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ABSTRACT
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DISEQUILIBRIUM MODELS AND SWITCHING REGRESSIONS:

v

, A SURVEY AND- A CASE STUDY . )
[ - /

$ Michel Mamalingas

'This thesis analyzes several econometric techniques for

1dealing with switching regressions and disequilibrium models.
Formulations designed to produce maximum likelihood estimates
as well as other approacheg are examined, The particulari-
ties and similarities among these techniques, are pointed out
and the underlying assu&ptions are discussed. The ;fplica-
tions and results related to these metﬁods are compared and

’
evaluated. The estimation of an inter-city tra§e1 demand

for passenger as a specific application of the disequilibrium

techniques is then proposed.
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RESUME ’ . ) .

"

Plusieurs techniques &conomdtriques pour estimer les r&gres-

sions 2 changément de régimes gt"les modeles de déséquilibre.”
sont analysées dans cette thése., Les formulations destinées

a pfoduire, des estimations par ia méthode du maximum de
vr‘a:}sse\nblance ainsi que d'autres approcheé sont examin&es.

Nous prenons soin de relever les particul'arités et simili-
tudes'parmi' ces .techniques et ;'en discuter les hypothéses
s:'ous.-jqcentes. Nous don.nons augsi une cOmpat:aison et une g
évaluation des applications et ré&sultats reliés 3 ces
méthodes. Nous proposons ensuite une estlimation de la de-
mande inter-ville de transport de passager en tant qu'appli- .

cation particuliére des techniques d'estimation des mpdé&les

de déséquilibre. \¢
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CHAPYER I
i t i -
A INTRODUCTION

o v a

The idea "that markets may not clear, that is, may per-
sist  in a state of dise uilib*rm. has recently been consi-

dered as a central part Rf one reinterpretation of Keynes' -

theory. This; .suggests an inquiry on the possibilities of

testing empirically these "new" theories, and vhether it is

possible to derive econometric methods which will be compa-

tible with the new disequilibrium concepts. Until recently,

‘most of the estimation of market demand and supply models v

has been carried out on the assumption thgt the market clears
- . R ~

in each time period. The market model is thus usually for-

’ mylated as . v
. .
(1.1) . Demand Equation: 1)'t =D (P, x;,) u?,: & 1,00e,T )
(1.2) Supply Equation: SE' =5 (P, x,) + ug,t = 10T
(1.3) Market Equilibrium Equation: Yt =D, = St t=1,.40,T

wh(ere D stands for demand, S stands for supply and Y is the

) quantity transacted in the market, Disequilibriux{ models ¢

assume that (1.3) does not hold fdr some t (t = 1,...,T).The
crucial assumption of the equilibrium models that prices

adjust each period tc-) equate demand and supply is therefore >

{ - y
relaxed. A disequilibrium model of a market is more general

5




. - ¥
in that it .assumes every observation on the quantity traded - °
in the market is generated either by the demand regime or. . -B

3

the supply regimeygr both. Any s{écification or estimatiom - -
’ &

., techniques developed for models of matkets in disequilibrium
»

should also allow the testing of whether the system is in
[/ . .

¢ ! . ) . - ¢ : T
fact out of equilibrium and in that respect “such metbpds are :

more general than existing equilibrium approaches, whfch,do

not alldw this posaibiiity. When demand and supply: are not
" Al
N . . .
in equilibrium it is @assuméd that the "short side" of the
4 J \ ' "

market dominates (see Figure 1), i.e.

o

(1.4) y

{ = min (Dt’ St) . , o
\ ' . . p
p | . , oy
S ' -Figure |
A ‘ i R N ;~\
Vd ’
po fe = o= - | ’ ~ Y
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Although equation (l.4) has certain shortcomings (see
Solow and Stiglitz (1968) ) it is considered a reasonable
descrigtion of the functioning of actusal markets. A closed

disequilibrium model is therefore 'defined as consisting of

equations (1.1), (1.2) and (1.4). Thé equilibrium point B

1

is denoted (F, ¥). 1If price is currently Po the quantity . .
r o transacted Yo is the resulting transacted qiantity, deter-
. f;'\;f’.’ ' ) f
Y f £ N >
LIS
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.either P, orp

imined by the quantity people wish to buy at this high price,

LY v

- rathet than the larget quantity p;:oducers wish- to sell., The

shaded locus ABC is the "short 8ide” of 5he market, the locus

[N

of trangacted quantities corresponding to the range of prices,
2 ~ .
The whole idea behind this madel is ‘that consumers cannot be

>
e

a

Py . ' .
sold more than they want, and that not more can be sold tha
> y ’ 7 . . r—/ﬂ {‘;

©

is produced. As illustrated in Figure 1, unlike the one-to-
one refationships, the inverse mapping from y to p does not

have a single value, y_ for instance may be associa®ed with

' and that causes estimation difficulties

¢

which are extensiﬁvely discussed in Chapter 3.

'

If data wvere available on botb the quantity demanded .

;nd theiquantity supplied (and the exogenous variable, of
course), then the estimation of the‘parametzers of the demana
. o T
and supply schedules within a diseqpilibrium'framework would
present na new problems; both equatnions:”can be estimat;d

separately using familiar estimation techniques. It is nor-

,m’alli the case that data is available only on the quantity

traded so fthat the use of conventional techniques will in-
Y .

"duce inconsistent parameter estimagtes. Thus, the quantities
traded and obs/grved may. either belong to the demajnd regime

o
~or the supply;’régime and it is usually unknown, a priori,

’ N ~
under which.regime the data is generated. A readily avail-

L3




T

'

able indicator of the applicable regime might be thelchange

-~

in prices.- Standard estimation techniques appropriate for

oo "
equildbrium models in estimating disequilibrium models yield-

)
inconsistent parameter estimates.

Any realistic specification for quaq?ities in. disequi~
libriam ﬁ;y have .,to be highly nonlinear and in that respect
“.a topic closély related to disequilibrium models is that of
. , s p
switching regressions., It may sometimes be reasonable to

assuge‘lhat the data on the dependent variabfe is generated

by two separate regimes. Thus, instqﬁd of working with the

familiar linear model of the form ) < )
(1"5) ' lz“f E i C .
. Ve h=y B *he Y Upr B2 DeeeosT

- it may be plaugible to agsume that a subset Il of the T ob-

- P
sérvations on y, came from a regime,
. i k" v
(1.6) y, = I x + u

8
£ "po, Pin Tne

1er eI \

»
o

and the'complementary subset I, of the observations, came

from a regime \\ ) ) o
A J v "
N k N
(1\7) yt ‘Bhfl Bzh xht + uzt’ t € 12 . : ‘ .

-~ v

If observations on Y, are éhought to have been generated iﬁ
this way, then it is an example of switching regressions.
y ‘ ) .

Note that (1.6) and (1.7) are very general formulatidms in
. ' e >
which vari;ﬁies can be madegspecific to either regime by
/// d e -

P et

y
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setting their coefficients in the othera%egimeuequal to
zero.) We may also consider regressigv’models in which the -

parameters do not have fixed values. "Such parameter varia=-
. v M .

AP e : s 4 : K

(tions could arise if the econometric relationships we esti~

mate are derived from the maximization (pinimization) be-*
havior of economic agents involving some policy variables. co

In that case, the economic agents would be taking these

3
1

policy variables into accdﬁzz\in their decisions and hence -

0y

the variables would be entering the model as determinants

2 kAt S ekt

of the parameters., In general, parameter variations might
. .

change the standard model by ailowing for an infinite num~

ber of possible parameter values., But it.is alsp possible |
that the number of parameter changes, is finite in which cas»

we may call each possible state of the parameter vector re- \\\\<

a

g inme, in time series applications these regimes mgy be as-
- - ‘
sociated with thelstate of the business cycle; In cross~
section studies different regimes may be sifd to hold for
behavior unigg with diffgrent charJ:feristics (esg+, income,
-

sex)., Ip'eich case the switch among regigzs may occur as
the result of either deterministic phenomenon or some ranﬁbm
mechanisms., A variety. of techniques may be applied to such
switching regressions either to estimate the different set;*‘
of parameters or. to test the hypothesia that no switch took

A :
place.
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\Tﬁe problem of switching regressions was fifst studied
by Quandt (1958) who con?f{ered the éase of d.single switch )
between two regimes. It was only recently that. the more \““.LA“
geﬁeral problem of multiple sgitching between regimes re-
.ceived attention. The exXtension in this direction is pri-
marily due to Quandt (1972, 1975) and Goldfeld and Quandt
(1972, 1973, 1976), but it was influenced by a papér by Fair
I)and Jaffee (1972), in which it was pointed out perhaps/for
the Sfirst time, that estimation of demamd and supply schedu-~
les in disequilibrium was an ex;énsion of a single switch/to
a multi-switch‘regression problem, The importaﬁée of the
P . -
Fair, and Jaffee paper, however, lies in its seminal contri-
butiog to the eftimation of qisequilibrium models. It has
inspired an interest in the subject which was v;ry long over-
Que. Many important contributions have now been made in this
area, notable among them is a paper by Maddala and, Nelson
(1974). These improved estimation techniques have been ap‘jN‘ *
plied to actual or e#perimental data by Fair and Jaffee (1972), }
Maddala and Nelson (1974), Goldfeld.and 6uandt (1975), Rosen w
and Quandt (1978), Laffont and Garcia (l977),land Portes and
Winter (1980).° iy
The purpose of this study is first to surQey the estima-
tion techniques for switching regressions a;d diéqguilibriwm t{’

models and discuss some applied\ybrk with disequilibrium

models.: Secondly, we propose to use the disequilibrium

\/.
"
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d ' . -
approach to eétimatq an inter~city travel demand for pas~-
sengér under the fixed supply assumption. Study of the

fixed supply case is of ‘interest because despite its.inher-
Pply 1

ent simplicity, it suffices\ﬁo capture most of the impor-
< ' 4

tant features of the disequilibrium estimation prgblems.
, @ In Cﬁapterlz we outline the techniques foy eafimatingg
}

\ - * .
switching regressions. 1In Chapter 3 disequilibrium models
. ¥
and their estimation are discussed. Chapter 4 is on the

~

,applications of various disequilibrium estimation techni-

.

ques to actual or exBerimental data. Chapter 5—~deals with

\

disequilibrium dgmand for pass@nger transpérta General
AT ‘

“
»

conclusions are drawn in Chapter 6. ‘ '

-

N\
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CHAPTER "2
< - ~
" l . . M
: TECHNIQUES FOR'ESTIMATING

SWITCHING REGRESSIONS

a
r
A

One of the earliest contributions on the spbjéct of
switching regressions iskby Quandt (1958)., He considers
the cas;fof a once-and-for-all'shift from regime | to regime
2 and propéses a maximum likelihood méthod for the estima~
tion of the parameters in the two regimes. Fair and Jaffee
(1972) and Goldfeld and Quandt (1973) discuss further modi-
fication of this switching regression model to cases wherg
there is a continuous switahing back and forth., Goldfeld
and Quandt also consider deterministic and stochastic
switching models and a model which is a mixture of two nor-
mal distributions. They suggest egstimating this model
under the assumption ;hat the residuals have a common vari-
ance. But problems arise when no a priori information is
availabie concerning the Yariance of a normal mixture.

¢

Quandt and Ri&sey (1978) hayﬁ)proposed a method known as the
4

moment generating function (mgf) method for estimating such

switching regression modelsy We start first by outlining %

Quandt's method and then go om to diécﬁss the more recent

contributions.

N

'/ﬂfggﬁﬁ Switch Among Regimes

, 6

-

-

Consider relationships of the form (1.6) and (1.7) which -
. o ’ ’

‘\. -
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for notational convenience are rewritten as:
’ ¢ ’ '
L] R * v
(?.I) y; = % ﬁl +ug, ig I
' L
(2.2) L ¥ xRy + oy, ie I, ‘
E 4
where x.' = (x,.: o+e¥..) is the vector of observations' at
) i 11 7 "7k &
N L)

time i,.I1 and 12~are thf sets of indices for which the two

J .
different regression equations hold and B ™ (Bhl ...Qhk)
* ’,

h-= 1,2 is the vector of unknown coefficients,” It is assumed

‘ .

~
that uli‘and/uzi‘are distributed normally with mean zero and
2 . 2 - .
variancges 0, and oy respectively; the error terms are also__

assumed .to be distributed independentl& of each® other and
their own lagged valyes.

- . - /

A single switch problem is considered where the first t

. i

.observations ‘are generated by equation (2.1) and the last

A

T-t by equation‘(Z.Z). The problem is to estimate B ,B2 and

4

t, where t is the point at which the system switches from

one regime to another.
I .
~Quandt suggests a maximum likelihood method for estima-

1

- .
tion of parameters and the switching point., The density of

Y -

&he\obsérvabie random variable y is obtained fromthe density

of the errof terms. The first t observations on y are dis- -

<

tributed normally with mean xi'gl and variance 012 and the

last T-t observations are normally distributed with mean
j+ 4

Iz
+

xilBZ afiid variance 022. The likelihood function for the en-

tife sample is. therefore , ‘

-
I3




(2.3) 1 .
Y o, YT o, . B CTIE I

L =(

-1 g\ , ,
2 y.~-x.'8,) ]
A2°2 imts} 1172

. \ S . L
Estimates Bl and 8, are obtained by maximizing the likeli-

hood function (or the V@g likelihood function) with respect

to the p?rametera. To obtain estimators 31 and gz'the like-

lihood functioﬁ”?grfirst maximiz¢d with respect to 9, and g,
nd the function is maximized

~

in- the resulting exXpressions

and dl” 02 are substituted out

with respect to 81 & 82. Then
~ "~

B] and 32 are substituted fo BI and B,. Substituting o, o

and 02 imto the log likelihdéod function provides the follow-

~

.

ing expression

- e A . ~
(2.4)  log L = -T log/vZT 4 log 6, - (1-t)10g 5 - %
. 2
'where t , <
2 (Y--x 'B ) \
\ 51 - i=] 1 /i T T L o_i=t+l
‘\ : 1 t 02 T ~ ¢t

\ (\\\- To obtain maximum likelihood estimate of t, differen-

{ (y -¥ 8,)2
i i "2

tiation techniques/are not useful since t is not continu-

ous. Quandt suggéststrying all posgible .values of t and
v ] ' \\. ’

0 /
\ selecting the value of t for which (2.4) is a maximum maxi-
N \ moram. ) / o
\ Fair and Jaffee (1972) have extended the above problem

\ to the case where the system switches back and forth a num-

3

\ber of times from one regime to another; the exact number

/ f switches being unknown. In total there are m observations
o s . [




" ‘i
3
generated by the first régime and n observations by the

second. Both m and n are unknown and m + n = T, 6 The demand
N -~

and supply equations (1.,1) and (1.2) can be considered as an

example of this multi-switch problem. For this problem an

v

expression analogous to (2.4) is given byy«

‘~

_ o+ n
O ] i

(2.5) log L = =(m + n) log/Zy -m log g, - n-log

»

The problem is to divide observations into regimes l‘End
2 and obtain correspondiﬁg estimates gl and gz such that théﬁ
log likelihood fknction (4.5) is a maximum. To obtain - maﬁiﬁ
mum of (2.5) all possible sample separations inéo regimes |
and 2 have to be tried.‘ There are 2T possible Qays of doing
this and therefore for any reasonable vaLué of T it will be
impossible to carry out all fhe calculations. 1In their study
of a disequilibrium model of the U.S. Housing market, Fair
and Jaffee (1972) tried a number of a{gofithms to implement

the likelihood method. Their attempts were not very fruitful

for none of their algorithmé seemed to lead to a global maxi-

mum. - . o
They conjecture that it may be due to a not well behaved

likelihood function and conclude, "Unless better algorithms

than thpse considered in this study can be found or unless

the likelihood function is better behaved;for other examples,

the maximum likelihood techniques does not appear fo be of

much practical use". We may note in passing that the authors

.
N B
\)/\/ »
.

o
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have claimed that the procedure outlined above proyides
consistent estimates. The proof to which they refer assumes
that the likelihogd function is derived f;oh independently
and identically distributed random variables. It is now
well known that since (Y{, Yz"'Y¥) are not identically
distributed, the usual properties ,6f maximum likelihood
estimators cannot be.invoked for estimacorg obtained by maxi- T
mizing a likelihood function of the form (2.3). As far as
we are aware the proof of consistency of estimators proposed
by Fair and Jaffee has not been rigorously,deriveds A pos- °
sible proof may follow along the lines of the comsistency
proof éuggested by Améﬁiya (1973) for MLE for regression
models when the dependent variable is normal but truncated i
to the left of . zero. Another proof is given by Kiefer (1978b), ]
We fee1~compe11ed to give here Ameﬁiya's proof since it is
one of the few attempts to derive consistency properties for
MLE for regression models. v ' v
Amemiya considers the regression model defined by: . )

L 4

(2.6) = x'8. + u, if the right hand side (RHS) is > 0
Ve t¥ ]

It
(2-7) = 0 if RHSS_O With t = l, 2,.|0T'

v~2
and u, is independent with.distribution § ( 0, ol). The

proﬁiem here is how to estimate Bl,anda; on the basis of
. Q .

observation (yl’ Ygserer Yp), ¢ should be noted here that

the model was first studied by Tobin (1958) who defined the i

“h
&

I)H

kS
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g * i
maximum likelihood estimator, or more precisely a root of the
normal equations and proposed an iterative procedure starting

“from a certain initial estimator. But Tobin did mot prove the

' conéistency and~ the asymptotic normality of the naximum like=

. lihood estimator he proposed and it appeared that the initial
: " 1
;estimator he propsed is not consistent. Amemiya assumes that

s

first © =(B, 02) and Bl - (Bl’ Gi). The parameter space 0 is
compact and does not contain the region 02<0 and contains an

open neighborhood of & . Second, x_ is unbounded and the em- :

pirical distribution function G, defined by G, (x) = j)n,
where j is the number of points X s XgeensXy less than or

equal to x converges to a distribution function (G). Third,
T “y

lim (=) z X, X, is positive definite,

T T t=1 . |

We can now define the likelihood function as - .

N

It ! I -
(2.8) L iel [l—F (th, 0'2)] iel Exp {__l__’(y _Bx )2}
! YZ1o 292t T L.
defined over 6 where g
. - ' 2
. th | _ % (\/o%) . “
F (Bx,_,0%) = [J : :
¢ > Tig e d\x and Il is the

subset (1, 2, ece, T) su;h that Yo = 0 for teii, and I, is ite

complement, Taking the logarithmaof the above likelihood

-

function we can easily get the first and second derivatives.

Furthermore, let-u*lt be the random variable with the density

. "
(2.9) h(\) - ! 7 (/o ))?

- e where _élxt'< A< @

It /2no]

F
= 0 ? e}sewhere

¢
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with Flt F (x tBl,.cl). Then we ﬁave

]
(2.10) Ye = X Bl + uqt for t € I

t 2

{
Therefore, tgg\éonditional moments of Yeo given téI2 can be

easily calculated from the moments of uﬁt and since Flt

never be nil by the second asauggtion, all the moments of

can

uﬁt are bounded uniformly in t. Then, by Aﬁemiya‘s four
‘ ' ®
lemmas, it follows that the normal equations BS%EE—E— - g vhere

O =(B 0'® have a strong consistent root. O is a root of the
normal equations if it is a solution of the normal equations

corresponding/to a local maximum of the logarithmf% function.

A o

. Thus 32103 L(Q) 1is a negative definite matrix. It is argued
00 #0°7 :
that the second and third assumption will practically ensure

thé asymptotic normality of the estimator. However, generally, :

the normal equationsg have multiple roots and it is difficult
in practice to know which is consistent. What if there 1is

more than one consistent root it will be impossible to attain

f

the convergence of the iteration of the global maximum, Yet
A
although we may attain convergence of the iteration algorithm

it is not guaranteed thgt- a root for the initial estimate is

consisteaept . .

We may also mention at this stage that the maximum \\

)

“)Note thataLogLaue non~-linear and a root of the normal
28
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equations can be found only by an iterative procedure,
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likelihood technique asgumes that any observation on the

1

dependent variable can be classified into regime 1 or regime
: —

2 but not in both. Sometimes prior information may be avail-

able which may suggest that certain observations are equili-

brium values, 1In this case‘thé appropriate model may have

to be reformulated to incorporate this information and a 1"
diffeiegt likelihood function derived. The problepofclassi-

fication of equilibrium observations will be taken up in ~

Chapter 4.

2 The Use of Extraneous Information

The method we have discussed above does not use extra- 1.

neous information to classify observations as demand points

7

or supply points. Such information is frequently availible

and it would be wasteful not to utilize such information.
) .
{

Goldfeld and Quandt (1972) have suggested a method of estima-

ting switching regressions using information on an extraneous .
variable Z. It is assumed that there is a cut-off point z,
- such that if Z <z the observations belong to regime | and

if 2> z, the observations belong to regime 2. The cut-off

point may be 'known a priori in which case estimation is
Al R - \ I
straightforward or it may be unknown, in which case it is a ,
»

parameter to be estimatéd from the data. As an example,

consider relating industrial profits to structural character- .
' ‘ " >
istics within the industry like barriers to entry, advertising,

Y
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the extent of import competition etc.l There ‘are reasons to
| \ N N

believe that for a cross section of industries this relation-_
°

ship is not linear; that profits are generated by two sepa-

rate regimes and that industries can bé classified into re-
. -
gime | or 2 depending upon whether tﬁey fall below or above
a critical level of an approprigtely defined concentraéion
ratio z Industries which fall below z, realize normél
competitive profits and those above it enjoy oligopo;ist
prof?ts. The reason why two reg&mes'are posited is the pre-
sumption that firms displa; qualitatively different behavior
as they realize the advantages of cooperation as against
competition. Sugp cooperatf&e behavior, however, iéfeasible
only after a critical concentration level is reached. The,
problem is to estimate the two regimes and the switching
point z . Many writers on the subject have worked with an

o .
arbitrary value of z, but it can be treated as-.a parameter

-

and estimated from the data using the procedure developed

, L]
- €

below. -

Define a variable D where D = o if Z < 2, and D = 1 if

ar

Z >z, . Then multiplying~(2.l) by (1 - Di).énd (2.2) by Dy

and adding.we obtain an-alternative expression for equation

— o

N

"(2.1) and (2.2),

K

’
B

lThis example is taken from L. J. White: '"Searching
for the Critical Industrial Concentration Ratio: An Appli-
cation of the 'Switching of Regimes' Technique", in Goldfeld
and Quandt (1976) Chapter 3. :

o~

s
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(2.11) v; - xi'[zl - Di) By + DiBZJ + (1 - Di) Uy Dy,

~

(2.13) log L = ~ I log 271~ x L
. 2 2 1.

: ‘ . - 17

~_=n

1 . L‘

1

A likelihood function for the sample can be derived

.. making precise assumptions on the error terms but since

values of D, are not known (because z, is not known a priori),

N -

any observation can take one of the two values, zero or omne.

There are 2T'poasib1e ways of dividing T observatjioms in
this way. It follows that maximization of the likelihood
fu;ction is beset with the same problems ;s mentioned in the
discussion.following (2.5). Fortunately in the present case
the problem can bewesolved by appfoximating the step func-

tion D(;i) by the cumulatiye normal integial

Z .
' i
F) ) . ’ 2 »
(2.12) D(z.,) = f 1.  Exp -z (= p) az
1 -0 77?-3 .[ 2 . 0 o

The step function and its approximation- are shown in

1

that we have made previously then the variance of the error
, \

2~ t2 N .
term in equation (2.11) is o, (1 -~ D.) + g, D.. The appro-
I i 2 "i

priate likelihood function is - // »
}

T “t2 Tk 2 2
 og ["1 (1-0, % + o} D, ]

T : - ' - 2
- % H {y; = x; [ (1 D.) By * Dy Bé] }
i=1 ) - p A

. U] (l Di) + 02 Di

s

Substituting D(zi) from (2,12) for D, in (2.13) and
’ 2 2 .

. waximizing with respedt to Bl"BZ’ Oy »0, » U and 0 provides

Figure 2, 1If we make the same assumptions on the errotr terms

1
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the maximum likelihood estimates. The estimate y would ‘im

» LY B
this case be an estimate of the cut-off point z  and

4 f v
would indicate the closeness of the approximation to the

*

step function.

It may be mentioned that the above method which we Y
Do

'will refer to as the D-method can be extended so that infor=~ .

mation on a set of variables (Zl...ZS) may be used to obtain
sample separation into regime 1 or 2. The“methgd can also
be extended to the case where switching takes place betWween

more than two regimes. } J ‘ ]

'} o >
' &
. ) Figure 2

We may note that the maximum likelihood method- sugges~

ot

ted by Quandt (1958) is a special case of the D-method where

the extraneous variable.is the time index i and the cut-off

point is t which is estimated from the data.l l : y,

-

N
This point is made in Goldfeld and Quandt (1973b).

-

.




The D-method relies on outside information to provide

»
T

parameter e§timates of demand and supply scheéulésa Sucﬂ
information may not always bée available and even.if avail-
able it may sometimes not be appropriate éo use ;Qf D- |
method; (we shall come back to this latter point soon),
, If it ;an“be assumed that nature selects regime | with pro-
bability X and regime 2 with probabilitf I = A, then it is
possible to obtain parameger'estimhtes without ‘using such
extraneous information. Quandt (1972) has proposed a ma%i-
mum likelihood method when such "an assumptién‘can be mﬁde.
The same assuhptions which allowed the derivation of
(2.3) are made about the error terms to derive the éondi-

th

tional density of the i Qbservatien of y conditional on

i and 12 ye

the set of indices for which the observations belong to

the values of the independe7t variables. Let I

regime ]| and 2 respectively. Let fi (yd xi)'be the condi=7
I

tional density when i € I, ‘and £, (yilxi) be the conditional

'/ density when i ¢ %Eﬁ then the conditional density for the 1 EB

- observation is
N -

(2.14) h(yilxi) £ (yil§i) Pr(ie I)+ £, @iwxi?Pr(ie'IZ)

1

1

Y . Exp [ -_1 (y; - x;'8,)2 ]
/ﬁdl 20,2
HE I I S R WS FRL LR PO A

' /f?bz //N } 2222
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The<1ike1ihood function for thejentire sample is

-

(2.15) L =li1‘ h(yilxi) , \
This function has to bé maximized with respect to By» By
ﬁ&,%, and A. We will call this method. As Quandt points
épt. the advantage of the kmethod over the D-method is that
it does not require information on.extraneous variables,
Its weakness is that it does not identify a particular ob-

.servation as a demand observation or a sypply observation

but computes the probability that it belongs to regime | or

2. ‘ o .

Sometimes the variable on which data segregation is
based may itself be endogenous, in which case the D-method
will provide inconsistent estimates,l Such an endogenous

extraneous variable is discussed on page 42. The \-method

.which does not depend on extraneous information is therefore

»

preferable in this case.

The A-method and the D-method can be éombined by making
probabifity A’depend on an extraneous variable Z. D(zi)'és
defined in (2.12) can now replace )\ in the likelihood func-
tion (2.15). The latter is now maximized with resﬁg:t to

\
~ v
-

! This remark may suggest that when the extraneous
variable is exogenous the D-method yields consistent esti-
mates, Although assertions to this effect are made in
Goldfeld and Quandt (1973 a) there is no reference to an
appropriate proof.,

) 9

“

‘-

rE
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the previous parameters as well as the parameters"appearing
in the expression for D(zi)o
Some experimental work done by Quandt sdgkeats that
the D-method performs slightly bétter than the&;—method as
judged by the mean bias and tﬁe mean équare error performance-
the mean beiné taken over tﬂe number of -successful replica-
tions] of an experiméng - but the,A -method does better iﬁ
terms of the ratio of the mean asymptotic variance to the
. ﬁ
mean square error. Th?b ratio is close to unity for the
method as the sampig size is increased indefinitely but the
convergence to unity for th; D-method is slow. However, one
disadvantage of the A—methodlis that it does not allow indi-
vidual observations to be identified with particular regimes
which might'explain its Felative good performance. Although
the appropriate but unknown criterion is small sample per=—

formance,

In ghe A-method observations are treated as a set of

[ +
o

indé%endent trials. This assumption is now relaxed [ (Gold-
/ B a2
feld and Quandt (1973 a) ], to make every trial depend on

and only on the previous trial. A matrix T is defined whose

rgth (r,8 = 1, 2) element denotes the prbbabiliiy that the

-

' ]
system will sw%}ch from regime r to regimes s, Let XO -

(Mg rorgg) = (Aygs 1 = A y) be a vector whose first and

¥ . <

| . . .
An unsuccessful replication was defined as one for
which the maximization algorithm failed to converge 'satis=-

-factorily’.

. \

i
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v

secohd element represent the probability that the sydtem is

initial!% in regime 1 and.2 respectively.igd A, = (A
th

li’XZi)

~
be a vector defined similarly for the i trial. Then it

is possible to write

and ‘'using this relation recursively we obtain
. .
(2.16) A, = Ay Tt

th

The conditional density of the i observation on y is

as in (2.14) except that ) is now replaced by Ali' Udﬁng
the relation (2.16) the likelihood function can be written
i 2 2 ‘
as a function of Bl’ qz, 0% 0% AlO and elements of the
matrix T (say) Ty and 7. (Note the rsch r # s elements

in T arefsimply 1 - 1.

ii i = 1,2)., This method will be

[y

called the t-method.
The 7t-method can be extended by making probabilities

Tij depend on some variable Z. If, for example, high values

of Z-were thought to be associated with:high valuesof'rll
> o

then Ty (zi) and Tyg (zi) could be defined as

) z. . .
1 1 -7
,2_""0 J -0 0 2 ®
T t
and h
- 2
(C 222).]dz;
,UT
22
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regression model, firstlx because of the switching mechanism

[ Se v tm——— —

. : 23

The likelihood function will now have to be maximized
! s

with respect to the previous parameters and the barqmetere
appearing in the above expression for 11](21) and T22(zi)'

None of the methods discussed above has treated the

case of serii> correlation of disturbances. If we assume

a first order Markov process for the error ter ’

U, = puw +' € .
1 pi-l 1

3

then more . alternatives arise than in the case of the usual ' i

and secondly because we maylwant to approach the problem
either with the D-method or the a-method. f ‘
1f éie D-method is to be employed then one must assume
'S
that ) \
Bra 7o LOV =Dy ) uygoy Dy up] ey

Ups ® R [0 T =Dy ) upyly ¥ D5 upy 0] *epy .

2 2 ¢
where €95 ~ N(o, ol) and ez,w N(o, cz)and are independent of
1l —

each other.

The equivalent assumption for the k—mEthod(withoi =0§)
[}

is

u = p.u 4 g - vith probbxa ' N
Il U § B3 i -

U o= pl Upimp * €44 qith prob A(l-k)

U, = P, Upiig * €gg with prob »(1~-)) ‘

u,. = ‘ with b AC1-0)?

2i T Py Uyt ey with probd AC1-3) .

. o
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The idea. l;t;hind the ;ss;mpt:i-on is that there are two auto-
cor‘relacion coefficients, ea'ch agssociated with gne of the
regimes. Those coefficients are app'lied to the error term
of the previous period, regardless of which regime that
érror term came from. Th'en, t.he appropriate likelihood

functions pgan be derived and parameter estimates can be ob-
Vs

tained by maximizing the likelihood function: Presentation

of the l1likelihood functions is omitted here because their

i

relative complexiiy fieedlessly burdens the task of analysis.

An alternative specification would be that if in period

'

-

i \?egim'e | operates and in period i-1 regime 1| .o'pfrated as/
well, the efro; term follows the_usualrfirst order auto-cor-
relation process; if in. period i-I i‘egime 2 operated showing
that a switch took place, then a non-autocorrelated error

term is generated and the patterns of the error term would

be modified according to the method that one wishes to employ..

The corresponding likelihoqd functions can again be derived

~

and parameter estimates can be obtained but are also omitted

. <
here. . \ '
. | l

More Recent Developments

H

i

Recently, attention hasf been given to two other methods
for-estimating switching regressions. These are the Moments
méthod and the Moment Generating Function (mgf) method.

Both methods make the same assumptions that underlie equation

-
-
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(2.14). The problem arises when no prior information is
’available'cor;cerniug the variances of a finite mixture of
;two normal densities. In that particular case the like-
lihood function corresponding to such distributions is

1

known to be unbounded and maximum likelihood estimation may
break dowﬁ in practice due to this unboundedness and .the
potential singularity of the matrix of second partials of

. - N .
the likelihood function. Quandt and Ramsey (1978) intro-
.duced the "moment generating fu'nct;ion estimator'" which is
defined as the eatimat?? which minimizes the sum ofysquares
of diffe;:ences between the theoretical and sample moment.
Their method is a generalization of the Moments method which
can be seen in the following framework blorrowec.l from Kiefer
(1978a), Given observations x = (xl,,.. ,xT) from a distri-

bution with paraméters Y -(Yt" -o,'Yl‘c‘) s choose fuhctidnsv

gj (*x), j=ly04.,m. and solve the system of equations
. 1,
(2.17) T I g(x) = E (g(x)]y)

For reasonable distributions and choice of function'g, a

' 2]
strong lew of large numbers will ensure consistency of Yr

estimated this way, For m >k the sum of .squared distances

betveen both sides«0of;(2.17) can be minimized. Here, the
" - .

-~

"astuteness" in constructing a useful estimator is in choos-

<

ing the form and number of the g5
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3

In the case where x is generated by a normal mixture as

(2.18) £(x) o A Exp [ -1 (x - ul)-21+

Y2t o 2 ¢g?. V2t o
. 1 2

1
Exp [ __l_ (x - 112)2] : ~
o2 o
92

the moments method consgists of solving (2.17) with m = 5 and
j ,

and Ramsey consists of choosing gj (x) = Exp ejx for j = 1,
seeym with m >k and solving (2.,17) by minimizing the sum

(over j) of squared deviations numerically. Clearlx, many

More particularly, consider the model

(2.19) Y ~ N (x By» ci) tel, Pr(tel|) = A

'
- . _
(2.20) i, ~ N (x 32, 02) tel, ,Pr(teIz) 1 - A ’
Note h'ere\ithe absence of the subscript t in x. The pdf of ’

the random variable Yt is

. '-
2 <
(2.,21) h(yt), 1 Exp [»—1 (yt—x B]) J P L7 Exp [
Vit o, 2042 L V2o, . 20}

- Oy - X'Bz)z]

How, consider the followmg expressxon

‘m T 9. ¥ e +0 e ¢3
(2.22) 8, = I {-'- 5 et L (re i/
I a1 t=] .
' x'8.6 .+0202.72 .,
« 2 2
. | & (1=A) e 3 J/>]

g: (x) = x) for j= 1,.0.,5. The method considered by Quandt

.functions of gp?J\ would suffice to produce consistent estimates.,

~

{4
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~

0.y
The term in the parenthesis is the mgf, E (e 3 45 and the

first term in .the brackets is its consistent estimator. It
follows that plim (min ST) = 0 édd.by the uniqueness of mo- .
ments it follows that

A

The mgf method for the model (2.19) - (2.20) entails

minimizing Sp in (2.22). The parameters so obtained will

be consistent. However, model (2,19) - (2.20) is not an
example of a 'regression model since the independent variable
does not have a subscript t. To obtain parameters of a re-

gression model Quandt and Ramsey suggest an approximationl;

xB 6. .
the terms o T Jr w 1, 2 in (2.22) should be replaced by
T -
1 x'" B_ 8.
Tely & v ' : -

Equation (2.22) may sometimes be difficult to minimize
in which case the terms in the parenthesis may be replaced
by their Taylor Series appgoximatibn.

Sampling experiments were carried out by Quandt and v

Rameeylemploying both methodd. Each experiment was repli-

" et . :
cated as many times as was necessary to produce 50 success-

-

-

<

! The estimator 8o derived seems to be inefficient in
that it does not adequately take into account variation in
the y_ due to variation in the corresponding x, and it is
not clear if the consistency property will carry through with
the approxjmation. : -

'
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ful matched replicat{ons of the 2 methods.‘ The mgf method

performed much better than the Moments method as judgedfb&‘
(1) the causes of fﬁilures in computing estimates for con-
stant parameter mixture, (2) thl Shapiro-Wilk Statistic
values for the normality of-the coefficient estimates, (3{
the mean square error. (1), (2), (3) taken over the number
of successful rheplications’of the experiment; the superiority
"of the mgf method was shown as well by the percentage (over

)

Jeoefficient and replicationms) by which the wgf method pro-

" 1 :
duces estimates closer to the true value than.the Moments

method, As for the pwitching regression case¢, Quandt and

Ramsey re-examined Hamermesh (1970) model of wage bargains

determination from a pooled cross=—section time series sample
of 180.observations on wage changes W, changes in the con-
sumer price index CPI and unemployment. U [}W-f ( cpri, U)‘]
and found that changes in the cost of living begin to matter

at a lower value of CPI-than the value employed by Hamermesh

+

! An unsuccessful replication was considered as one for
which the numerical minimization of (2.22) failed either
because the estimates stayed in prohibited regions in the
parameter space or because of each of positive definiteness
of the matrix of second partials of (2.22) at the stationary
point of the minimization algorithm. The one for which the.
computations of the estimates of the Moments method failed
because the nonic equation had more than one ne ive root
and no admissible solution or it had more than ¢ne negative:
root with more than one admissible solution or i\t had no
negative root at all was also considered unsuccedsful,

© M N 1
’,1,¢ . ,

[ e uad

v

"
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and that when the cost of living matters wage bargains came
‘close to compensating for it

Hence, Quandt and Ramsey have showfi'that the mgf me:thod
yields consistent and asymptotically nox.-m'al es timatés . ‘The |
appeal of their functionaﬂis that it is a naturil generali~
zation of the Moments method. It appears to wor4k well .in
the case.of ‘miitures components with constant means as well‘

as regression mixtures in which the mean value of the random
. /

variable depends on the regresso;. Disadvantaées are that
‘computational difficulties may be encountered in achieving
satisfactory convergence. The other problem concerns the
choice of §. Quandt and Rams ey point out that the choice

of § is important but dp not give it any more attention

than to point out fhat small wvalues of 6 ( =.04) de the

~

minimand flat and large values ( >,75) created -computadional

s

difficulties.

Some authors have attempted to r esurrect the use of the
maximum likelihood est imation for mix ture pPTr oblemé. In par-—
ticular Kiefer (1978b) showed that a _root of the likelihood

equations corresponding to a local maximum ig consis tent,

o =

asymptotically normal and efficient. Let T om i), Blr 8_2,

a.

Iy 92) and let the par ameters 8pace givenidpy o0 <1 < ) =2 <

Bl<°°’ -°°<32j<tr;j-l,...~.,p,o<ol)!°° 0 < gy <@

.

Let 60 » the true parameter value be contained in

some closedregion which does not contain = o, A=Il, o0

.

S
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>

. . (% K . .
or g, = 0 [:Aﬁ O or 1is not adpissible hgre since when ) is

o ' at one of these points the parameters of one of the regimes

4 are not identified. Tests of the equality of the coefficients

in each regime can be made using.the estimates of the asymp=-
totic variqnce—covarianéé matri%]. If the random variable Ll\;n
Ye is distributed according to the probability density as in

(2.18) then for large .enough T it can be shown that there

exists a unique consistent root 8, of the likelihood ‘equation
nd / ( GT—BO) is 'asymptotically norma11§ distributed with

=1 ' 7 .
mea ero and variance I(6, ) where I(eo ) is theé Fisher

v

_ information matrix. But Kiefer does not provide any informa-
Ty~ a

?

tion about which root, in the event there is more than one,
i8 consistent, He argues that an initial consistent estimate

is needed as a starting point for the maximization., Further-

more, the estimates calculated using the mgf technique may
be used as the starting point for a Newton step toward the

0 (local) maximum of the likelihood, functions The Newton
- ) 3
iterative scheme is defined by

e N Py

, pit1 2 ot _[21n L(eh) "[ axn"L(e?)]
.o 8 N TRTAE 30

Q;‘ One step provides asymptotically efficient estimates. . Th

negative of the inverse of the matrix of second derivatiyes

~

of the L is a consistent estimate of the asymptotic wvarian

e AR - e A SAn ¥ T >

covariance matrix of the parameters. ‘%‘

/\ ' : -

o
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. Hartleyf(l§77, y978) made iom;’limited'Monte Carlo ex-
. vﬁerimehts with the EM algorithm‘[’(pempster, Laird and Rubiﬁ
e (1977):]1whicﬁ inqicate that convergence to a solution of

. the likelihgod equatityns corresponding to a local maximum

. is always obéained and po:né e;timates are very close to .

- the true paraéeter value, which means that Quandt and Ramsey
. may have exagerated the iﬁborignce of computational obsta-
cles toemaximum likelihood estimation, Hence, it ;ppeafs
‘that ;he maximum likelihood estimation dominages the mgf on e~
'u asymptotic grounds and has the.further advantage that its
asymptotic distribution is independent of the g's which muat.
be selected a prio}i to implement the latter. Unfortunately,
finite samﬁle properties of such estimates are unknown and
the ﬁttainmeng of a maximum may be difficult in practice. - ;
¥ A number of other authors have suggested-several ways
-0f generalizing Quandt and Ramsey estimates. A characteris-
tic function may bl ugsed in the place of the moment geﬁgrs-
“ting function.[}idaer (1578), Clarke and Heathcote(1978),Kumar
Nicklin and Paulson\(1979) ]. Instesd of picking discrete

)
8's, a weighting.,funttion continuous in 0 may be introduced
/P P i

o’

and* 0 integrated opt [f‘owlkes (1978) and Ku;xaz: et al.(lgj9§l j

Different objective functions may be selected foroptimization

[Binder (1978), Clarke and Heathcote(197aﬂﬁayesiap aﬁproachqsd

may be cqns}deredr(ninder). Some of the generalizations sug-
L

gested above may be even more effective but they, in their

- *
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\ .
L] e
tutfn, encounter other computational-and convergence problems;

more work is required before drawing any conclusions on the

~ ‘
son between the maximum likelihood estimation and the mgf

estimator with a minimum distance is needed, as well as, a
Al

theoretical comparison of the covariance matrix of the mgf

estimator and the inverse of the information matrix.

~

‘ . . ! -
Very recently, the switching regression problem has been
connected to the problem of dis¢rimination by Kiefer (1980b).

He bears upon Behboodian's (1970) representation of the so~

called likelihood equations in terms of weighted averages

of sample moments Gyhere the weights depend pn unknown para-
L% .

meters), and suggests an iterative procedure of reweighting
the moments in order to obtain parameter estimates. Rewsit-

ing (2.1) and (2.2) in notation familiar in weighted regres-

¥

sion we have

(2.23) /1; y; = /Ht'xi;ﬁl + Yd. u,,
(2.24) /TTH} y; - J’Tzﬁl xi'Bz + /1=d, u

where di’ im= 1,...,T is a series of zero-one variable with

R
Paal

di = 1 if observation i belongs to regime one and d; = 0
otherwise. From (2.23) and (2.24) we can derive the usual

parameter eéstimators By 62, oc?and the population proportion

~

can be estimated‘ty the sample proportion ) = % tr D where
D is a diagonal matrix with ith element di' ey

validity of the method. More particularly, a deeper compari-

fﬁ’
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The usefulness of Kiefer's way of looking at the switch-

~

iﬁg model is that it sﬁégests an instrumental variable esti-
mator. He propo;es to use predicte& probabilities in place
of the d.. That can be done using the fact that'the distri-
butiondl assumptiop made on the ei;ors_in (?.23) and (2.24)
imply‘a distribution for the di’ It follows,‘by Bayes

>

Theorem, .

(2.25)  plag=1]yy = AN (yglag=t)

4

. Ah o (y;ld;=1) + (1- Mh(y,|d,=0)

which is the'marginal probébility that 41 = ] fipes.the.conv
. 14
ditional density of vi given that di = 1, divided by the
‘ ) .
marginal dénsity of Yie. Using the normality assumptions

that h(yi1di=l) is a normal density with mean xiB] and
variance o? and that h(yildi=0) is a normal density with
meaﬁ X, 82 and same variance, (2.25) can now be transformed

into a logit probability

v

, v,
(2.26) pld;=1|y ) = {1 + Exp[ln (1=A) + _1__2[ (x;'8)2
A 20
i - (xg'By)?] 4 a‘-z(xi'sl'xi'ﬁz)yi] }! "'".i

Then, replacing di with the probabilities we in the usual

parameter estimators derived from (2.23) and (2.24) solves ~

)

the likelihood\gquations obtained from the maximization of
v N T
the likelihood function L = II f(inO, x;) where 0 = (8,8,
i=1 .

1 4

Lredn wave Wt S




\

.

g2,\).

’ , 34

v

Hence, Kiefer gives an interpretation of the maxi-

mum likelihood estimator of the switchiné regression‘modef

1

‘a8 a weighted regression estimator with logit probabilities

as weights.

non-iterative solution is not available since the conditional

¢

The -main weakness of his approach is that a

prgbabilities coming from each regime are functions of un~-

known parameters.

©, calculate probabilities w, and use these in place of

He suggests to start with an initial

the di to obtain a new wvalue of (O=0*%) re-evaluate W, with

¢ ’

this new value, O%, to obtain another value for 0% and

iterate the process . .until convergenge is reached.

,

t I

Rk
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4 Summary [ ¥ 4
}]. Estimation techniques discussed in this section mnor-

mally require maximization of functions which are non~-

linear. Obtaining expressions for derivatives can be quite
]

tedious. Maximization can be carried out using numerical
methods of optimization discussed in Goldfeld and Quandt
(1972, Chp. 1), Although the problem may not be the te-

diousness of the estimates of normal equations but that

non-linear estimates have "odd" properties like noxiijijf-

genceo,

4

-

2. The likelihood functions which appear in Chapter 2 are

unbounded unless it can be assumed that o% = k 0% where k

\

ts known. If this assumption cannot be made global maximum

lead to inconsistent estimates. Although estimate% corres~

ponding to a local maximum of the likelihood function in the
-interior of the parameter space are consistent (Kiefer 1978b).
the attainment of such a maximum may be difficult in prac~

tice and the finite samples properties of such estimates are
{J

~unknown. The mgf method used by Quandt and Ramsey yields

consistent and asymptotically normal estimates, but a numeri-
. .
hY ,

cal problem in} achieving convergence remains and the choice

of © ?s érbitrary and affects the asymptotic covariance
&

matrix; which suggests that further research is needed in
[ |

.

order to find optimal values of O . A better strategy geems

as suggésted by Kiefer, to use mgf technique in order to °

’




1 s

obtain an init}al value and then use this point aq’the
starting value for a Newton step towards the solution of
thg likelihood eqﬁationa. But here again the finite sample
properties of this method remain unknown and computational
difficulties are likely t® be encountered.

'
3., The methods we have discﬁased are frequently justifie(E
in the literature by asaertio&a about the co;sistgggg pfo-

perties of the estimators. |Such assertions are not well

. 1 .
substantiated and more work|is required in that direction.

+
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CHAPTER 3

TECHNIQUES FOR ESTIMATING
. DISEQUILIBRIUM MODELS

"\ -

The problem of est%mation‘of disequilibrium markets was
first studied by Fair and Jaffee (1972). The basic disequi-
librium model we defined in the introducticn uses no extra-
neous informati?n for classifying observations 'into demand
and supply regimes. In their paper Fair and Jaffee use in-
formati&n on priées in order to identify observations as
demand points or supply points. By making élternative
agsumptions on price adjustments they considered different
disequilibrium models and proposed methods for estimating
these models, The authors themselves acknowledged that
these methods wére lacking in some ;espects and improvements
or alternative approaches have been suggested by Fair and
Kelejian (1974), Amemiya (1974) and Maddala and Nelson (1974),
. Some other disequilibrium models were als; considered in
these later contributions and appropriat% estimation techni-.
ques investigated, The paper by Fair and Jaffeé isextremely
iﬁportant for getting the direction of research in.the area
of diaequilibr}um econometrics. Of the others, the paper by »
Maddala and NelsPn (1974) is important. It improves on cer- | o
tain methods proposed by previous writers and removes ambi-F

-guities in others. It also proposes a maximum likelihood- Y
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method for estimation of a model which does not fely on“any
extranegus info;matiop. We start this chapter by considering
this basic model and its estimation. We Qill then outline
two disequilibrium models from.the Fair and Jaffee paper and
discuss estimation techniques. We will finally consider a

disequilibrium model with a very general prite adjustment ;

and we will show'how a.disequilibrium model can be dynamically '

-

z

1The Bagic Disequilibrium Model

The basic diséquilibrium model is the following set of . i
equations

I3

]
(3.1) D, = x, Bl + u

t 1t

' - .
(3.2) St = x, 62 + U, t 1, eas T

(3’3) . yt B‘Iilin(Dt,St) t = ] -on,T

Observations are available on the exogenous variables

and Yeo

13

Once equation (3.3) is added to (3.1) and (3.2) the
estimation techniques discussed in Chapter 2 become inappro-

priate. These techniques, however, continue to be relevant

14
\

in cases where the assumption of short gside dominance seems

untenable.

A maximum likelihood method to estimate the above model
e N
is provided by Maddala and Nelson (1974). Price is assumed

to be exogenous. X

~
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This in effect implies that price enters with a lag or

it is regulated by a government agency. It will be assumed

as before that U and’u2t are normally and indepéhdently

distributed and .are also sergally ?ncorrelated. Unless
bthérwise stated ‘this assumption will be madé throughout
this chapter. !

| ' Define a variable 2 'where 2 = 1 if ; e I,, and Z = 0
if t € 12 where I, and I, are set of indices for which the.

1

observations belong to the demand and supply regimes respec-

"tively. The endogenous variables are Y, and Z,- Sincelﬁny

obgservation can belong to regime 1 or 2, it follows that

T .
h(y eeeYq2 oe2yq) .tnl [hl(ytlzt = )Pr(z, = 1) +
hy(y, |2, = 6%Pr(zt = 0) ]

if we let g (Dt St) be the joint density of D; and S, and

g (D, & D, < S.) be the joint density of D_ and S, condi-

—a

t t

then we can write

tional on the event that Dt < St

[e+]
. ]
(3.4) b (v fz, = D=h (5, |0, < 5 = §tg(yt SelDy < 8¢ ds,
1 - J. gly,_ s )ds
'Pr(Dt < SZ) Ve o et t

A similar expression can be derived for h2 (ytlzt =0). It

4

then follows that

N T © ]
(3.5) h(y]...yTzl...zT) = tgl £ g(yt St)dst + £ g(Dt yt)th
. : t t

. \

BV W
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For "simplicity we have avoided conditioning the densities
on the exogenous variables but it is implicit all along.
. From the independence of the error terms the first integral

in (3.5) can be written as:

« ©
ey s as, = £, (y) S £, (5)) ds,
™ yt , . yt

”

- f, (yt) F, (yt)

Similarly the second integral in (3.5) can be wfﬁtten as

¥

/  g(d, y,) 4D, - £, (y.) Fyo(y)
v .

where
.fl(yt) = 1 Exp [-_'_l_z‘ (yt - xt' Bl)z]
t /5?0, 9y .
- Lo - ! 2 h
fz(yt) ] Exp [ _laz (yt s ox, Bz) ]
/7502 2" ’
(3-6) o po i -
Foly,) = L/ Exp| =l (b, - x.' B)*|dD,
/T y - 79 -
o, Tt 1 ,
' " . -
Foly,) = __1 S oExpl =t (S5, - x ' g,)7|aS,
/7?02 Ve L Lo, : 4
- )
The likelihood function is then
v T h ’ ’ \ s
(3.7) L = tEl [ ff(yt) Fz(yt) + fz(yt) Flfyggj <

Expressions for the first and second derivatives for the like~
L
lihood function (3,7) have been derived by Maddala and Nelson

!

Bl e o A
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2 2
2° 9110 9,

are obtained, an estimate of the probabilities that an ob-

€1974 .pp. 1016-1018). Once estimates for Bl’ B o
servation belongs to regime | or 2 can then be obtained,
The ﬁrobability of an observation belonging to the demand

b R .

. Tegime Mo :
'/W\:

' L ' 1
(3.8) Pr(Dt < St) =- Rr(xt Bl,+ Eut < x, 82 + uZt)
. ] 1] -
= Pr(u,, -u,, <x B, -x 8)
T
a 2
-u / h
- I 1 e 2 du
- Q0
/2-" ’ v
1 ] ]
- - l__‘ 2 2 . -
where q (x tB2 xtBl)/g and where o ol +095 var(ul uz).

The probability of an-observation belonging to the supply re-

a

gime is Pr(Dt > St) = ] = Pr(Dt < S ). It is clear, there=-

t
fore, that once equation (3.3) is added to (3.1) and (3.2)
the data itself provides estimates of the probability of an
observatioq belonging to the demand regime or the supply re-
gime. The )A-method described in Chapter ‘2 or other methods
which ignore this information are kherefore'not appropriate
for disequilibrium models. '
The derivation of the likelihood function and its maxi-
mization is easily accomplished even when the independence
of U, and Yoy is relaxed. The problem is computationally
\\\\uﬁfeasible when serial correlatioh is introduced.

Attim e
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2 Extension of the Basic Model

The basic model uses no extraneous infotmaqi%pi If
such informatign is available it allows observaéions to be
classified into demand and supply regimes. TFor example,
Fair and Jaffee (1972) in one of tﬁeir'modelé assume that
rising prices are associated with excess demand and falling
prices with excess supply. With this éssumption and the

additional information on prices the disequilibrium model

can be rewritten as

(3.9) D, = "c'Bl Uy t = 1,00, 7T
(3.165~\l8t = xt'% +ou,, t =1 ...T
(3.11) : APt-; 0 as D - st-:- 0 Apt(l) - PP, _,
(3.12) y, = min (D, S,) t =1, ... T

Equafion {3.11) suggests that if in period t prices are

higher than in period t ~ | then the t:t:h period observation

£

on y is associafed with excess demand and from (3.12) it
belongs to the supply regime. Similarly during periods of
falling prices observations can be classified into the de-
m;nd regime. Ve fote that the procedyre is equivalelfit to
defining an extraneous variable AP and its cut-off value’
zero and obtaining sample separation from information on

whether the extraneous variable is greater or less than its

»

(lkn Chapter 4 AP, is sometimes defined as P _, ~ P,

42

~
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cut-off value. As in the D-method the step funcﬁ;on can be
-
approximated by a cumulative normal integral (2.!1) with p
apliqity,assuméd to be zero.l The‘variableaAP is aa example V
of an extraneous variable which is endogénous.
“ Once sample separation is obtained the demand and supply
parameters in the disequilibrium model (3.9) to (3.12) can
beiestimated easily by applying estimation techniques to the
 segregated data in a piecemeal way. This is one of the .

methods considered by Fair and Jaffee and they call it Direc-

tional method I. They point out that. if data are segregated

in this way then the mean of u,. will not be independent of
x, over those points for which demand is obse;ved and the .
mean of Uy, will not be independent of xt'over those points 3
- for which supply is observed. It follows therefore that v
e parameter estimateg may be inconsistent. The equilibri&m ‘~'

observations under Directional method 1 are treated as both

! demand points and supply points. Fair and Jaffee consider

e

an alternative method of estimating model (3.9) to (3.12),
which they call Directional method II, differing from Direc-
tional method I crucially in the treatment of equiliﬁrium

values. Further discussion of these methods is delayed till.

. 2
L

Chapter 4.

Anothgr method of estimating model (3.9) to (3.12) is

Y

a gwximdm likelihood method proposed by Maddala and Nelson

?
a

This point is made in Goldfeld and Quandt (1972)

]




£

(1974), The method assumes {hpt'che price, variables does . @
? ) ’ s -
not enter contemporaneously in the demand and supply equa- L
¢ ¢ .
tions. ' This assumption is necessary because P, is endoge- .
. ! R o N
. nous in the model and there are not enough equations to de~

i

termine the joint density of Y, and P . As in the basic N

[U—

model we define@joint density of the entire sample for the

:

endogenous variables Zt and Ye

(3.13) " -

A

(Y, eoeyqZ, ---2p) = I b (y;| 2,=1)Pr(z =1). C0 .
- . tel, . '

I h,(y,| 2,=0)Pr(2Z =0)
B tEIZ '7

a - 5

As in the previous model expressing hl(y;L Z,=1) as in (3.4)

J—

ané finding a similar expression for hz(ytl ano), it is " ]

possible to write the likelihoo unction as

. (3.14) L = 1 £ (yt)F (yt) n ; (yt) Fl(yt)
tel tel : §
. 1 2 ,
I f(y) T F(y )] [ f’(yt) n F (y )]
teI ' tEI te
. ot u
=3y Ly : :
~ . Y .
Since Ll and L2 haveﬁég\::rameter in - common, maximizing L
4 is equivalent to maximizi tl and L, separately, provided

the separation _is known or estimated before.

Fair and Kelejian (1974) have ,also derived a likelihood

LI

o
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function for this model but as.Maddala and Nelson (1974)
N , } '
point out their method amounts to obtainidg the joint den~

, ? i .
sity of Y +e++Y¥y dependent oOn the vglues of Zl...ZT. Since
s

the model does give information on‘thegjoint probability of

~

(Yl"'YTZl"°ZT) the Fair Kelejian method does not use all

the information whereas the Maddala and ‘Nelson method utili-

. \
zes this information.

3The Price Adjustment Equation and the Dynamic Specification

of the Disequilibrium. Model
r a
The next variant of the disequilibrium model we consider

makes a more specific assumption about the price responseé in
© ]
+ ]

\‘event of a disequilibrium, namely, that a change in price is
& y g :

‘

dlrectly‘prOportionalhto the amount of excess demand. The
disequilibrium model (which we will sometimes refer to as the

Quantitative model) is

. [
(3.15) bt - xt'Bl +oug, ‘% ’t - l,o.:’T -
\(G.}ﬁ) S, = xt'62'+ u,, = 1.y, T
(3.17) Art(’) = Y(p, ' - St) t = 1, «oo T "
(3718)  y, = min (D, 8) 7 toa l, ees T

In equation, (3.17) the coefficient Y is the adjustment

-
n

(l) The definition'APt is left unspecifiedsfor the time
bﬁéng.' It %ill be later defined as either AP d‘:-\2.': - Pt- »
or as AP, = Pt+ - Pt' In the former case we will refer go
it as thé F.J. ﬁyp. and in the latter case .as the L.G. Hyp.
For examples of estimation under these alternative hypo- ~

theses, see Chapter 4.,

¢"7ﬂ
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factor. A disequilibrium estimation is carried out when .

4

there is reason to believe that Y is 'small', i.e. there is
sluggiéﬁness in the adjustment process. Rquation (3.17)

can be rewritten as \ o

. 1 . - - ) (
(3.19) Dy =S, =3 4B, AP, =P -P )

o

In periods of rising priices equations (3.19) and (3.18) al-

low classificagiqn of obgervations in the supply regime

and the following supply equation can be estimated .

(3.20) y. =S, = x "8, + u,. AP, > 0 ¢
g t t t "2 7 T2t t =

& J

It is also passible to estimate parameters of the demand

equation by noting that (3.19) can be written as
R , -

1 J
Ve =S¢ =Dy -5 AR
(3.21 | - x' -4
) x, B, Y AP, + u
» , ”
Observations on Ye o x, and P then allow parameters of

the demand equagion to be estimated.

Similarly during falling prices the following two equa-

tions can be estimated

<

. A .
’
. 0= - !
(3.22) Ve Dy = x. B, + u,\ APF <0
and . . o

(3.23) Y, -/nt - x
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Equations (3.21) and (3,23) can together be written as
-'l *
(3.24) 1y = = '8, 78T P
AP, if AP, < O
By =i ] o \ . Y
0 otherwige \ ) !
and (3.20)and (3.23) can together be written as
s | . '
(3.25) Ve = %, 82 -y h, + Uy
hc ={ APt if APt >0 - . .

0 otherwise
Pirameter estimages a obtained by app}ying estimation
techniqueg to ;qqations 3.24) and (3.&5).1'This method will
be referred to as the Quantitative method. )

_~"The disequilibrium model (3.15) - (3.18) and the esti-
mation proceqsfe just outlined was suggested by Fair and
Jaffee (1972). They also‘po}nt;d out the problems in'esfif
mating the paraméters of equation’(3.24) and (3.25). Firstly,
the coefficient | appears iﬁ both equations and this con-

Y B
straint has to be imposed in the estimation. Secondly, the

" variables Pt’ 8, and'ht<are endogenous and therefore estima-~

tion techniques which avoid simultaneous equation bias have
'
to be used. A two atage least squares method avoids the

I

second problem. Amemiya (1974) suggests a procedure along

. . b ]
the following lines. To obtain consistent estimators of

parameters in equation (3.24) regress B¢ on all the exogenous

i

™~

L s

i M L
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variables in the equation and obtain its estimator 8y * Also,

if one of the elements in the wvector x, is the price variable

t

then P could be regressed on the exogenous variables and its

~ "
estimator P obtained. Replacing g, and P_ by § and P_ in
t t t 5 t
(3.24) and then applying OLS to the equation would provide

consigstent estimators. Amemiya .says that this two stage

least squares procedure will not provide asymptotically ef-:
L x

ficienrt estimators because it does not® take into accourt

N ear* - - — -

the constraint and also because 8 and ht.are not Linear

'

functions of Pt.\ He has proposed a maximum likelihood me-
thod which he says is expected to possess desirable large ,
sample properties. We may note that these properties have.
not been r%gorously investigated. 'We discuss this method

below.l _ :

1

Let fl(ytpt) be the jéint density of D, and P when

Y. = D, and fz(ytPt) be tlhe joint density of D, and P, when
Ye = S¢- Define an indicator variable Z, as before. Then

it is obvious that

[

F3.26 fl(ytPt) - hl(ytPtIZt' 1) Pxéz, = 1)

and
(3.27) £,(y,P) = hy(y, P |2, = 0) Pr(Z = 0)
' b4 "

To obtain fl(°) note that when 2_ = ¥

.~ The approach used here is the one given in Maddala
and Nelson (1974). , ’
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¢ .
- - -1
Dy =y, = x,'8B) + up,
= - - - ' Ld EY
AP, = y(D, ‘st) V(ye = %, "8, = u,.)

and the joint density of Ye and Pt is obtained from the

joint density of U, and Uy, Similarly when Zt = 0

S¢ = ¥y X, By + Uy

APy =y (D = 5.0 = y(x, "8 +uy - y,)

and it is possible to obtain fz(.) from the joint density
: -
of the error terms. The joint density for the endogenous

variables Y.».P, and Z_ for the entire sample is .

t

P - I o
(3-28) h(yl...yTpl."pTzl.'.ZT)-CEII hl(ytptlzt'-"])Pl’(ltﬂ])

I

=t€12 hy(y B |2,=0) Pr(z _=0)

-

Now using relations (3.26) and (3.27) it is possible to write

‘the likelihood function as to. 3

(3.29) L =0 £(y, P). 1 f£,(y, P)
teIll t 't tel, AR S - \

We will now consider a very general form of the price ad just-

. ment equation making it both multivariate and stochastic at

id

the same time. Prices change due to variables other than
excess demand some of which can be included as regressors,
but we pretend either not to know or not be able to quantify

all the variables that may cause thés change. The éffect

of these vatiables is captured by the disturbance term.

oy e
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As usual we assume the effect of (‘A\ese various factors to

be mutually offsetting on average and the error term satis-
/i

fies the standard properties. ﬂ‘ﬁe disequilibriun; model now

takes the generalized form

(3.30) D, = x "B, + u,, t =1, ...7T
(3.31) S, = x_'B, + uy, ‘ t = Iy e o0, T
(3‘.~32) AP, = xt'33 + \;3‘: t 1, e ey T
(3.33) y, = min (D S,) t =1, ...,T

Note the formulation (3.32) is very general. One of the ex-—

planatory variables is Dt: - 8 some of the variables may be

£
common with equations (3.30) and (3.31) but there may be

!
others which are not. By approp{iately fixing the coeffi~
cients at zerc, variables can be excluded from any of  the

equations. The disturbance term Ug, is assumed to be dis-

tributed normally and independently with mean zero and
2

vdariance 043 it is alsc serially uncerrelated. is disequi-

. |
l1ibrium model was first considered by Fair and Keleqjian (1974)

who also suggested a maximum likelihood precedure. A more

stréightforward presentation is due to Maddala and Nelson

(l’%ﬂo). We outline below this full information maximum like =~

-

lihood procedure as proposed by Maddala and Nelson. -
4
‘The full information maximum likelihood procedure re-
quires determining the joint density of the endogénous

variables Pt and Vo To obtain this first note that the
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joint density g(Dt S,

& Pt) of Dt’ S

¢ and rPt is obtained from

&
equations (3.3Q) to (3.34).: 1In fact it is simply the joint
density of U e Uy, and Ug, multiplied by the Jacoblatt of

the transformation fromo(Dt S P't) to (u Let

t 1t Y2¢ Y3g)e

P,) be the joint density of y, and P_ when y, = D
t t t t oy,

and_ fz(yt Pt) be the joint density when ytast. We can write

/
fl(,:'yt

t

j @©

(’ =
(3434) £,(y, B,) =S g, (y S  P.|D, < §) ds

j Ve .
. [+-]
= 1 S g(y, s, P_)ds
- t "t "¢t t
P}(Dt<st) Ve
similarly .
e o]
(3.35) £,(y,P.) = ] S g(Db_y, PdD
27t t TICREET®) Jt 7t Tt t
t t Y,

The joint denaity‘f(yt P_) can then be obtained using (3.34)

and (3.35). ?H‘us

\"h&\%
(3.36) f(y,__ Pt) = fﬂ(yt Pc) Pr (Dt<st) + fz(yt Pc)
Pr(D. > S.)
» - t t
= gy, 8, Pt) ds, + Ig(Dt Ye Pt)th,,
Yy Ve

The maximum likelihocod estimators are then obtained by maxi-

mizing with respect to the parameters the likelihood function

R T )

t
- t=]

We finally ccnsider a dynamic specificationof a disequili -

b\r'ium modele A dynamic extension of disequilibrium models

would occur in situations where unsatisfied demand or supply in

¥

W
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any given period carries over, at least in part, in}/t{te
next period.‘ We can assume, for example, that suppliers
keep stocks but that demanders do not, such as in the case

/ 'of bank loan markets in v;hich suppliers' stocks correspond
to first and secondary bank reserves or in new residential
market where suppliers' stocks correspond to unsold new
houses. Then, fc;llowing Dagenais (1980), specification of
the model (3.15) - (3.18) can be modified to take"éccoun;

of the fact that previously unsatisfied demand or supply af-

fects the present situation in Ehe following way:? ‘
3 \ ’ !
= ' s - !
(3.38) D, BO + X tBl+ Xl 82 + BSPt + 64 (Dt:-l Qt—l) +ug S
) Y d ‘ E
- ' Y -
(3.39) 5, = A, +x eyt X thz"' )‘3Pt + )\4 (T, 7I) + vy,
§
(3.40) APt - Y(Dt_l— St-l) + ug, + ]
(3.41) . y, = min (Dt’ St) -

4

where I = end of period inventories; Id - desired inventories

and A/P\-P - P

t t ~ Tt-l”

d

¢ may be in turn assumed to be a linear function of the quan-

- -

I

. 4
tity supplied when no stock adjustment is required:

i

<,
P

. d -
(3.42) 1 = g +el(10+x'l)+x'2 A, + AP +u2t)+uh

t o t "1 t "2 3%t t

and replacing I: in-(3.39) yields:

kA

£]

—_—

P
\
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(3.43) S, wo + x' Y, +ox 2t¢2\+ YaPy + Y, I, ¢ Ug, (1)

Va=rg (12,8, 4, =X, andug, = uy (1-2,0,) - A, u,,

2

The'proble,m is now to estimate the parameter vector: (BO,B;,
’ | L N i

82’ 83’ 64: ‘i’oy ‘pl’ \p2' ‘1’3’ ‘3’4! Y) from a sample of T

obsetvations (t = J,...,T) on the variables x, y, I and P.

Now, we can rewrite equation (3.38) with D, _, and S, _, repla-

ced by their values in (3.40) and (3.43) respectively, we gets

Ly

(3.44) Dt - B +B41p +X B +x“:62+x 1"’ *xlt leBl;

- (Byly+ Bs)P:'Ba('/Y'Ws)Pc 1 VBT 2B Y

“(By/¥dug, + U+ B

t 4Y%5¢-1

A simple examination of the system composed by equations
(3.44), (3.43), (3.41), (3.40), shows that a full information
solution would be intractable in practice. A limited infor-
éation solution (LIML) can be obtained instead. Unfortuna-
tely, the consistency of the LIML estimator has not been
proved yet .but is simply "expected" to be consistent. Never-
theless, despite its "incompleteness" the model desctﬁed
’ (D Note that, accordlng to Bowden (1978) equation (3. 50)
can be written as: P _ = + (1 - u)px + uuc  where
is the equilibrium p%u‘.e that would cie&r the Barket in
pe%xod t - l,u= 1 + Y(B w ) and u i8 a residual erggor,
As 4y + 0 the model becomes a dynam:.c équilibrium model and in

case of applications it would be interesting to estimate
and test the null hypothesis p = O.
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above shows clearly Ithat situations in which unsatisfied de-
mand or supply in any given period carried over into the
next period can be adequately taken into account in a dis-
equilibrium framework., Unfortunately, as far as we are
aware no actual application has been carried out yét. o

Finally, it.should be noted that an important question

£

is that of testing the hypothesis that the market is in dis=-
LS ' ’

equilibrium against the alternative that it is in equilibrium.
We will not discuss here the various test procedures available

because it appears that whenever such tests are carried out,

4
i

they usually depend heavily on the precisée specificaion of{

.

both the equilibrium and disequilbrium versions of the modlel.

-

The question is very important and the reader interested i'p

that topic may find fru%}ful discussion in Goldfeld and Quandt

59/’ : \

(1976) and ' Quandt ( 1978';.

e v ————

b




1.

4 Summary N

1. As in switching régressions maximization of the like-
lihood ﬁunctions by obtaining derivatives can be a formi-
dable task.- It is almost invariably necessary to adopt
numerical methods of optimizationah A discussion of whic
is found in Goldfeld and Quandt B1972) ch, 1 ].

2. The likelihood functio? (3.7) for the Wasic model i
' unbounded and therefore a global maximum does not exist
A priori information ;n the’Qatio of error variances k=
if available avoids this problem.
However, if a brice adjustment equation is added to model
(3.1) - (3.,3) the resulting likelihood function satisfies
the regularity conditions for a global maximum to exisjt.
(See Quandt 1976 a).

3. Quandt (1976 a) points out that disequilibrium models

can be internally inconsistent. The problem of inconsistency
is presént even in equilibrium models but it is not
.dered serious since the set of points for wﬂich ther

-~
solution is a set of measure zero. For disequilibripm wmodels

®ay,

Quandt recommgnds checking for internal inconsistency before
a4

proceeding to estimate the model. It is possible that the

1
non-linearity of disequilibrium models makes internal incon-

a

. . LU
sistency a more serious problem,
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4o For the disequilibrium model (3.1) - (3.3) Hartley and

Mallela (1976) have under very general conditions proved_ -

T ——

that maximum likelihood estimators are strongly consistent

and asymptotically normal. One of the assumptions they make

¢

is that the parameter space is compact and does mnot contain
‘the region 02 < 0(j = 1,2) and has as its interior point
the true parameter vector. Othetr assumptions are the fami-

liar ass&ql;ptions on the error terms, about the boundedness

. ©
of the regressors, the identifiability of the equations,i.and

about the limiting behaviour of the métriqes "Mij = % t-z-:-l

xtl xtJ i,j=1,2 where'xtl and xtz are regressors specific
to the demand and supply equations. The proof is extrkmely
complex. Statistical properties for other disequilibrium

models discussed in chapter 3 have not so far been investi-

gated.

Q..

o b ik
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APPLICATIONS

»

In this chapter we will look at applications of methods

discussed in Chapter 3 to actual or experimental data. We N

Socd oo

o~

will not always spell out the specifications of demand and
‘ ‘ supply relatioashipe employed in the warious studies but

merely point out the experience of researchers in estimating

different disequilibrium models. ’

1 Applications Under Various Price Adjustment Mechanisms

Fair and Jaffee ( 1972) estimated the U.S. ‘housing mar-
. EN
. ket under alternative assumptions about the price ad just-

-

ment behaviour. They estimated the disequilibrium model

(3.9) - (3.12) by what they call Directional Method I and

‘ Directional Methodall. Directional Method I consists in

’, data segrégation into demand and supply Eegimes by utilig;

E ing information on price change and then estimating demand

” and supply schedules from the segregated data. Observations

during periods when price does not change are equilibrium :

values and treated as both demand observations and supply !
obgservations, As was noted on page43 estimiates under this }

‘ method would be inconsistent because of the lack of inde- /
pendence of the erx;or term and the explanatory variables

in the segregated data. If OLS is ‘applied to the segregated

L ]
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data then there is another source of inconsistency. This
stems from the endogeneity of p in the model. A 2SLS

method avoids this problem althobgh it seems that Fair and

o

.Jaffee used OLS in their estimation under Directional

Method I. Laffont and Garcia -(1977) in their estimation of
the Canadian business loan marker have also tried a number
of'disequilibrium-models and one of their formulations is
model (3.9)1- (3.12) which they have estimated under alter-
native price change hypotheses. One of their hypotheses is ,
the same as that Fair and Jaffee ( F. J. Hyp.) namely that
priée adjusts in tﬁe same period altﬁough Fhe‘adjustment is

{

not always completed and the othy% hypothesis .(called the

.

emand)ﬂepend on price pre-

L. G. Hyp.) is that supply and
vailing at the beginning of the\period and prices are re-

vised in the%followihg period on the basis of excess demand

b

(i.e. APt.Piyl-Pt in equation 3.11).Under the L. G. Hypothe~-
éis Pt is‘exggenous‘gt time t and hepce there is no problem
of simultaneous equation bias in estimating demand and
supply schedules. However, the use of OLS may still suffer
from inconsistency on account of the lack of independence -
of the error terms and the éfplanato;y va;iables (see Laffont
and Garcia 1977). % \ "

The other me;hod tried by Pair and Jaffee for estimatings;
digequilibrium model (3.9) - (3.12) is Directional Method II.

Al

An idportant difference from Directional Method I is the

@

.t




e

Y

59

treatment of equilibrium values i.e. _how to separate obser-

vations into demand aﬁd supply regimes when AP=0. Under

. : . . . 3 3
Directional Method I such observations are treated as both
‘ ,

demand -points and supply points. To implement Directional

-

Method II for the housing model the periods during which

o

price did not change were left unspecified initially except

for the assumption that in each period either all observa-

©

tions .were demand observations ogysupply observations.

There were four such periods during which price did not
change. All 16 ways of separating these periods into de-

mand and sﬁpply regimes were obtained. For each sample

. .3 °
separation likelihood: function (2.5) was computed and the
) o

au

sample separation for which (2.5) was highest: was chosen.

As Maddala and Nelson (1974) have pointed out the log like- -1

- lihood fupection (2.5) is derived for a model given by

eéuations (2.|)"and\(2.2) and is not appropriate for the

disequilibrium ao&el under consideration. The probabili-
v, -
ime or

© : . ,
ties with which observations belong to the demand reg
the supply regime are determined within.the model; Direc-
tional Method II overlooks this information.

0f the two methods, Directional Method I performed

. ~~

Rt eas e Lohes

bettér-for, the Housing model. Although the 8igns of the co-
,

efficients were, as expected under both methods the predictive

-
«

N '
a

Fair and Jaffee actuaily r:i;d a s
‘this methpod. N

F g

light variation on

a
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performance ,0f Directional Method II was poor. It seems n

that Directional Method II is affected by extreme behavior

of data. It also uses less information than Directional
1

/
Method I since it classifies equilibrium values into one or

the other of the two regimes and not in both, which perhaps
explains its poor relative performance.
In the banking loan model of Laffont anrd Garcia the re-

sults from Directional Method I are roughly the same 4s

o

those obtained by treating the loan market as an equilibrium’
model. They did not try Directional Method II.

Fair and Jaffee also used model (3.15) - (3.18) for the

0.

Housing market and used the Quantitative model first by im-

v

posing the constrainté(see page 47) and ignoring the endoge-

- neity of the variables and then by taking into account the
1

endogeneity and ignoring the constraint.l The results are
very close in both cases. Since the sample used was a large
one and the resulgg quite close it is difficult to say which

method is preferable for swmall samples.,

3
g
E
%
]

Laffont and Garcia also used the Quantitative model but
assumed difféfrent adjustment speeds for periods of excess
demand and excess supply. This is an important variation on

the Fair and Jaffee model and results seem 'to justify this

{

'

,Fair and Jaffee also estimated the model by ignoring
both the constraint and the endogeneity of variables.

¥

o dens
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assumption. In estimation therefore we do not have to im-

’

pose the constraint that the coefficients of g, and ht are -

the same. But the\two stage least sqﬁares method will not

L]

be asymptotically efficient because 8, and ht are not linear

AY

functions of P..

’ Maximum likelihood methods have also been emplgféd to
estimete Qarioué’disequilibrium models a;d Qg now briefly
summarize the experience with these me thods.

' JFor the basic model (3.1) - (3.3) there seems to be a

consensus that if the E%timated probabilities suggest that

"most of the obser&ations,belon; to only one of the regimes

then the parameters of that regime are reasonabiy egtimated

Bug tﬂe parameters estimates of the other schedule are quite

poor, Estimated.proﬂabilities can acco?ding to Maddala and

Nelson (1974) show a heavy bias in favour of one of the two

regimes because of poor specification of the model or dul to

the data not being<informétive.‘ When these deficiencies are

removed as was tried in some experimental work by M;ddala i

and¢Nelson, thenmaximum likelihood method for the basic 5
model does fairly/wgli.l The maximum likelihood method for-

model (3.9) - (3.12) also performs poorly when data is not

informative but has done well in Monte Carlo experiments. 3
Y N b s’ - .

Rl

DLaffout and Garcia have also used maximum }ikelihood

methods to estimate models (3.15) -~ (3.18) of the business

loan market. They estimate *the following variants> of the

t
.

-
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model. (i) L. G. hypothesis with no difference in the speed
of price adjustment (ii) L. G. hypothesis with different "

speeds of price adjustment (iii) F. J. hypothesis with dif-

<

ferent speeds of priée ad justment. For each of these cases
the appropriate likelihood function is derived in the Laffont’

i l
and Garcia paper. . P

Estimates of the demand equation in the Laffont and
Garcia paper do not differ very much under alternative es~

Jﬁmation techniques. The'aéthors think that this was to be

-

expected since most of the observations in the period be-
longed to the demand regime. But they point out that there

is a sensitivity of the estimates with respect to alterna-

5 >

1
tive price adjustment hypotheses and thef®different estima-

.

tion techniques. 1In the estimation of the supply equation - -
the results from different methods did not always agree.
In particular the maximum likelihood methods picked up the-

influence of a certain variable and pointed out the lack of L
X
siguificance of another, which was in contrast to the results

¢
obtained under other methods and under the equildbrium hypo-

thesis., Laffont and Garcia's conclusions is that the "weak-
h .

negs of the (disequilibrium) éﬁproadh remains the gensibility

4
\

l Laffont and Garcia (1977) suggest that the _likelihood v
function derived by Amemiya (1974) and: Maddela and Nelson
(1974) for the model (3.15) - (3.18) 18:;orrect if no endo~
genous variables appear in the demand or supply equation -
(page 1193). We think that Maddala and Nelson have derived
the likelihood function when the endogenous variable (P)
appears in the demand and supply kquations. .

! -_,4/»s
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of numerical results to alternative price adjustment beha-

- : ‘
vior o

Rosen and Quandt (1978) have ‘estimated a model of the’
U.S. labour market. As the authors point out the study is

perhaps not sophisticated enough to be taken as a guiéﬁ for .- \
. , w

i

i

policy but it is one of the first proper approaches to’ the
.disequilibrium treatment of the labour market. The model
they consider is .of the form given by equations (3.30) -

(3.33). The general form of the price adjustment equation

they use is 4

-f

. D S
log Wt ~ log wt-l = v (log Lt ~ log Lt ) + yzut + €

' t
'I
'

where W is gross wage, LD anq’LS are the quantities of labour -
.
demanded and supplied rébped@ively and U is the percentage of

labour unionized.

'

The estimation technique used is the maximum likelihood

outlined on page 51. The results obtained are very

>

encouraging, they accord with a priori expectations and are
.also inf line with results from previous studies in this area.
The autthors also estimated an equilibrium version of the

mod but it Lame poor results as some of the coefficients

estimates were very large and some others had the wrong sign.

LN

Suitg Model

{/ An interesting example of .a disequilibrium market is

Suits' study of the Watermelon market. . The model was first
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studied by Suits (1955) and has jrecently been reformulated
deeld and Quandt (1975).

We briefly outline thi; model and then report on gome results
obtained by Goldfeld and Quandt in their empirical and Monte

Carlo estimation of the reformulated Suits model. !

,-

Let 9, be the crop of watermelons, P_ the prﬁce and x

t t

the ex ante or intended harvest of watermelons, tgfn the mo-
£ v
1

)

dified Suits model can be written as |

(4.1) q, = bz, + by + u, . \
(4.2)  x, = byP, + bq, *+ bz, + b 7/02t \
(4.3) P, = bz, + bgy + b9 +\u3t &V \
. .
(4.4) Y, = min (q;, xt) \
The Zipr 29, and z4, are sets of exogenous variables that

‘affect equations (4.1), (4.2) and t4.3) respectively‘and Ye

is the actual harvest. Equation (4.1) describes how the

crop is determined and eqhation (4.3) is a demand equation.

v

_ Equation (4.2) expresses the fact that planned harvest and

crop may not belequal. Planned harvest depends on the price .
of the crop and other variables Zyy e

is low and (say) farm wages are high then farmers may plan

‘If price of the crop

not to harvést the entire crop in which case Ye = X, from
(4.4). But it is also possible that intended harvest given

by (4.2) eiceéds the actual crop given by (4.1) in which

N
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) b_~b b (1eb4) b 1-b |

@ 5 6, 2y - T8 g -
b3 b3 it b3 1t 3 it b3 2t. ‘
that \
. - :
- p*
(p, = p*,) . .
and since that, apparently, there is no reason to believe o
that, a pri;>i b3 will not be positive, it follows that Py ‘ .
> ‘ . > ‘
< p*t according tQ whether X, ¢ 4 which means that the sign 4
of P, - p*t can be considered in order to discriminate be- .
tween regimes. In c;:én\where P, > p*  we have ' 3
Vo = by ozt by v ug, ) =
Py = Py 23 ™ Pg Y * Py ¥ U5 ’
pﬁt. (1 - ba)bz"be . b‘(lfbh)- ) bs Ll-b4d _1y
b3 by It by 2t b it b, 2t

and where pt‘k pr, we have

- - *
Yp = byzg + by by (- pR ) +ouy,

/

Pp = byz3, + bg ¥, * By + Uy
o+, . (1 = b,)by=b, ) b, (1=b) b by
b K b “1t b3 2t b3 1t b3 2t

S
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The appropriate likelihood functions weré obtained under
each of the following specifications (1) 9, unobserved»and\
sample separation unknown (1.,A), 4¥ unobserved but sample
separation known (2) q, observed. Maximum likelihood esti-
mates were then obtained for these specifications.
Results obtained for épecifi;;fionsﬁ(l.A) and (2) were

"in general good". The estimated standard errors for speci-

fication (2) were smaller than specificatNon (1.A.) which

was to be expected since specification (2) &gses more infor-

mation. Estimation under specification (1) cawsed consi-
derable computational problems which suggests that the like-
lihood function may have been hflat o;e} extensive ‘'ranges",
The authors succeeded in obtaining sub-optimal estimates and
the values were not plausible. They think that the poor
performance of specific;@ion(l)may be due to, "the simul-
taneous presence of spepificati;n error, inadéquate data and-
excessive denial of information to the model”.

Monte Carlo experiments were tried with specifications
(1)and (2)and the results ate very encouraging. Of Ehe 50
replications of the experiment there was not a singie'com—
putational failure. Tﬁ; value of using q data is also ob-
vious in these experiments. Increasiﬁg the samplg size re-

duces mean biases and the root means square error (RMSE) for

both specifications. The RMSE for specification 2 declines’

faster relative to specification | which, again reflects the

N

- >
Fl

P
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importance of information on q.-

Since specification (1) uses less information than
' v

_specification (2) some variation with b, in (4.2) and the

variance of the error term in (4.1) was tried to see the
"effect of these variations' on the value of additional in-
formation". Changes in b4 confirmed the a priori expecta~
tion that the gregter the value of b4 the more valuable the
information on q, for the estimation of equation (4.2) and
also (4.1). Changes in the variance of the error term cﬁ
also confirmed the prior expectations that parameter esti-
mates of specification (2) will deteéiorate. Higher values

i

of h021 were associated with higher RMSE for coefficients

of equation (4.1) both for specification (1) and (2) but the

effect was more pronounced for specification (2). ‘A compari-
gson ,of the ratio of the RMSEquf specification(2) to specifi=-

cation 0)]for the parameters of equation (4.2) indicates

that the higher the valug of of the more imgortant the

value of information on q, for the estimation of equatfon

(4.2).

In Eﬁe fkperiments for specification (l), "c? was con-
{trained”by oi - % o; "where kawas taken to be the true
value of c?_loi. Values of k equal to twice or one half.of the
true values were tried./&;The estimation procedure seems re-

latively insensitive to the actual k wvalue assumed".,

e e oy X
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A non-parametric test of the hypothesis that the maxi-
mum likelihood estimates are normally distributed was also
carried out and the conclusion seems to be that the normally

hypothesis cannot be rejected. %E

-
3‘Consumption Goods Markets in Centrally Planned Economies

Zi Recently, one of the. most interesting studies in dis- .

™

eﬂuilibrium estimates is the paper by Portes and Winter (1980)

on consumption goods markets in centrally planned economies

e

(CPE's). 1Its originality lies in the fact that they consider %
the sustained repressed‘inflation situation of the CPE's
(defined as excess demand in the consumption goods market)
as a hypothesis to be tested rather than an admitted propo-
sition. This allows‘the authors to deal with macro-economic

relationships in a disequilibrium framework. -

-

o

Assuming that prices do not,adjust enough to equate de-
mand for and supply of consumption goods and services in

period t and that the minimum condition holds, we have

» d d d S,
(4.7) ¢, = ¢ (x t) T .
8 8 8 .
(4.8) . (x t) U,
. d s
(4.9) c .= min (c ¢? © t) '

¢

Equations (4.7) is specified acco}ding to the Houthakker-
Taylor saving function for houaeho{ﬂg and equation (4.8) ac-
cording to a theory of planner's behaviour. Egquation (4.9)

specifies the quantity traded_ai the micro-level making c

\ t

o
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L ]

to be the sum of consumption demand in those mirkets in ex—

v

cess supply and of consumption suppi' in the remaining mar-

kets. It is clear that in this case c¢. will bL %ess than
d

S . .
o, or ¢y unless either all markets are in excess demand

t

or all in excess supply. A fall in income will lead to a
fall in excess demand on each market and motre and more mar-

kets will switch to excess supply and vice versa in case of

. . . ;] d .
a rise 1in income. . When €, = € < we have repressed in

flation and buyers are rationed in their purchases. When

’ ' -
e, = cdt < cst planners would be rationed in sales. One

might expect that such rationing will affect the labour ma
ket as ié does in reality but Portes and Winter do not pos
tulate market interaction in their model and éﬁ{fmation is
"not undertéken although it is argued that this may be soon
I

possible.

Appropriate likelihood functions of the obgervation

(ct =t = 1,...,T) condi}ional on (xdt, xst; t=l,.,..,T) and
d . 8 . i . d . s . :
on ¢ , > ¢, 1in excess demand regimes and c ¢ €€ . in ex-
Lo

Y

cess supply regimes are constructed and maximized. Ad ho :
search procedures were adopted for the determination of a
"well-defined" maximum for each country since the common
algorithms failed to converge. It .is argued that was possjible

” ~

lAn excellent study of multi-market estimation_ can be
found in I to (1980). See also Gourieroux'et al (1980),

' '

« : *
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because of the ;mall number of parametet;Qbeing estimated
(9 or 10), the absence of constant terms in both equations
apd the large amount of a priori information on the value
of the parameters. It is claimed also that the aggregate
ﬁrocedure used allows to estimate the probability w that a
given point data is generated by an excess demand regime.

The probability m, is given by T, = H(xdtla) where H (.)

t
.- d ~d ~8
is the c.d.f.(?i (u2t - ulc), x', = &, =87, and
= 2 2 . ”
8 ol + 05

One of the most important problems with which Portes

.and Winter were faced was to test their model against an
alternative hypothesis (equilibrium model or they could ask

.for each observation what kind of regime ‘it generates).

Both methods have been tried in }he past, the former by the

“authors (1978) and the latter bgzuoward (1976) and both did

-

not give "satisfactory" and reliable results. That forced

Portes and Winter to choose a different method, more parti-
cularly they used the results of the disequilibrium estima-
tion as a sample separation technique and then appliéd

usual OLS to the separated ‘sub-samples providing hence an

O)Note that these probabilities are marginal probabili-
ties in the sense that they do not depend on the correspond-
ing observed quantities as has been pointed out by Kiefer
(1980a)but this does not immune us from the computational
burden that might be ensued from such & task as Kiefer
pretends. o , -

o
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alternative hypothesis testing and a check on the disequili-
brium estimates. One might ask the usefulness of the method
because of the small §ize of the samples (the overall sample

consists approximately of 20 observations depending upon the
country) but it is nevertheless argued that it provides a

a -
fairly reliable alternative hypothesis testing.

The results obtained show that ‘excess supply was the
B

dominant regime in 3 out of 4 countries. Comparing those

results to OLS estimates for each country it turned out that

»
4

the variance of the equation which appears in disequilibrium
estimation to be the dominant regime is always lower than
the variance of the other equation. It is argued that one
explanation may lie on éhe fact that disequilibrium estima-
Xion picks up as the doﬁinant regime the relationship which
has the stronger specification but the same reasoning can ée
applied for OLS estimate making difficult to give any com-
plete\answer. The alternative hypothesis test was carried
out using the method discussed ;bove and the results were
that "If there is\disequilibrium and one uses equilibrium
egstimation, not only will the coefficients be affected but
also’ the residuals may not at all indicate when one observa-
tion is f;r off the true schedule or even in whichdirection".
Carefully the authors do not draw any strong conclusions

about their estimates and point out that many problemsremain.

ungolved such as improvement on sample gseparation technique,
7

.
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aggregation in macroeconomics and in general all the pro-

blems involved in disequilibrium econometrics for testing hy-

pothesis, Nevertheless 'they do believe that one may easily

{reject the hypothesis of sustained represgsed inflationm in

the market for consumption goods and services in CPE's which

. . . [
seems to contradict all the previous beliefs on the matter.

, aSummarz

i. It seems that the problem of multiple maxima is.encoun-

tered very often in the applications of maximum likelihood

. methods as the computational experiences have shown. Like-

lihood functions which are the product of sums are more

likely to have multiple maxima since.they are high order
4]
polynomials. If the demand and supply equations do not

have a constant term ‘then the problem is legs likely to
arise. Because there is this uncerta;pty caused by the

)
existence of multiple maxima it is necessary to check the

©

reasonabless of the estimates by trying alternative techni-

ques. It seems that numerical methods of optimization are
being made in this direction. A
2. All applications reported in this section look at dis-

equilibrium in single market in isolation. Laffont and
Garcia (1977), Rosen and Quandt (1978) and Portes and Winter

(1980) point out that transactors may be constrained in

other markets and these effects would spill over into tﬁe
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market under conoiderntion. The t}:.eatmént called “for is a ’
“ ' ) a s . &
general multi-market disequilibrium estimation of market

. .

- which _ht‘u alr¢ady begun .‘,[see Ito (1980) and Gourieroux et o
. » , - n J‘ l 0 . .
¢
al. (1980):Iq {mt empirical stud}es have
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then go on in studying the conat:uctxon and structure Lf

out.

, equilibrium approach.

Cow

CHAPTER 5

THE DEMAND FOR PAéSENGER TRANSPORT
v - | -

) Transport facilities have a poverful influence upon '
the distribution of population, indusffry and most ofberagc-
tivities in the city. Thus, we have an apparent paradox:
the usé of 'transport facilities depends wholly upon the lo-
cation of activities which in turn depends largely upon the

oo . . , .
transport facilities. "This seems to be a classical case

v >

of supply creating its own demand. We must, however, 1ook/f

élosely'at the meaning of demand: no other word is so mis-
used 1n the lxterature of - transport" (Thomaon, 191/1\
Hence, in the Tollowxng pages we are going to presegéxi\f@

:;d

of the dlstlnguxshxng characteristics of this demand a

the 'various models formulated in the literature,

In the
N .

'remainde} pf\:his chépter two travel demand 5odels.which

have been estimated for Canada are dxﬁaussed and thext

wvea

ess as a tool of forecastlng travel demand is po1nted'

\Finally, it i%}b;esented how -this type of quelycén
! & o cor

- be reformulated and estimated in a totally differenmt dis- -
“ ” -

s ¢ @

<
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iThe Characteristics of the Demand for Pésaenger Trangport

5 One of the distinguishing features of transport, in
contrast with most industries, is that quality is alsbua

function of demand (indeed we know already that cost is. 'a

function of quality and demand a function of price and quali-
. . A
ty). Evep though cost and quality are in theory inter-~

chdangeable, in practice there are limits to the 'costs that

. . . L ces
can be accept;}\ln order to maintain quality. More specifi-

A

cally, high levels of demand create congestion. This over-
Y

crowding phenomenon, with all ;:associated inconvenience and

discomfort is common to all forms of transport: it is an

inevitable result of short sharp peaks in demand for which
it would be unreasonably costly to provide extra capacity.

On the other hand, low levels of demand also affect quality

, bl

with all forms of public transport, except‘fof continuous
. [ - it

beltﬁsystgms. Service frequency is an important quality
. , N )
- aspect which, again for reasons of cost, %8 likely to suffer
from low levels of demand. Thus, transport canm be, and is,

provided by most modes even when demand is quite small,

but inevitably the quality is minimal in‘many aspects. A K
‘ «

consequence of this type of interaethn\ﬁmtween quality and

demand is that "it makes quality differentials more diffi- - -

cult both during peak periods, if shortage of capacity mili- -

tates against the provision of de luxe option and &uting off-
-+ peak periods éf lack of demand makes itﬂimposéible'io provi&é‘
1 N

)
- VR V
X, « o0
A
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- port which differentiates it from other:products (e.g. food,

_ through Eoﬁpetitive supply. The system of pPxrices breaks

476

: ‘ i;\
more, than, one quality service without severe loss of fre-
\ )

- quency" (Thomson, 1974).

Another important characteristic of demand for trans-

clothing, etc.) is that although transport plays an im-
[ 4 I3
portant and essential role(in the standard of living of a

developed economy "yet the demand for transport is not fun-
damental in human nature" (Bonavia, 1954) To some extent,

therefore, transport is analogous to other services for which

¢

demand is very strong although direct demand is weak or non-
: ' ‘ -~

existent, for example, justice, police, national defence. ,

These cases all exhibit the same characteristic:; ,(that is,

Y

the individual has a low conscious demand but "the collec~

°

tive derived demand is however strong enough to ensure the

supply %t the expense of the community” (fﬁomson, 1974).

The analogy between transport and juséice or defence is,
. R 4

. 8
nevertheles#, only partial since the latter services are

cases in which there-is no response to individual demand

AT IR - SO VI R

down whenoit is a question of providing an elementary school,

’ et . . . . ;
or a police station: supply is not directly related te in- E

dividual demand, even though the public authority should be

making the best use-of the public's money. As far as trans-

1]
. . J . .
port is concerned, in some cases (the construction of roads-

from the proceeds of taxation, legal provision of workmen,
- ‘. * .
A 4 3
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.,transft or railway etc.) the community similarly bridges the

~

gap between demand and sypply by special action which ig~

nores the criterion of "effective demand price".W%More often
. n ,
than not, a large part of the demand for transport can be
t »

and is effectively expressed as a money price, especially \
in a highly organizea industfrial community.

. A last point should be emphasized at this stage of the
analysis: this is that transport is by essence an inter-
meﬁiate good, scarce are the cases where an individual cbn—
sumes transport as such. There is then, a big variety of

| transport consumption and consequently as many different

4 demand funccions. The first consequence is that demand
studies at a high geographical level have little economic
significance. The same n§tura1 aggregate values (traveller
per mile or ton per mile) could correspond at radically dif-
ferent situafions. A second consequence of’the ;afiety’of
transport is the necessity to distinguish finely the class
of economic agents inJélved and purposes of transport. There
is the same relationship between travel to work and personal

v

travel as there is between butter and tanks.

1

Given the characteristics described above, should one

- - [

explore the underlying theory of demand ;a it relates to ur-

%

ban transport demand decisions?

The answe?\ja given by T.p. Domencich and D. McFadden

(1975), when they write: '""There' is a need to develop. models

ictabidinatht 1 b e v 2 .
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of urban travel demand which can satisfy the end objective

of transportation planning (1) the fine running of costing
public¢ transports and tranﬁit ¥e1a£ed t;x policy by adjust- ’
ing fagég, headways, feeder service, toll, etc.; within
given'bgjget constraints to quimize social ;enefit; (2)
the ésfimation of benef;t for alternative designs of new
‘transit system;; (3) simulation of the urban‘econJ;y pro=-

. jec{ions of long term transit needs. These objectives re=-
qui:e demand models that are sensitive to transportation
ﬁoljcy and that depend implicitly o; policy vériables 8o

A} . B

that the effect of policy alternatives can be forecast®. :
Consequently, if travel demahd models are to forecast con- T
structively the effects 'of policy chéngeshthey ought to be :
causal, establishing the behavioural link between the at-
tributes of the transpoptatioqxsyé and the desire of the /
individuals. Accordingkﬁo the authors, in order to be a

productive tool for policy mdking, the model should also bedéf

flexible, transferable and efficient.
“~

DR . . . i :
One shéugp, ﬁoﬁever, insist on_the importance of the

-errors the econofist ia'willing to make when the informatidn

L]

-available to him about economic characteristics of the de-~

L] » . . - ° ’
mand are ingsufficient. More prec1g%1y, a source of errors

-
»
+

N T Su VPPN DI NN

,%ay be a bad appreciation of the economic variables involved
such as underestimation or overestimation of collectiveunits

T 1In addition, errors can be related to the apprehénsion of .

Yo

.
¥ . ~
.
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the etfﬁcture of the demand function,. Broadly speaking,

given the actual level of knowledge on models of demand,

rich information on individual consumption demands are re-
quired in order to derive significant conclusions on the

process of decision making.

!

The Construction and Structure of Models 0

7 7

The discussion here is altered at this stage of the
analysis since the structure is determined by the hypotheses

o

(explicit or implicit) which are made in connection with the
behavior of the uses of transport.

A first problem one faces is what data to use. ’Thomson
considers that most models are inefficient and uséless%@e—
cause they use cross-sectional rathér than cime—serieé analy-
sis., M., Rousselot and P. Gluntz (1976) are less ;ffirmativ?.
Even though the classical expéiﬁmentaf'base for the analysis
is the fime}series, they adgit that there are some problems
associated with these daFa: first, those data are not always
available since they deal with the complex motion of trans-
porﬁ economics and even if they are available, their use is

very delicate because of the specific characteristic of the

transport market and, in particular, “thejimportant role .

©
s ~

played by the factor quality which,“veri often, makes it
difficult to iso%ate a "price" effect of a "time" effect..
On the other hand, the use of cross-section data creates

the opp?site problem, that is, one should determine very

-

o B Wors 2 s o
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carefully the influences attributed to the supply. Every

error on the forme;bwill have aﬁ amplified effect on the
latter. |

We will now attempt to derive the hypothéséﬁ most com- -
monly used, to critize them and to suggest po:sible rea;érch

areas, These hypotheses cover essentially three elements:

@)! the nature of{choices available to the individual, (2)

| S Y

the order in which those choices are made, (3) the vafiab;es
which will allow us to explain theu.

l. For the nature of éhoices‘explained by the models,
one should notice‘that their number in every model is limi-
ted (usua}ly'depending on the data available). fhe limita~-
tions of choiee is fundaméntal:‘ this means gg?t other al-
ternatives are not conéidered by the individual and that a
change in the relevant parameters will not influence the
analy;ie. One should ;ccept this hypothesis aa'fa¥ as-thg

~

purpose of travel is concerned. Usually one can distinguish

. L N
the travel from home to work, for business, for shopping,

for leisyre (frien visit, sport, etc.).- Even though some

trips may ha ixed purposes, there is usually quasi-inde~

pendence among the demands corresponding to different purpo-
+

8€es.,

A more fundamental limiFation in the models analysing

the demand is that they concentrate only on a particular

'

4 - N o
mode, So-that, more often than not, road traffic for long

El
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. distance trips is treated independently of railway or plane

A
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Even if there

which are substitutes for|thit/z§;:/;f trip.

are not direct substitutes, it would have been more interes~
ting to treat globally the trip by alzkmodes. .In addition,
causal models should be able to explain causal arbitration
among destinations.

2. The tr;ffic models dealing with the process of in-
dividual choice are usually composed of submodels, chained
up in the following qrder: defermination of traffic from

one zone, received by another, known as generation models;

digtribution of this traffic among different destinations

and origins (0-D*studies); dist%ibution among modes (modal

split models); distribution 6ver network. . j .
The éuthPrs of tgose models ;ssume that the individuals

are ordering‘their choices by following' the abovesscheme,

something that has never been verified. As R.W. Schmenner

}(1976) writes: "contrary to the implicit logic of these
qonvgntional'téqhniques, the tripmaker does not first de-
cide to take a trip, then decide where to go and only then
decide how to‘get'there. Rather the triémak;r's decisions

on where, how and when are made simultaneously. Demand !

analysis should ndt force a rigid and ‘artificial analysis",
It is easy to find counter examples to the above scheme:

we may think of certain car owners who never consider moving

A *

by any other mode than their car. . .




s

7

A

82

0

T. Domencich and D. McFadden try, in their model, to
avoid this criticism by introducing the notion of "choice
situation". Each of these situations corresponds to a pre-
cise order in which the decisions are &uppoaed to be taken
and to a particular domain of substitutability at each level.
of choice, They are able to do that by defining probability
functions corresponding to a8 particular choice situation.
Those probability functions depend upon x vector of observed
attributes for each alternative. The utility function of an
individual is then composed of two elements: a non-stochastic
one which reflects the representative taste of the population
and a stochastic thdat "reflects the effect of individual
idiosyncrasies in tastes or .unobserved variation in attri-
butes for each observed attribute vector" (McFadden, 1974).
-Some examples of choices at given levels are:

- = = a choice of mode of transport, given the destination
R and having decided to travel;
= = a choice of destination given the mode and the decision
to trayel;

-

-~ - a choice between the trip and non-trip situa&%gu, given

3

the destinaéion and the méde; . v

Tﬁis idea is a very interésting one but one should bear
in nind”the'difficulty of defining the universe of possible
choices which must be finite in order to be used in tﬁe model.

~

One can afgume that the results of such a model will be much
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.Domencich and McFadden this role is fulfilled by the 'httrl-

different from those of the classical model since, if nothing i

else, they are closer to the reality.'. Ao additional diffi-

eulty is that 1f such a model is to be operational it must

be the case that the probability that an individwal makes a

trip in certain conditions is based on objective variables,

either on the individual or on the type of trip. For

bute“ of the trip which enters the utility functxon. Further‘-
more,y this method is based on the assumption that the indi-

vidyal faces only binary choices (e.ge. choice between 5utoq
and bus transit modes, choice between trip and non-trip .si-

tuatiion) .

Finally and\/most importantly;(‘even though the
u

authors recognize the intermediable na

re of the demand
for transport and hence the fact that this demand is a deri-

ved one,' they nevertheless specify the travel demand and the

demand for other consumption goods simultaneously. o ]

\
3. The nature of the explanatory variables: the big

variety of transport requires that one should characterize a
trip not only by its:'price but also by factors of quality

which must, in principle, define perfectly every possible

~

substitute, even those with different destinations at dif-

ferent periods. ’

lFox' more dey&ils, see the work by Domencich and M¢
Fadden (1975), and for an application of their theory, see
McCarthy, P. . (1977). _

5 -
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We will not analyse here ext ensively thg general socio-
economic va;:iables which are fulndamental to the explanation
of traffic, for reasons given above.l‘ One point should be
made, however, about the role played by the variéble "car
ownership”. Most of the modéls treat this variable as
exogenous, yet W, Y. 0i and P.W. Shuldinerl(l962)believe that,
"theoretical consideration and available e’mpirical evidence
suggest that vehicle ownership is clearly not an exogenous “
variable, especially over time, Indeed, the future urban
transportation system may itself influence the level of car
ownexrship to the extent that this wvariable will be affec‘ted
by such factors as (a) familiar travel demand, (b) quality
of t¥ansport service, (¢) adequacy of parking facilities
and street capacity, (d) Cﬁe development. of pattern oE the ]
cityo ‘An analysis which treats car ownership as the variable
to be explained, in our opinion, sheds cons idérable lighe
on the. phenomenon of urban travel". In ad»d‘i‘tio’n, some models
consider in their analysis some behaviou‘ra]‘. variables
(Domencichﬂ and McFadden, McCarthy) defined ﬁy the answer vo'r
combination of answers in wmotivation studies. ‘
'fhe most fundamental varigbles, which are introduced in
all modelg, Wa;ge time and price. In' the most simple ones,
! For an extens ive and ‘complete analysis of thc;ée vari-

-ables one can refer to'W.Y, Oi and P. Shuldiner (1962), or
JMartin et al  (1961). .

'
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those variables are rei:laced by the d:‘.stanc.'.‘e.l The evalua~
tion of those on these apparently simple variables is in

fact quite complicatede. sinée (a) individuali congider in
their choice total price and time of trip for a given 0-D.

But the specific part of those total attributes for trans-

port itself is wusually -very small. (For time, we have
travel time, terminal time, waiting time to and in the
“station, valking time, etc.) so that the evaluation of
those ‘elementa becomes delicate; they requige a more éle-
tailed analysis . (b) the non—existence of a unique market
for transport prevents wus from using "'object‘i.v(e prices",
imposed on the individual and which.will guide their deci-
sion. The subj ective prices on which are based the econo-
mic agents in order to make the choices, 'are sometimes, dif-;
ferent f~rom'pricee that on; could calculate. An example of
the dxfferences betveen the perceived and actual prices is
given by A, Baum (1973) » Who prehenta the totial cost per
passenger item of jourmeys by gubllc and private transport
at three ‘differ ent dates, 1964, 1966 apnd 1968 o« The study
establishes that private transport is at least 60% more ex-~
pensive than public trandport, The studies carried

out in» the ~ U,S, estabiishi@\ that: 72% of

-

motorists travelling to work have' never made an estimate

i

The sinplification is somehow abusive since the coef-
f1c1ent of proportxonallty with the dis tance varies accord:.ng
to the mode and infrast ructure. -
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of their trip cost. (c¢) The same phenomendh is observed as
far as time 1is concerned,.subjective time is probably dif-
ferent from .the objective one, calculated as ghe sum of
elements enumerated in (a), (d) In several studies the
variables used is not the absolute value of time or price -
but rafhet éhe difference of the ratio between their values

for alternative solutiono. !

-

As emphasized in the beginning of the paragraph, time

and 'price are not enough to explore the choices of the 'in-

.. . vk, .
dividuals, one must find some other subjective factors in-

\ o

fluencing the demand. For passengers transport, comfort is

L 4 .
an important element in motivation studies, In a sense,

safety is the most important factor of all, "but -this does. »

not mean that it is the most important in affecting the

choice of transport method by passengers as the difference

in the level of danger between, for example, train and coach
does £?§>appear Bignificant to most ped;le"l, (Sharp, 1973).
Beesley {1965), in order to compare the public transport

mode with the private one, considers that the “value of time’
« . .
is smaller for modes with low comfort (generally pdblif

transport), he assumes implicitly that the percéptionJof

o ﬁ@iscomfort«is proportional to the time one undergoes it.
All those factors comprise what is called the generali-
. H .’ 3 |
zed cost. 'The immediate problem one is facing then is to

1 : *

t
. hoid ~ 3 05

This view is 4dlso shgye& by Baum. o
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e intg mqnetary terms. This is an . N
. L ) - >
important problem sin&e it will ée uséless to improve the
- / \\ "
. ' ‘mathematical formulation of th® models without defining pre-
, ( P \\ ‘ : ¥ T
. ‘cisely the variables whichrinfluenceithe chgisce of "economic
Y *
agents. = ‘. ¢’ . N -

7
; tPans}qte those yariabl

4

. In concluding, it should be pointed out what the topics

which speed further developgent in this area are: L

-

) (1) We have notjced in the previous pages that

2. however sophisticated the mathe?atical and statistical toal

~ . . P . L.
used, thf model, in oxrder to be-a useful tool for prediction

and forecasting, should be based on realistic Qypotheses con-
d\,cerni:ng economic dents. Consequently, réseaﬁch in this

field of p%fcho-sociology‘applied to ttansport is more likely

to op;n new paths in this area as would the stuéy 8f a(typo-

-’ngy of economic agents so that the behavibr of the agent

1
5 ¢

. P 3
. belonging to a particular category is more homogeneous. This
-

’
\ - , .
typology should be based®on objeééive variables such as in- ,

-

L come, size of Hbusehold,Qbsc. and lead to a definjtion of

-

typical behavior. One of thag most important aspects of this -
m§ behaiyt which has been completely neglected is the proHIéh ’ '

.» of distribution ovef&time which is translated by the notion
. L.

’

t . , ~
of elasticity of relation among trips at different momengs .

€

I3

o (2) THé research would not be successful if it
. “ e ’ ¢
were not based on real dataj.thus the needforimpro@ed trans~ .,
b : . ve o '

port statistics will go on growing. Thes'e improvements cauld

¢ ’ . . . .
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. Play deficiencies on both theoretical and practical grounds.

s .

- 3 . .

be directed\Eow§rda‘a more detailed ciaﬂpificdtion %f trang-

& ‘ o .
port. The data .actually collected;treat only of macro-eco-

v .

2

- ° ° y. 1
nomics valmes on a national level and are useful %a.lndlces 4

P .
of global growth on the market. On‘the other hand, 0-D
s 3

u .
- . » & : :‘ ’

stuﬂles are limited to sOme zone and some modes. The heteros«
N - W '

geneity of such studies creates great problems of aggregation -
and of adjustment. A greig,ptvgress is to be expected from
the collection of homogeneoua time~series ‘data. In addition,

carryi ing out full- scale experiments to vary fares, speed
gréﬁﬁ comfort provoked deliberately on the base of concrete .

‘ ¢ i ' '
facts, could be 3ggy useful., Such exPﬁflments should allow

the obServatlon ofmargipal effects of the garlables under

study, other things given. o ' BT

— -

.The S.L.A.G. Travel Demand Model < ®

Until now, we have .focused gp the characteristics of

the demand for passenger transport and contrasted it to the h
» ~ ’ © !
demand analysis in genergl. Furthermore, we have analyzed

s
kS hnie D on

and critizZed the construction and structure of models deal-
\ .
ing with “the demand for passenger transport. In summary,

7
we reached the conclusion that all models encountered dis-
. .

It is not our task here tg propose alternative mddels that

v " ¢ . (:‘_ : g' .
. v [ ~ -

will palliate the s&prtcomlngs exposed above, but rather to

draw from the literature a representatjwe model of the domi-

¢

nant Btfeaﬂ of thought for the purposé& of applying disequi- '\

[

hd —
.« — . ’ .
. . -
. .

TSRS Qok FTONRREAD Lo G ¢ G0 P W Searn s dmsiess s o



‘

libriym econometrics., The reader should bear in ijfd then
- - , ~
that the criticisms previously raised apply to the model

4

consldered hereafter. . ’ '
. N

The Spatial Llnyage Analysls Group (S.L,A.G.) in the -
e
Urban Program Evaluatlon Dmrectory of the Ministry of Statefﬂf
»
for Urban Affairs qaskloped'a travel demand model in 1976

used to predict total passenger travel and passenger shifts

betveen modes. - This model is based on another model whieh . -7

o

was first formulated by S.C. Monsod (1956) for estimating
‘the demand for rail passenger services in the North-East

corridor of the U.S. .

‘In its more general form the S.L.A.G. model can be

.

\ /
. written as follows:
{

(5.1) . ! ,
a : |
Gz/ B2 Y2 % % !
o Jo1pBr Yy 1 [ :
Vei [ Pt L EoCysHey Feg dr ¢
i=1 ( . . ?
~ K, az B2 Y2 Ks az Bz Y2 . :
oL ® %G By Feg T e Cei Hey tl] (4,4 | A
- .. 3 . R im] - H
where: ! - e, 4
'Vti: Forecast travel demand Eor’dity—pair\\ on modeni - -
‘bt : Population cross-products, .city-pair t.
(e.g. product of the population of the city'modés)
L, 3 Linguistic pairing index, city-pair t. i
t LR Pl
Coyt Cost of fare of mode ‘i for city—pair t (one way)
’ .
Hti: Travel time (hours) of mode i for city- palr t

(one way)

R L
. g
.




. -

f ‘ . .- [N . - - e - . F e N
, . . . N
. 4 / .
eSO ! - J . s '
. Lo &

- ! .

H Departure frequéncy (pefuad/;) of mode:i for cfty- -
~ pair t (one way)\

! K, : Modal constants whzch may be 1nterpreted as modal
¢ acceptablllty factors representlng the unmeasur'ed
convenience varlab}es involved in intercity travel.

i

Ati: A city-~pair modal épecific adjustment factor.
b \
- v \
4 . . ' : y
The equation is composed O three terms:
(1Y Potential for travel., This term calculates the poten-
, ,
tial to interact from demographic and cultural attri-
butes of the modes. ‘ .
<~ - .
(2) Impedence aéainst trqyei. This term calculates to ;
A * : o L
- what extent the potential for travel is achieved. The - v
. b
— !
‘ more attractive the physical quality attributes and ;
s ' e ’ L ) ;
fares of the various modes, the more likely are pas- :
. . ' {
. sengers to use them, and f
_ ® .
. . i
(3) ' Modal split, This term calculates the proportion of :
L e :
travei%irs who choose each mode. Again, the physical '
3
quality-attributes and fares are the varidbles; for a ;
) ]
k\ ) ' particular mode, the more attractive they are relative %
N i : §
+« to those of the dther modes, the more fﬁkely is a per- 3
- * [ 4
son to "select that mode,
4 0‘
‘ The model presents sgveral difficulties regarding its
‘calibratiohl especially Hecause of'deficiencies‘in the
¥ 1 | . \
. Before estimates of paqsénger movements could be made ) |
it is necessary to adjust the nbiel's parameters 8o that the
simulation of existing trdvel demand reasonably replicate :
. base year conditions.’” The accuracy sought depends to a con-~-
(\\ . siderable extent on the policy issue under discussion., For
~ more details on the matter see J.R. Meyer (1971). .,
ceo o 4 | ;

\ . i » N , . Y
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calibration data set, the dominance of the automobile as a
mod'e of passenger travel, the mathematical strugtgre of the/
modal-split term which uses the automobile attributes as
base, the exclusion of an income fggfor, the exclusion of
sqpplementar; changes and the sensitivity of calibration to
change. X - |

An earlie; version of this model was presented and es-
timated in a study by the Canadian Transport Commission

i

(C.T.C) in 1970 which focused on the demand for common car~

A

riers only (rail, bus, air) and using the automobile as the
competing mode. In that case one can rdgroup the c¢ommon

carrier ip one category and the automobile in the other:

_BZ/r

(5.2) vt.‘= KaPal .PazlLBI-ie cAae:Y(Hl_Hz)O(C _c )60
i, t t t 2771
. A B
. ol 81 _ I/F .. 0 v
I K.H .co. e Y
(2 iBeiCe; © tj)
J’
where:
.t total annual trips generated from t, to t_ by one
t] . : . A B
of the j common carriers.
tys Egst the origin A and destinationm B of a trip inm city-
J pair ¢t. ‘ v
LI . fraction of families with anmnual income above a /
A certain level in ty , :
T highwaifdriving time, center to center (hours)
2t ’ average total trip time by common carrier, weiéhtéd’
according to the modal split (hours) , :
’Cl:” perceived.cost of automobile
sz . average total trip cost by comgpon cafrier, weighted

L according to the modal split (dollars)

v
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Those two models are very similar in their structure
sinct they propose to estimate the .demand for passenger
L

travel between city pair on the basis of a similar modal
. / A\l
split. Although the-/second model differs from the previous
\
one by the introduction of socio—-economic characteristics

-

of the cities involved.

Even though the S.L.A.G. modél, appeared to' perform,.
better statistically than the one estimated in 1970 by the
same commission‘we deliberately chose not to investigate it
for sevétal reasons. As admitted by the authors the S.L.A.G.
modél suffered from severe limitations and bia:;es given its'
highly aggregated form, the lack of reliable data and the
choice of explanatory variables'(hode attributes). It is
more tractable empirically to concentrate on the common

carriers given the numerous common characteristics,

Albeift our acceptance of model (5.2) in

4
.op pogsiti'o n to the S.L.A.G, model the results obtained

a

were not sat‘isfactory; Infleed, regarding the modal split
estimation u‘nusuaily low confidence limits had to be taken
(80‘2) for the results to have any nigxaning. Furthermore, no
mention is made about the significance level of the estima-.
tion as we¥l as about the behavior of, the residuals. Re;gard-
ing the estimation of the total. carrier demand function we

) :

‘can observe that the study does not give any explanation

about the°specification adopted or about the exclusion of

[y

T O

P e

)
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of services between modes., It should be pointed out also

‘then the entire S.L,A.G. model would be a more reliab&e ana-

N

such explanatory variables like the comparison of frequency’
- , 1y

°

.
\

that the statistical properties of the estimates are extreme-
ly poor (relatively high degree of correlation between A

the exogenous variables, low confidence limits and

. ’ hY

non-significance of the parameter estimates as gi€en by the
t-statistics results),

It is our conteantion that, besides the improvements
that could be made regarding the specification of the model,

the results would improve dramatically if the model is esti-

Yated in a disequilibrium framework.,

A Disequilibrium Travel Demand Model

fﬁ the previous paragraph we have presented the S.L.A.G.

.. . . » -
model, in its equilibrium formulation, and have discussed ,

'

the drawbacks of the underlying assumption. ‘

Here, the discussion will be centered on the modal .

&
1

split demand since this constitutes the core of the S.L.AJG.'s
model estimates and it is where the equilibrium hypothesis
is most mneeded. Indeed, if the statistical properties of

the parameter estimates for this demand could be improved )

»

tytical and forecasting instrument, ) ’

L« > ' '

It should be stressed here that assumptions underlying
the structure of -the model are that the cost and time values

are such that the. respective markets, in which those prices
Ld

€

it .
' g 4 )
-t . AR rbemi e o X e sar e 2 A R, ket L
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prevail, are in equilibriumland that the time and cost pre=- .

M

ferences for all modes are tk)e same which implies thatl the
@ parametelrs appearing in the modal split equation are common
N to all modes. Thia second hypbthesis s8eems to be reasonab}y- .
8ince we do not hay'e reason to believk that people's time-
cost preferences should be affected by the choice of mode, ‘ -
v ne iNer by thev,distance involved in each trip. 'Howéver,l
‘ the'firs\t 'assumption reg’arding the state of equilibrium in 2 s

which the various markets are supposed to be, i8 more diffi-

cult to endorse. Indeed, this assumption overlooks important

1

characteristics of the markets under consideration, In par-
gticular, it is commonly accepted, at least for some modes and
for relatively short periods of time, that the supply of ser-

vices is fairly fixed (air and rail carriers) since any in- L

i

crease of availability of services involves intensive invest- o
¥ . " ment outlays, the realization of which usually requires large

periods of time. It is precisely why we observe such. pheno-
\ : , ‘
menon as eisher an excess supply’, for some modes, and/or

A

I a0

-
Bt

during+given periods of time, excess demand or congestion.
L Coow

. LW - .

» - We believe that those phenomena point towards a disequili-
: | %

brium situation and consequently the econometric ‘techniques

-
- '

- /( us'eq are inappropridte. Furthefmore, our &i(rgument,: is s.ulz-
‘ ' ‘stantia;:ed by'the fact the\ fares'practiced,\thé entry in the
industry and the level and quality of smerrvices offered are . .
very closely regulated, hence preventing the mechanism to'"

\

N

S
.
*
a
a
¢
i
|

~
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operate and clear the markets. Finally, it could be argueJ‘,
~ : . : l

that, in fact, users of transport facilities tend to inter-

»
nalize coggestion into their demand by adapting their choices

o

according to the behavior of the market. This implies that’
A

the decision of the individual is a dynamic one and his de-

cision-making process is inter~-temporal wHere the individual

might decide to forego a trip in the present period and pést-

-

pone it for later omn. As it has been already mentioned (see »

A

page 52), Dagenais (1980) attempted to deal with this pro-
blem and has shéwn that a priori nothing can ensure that the
future~ markets will be in equilibr.i,um. In fact, the author _
contends that they are more 1ike13; to be in disequilibrium.
“Folliowing then, the 1970 version of the S.L.A.G. model,

we will consider the modal split demand only for common car-

rier. Let ' Wi

(5.3) d .. = x'tB + u ‘

ti t - .

_ n . . / '
(504) St - ?_l Stj . Y, . '
with: ‘

j o= l,2,.\..,m (modes available for common carriers)

= 1,2,e00,T (city~-pairs) . |

P
and,

= (H C_.; H K ) (vector of exogenous
va?&ablesjas aéf & in (5' 2)

L
B = (da ,B s Y'i l) (vector of unknown coefficients
as defmed in (5.2))

Mt 518300kl
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n quantlty demanded on c1§:y paus st for, mode j.

S,. = the volume of the supplled services on city=
pa1r/t for mode 3

§ = total capacity of the system, assumed here

; y observed volume of passengers carried.
N »
Q

This presentation is deliberately fairly general and
can be specified in various ways to fit different assumptions
on the nature of the disequilibrium in the market., Indeed,

the model implids that the entire system might be in dis-
. J
equilibrium (for all modes and for all city-pairs). But we
‘ )

know that some city~-pairs are more attracted to each other

"than others (Montreal-Toronto, Ottawa-Montreal, Toronto-Ottawa)

and that some modes have a more flexible supply than others,
“ 7 ‘ )
hence the possibility of disaggregating the model in 2 direc-

-

tions:

"(a) take a given city-pair'(t=1) and study the modal Spiit >

A3 & ks Lok A5 xr ULAFE Wt N & *

wr
L4

on this particular route using time series data, then
“ S

(5-3) (5-4) (5-5) can be reyritten as:

C e ! ¢
S Tl LB

_ m
S, = S, .
1, .21
9 Jaé]' J _
yy; = win (dlj’ Sl)
(b) take a given mode and study the behavior of the para-
meters in two different ways, either using time series,

study a particular city-pair system or, using cross-section

data, investigate the magket for a particular mode. In the

7;.

e
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first case, assuming t = ] and j = 1, the model becomes:
‘ L v . . »
. - ",' . ) \ I3 . .
Ay T X Bty e .
T, = s ’ * | o
i 1 ,
yyp = min (dyy, §)) - " L /

‘functional..form those equations may take need not concern

AN

The formulation of the second case presents no addi-
' )

. ¢ ] R
tional difficulty. One should note that the particular
t

us here, since they depend as much upon theoretical as empi-
. »

rical congiderations. Indeed, it} is common practice among .

u

the authors we have encountered in this s tudy to advance no
justifications regarding the choice of particular specifica-
tions adopted. It seems that this choice is a question of

\ , .
practical convenienc‘e rather than theoretical rationalizatiof.

In order to estimate the coefficients of the demand one

can observe, following Hartley's (1976) suggestion, that the

&

gensored normal re®ression 1is a’pplicableo T@'o me thods of.

estimat‘:ion are available: the maximum-likelihood estimation
(M.L.E.) and the Non-linear 1least squares and weighted' least
sqﬁ'ares. We first discuss the full-information m\aximum 13Ke-

t [ B .
lihood estimator and then present certain limited-information

g

methods. - N
Let ft(dtlx't) denote the (conditional) density of Dy»
given X, = x't'. Let Ft(i)’denoté the (conditional) c.d.f.

of Dt and let gt(ytlx't) denote the density of the observed

t
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quantity Y given X, = x'_. Hence, ’
t i = t
~
£ ' <§
' 2 (") Y, <5, /
B (ye[x"e) = { ‘ ,
- ' = 0
1 Ft(Stlx () Y 7S,
L3 }
L X o
In the present case ft(°) is normal with mean x'ts and
variance 0. Then l1et 1={1,2,..,,T5...nT} denote an index
set for a sample of mT observation on y, ;t and x"te Let
T denote the subset of observations where cit constraints
1 y t: = — I — hd
y, i.e., TD={ Vo< Ty o tet} and let Tg= T—T,, the comple
.ment of T denote the observation where the supply side is v

D)

binding, i.e. , = s _. Then, from the density of the ob~-
g Ve t y

served quan'tity we-have the’ likelihood function,
M
° 2 -_. - y
‘ LT (B)G ! Y’S’X) = ,H_ ft(ytlxt) M H [l—Ft (st {xt)]
. t=TD - t='l's 7

A

The MLE's for the parameter vector B and 02,8 and o

should maximize L. orx log.” L, i.e.
log ( 8,07 = suP {‘103: L (B,0%)}
where © = [B' » 02]'

a
As for the nonlinear least squares (N.L.S.) method,

Hartley suggests to use the nonlinear weighted least squares
(N.W.L.S,)because the N,L.S. estimator even though strongly

- i [ : J N 13
congistent and asymptotically normal, have heteroskedaﬁstlc

o
o v
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~efficient angl asymptotically normal estimator than the’'N.L.S.'

’ ,\ A - N - ‘ l /
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h / < ' . B ) 2 d
residuals. But then again, the-N.,W.L.S. estimator is ins y
‘consistent. To remove the inconsistency&ﬁartley suggests v

- - - v ~ .

anfterative procedure (I.N.W.L.S.) which will give a more

‘ -
It is his conjecture, however, that the M.L.E. may be shown

. N . ‘ » '
e be asymptotically more efficient than the I.N.W.L.S. and,
~ V¢ . v

hence the N,L.S. estimator, although the finité sample pro-

—— . \

perties remain unknown. This question is still open and * \
only an empirical inve.stigatiorg could settle this problem, .
. . , \\
- e ‘ , .
\
: ; v
' / . o i
..~'q N N o ; )
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In *his di@sertation, our andlysis was threefold.
r - 7

First, we.pavé reviewed the literature on the methods of

a

estimation for switching regressions and the estimation
for markets in disequilibrium where care was taken t& point.

out the particularities and similarities among those methods

-

and to discuss critically the assumptions underlying those

i

techniques., Secondly, the applicatjons and results related -,

-

to these techniques are compared and evaluated and thirdly;

the estimation of the demand for inter-city passenger as a v
1 ’

« 4 R - ,
particular application of the disequilibrium techniques.is \g—/;

. Canl ‘Q ‘g‘
proposed.. . |

In particular3Vtﬂe a?alysié on the gaitching regres—
si%ﬁs led us to the fact tﬁaﬁ the estimation techniques re~ i '
quire maximization of non—linear functions and hence mani=~
puiatiop of very tedious expressiong re&uking almost: alwaxg{
numericgl methods of optim}zafion. Fuffhe;}oré,;iﬁ cases /.-
‘where the proporttionality factor between the Vari:;ces e
.the 2 regimes is unknown, the'likelihood function is un-

AN
bounded and consequently global maximizaxion will lead to .

inconsistent estimates. Important headway has been made in
. 4 :

3

: - 4 . ’ L3 - 3 ?
estimation techniques of switching regressions although the
R . ’ '

. . . Y
-

" b '

Al
- ’
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empirical performance of some of these methods has not al- W

o+ —
~ Ce wayS'ﬁeen satisfactory given the computational difficulties
I3 B

.(\ . . a )
. -

- encounteted and the unknown finite sample properties of the

- ., estimates. Much depends on the form of the 11ke11hood func}

* 3
Ay

0y tions ,and the ‘informatiop content of the data. : -
. * The sa£€~prob1ems,pefsiat with the estimation of dis-
' L] . . : . A -
N+ i equilibrium models. 'Besidés the faiore complex and -expensive
© e -
e . . * ) .
/" ) .estimationktechulqueS»gwd the, problems of existence of a \
] 2 . B

global maxlmum, the problem of internal cons1stency of the
models has ' to beareckoﬁ%d 61;1 Although statistical pro-

pértigs (consistpncy and asymptotic normality) ‘of the like~

& )
3 - been established,. it was, not the case for other disequili=- '

P . .
4 brium models, L Of the little empirical evidence we have, . . ;

’ \\LNI_ - multiple maxima are often eficountered in the application of i

lihood estimators for the basff’disequilibrium model have ’

.

4 .
maximum like lihood” methods. This problem is more likely to ”

-

-~ arise when a constant term appears in the demand and supply - -~

AY ' - .

equations and is aggnavated when the likelihood functlons

g
e

are the product of sum; for thlB reason it is reé%mmended

- ‘to try alternative'techniques. ‘ \ .

R« ik,

. v Finally, the analysis of the characteristics of the™

. 3 !
demand for inter-gjtyﬂpassenger transport and the discussion
\

. ’
- 3

of the structu:é/and.results of the existing models have led

. ‘ - : »

/ . . <o . -
\ us to the qonc1u310ﬂ)that ¢g§equ111b;}hm techn1que§4are ap-

[P

. ¢
propriate for estimating th?s type of, demand. We have

—

g e
\

.

-
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-

sugg sted a particular specificdtion of a model where the

/

%uppl was fixed and proposed.ap éstimatioqstechnique. The
S

. s g

’

gormulation of this model was deliberately general to allow

particular specification according to th® problem at hand.

. ) .
However, an estimation of this model will have to tackle

: . . ! . [
‘. 1mpqd1ments.dssoc1ated with the aggregate nature of the for-

~

mulation and the paucity of data. An important but diffi-

.

' cult area in which empirical research needs to be directed

N

i@is models of multi-market disequilibriqp. Unfortunately,

these models tend to be either inconsistent or have multiple

solutions.
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