and engmeenng techmque " 

WIth regard to qualItatIve approaches m general, the four 
scholars were respectful Kmght stressed "meamng" m eco
nomic events Black ticked off genetics (essentI3.Ily hlstoncal), 
case study, and other methods, all approVIngly But Black 
turned sardOnIC when he complained that even qualitative 
analysIs has pItfalls because "very few economists know 
about logic" 

The four essays are prosmc m places, yet sparkle WIth occa
sional gems Dunng the seventies, economic thought suffered 
a blow as mflatlOn undercut the deficlency-of-purchasmg· 
power Ideas that were aJegacy of the Great DepreSSion and a 
mamstay of KeynesIan thought (Now the popular slogan IS 
supply-side economics or remdustnalizatIon ) It ls,.therefore, 
SIgnIficant that Commons, always preSCIent, anlIclpated the. 
purchasmg power theme as early as February 1930 HIs sharp 
lOgIC IS engagIng It was dIscovered dunng the break m farm 
commodIty pnces after World War I, he observed, that "not 
food was scarce, but purchasing power " Moreover, 
"purchasmg power IS an InstitutIOn Food IS a commodity " 

The Commons doctnne that still carnes a punch today IS that 
the courts are the most mfluentlal economic institUtiOns, the 
Supreme Court above all Commons mSlsts that the Supreme 
Court "has In Its hands the exercise of two powers of sover
eignty the mandatory and the injunctive power" But 
among mstltullons classed as fairly new m 1930, "the most 
powerful" was "doubtless the Federal Reserve System" 

The final VIgnette IS a Ime from Wilson, who complamed that 
economic analysIs IS made difficult because nothIng stays 
put Doubtless WIth tongue m cheek he suggested that what 
was needed was "3 prolonged penod of rehbve stagnation 
[as It 1mIght help toward the dIscovery of some economIc 
laws " Yet he could !lot stay With It, he added a caveat 
that such an expenence mIght tempt "to a feeling of secunty 
wlth'lts meVitable resultmg dogmatism" 

That note InVIteS 50-year updatIng Whatever else may be srud 
about the ensumg half.century, It has not been one of con
stancy Not dogma, but disputatIOn, surely marks economic 
theory today Perhaps, despite WIlson's fears, we too would 
lIke a breathmg space of stabIlity, we mIght get our theollzmg 
In some degree of order 

Wluch of the Issues of 1930 have proved lastmg, perenmal? 
POSSibly, Just pOSSibly, we have a httle more faith In analytical 
techmque than the four authors expressed In 1930 None
theless, conceptualizatIOn of the sCientific method and Its 
appllcablhty m a field where human behaVIor plays so 
Instrumental a role are surely mtermmable Issues Is econom
ICS a sCience? Not a few scholars stili ask 
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Analysis of Economic Time Series: 
A Synthesis 

Marc Nerlove, DavId M. Grether, and Jose L. Carvalho, 
New York: AcademIc Press, 1979. 480 pp. $29.50 

Reviewed by Robert V. Bishop' 

A question that comes ImmedIately to mind when one reads 
thIS text IS "For whom was It wntten?" The Ideas that the 
authors have collected from many sources and have surveyed 
here are of tremendous Importance to applied researchers, 
but theIr eXpositIOn-WIth Its emphasis on spectral methods
IS probably qUite unfamiliar to many members of this large 
potentIal aucitence For those famIlIar wIth spectral analysIs 
and the methodology of tIme senes analysIs as developed by 
Box and Jenkins (1), I this book proVIdes an excellent 
(although often challengmg) text For others, It IS probably 
not very useful 

The chapters vary 10 readabilIty, some are qUIte lUCId, whIle 
others are obtuse However, all are relevant for economic Ie· 
searchers and present Important consideratIOns for tillS group 
to ponder 

The authors begm WIth a brIef, but mterestmg, hlstoncal 
descnptlon, recalling the development of the conceptual 
framework and empmca1 methodologIes from whIch re
searchers may model unobserved components m economIC 
data The decomposItion of an observed data serIes mto Its 
trend, cyclical, seasonal, and IIregular "unobserved" com
ponents IS far from bemg new to economists, however, Its 
rIch, though controversl31, history proVIdes mterestmg 
readmg 

The authors mtroduce spectral analysIs of a sIngle time senes 
early m theIr text and present citfferent hypotheltcal spectral 
denSity functlOns,2 theIr matenalls qwte techmcal, and they 
proVIde two appencitxes to help the reader AppendIX B, 
"Some ReqUISite Theory of FunctIOns of a Complex Van
able," reVIews the elements of the theory of complex van
ables, and appendIx C prOVIdes "IntUitive" InSIght mto the 
Foun"r transform Much of the text IS devoted to usmg 
spectral techniques to examIne data In the frequency domam 
Therefore, an understanding of thiS material IS essential If 
one IS to benefit from thiS sectIOn, or even from the re
mamder of the text 

The authors prOVIde a number of mnovatlve extensIOns of 
the tIme senes methodology suggested by Box and Jenkms (I), 
usmg the "frequency domaIn" as a vehIcle for "IdentifYIng" 

*The reviewer IS an econometriCian with Hershey Foods 
CorporatIOn, he was formerly an economist with the Inter
natIOnal Economics DIVISIOn, ESS 

ItaliCized numbers In parentheses refer to Items In the 
references at the end of thiS review 

} The spectral denSity function IS the Fourier transform 
(descnbed In appendiX C) of the autocorrelatIon functIOn of 
the variable under test 

or, as the authors prefer, "formulating" the appropnate 
orders of the movmg-average and/or autoregressive compo
nents that charactenze the senes be10g tested Therr discus
sion IS extremely helpful as thiS "formulatIOn" IS not at all 
straightforward In the time domam when the appropnate 
model IS of a mIxed, autoregreSSIve, mOVlng·average (ARMA) 
charactenzatlOn 

They give considerable attentIon to the "correctIOn" of data 
to remove seasonalIty They bUIld on earlter studIes (2, 4), 
and their analysIs IS relevant for anyone wh'o uses economic 
data They note the essential consideratIOns, which researchers 
confront when they must choose between "raw" unadjusted 
or seasonally adjusted data (such as that transfonned by the 
Bureau of the Census X·ll procedure) One example of the 
problem a researcher mIght face when USing adjusted data IS 
the case of overadJustment-that IS, when the senes has too 
much of the "seasonal" component extracted One can view 
thiS as the exceSSive removal of power at the seasonal fre
quencies, thus result10g In "dIps" In the power spectrum at 
those frequencies The authors note that 

While thiS was not regarded as espeCially senous 
In and of Itself, corresponcitng to the citps, there 
must eXIst intermediate peaks at frequenCies be
tween the seasonal ones Such peaks, If large 
enough, might Induce spunous fluctuations 10 
the adjusted senes-a dlsturbmg POSSibilIty 
(p 150) 

A paper by Wallts (6), not referenced by the authors, de· 
scnbes thIS overad]ustment problem m the time domam as 
resultmg m negative autocorrelatIOn m the regression reSiduals 
of an order detennIned by the penod of the seasonal com· 
ponent that has been "removed" (that IS, removing seasonality 
In quarterly data often leads to negahve fourth·order auto· 
correlation m the reSiduals) The authors report a result from 
Netthelm (5) that descnbes a case In whIch tummg pomts 10 

a senes which had undergone a correction for "overadJust
ment" differed by as much as 2 to 3 months from those In 

the seasonally overadJusted series They offer several Ideas 
on seasonal adjustment, but obVIously much work remaInS to 
be done before an "optimal" seasonal adjustment mechamsm 
can be defined ' 

Later they descrtbe the fonnulatlOn of citstnbuted lag models 
m the follow1Og manner 

The extent and vanety of tOPICS to which dIs· 
t!lbuted·lag analysIs has been applIed m empmcal 
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economics IS astoundmg, but what IS more re
markable IS the vutuallack of theoretIcal JustIfi
catIOn for the lag structures supenmposed on 
basICally StatIC models ThIs extraordmary neglect 
of the dynamic underpmnlngs of the models 
actually fitted to the data IS what Onhches (3, 
P 42) has called "theoretICal ad-hockery" 
(p 291) 

I beheve that their comment IS qUIte appropnate and ex
presses one of the maJor problems currently faced by eco
nomic model builders It addresses the necessity of movmg 
away from contnved lag-structures, which are often specIfied 
only to proVide values needed for "future" nght hand Side 
variables so an "econometnc" model Will "solve" for some 
forecasted penod, and of mOVing toward a recogmtIon of the 
way In which expectatIons are actually formed To thIS end, 
the authors bnefly descnbe several early "expectatIOns" 
models""1luch as the cobweb model, the extrapolatIve ex 
pectatlOns model, and the adaptive expectatIOns model 
These early models contrast With the rational expectatIOns 
model, which currently permeates much of the technical 
economiC hterature They define rational expectations as 
"expectatIOns or forecasts (that) are Simply the condi
tIOnal expectations of the variable being forecast, based on 
all observatIOns of It and related van abies up to the tIme of 
the forecast" (p 292) They develop the concept of quasl
rational expectatIOns (which anse when anticipated en
dogenous vanables are replaced by forecast varIables), and 
they demonstrate ways In which these might be generated 

One area the authors do not address IS the concept of Oranger 
Causality I mention this omiSSIOn because most tests of the 
rational expectations hypotheSIS are denved from this Im

portant methodology It IS thus a senous oversIght 

The authors conclude their text With a time senes model for 
the U S_ cattle mdustry that mtroduces an obJecllve functIOn 
whtch IS maxImIzed over tIme ComputatIOnal dlfficuilles 
With this approach restnct Its appiJcatlon, but It appears to 
be a promISing area 

The book offers much to the researcher who has some back
ground In sophistIcated tlme series modeling and spectral 
analYSIS, and It serves as an excellent reference text In that 
field It mIght be a good supplemental text for an advanced 
econometncs course, and the IndIVidual who works through 
It may gam conSIderable InsIght Into many of the problems 
that have plagued economic researchers for decades 
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The Planning of Investment Programs 
in the Fertilizer Industry 

Armeane M. Choksl, Alexander Meeraus, and Ardy J. Stout)esdIJk. BaltImore: 
Johns Hopkms Umverslty Press, 1980. 333 pp. $16.95 (cloth), $6.95 (paper) 

Reviewed by Robert B. Rovmsky and David A. Torgerson' 

Several years ago, the Wond Bank began producmg pubhca· 
bans det.aJlJng several of theIr plannmg methodologIes and 
apphcatlons ThIS volume, by three staff economists at the 
Bank, IS one of a series that deals With the use of mathemat· 
ICal programmmg In Investment analysIs Its methodology 
closely follows that adopted ID the first volume of the senes 
(The Plannmg of Industnaiinvestment Programs A Method
ology by D A Kendrick and A J StoutJesdJJk), and bUilds a 
standard, meruum-slzed, hnear programmmg model deSigned 
to analyze and plan fertlhzer mvestment strategIes We have 
senous reservations about the content, style, policy recom
mel1datlOns, and general usefulness of thiS book, yet, we 
think It deserves careful attention and raJses Important 
questions about the proper use of analytical methods In 

agncultural plannmg and development 

Its contents are standard and straightforward The authors 
take a well-known methodology (hnear programmmg) and 
apply It to a common problem (mdustrlal mvestment) m a 
general development context (agrIcultural and planmng and 
fertilIzer use) The authors focus on a particular example 
(EgyptIan fertlhzer productIOn) of mterest to the World 
Bank In addItion to the theoretical equatIOns of a lmear 
model, theIr book containS many tabulations and mterpre
tatlOns useful to both planners and pohcymakers unfamIlIar 
WIth hnear programmmg 

The authors carefully document theIr equatIOns and assump
tIOns In the first part, they present a clear and nontechnIcal 
introduction to the chemIcal fertilizer mdustry and to theIr 
methodology Separate chapters descnbe the productIon 
processes of phosphatIC, potassiC, mtrogenous, and multi
nutnent fertlhzers, theIr mvestment planmng model, and 
assOCIated hnear programmmg tableaux 

In the second part, they apply theIr methodology to the 
Egyptian fertilizer sector They focus on exogenous factors, 
such as demand, Imports, and pnces, they descnbe their 1975 
model and give two solutlOns-a base solutIOn and one which 
mcludes mterplant shIpments under a full-capaCIty policy 

In the final chapters, the authors extend theIr 1975 model to 
a medIUm-term, dynamiC planmng model of the EgyptIan 
fertlhzer sector They use theIr base solutIOn to denve polIcy 
conclusIOns concermng plant development ID the areas of the 
Suez Canal and Aswan Dam An appendiX lIsts the computer 
mput and reference data for the EgyptIan modeJ 

*ROVlOSky IS an operatJons research analyst With the Data 
Services Center, ESS, and Torgerson IS an agricultural eco
nomist WIth the National Economics DIVISion, ESS 

The book has several pOSSible audiences It Will appeal to 
economISts and agnculturahsts looking for a practical mtro
ductlOn to linear programmg, as well as to operations re
searchers and applIed mathematiCians lookmg for new ap
plicatIOns for thiS techmque The wntmg, while somewhat 
dry and pedantiC, IS SUCCIDct We round the mdex, appen
dixes, and COpiOUS tables of great assistance 

Nonetheless, we found the book Incomplete In many respects 
and dIfficult to categOrIZe Although It IS presented as a text
book, we were forced to conclude th~t It IS essentially a 
consultant's report We found no biblIography, no hlstoncal 
background, and no conSideration of alternative methods It 
presents no clear ratIOnale for consldenng the fertIlizer 
Investment problems, the particular example of the Egyptian 
sector, or the chOice of solutIOn We assume the World Bank 
had an Interest In the project, although Its purposes are no
where referred to In the text Unlike many Similar develop
ment or plannmg stUdies, the report never questIOns methods, 
chOices, and assumptIOns 

And yet, It IS precisely the InterrelatIOnships of contllctmg 
objectIves and the necesSIty of carefully choosmg a method
ology m full knowledge of Its flaws and premISes that constI
tute the real work of development economiCS and plannmg 
Although the book mcludes a short mtroductlOn to the 
Egyptian fertilIzer Industry III 1975, It describes neIther the 
role of the Egyptlans-none of whom IS even mentlOned
nor the model's ultimate value, If any, to Egypt or to the 
World Bank 

ThIS study has limitatIOns from our analytical VIeWpOInt, 
even If one accepts the appropnateness of a lInear program
Ing process model of the fertlhzer mdustry As a consultant's 
report, the work IS fla wed by Its apparent blmd ness to the 
larger policy context and other economic constramts Fo~ 

example, the objective functIOn of the model IS essentially 
to minimiZe plant nutnent costs But, IS It deSirable for 
Egypt to be totally self-suffiCIent m fertlhzer (as IS Imphcltly 
assumed)? Can one legitimately advocate the further con
structIon or expansIOn of fertIlizer plants when other projects 
compete for scarce capital resources? The book does not 
address the needs of planners In capItal-constraIned countnes 
such as Egypt who must choose among projects WIth POSitive 
benefit/cost ratios 

Furthermore, we find the author's assumptIOns and modeling 
work suffers from a stnular myopia 'flle authors seem to 
suggest that all plannIng deCISIons can be made from hnear 
programIng However, there are many useful alternatIves to 
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linear programmmg, most of which can be explamed In a 
strill.ghtforward manner, the hterature In plannmg and de
velopment IS filled with such methods and decIsions criterIa 
More Important, the authors need to explain the economic 
8SSumptlOns and the limitations of lInear programming to 
readers, especially thos~e who are planners and pohcymakers 
WIth little formal trammg lll'agncultural econoJIlIcs or opera
tIOns research 

We question whether several of the authors' pohcy conclu
SIons are fully supported by thell model For example, they 
,conclude that 5 mllhon Egyptian pounds mIght be saved If 
farme~ SWitched from traditional fertilIzer to urea, and they 
suggest that an expendIture up to thIS amount should be 
made on educatIOn ex.tenslon and demonstration plots How
ever, thiS recommendation ImplICitly assumes, contrary to 
known development experience, that all farmers have a 
SimIlar profitmakmg Illcentlverfor usmg urea The authors 
also recommend the addition of ammOnia capacity In the 
Suez, rather than Its productIOn In Helwan ThiS conclUSIOn 

assumes a stable transportatIOn network With current umt 
costs and disregards thell earlier demonstration of the model's 
sensltlV1ty to changes In the transportatIOn structure It 
would have been relatively easy to conduct a parametnc 
analysIs which would conSJderably strengthen theIr advocacy 
of such a major decIsIOn 

How can these studIes be used? We beheve thIS text would 
proVIde excellent supplementary readIng or be useful as a case
book for any extensive course 10 agncultural development 
It ~- a far more acceSSible and representative example of 
World Bank modehng actIVIty than many larger projects, and 
It might stimulate thoughtful classroom d!SCUSSIOI!S It could 
also serve as a "cook-book" for planners Interested m applymg 
linear programming Here we should mentIon one of the well
known strengths ofhnear programmmg work ...... ts strong focus 
on data needs, an element which the book handJes well 
Fmally, the chapters on fertilizer technology and basiC linear 
modeling are extremely well wntten 

In Earlier Issues 

Only through careful study of past changes can [agrIcultural 
economists1 understand the relative slgruticance of the~forces 
that brought them about and only WIth such understandmg 
can they do a reasonably good Job of forecastmg future 
changes 

Marguerite C Burk and Martin J Gerro 
Vol 6, No 2, Apr 1954, p 33 
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