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"Investment and financing interactions at the firm level:
An econometric simultancous-cquation appreach.”

by
Reberto I, Villarreal
ABLTRACT

This rescarch paper focuses on the theoretical specification
and empirical dimplementation of. a simultancous-equation
goonometric model of the firm's investment and financing
decisions. The model is derived analytically {rom a gencral
optimization prcblem of the forward-locking firm concerning its
ipvestment and financing over consecutive periods. Thus, the role
of expeciations about the future and targets for the investment
and financing variables, as well as Lhe financial timing behavior
of the firm are explained very naturally.

The model has appealing characteristics for empirical
analysis using economctric methods, First, it reveals important
nen-linear restrictions on the coefficicnts acrosz the equations,
preoviously unnoticed in the related literature. Sccond, it
contains as  special cases several typical  specifications found
in the literature and, therefore, it permits to assess their
statictical performance against a move general boenchimark,
Finally, it suggests a novel way of addruessing the fact that the
firm's financial targets are unobscervable for the
econometrician under commen circumstances. The idea is to
consider the firm's actual investment and financing decisions
observed once pericd later as “observations with error" on the
earlier targets for that date, and then use instrumental variable
procedures to get consistent estimates of the coefficients.

The model was applied to analyze fixed assets investment and
debt and equity finanmcing in a cross-section of 141 large private
firms in Mexico for Lthe vyear 1980. The statistical results
obtained were very satisfactory: no concluding evidence of
misspecification was found, the non~linear cross-eguation
restrictions were not rejected in most instances and most
parameter estimates exhibited the expected signs, A restricted
Partial Adiustment (o Targets specification proved to be
adequate, but an Interdependent Adjustment specification did not.
Statistically significant interdependencics betwecen investment in
fixed assets and debt and equity financing were found in a sub=-
sample of 93 firms not <¢onstrained by domestic bank credit,



T. INTRODUCTION.
A numbey of diffcrent simultancous eguation cconometric
models have appearced in the empirical literature of finance
over the last two decades to investigate the overall relation
Shipé betwaen the investment and financing of firms. (Goeo:
Dhrymes and Rurz (1967), Spies (1974}, Fama (1974), HeDonald,
Jacquillat and Nuﬁsenhaum‘{1975), Taggart (1974, 1977), McCahx
(1979) , Peterson and Benesh (19883), Jalilvand and Narris
{1984)). These cconometric models have been useful not only
to describe in a precise and systematic wayv the globalpattoms
of investuent andlfinancing of firms, but also to test for
the existence of statistically significant interrelationships

between investment and financing decisions.

In general, these models taken tmqethef have generated
considerable enpirical evidence regarding the actual interde-
pendencies botween the investment and financing decisions of
firms and have advanced our ﬁnderstanding‘cf their determi
nants., Some of the main empirical findings are the following.
lFirst, investment is affected by faplacement needs, expected
profitability, expected denand, cte., and also by dividend
payments and boyrowing. (Dhrymes and Kurz (1967), McCabe
{(1974), and Peterson and Benesh (1983) support this result;

however, Fama (1974), McDonald, Jacguillat and@ Nussenbaum
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(iB?S) roach differont conelusions)., Sccond, firmé manage
the composition of their liabilities in a way consistent
with opt:imal capital structure theories, that is, their fi
nancing decisions are influenced hy some desired or target
debt/equity ratio. (Taggart (1974,1977) ). Third, the dy
namic adjustment of long-term deﬁt and cguity to their de-
sired magnitudes is not fully achiceved in short perieds,
but only gracdually over time, whereas the adjustment of ai
vidends and short—-term financing is wmore rapid (Spies (1974),
Taggart (1974,1977), Jalilvand and Laryis (1964)). TFourth,
short—~term debt and liguid assots seom to be used by firms
as residnal sources of financing {(Taggart (1974,1377)).
Fifth, firms wake their decisions evalualing - current f£i-
nancial-market conditions (e.qg., interest rates and stock
prices) in relation to expected future conditions, or in
other words, firms exhibit forward-looking behavior and
make timing considerations (Taggart (1974, 1977), Jalilvand
and Harris (1985) }. And, sixth, investment and financing
behavior differs across industries and by firm size (Dhrymes

and Kurz (1967), Jalilvand and Harris (1984) ).

Bowever, largely as a consequence of the fact that a
unifyving analytical framework for the firn's overall financial

decizion malking preoeesgs is not available in this literature,
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central questions regarding aquﬁatm mode L specification and
model selection reomain unanswered.  Concurrently, due to the
unobsorvable nature of variables like the firm's targets for
investment and financing, timing conside*atigns and expectations
in general, the ideal variables have not been available for
estimation and upon Implementation these medels have suffered
from ubiguitous crrors in variables, Moreover, the coafficients
estimated from the models lack any structurael interpretation
and their variations across samples or over time arce Jifficalt

to account for.

A unifying framework for the different cconometric sys-
tens of equations depicting the investment and financing
behavior of firms Is not conly desirable to organize and asscess
the empirical evidence gath@red in the past, but also to guidn
new efforts at specifying and estimating such economatric
gystemns in the future. Indecd, the models previously mentioned

"

can be classified into two broad traditions on the basis of

the characteristics they portray of the firm's modus overandi,

"as summarized in Table I.1.7 {The tradition which‘I have
labelled as Interdependent Adjustment, IDA, encompasses the
works of Dhrymes and Kurz {1%67), Fama (1974}, Mcbonald,
Jacquillat and Nusgsenbaum (1975), McCabe (1972), and Pcterson

and Benésh (1983); the tradition which I label as Partial

R .
AL tables™are included at the ond of the paper.
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adjustment to Targets, PAT, includes the work of Spies (1974)
Taggart (1974,1977), and Jalilvand and Harris (1984). Repre-
gcntative examples of modaels in coch of these two traditions
are prosented In Appendix A). The marked differences botween
the two prototypical specifications favored by the IDA and

L]
the PAT traditions pose very critical guestions. For exanple:
To what extent arc these specifications compatible with each
other, or eguivalently, to what extent do they depict the samo
decision-making problem of the firm? Under which assumptions
would onecor the other specification be more appropriate? How
can notions like "targets" and “"timing consideraticns" be
rigorously referred to a rational decision-making problem of
ﬁhe firm? What a%e the necesgary or sufficient conditions for
a decision variable to be properly considered as a residual hy
the firm? Without answers to these questions, the usefulness
of empirical rescarch bascd on econometric systems of simulta
neous equations like those mentioned hefore is only partial,
and our understanding of the empirical relationships among the

firm's inveztwent and financing decisionz iz seriously hindercd.

This paper pretends to improve the present state of the
art in mcﬁelihg' the overall financial decision making of the
firm, explicitly addressing the issues highlighted in the

s
preceding paragraphs. Fortunately, receni developments in the

=
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field of corpeoratce finance (aqeﬁcy theories and asymmetric
information storics of asscts and liabilities choice by
corporations) and in the field of cconomigs (intertemporal
cptimization and interrelated demands) offer the possibility

of a productive cross~fertilization of ideas.

The paper is organized as follows. Scction IT offers
a medel of a stylized decision making process of the
optimizing fiyrm to arrive at its eptimal investment and
financiﬁg decisions. Within the analytical framework of
this general model, notions like "targets® and "timing
considerations" have a very natural and appealing interpre-
taticn., In Bection IXII, it ie shown that the IDa and PAT
prototypical models éan ke obtained as special (restrictlted)
cases of the mora ganeral modél, and their particular
coefficicnts can bhe intarprﬁted in terms of the 5t:Uctural
parameters of the lattox, Section IV discusses the estima-
tion method and the relevant parameter restrictions to be
tested. Section V presents empirical results obtained from
" a sample of large Mexican private firms. Finally, Section

VI clpses with some final romarks.



IT, THE MODEL. /1/
IT. 1. §et up.

Two types of concerns may be recognized in the firm's
"obijective function" /2/. The first corresponds to the
firm's purely static concern with the cutstanding magnitudes
of its various assets and ljabilities at a given point in
time (e.qg., its debt/cquity ratio and the ratio of current
assets to short-term liabilities)., %The second typo corres-
ding the magnitundes of its assets and liabilities through
consecutive points in time (e.g., the growth of its stock
of net fixed assets, the proportional increase of its long
term debt, ete,). 1In principle, both types of consideratiocns
may be relevant for the firm's decision making.

L]

Letting K W D, and N, stand for the outstanding
f

! t L
stocks in period t of fixed assets, working assets, debt and
equity, respectively, I define the functions P (K., Y., Dt’Nt)
and Q (K ~Ky W -Wo g0 D=Di g0 MmNy ), representing the

firm's static and dynamic considerations about its decision

variables. (The interpretation of these functions is discussed
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below}. Since these variables are linked by the Ralance Sheet

identity, K, + W, = D + N

t t 4 t, anyone of these variables can be
substituted out and the functions Pt and Qt can he wfitten in
terms of the remaining arguments. Accordingly, W, will bhe

eliminated in what follows. Furthermore, it will be assumed
for convenience that Pt and Qt are sccond degree polynomials.

Consider Pt first:

a

( 1) PpiKpsDp M) = ad + afk. + afpg + afwg +

kk,2 .ddn? NNy 2 ka krn . .dn
iat Kt + ap D{ + ap Ng + ayg KtDt *oay KNy o+ ay DtNt}/z

or, in matrix-notation:

( 17) Pe (Kp D W) = af + ap ¥y + (1/2) ¥u'AgYg

where the 3l vector Yo is defined as Ytz(Kt, Dy o Nt)': and ay

and A, are a 1x3 vector and a 3x3 symmetric matrix of parameters,

equal to:

v kk kd kn
at E"lt at
a, = [a%, aﬁ, a?]; A, = a%k a%d agn

kn én nn

y 8¢ 8¢

The polynomial P, can be thought of as a second-order
Taylor approximation to a static net revenue function. for

example, if net revenue is given by

R(K,) ~ feg + (€1 (Dg/Ky)*Cy (KemDe) /R 190K
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Wheare R(KL) 1a net revenue from operaltions and the substracting
t&rmlrepruﬂcntﬂ total financial cost (notice that the cost of
capital is an U-ghaped function of capital structure if ci<0(c?),
then upon taking a sccond-order Taylor expansion of this function

at the point (k,d) one obtains:

at = R' = RY'k + 3(clvc2)2f2 - (clHCE)Rf - (02)2- o 2 0

a4 _ . P . S -
ag = (cl L2) £ 2c2(cl 02)‘3 0

aﬁk = (1/2)R'"' - (clwcg)gfz(l/k) <0
a¥d = (cy~ey)2(E/k) > 0

where f=4d/k and R' and R'' are evaluated at k. It is noticeable
that in the special case in which ¢y = ¢y ({so that one 1s in the
case in which there is not a well defined optimal financial

structure for the firm), these coefficients would be equal to:

ay = R' = R''ke- [ + (ﬁg)z]
Ay = (L/2)R*"

a3 = aagq = 8gq * 0

so that the polynomial would be just a function of K.

Consider next the function Qu. Tts interpretatioh is
easicr to communicate if Qt(.) is seen as the sum of three parts:
¥ dl n : n

(), 0 and 0, (.), refemed to as the "costs of adjustment

incurred by the firm when changing its stocks of fixed assets,

debt and equity,
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respectively, as cxplained below. {In practice, thegse elements
are very difficult to iddentify separately, so what follows is
merely an expository argument. At the end, only the sum function

matters). Thus:

k
(2) QuKg=RpoqeDpDeog Neg=Ngg) = Op{Kp=KeogsDp=Dyog o NemNy_q) +

OF (Kp~Ky_q /DyDe_g Ne=Np_q)
QR (K "Kpmy eDp=Dyoq /N =Ny q)
where!
(3) QE(Kt—gtml,Dt-Dtﬂl,Ntmwt_l) n bE(Kt"Kt—l) +

“:’}1.2}{“{t“Kt'—l)2 * b%d(Kt;Ktml)‘Dt_Dt"l) * b)‘é.n(Kt“!{t—l)(1\}‘1?,"1\.]‘1:-2'!_)]‘/2

. _ 8. :
(4) QpRe=Ky_q¢Dp=Dpog/Ne=Npg) = bp(Dy=Deq) #
dd _ 2 . wak a . : an - _
(bE¥ DDy q) =+ DESUDL-DL YK Ke _g) + DED =Dy ) (N Ntﬂl}}/?
n - L -
( 5 ) Qt(Kt_Kt_ertHDt_l :Nt“'Nt_l) = bt(l‘]t Nt"l) +

nn - 2 nlk _ - - nd - -
g T (Ne~Np g 3% % PP (NN ) (KemKeog )+ B m (NemNe o 1De=Deoy ) 3/2

Qi(,) gives the "costs of adjmﬁtment" from changes in tﬂe
stock of fixed assets, which can depend not only on the change
of fixed assets, but also on the way it is financed as explained
by agency theories. it is usually assumed in the investment

literature that b§>o and bl¥s0, i.e., the "installation cost" of
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fixed asscts (regardless of financing) increases at an increasing
rate. [Sce Hayashi(1982)). Morcover, the firm may incur

additicnal costs on top of the "installaltien costs" when its

investment is financed with some amount of putside funds as

mentioned before if outsiders realize bigger agency costs
as the firm grows fastcer. If so, one would expect btd and b%n to
}

be positive, although perhaps b{" wquld he close to zero for
owner—-managed firms, If financing does not affect the cost of
adjustment at all (as it dis'often implicitly assumed in the
investment literature), fthen one should expect bEd:bEn:Dﬂ If
only the distinction between inside and outside financing
matters, but the cost of adjustment is net affected by the the

split of borrowing and stock issues, then bﬁdmb¥n#06

This is illustrated graphically in Figure II.1. 1In the
benchmark situation in which investment is financed by an equal
depletion of circulating assets and there is no borrowing and no
change in equity, QE gonEistE simply of the costs directly linked
with the change in fixed assets, i.e.,, "installation costs"., This
iz depictod as the lower curve in the figure. The two upper
curves show the QE(.) function when investment is financed
with a positive amount of outside funde. If Ed>bEn, tﬁe highest

curve would correspond to a larger amount of horrowing for the

same total amount of total cutside financineg,

Similarly, Qg(,} gives the "costs ¢f adjustment® from

changes in the stonlk of debi. Again., part of these costs depend
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on the debt change itself., (Most importantly, perhapﬁ,.thc
deadweight costs resulting from a higher debt/equity rétio ag
debtholders require a higher return on the outstanding debt to
compensate for the larger probability of default. Other such
costs would consist in loan aéplication fees, fixed flotation
costs angd commissions on bond issues, etc.). Most likely, these
costs increase with the absolute amount of borrowing, although it
is unclear if at an increasing or decreasing rate. So, it would
appear a priori that bg>0 but btddgo.. The magnitude of these
costs could also be affected by changes in equity and perhaps in
fixed assets, as indicated in { 4). As increascs 1n equitiy
reduce the deadwelght costs from higher debt, one would expect
bgn<0. With regard to changes in fixed assets, if agency costs
increase with fast growth, as argued before, then one would

expect b2k>0.

Finally, Qg(.) gives the "adjustment costs" from éhanqes'in
equity. Once more, these costs depend partly on the change of
equity itself (e.g., administrative costs of issuing new stock,
or, perhaps more importantly, under asymmetric informaticon:
transferences of value from the original stoékholders tq the
suppliers of new outside financing, as suggested by Myers and
Majluf (1985)). These costs may be thought a priori to increase
with the magnitude 0f the change in eguity, although it is
unclear if at an increasing or decreasing rate, so one would
expect b%bq but‘bgnao. Moreover, the 1larger the proportion of
retained earnings to the increase in equity, the smaller these

coefficicnts, Additicnally, these costs may also ke affected by
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changes in fixed assets (e.g., faster growth increases the

agency costs perceivod by outsiders . thus leading to bhelieve
bﬂk>0) or hy changes in debt (for the effect on thée probability

of default mentioned hefore, thus bEd>0).

As mentioned already, it will be normally impossible in

empirical analyses to distinguish individually the coefficients
4

k 4
‘btd and b{X, pk0 ang blk, piy

simplicity, B

and bﬂd. Therefore, for
tbelmqwjﬂ‘bccomﬁderm} hereafter a symmetric matrix.
This will not affect the conclusions from the following
theoretical analysis either, since 1t 1s only the sum of the

cocfficients in each of theoff-diagona) pairs which is relevant in

the analysis.

The final objective function of the firm.

In sum, conce the functions Pt(.) and Qt(.) are pﬁt Logether
[equations {1) and ( 2)],: the following maximand (in matrix
notation) is obtainéd, indicating the firm's concern with both
the_static and the dynamic interactions among its investment and

financing variables:

(Y, -Y

(6} OplRp /Dy oNpiKp gDy Np q) = Op (Y, ¥y q) = Pe(Ye) + Qu¥e-Yiiq)

T
af + ag¥y + (1/2) Ye'Agvy -

b‘ﬁ“&ythyf"’“l} - (J/?) {YLHYt"‘l) 'nt(ytmyt"ﬂ
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where the 3xl vector Yt“(th Dy Nt)' contains the firm's
decision variables, and the following are parameters: a%,, a
“scalar} aé=(a§,a%,ag) and bt:(bi,bg,bg) vectors of dimensions

1x3; finally, At and Bt' symmetric matrices of dimensions 3x3:

kk ledd kn kk kad kn
agt agt ag b byt b
ka dd dn - ka da dn
Ay = ays ags  ag ' By =, by by by
kn dn nn ' kn dn nri
at Elt at ' bt bt bt

The objective function ( 6 constitutes the basis for the
interpretative framework dJdeveloped in what follows. It must be
remarked that all parameters are sub-indexed by time, for in
principle there is no réason why they must be thought to remain

constant. Finally, it must be mentioned that O, will bhe a

t
globally concave function of Y, (and, therefore have a unique
well-defined maximum, if the matrix [A, B¢l is negative definite.

{(See Appendix B at the end of the paper),
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II.2 Optimal inpvestment and financing deeisiom under

parapcter cortainty,

Assume initially that the cocfficients of the firm's
objective function {a ’s and bt’a) are given constants, known
by the firm at the moment it makes its investment and financing
decisionsg. In other words, these parameters are deterministic

and the firm has perfect information regarding their magnitudes

in the entire decision horizon (as expilained below),

Suppose the firm in period t were to maximize 0. as in

with ¥

equation (6) with respect to the decision vector Y.,

t~1
predotermined. It [ollows Lhen that, unless B, were a
zero-matrix, the optimal decision at t depends onthe previous
decision made at t-1. Thus, by the same token, if the firm
would continue to exist after period t, its optimal decision
at t + 1 would depend on the decision made at t, and so on.

Yet, there is no warranty that the decision at t + 1 conditional

on' the decision at t would be optimum optimorum, unless the

decision problem at t had oroperly contemplated the effect of
the current decision upon the following period. If this were
not the case, the firm would be behaving in a very myopic way,
and under the present assumptions about the availability of

information this behavior would be incompatible with full rationality,
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Therefore, it will be assumed that the firm in peried t
looks forward to the subscquent cffects of its current
financial dec¢ision, (0f coursc, the firm would have a

certain rate of time preference R for period t + j,

t+3

<Ris; arc given cons-

o such that the series of R :

t+j+1
tants and Rt = 1),

Suppose that the {irm had exogenously deeided on
the magnitudes of the stocks of fixed assets, debt and

equity it wishes to attain in period t + 1, in other

b £s . LAt + + .,
words, the firm has set a target Ve = (ht+1' Divto Nt+1)

for period t+1./3/. Then, the firm's two-period decision

problem can be posed as follows:



l . . o . . & .
{M.1) Maximize, with respect to Y. for given Y., and Yiegs
+
(73 Op(Wp¥iny) * ReyyOppy Wy e¥y) =
al + a ¥, 4+ (1/2) Y 'BALY -

- - _ _- I' - .
By (Ye=¥p ) = (172) (Y=Yy ) "B (Y =Y, ) '+
: O + ot +
Rypspfafsy * apey¥esy * (1/2) Yiog"Rpag¥esg -
+ + . +
bpg Wpaq=Ye) = (L/2) (¥ =Y} "By Wgyq=¥ye)d
Clearly, {(M.1l) constitutes a deterministic dynamic
programming problem, If the matrix [At“BtHRt+1Bt+1] is negative
definite, as it is assumed to be the case, then the first order
conditions for a maximum of (7)) are sufficient. Taking the

derivative vector with respect to Y, and equating to zero one

obtains;
(e) ap' F AgYp m byt = B (Yee¥eag) 4
ot
Reanl Prag’ * Begg (Yea17¥¢) = O3y
| Define b{, y=Ry b,y and By, =R, 1By, Thus, collecting terms:

. :
(8') [Atht'Bt+1]YE * BeVing * BroqYeey + (@p-betby q)* = QBxl

where Yy denotes that this value of Y, is optimal. For short, let



My o= IAp - By ~ Byl and myp = -—[at = by # bygq1'. Then, -(87)

can be expressed as:
&
(9) Me¥E = mi = Be¥eig = Bryg¥ea

It is observed then that in this two-period case, thé
optimal investment and financing decisions at t depend not only
on the prédetermined initial conditions at t-1, but also on the
target for t+1, i.e., the exogenously sct terminal conditions.
Once again it is evident that if Bt=03x3' then previous decisions
would he irrelevant at t, and simiiarly, if By,1%05,5, then
future decisions (taryets) would bhe irrelevant for current
decisions. Moreover, except in the special case'in which My is a
diagonal matrix, the optimal investment and financing decisions

would be interdependent.

The qualitative nature of this optimal decision would not‘be
altered if the exogenously determined terminal conditions (targets)
had been sct by the firm for a more distant period t + T (T> 1),
although the expression corresponding to (9) would be in that casc
considdrably more intricate. /f4/. Thus, sincec the longer deccision
horizon adds qualitatively nothing to the picture but notational
complications and unsurmountabie paramcter identification problems,
the assumption that the firm's targetslare set for the immediately

following period will be maintained in the analysis,
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IT.3. Optimal investment and financing decisions under paramcter

uncertainty.,

Consider now the case in which the paramecters contained in
the vectors and matrices g, A,, b, and B are perceived by the

decision-maker as given and known constants only for the current
period, s=t. Looking azhcad from t té fqturc periods, s»t, the
decision-maker perceives these parameters as random variables
distributed according to some conditional probability distribution,
as e¢xplained below. The particular rcalizations of these random
variables willlhe obscrved, in turn, oncce period.s arrives. The
idea is that the cnvirdnmeﬁt {summarized in these parameters)
under which the firm's future decisions are to be made looks
uncertain aheéd in time, but this uncertainty disappears right
before the actual decisions are made in every period. lowever, it
will be assumed tﬂat the decision maker percéivas at. t some joint
probability distribution function h(ﬁg|1t) conditional on the in-

. ‘
formation 1, available at t, where [ denotes the vector of random

t
parameters relevant for period s,

The optimal investment and financing decision of the firm in
this context will be investigated next in the two-period horizon.

As before, it is assumed that the firm has cxopenously decided on

the magnitudes of the stocks of {ixed assets, debt and equity it

wishes to attain In period t + 1, that is, it has set a target

+ > +
Yeur™ (Kppqr Disqe

two~period decision problem can be poscd as follows:

D N:+1)’ for period t+1. Then, the firm's
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(M. 2} Maximize, with respect to Yoo for given Yimgr Y;+l and
Ies
. '1 . +‘ ' _
(10) Be (0p (Ye r¥yg) * ReyqOpyy Yeag o ¥edd =

Eptal + ap¥y + (1/2) Yy'AgYe -
' bt(Yththl) - (1/2) (Yt'Yt_l)'Bt(Yt“Yt_l)J +
5 (Ry, qlaf, 5 + vi oo+ {1/2) i ALYl -
EglReplaeer * a3 ¥ied ) Yegn Bee¥ier ™
_ + + o
bt+l(¥t+l_Yt) - (1/2) (Yt+1 Yt)'Bt+1(Yt+l Yt)]]
The operatoy Et(x) = Et(x|1t} denotes the ﬁathematical
expectation of any variable x (perhaps a function of py.,)
conditional on Iy. Technically, this expectation is caleulated by

integrating x times h(ﬁt+l[1t) over thec parameter space that

supperts h,

Taking the derivative vector of {(10) with respect te ¥, and

‘equating to zero, one obtains:

4

. . o
Reeal brag® # Beyg Weepm¥edl 3 = 03y
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Under the present aSSUmptiopS, the realization Py has
alfeady been observed by the firm at the time (M.2) is faced, and
'ﬁhus v Mg by, and By in {11) are constants, Also, Yt-l and Y€+1
are predetermined, and Ry,; is a known constant. In congrast,
Praq is stochastic at that time, and Y, is a function'of Brege

Therefore, {11) can be written as:

(12) ag * ALEL (VL) = Bl = B [E (¥ )=Yy 4] +

Ria1Bp{Pl, ) *+ RepqBelBrog (YL, q=¥e)) = 0gyy

The last expectation can be conveniently simplified, as
follows. Notice that Et+1(YE+1"Yt)' equals the following 3x1

vector:

B .

]\]c kg

1+J(Kt 217Kg) + DSy (DE,5-Dg) + BED) (NG, -W)

kd dn

pEdy (KEiyKe) + Py (DL, 1-De) + BT (NE, =Ny
kn nn + .
bydy (K{yq- Kt) + bt+1(Dt+1 Dp) + byyq (Np,p-Ne)

8 _ J

and, since Et(u,ﬁ)=Et(u)Et(v)+Covt{u,v}, [where Covy stands for
the covariance operator, of course defined in terms of the
probability function h(Py,q]Iy}, Jjust as the operator E.], one

can write:

: +
(13) By (Byop (¥Ey¥e)) = Ep (Bpyg) B (YD, 1Y) + 2

where:
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§34) Eﬁ_ =

o

Cov bR, (%8, 1-Ke) ] + CovibEd,, (DF,1-Dp)] + CovIbRy, (N, -Ny) )
cov (bR, (K, 1=K )1 + covipdYy, (D}, =D) 1 + Covib , (v, -N,) ]

Cov [BEM (K, 1=K ) 1. + Cov bR, (Df,1-De)] + CovIbPl,, (M), =N.) )

rar -

- - b - -
kk kad kn ¥k
AR S 3 Z
kn -GN nn n
LZt + Zt + Zt Zt

(The definitions of the 2+7 and the 2z} (for i,j=k.d,n) are
t ¢

obvious from notation).

Substituting (3:3) angd {14) into (12}, the first-order

conditions for a maximum of (M.6) can be written as:
(15) ag * BB (Ye) = by = BelBe (Y)-Yeoql +
. " . i ,
Rea1Be(Pgag) ¢ RegaBe(Brap) B (¥eag=Ye) + ReyeqZg = Ogy

Zy =Ry ,4Z4. Then, collecting terms, the necessary first~order
conditions for a maximum of (M.2') can be written as:
SELY [Ag = By = BrypJBp(Yg) * Be¥eoy + Beyy¥eey

Bg b {agmhetbygg)t = Ogyy
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That valuelyz lﬁﬁt{Yt)] of the decision variable Yy which
satisfies ( 15) is optimal for the.firm. [The notation Et{Yt) in
{15¢) shoﬁld not be misleading. ¥, is not a random variable in
the usual sense, but a wvariable whose value is determined
optimally by the firm depending on the information available 6n
the random parameters ﬁt+1' namely h(§t+l[1t). This is
highlighted if that value 0f the dscisi@n variable Y, which

satisfies (12') is renamed Yf, instead of E . (¥.}]).
L [ o

Compare the optimal investment and financing decisions of
the firm in thé certainty and uncertainty cases [equations (157)
and (87 )]. A first difference 1is just the interpretation of
the coefficients in these equations: the parameters known with
certainty in the former case are replaced by their corresponding
mathematical expectation in the latter case. A second
distinction, however, is of‘greater importance., It has to do with
the presence of 2 ¢ in the optimality conditions of the
uncertainty case, a term which does not appear in the certainty

case. -

As it will be shown next, 2, presents a notion of hedging
~which is meaningful only under conditions of parameter
uncértainty: in making its optimal current decisions, the firm
hedges against the possibility that the second-period
adjustments, required Lo reach the predetermined targeit, may
occur under relatively costly conditions., In a different

Jlanguage, z%; zﬁ and ZE are a rigorous interpretation of "timing"
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for investment, borrowing and eqguity changes, respectively. To

explain this, take Z%, for example. From {(14):

(16) zf =
+

lele lkad
CC’V[btu'(Ktﬂ Kt)] + COV[bt'ﬁ-l’(Dt+l Dt)} + Cov([b +l’(Nt"1 Nt)]

Notice first that Ky, Dy and N, {and, ergo, (K{,1=Ke)
(D;+1HDt): (NE+let)] are functions of py and pPp,qs Yreflecting
tﬁe firm's optima)l response to the parameters to prevaii in the
second perjod. Thus, the first term in (16) indicates how the
firm expects its optimal response K{,;-K. would vary together
with the parameter b%fl over the entire range of values of pt+l'
A large positive value of this covariance means that, given the
firm's information;llarge values of K;+1—Kt will tend to coincide
with large values of’ btfl. Similarly, large positive values of
the second (third) covariance indicate that the firm expecﬁs

large valuwes of DY, =D, (N+_ ~N,) to coincide with large values
t+1l & L+l V't

of b{$, XL, ).

Notice also frem (3 ) that the marginal Yadjustment cost”
L3 ¥ - + + ‘ .
in t+1 from a change Kee1=Ke is equal to:

' -
(172) b kklth+l ~Ky) + [bFS) (D), -Dy) Eﬁlth+1 N.)1/2

8¢, large positive values of ZE {the sum of the three
covariances Jjust discussed) indicate that the firm expects its
investment and financing decision$ in peried t+1 would ceincide

(in probability average) with large marginal “"adjustment costs”
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for investment in fixed assets., Or, put in another way, ZE ig an
indicator that under the firm's aﬁailable information (I,), it
appears that the marginal "adjustment costs" from investment
would be high in the perioed t+1., Thus, one ghould exbect that to

reach its target at the end of t+1, the optimizing firm would

then invest more heavily in period t, so as to reduce its

investment needs in the costly period‘t+1. This result is indeed
made c¢lear below, Therefore, it 1s appropriate to refer to Z%\as
a "timing" indicator for investment in fixed assets., (A similar
analysis leads also to cong¢lude that Zﬁ and Z? are "timing"

indicators for borrowing and changes in equity, respectively).

In sﬁm, under parameter uncertainty, the firm's optimal

investment and financing decisions at t depend on the

predetermined initial conditions at t-1, on the target for t+1

(i.e., the exogenously set terminal conditions), and on "timing"
factors (parameter covariances). As in the certainty case, these
resulﬁs follow from the assumbtian that B, 'and Bt+1 are non-z2ero
matrices. Finally, it, is also seen that the optimal investment

and financing decisions are interdependent.
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I11.4 Economectric implications,

Writing out.the matrix equation (157) one obtains after simple
algebraic manipulations:

(18) oOptimality cendition for Ki:

(akk-bkkwbkk)Kt + (akd“bkd“bkd)Dt + (akn"bkn_bkn)Nt

+

kd kn
pRRK Ly . pFdp, _y v pXON, g +
Ky + kd.+ lon, +
PRRKE L * b De g * B Ny *
28+ [afemk-pf)) = 0
{19 Optimality condition for Dy
(akd—bkd“bkd)Kt + (add_bdd_bdd)nt + (adn_bdn_bdn)Nt +
ka ' . dd dn
b KL""l | B b Dt"'l + b Nt""l +
kd . + Add,. + Arg, 4 :
b Ky, ¢ b D4y * bTNE *
S L S DR
(20)  Optimality condition for Ng:
(aknwbkn_bkn)Kt + (adngbdn_bdn)Dt + (ann_bnn_bnﬁ)Nt +
bant_l‘ " bantml + bnnNt"l : "
kn,+ dnp+ nr,,+
L P D¢y * b Ne 4 *
2} o+ fa"-"-b")) = 0

where the parameters in standard characters are implicitly
subscripted by t, whereas those in hold charactef& denote

“expectations corresponding to t+l. : , s
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It must be noticed that direct econometrie estimation of the
optimality conditions (18)-(z20) is a {feasible and interesting
_ alternative which has not been pursuved in the empirical
literature. Inepection of the system of simultanecus aquatiﬂns
(18}~ (20) reveals that each of the three optimality conditions is
econometrically dust identified by the fact that the number of
exogenous variables excluded in each cguation 1s exactly equal to
the number of equations in the system minus one, Moreover,_every
particular parameter in (18)~(20) is also seen to be individually
identified, with Lhe only exception of the terms [aj—(bjnbj)L for
j=k,d,n, where only the sum but not the individual parameters c¢an
be estimated. This means that, in principle, it is possible to
distinguish unambiguously through +the empirically observed
behavior of firms, the static and the dynamic interactions among
irvestment and financing which appear (o be relavant for their
optimal decisions.
In practice, however, it appears that two major difficulties
will be faced when estimating a systom of equations like (18)-(20).

First, there is the presence of uncbsecrvable variables in these

equations (the targets and the timing variables). Of cousse, this
problem can only be overcome by bfinqinq in additional information. '
{This is discussed in Scetion XV)., The second practical problem
would be the lilkely existence of multicollinearity emong the variables,

The importance of this problem, however, wounld vary from ong samnle

to another,
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. YII. S0OME IMPORTANT SPECIAL CASES OF TiE MODEL.

Two inflﬁential traditons in the empiricni literature on
the investment and financing behavior of firms were poirted out
in Scction I, namely the IDA and PAT traditions, It is shown
in this section that the prototypical econometric model of
each of these traditions can be scen uas a special case (i.e.,
one obtained under particular parameter values) of the more ge

~neral model developed in the preceding section {equations (18)

-(20)) .

III.1. The IDA model.

The non-stochastic part of the prototypical IDA model

(see Appendix A) has the following form:

(21) (Kt-Kt“"l,

I

12 (PymDyoy) + Ay (Np-Ney) + 4%

(22)  (Dy-Dy..

Hy

1) = doy (Ke=Kpg) + dog{Ng-Ny q) + 5%

(23) (NN, _,)

=N = d K + d

t 31 (K Kenygd 32 (Dy"Dpy) + £3X

where the dij are parameters which characterize the interdepen

dent adjustment of the endogenous variables, X, is a mx1 vector

T
of exogenous variables and the fi are lxm vectors of pnramctérs
corresponding te these exogenous variables,

It is straight-forward to verify that this spcci{ication‘
can be obtaincd as a special case of the general model, Indeed,

. . . ' . i3 i3
impossing the {ollowing paramecter restriciions: (24) atdap
{for i, j=k, d, 1) on equations (18)-{20), onc ohtains alter

some algebraic manipulation the fellowing cquations:



(25) | . 28. -
(Re=Keoqy) = (=pRA/pR%) (pmp 1) ¢ (=pRPpRE) (npew gy
PR P Ly L E N L F L NP

(1/BKKy 2%+ g rak-R-nky ) 7oKk

(26

(De=Ppog) = (-BR/B9) (k=K ) ¢ (=DT/BIY) Ny ¢

(bkd/bdd)KE+l N (bdd/bdd)nz+l . (bdn/bdd)N;+l +

(1/98y 28+ (1a% (p%-p%) ) /p8d)

(27)
(Ng=Ne_p) = (=BF7/BP7) (KewKeoq) + (=b/B"M) (Dy-Dpoy) +
Y O Sy e - NS U0 U

(176" 2+ (la- (p-pM) 1 /")

The analytical formulation (25 )=(27 } is seen to be
formally equivalent to the empirical épecification (21)-(23) of
the ﬁrmtotypical IDA model reviewed .IpTuViOUSl% Thus, it is
seen that such specification can be given an optimizing behavior
interpretation under special assumptions, as reflected by the
paraméter restriations {z4), which have to be imposed on the
optimality conditions. The nature of these restrictions is

explored next. Rewriting (24) in the original.extended notation:

-
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(20 ap? = RpaBeloy,)

Thus, it becomes evident that to derive a flow specification
of the IDA typoe from the optimality ;onﬁitions, it is necegssary
to assume explicitly that, fov ﬂvery.pair of control Variables i
and j (i,3,=k,d,n), the static tradeoff at t from a marginal
adjustment in i1 and j must be just;offset by the discounted
expected marginal cogst from a dynamic readijustment in the
subsequent period. In mther words, the firm can't do better by
raeshuffling its current portfolio of assets and liabilities since
any potential static gains in the present are lost in the

following period by incurring in adjustment costs.

The formal analogy established above permits to iﬁvestigata
the underlying determinants of the coecfficients of the IDA
models. Consider first jﬁst their magnitudes, Inspection of
(25 )~{27 ) reveals that, since in the equation for Yi‘the own-
adjustment parameters b 1 is in the denominator of all
coefficients in th& equation, then the more costly it is to
change Yy (i.e., the larger bii), then the smaller the changes in
Y, would bé. (For_example, the effect of "timing considerations"
would be smaller the larger the own-adjustment parameter in the
cofrespondinq dependent variable)f It is also observed that the
magnitude of the cocfficients associated with the other jointly
dependent variables or the targets depend on the cross-adjustment

‘parameters (bij and‘blj), which appear in the numerators. {Thus,

for example, the larger bkd, i.e., the larger the agency costs of
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debt on investment, then the larger the effect on investment from
changes in debt). These findings are all in accordance with what

one would intuitively expect.

As for the signs of these coefficients, equations { 25)-
{27 ) clearly inaicate how these depend on the signs of the
parameters. As seenh in Appendix 8, the concavity of the firm's
objective function itself implies tHat all the own-adjustment
parameters (bii) must be positive, whereas the cross-adjustment
parameters (bij) could be positive or négative within some
specified range and the expected future cross-adjustment
parameters (bij) are not restricted at all. Thus, the signs of
the coefficients associated with "timing considerations", for
example, are geen to be positive. (Thérefore, if it is expected
by the firm that high investment in the subkcequent period would
coincide with large costs in adjusting the stock of fixed assets,
i.e., if ZE>0, then investment in the currenﬁ period would be

higher), .

Comparing with equations (25)}-(27), it is recognized that the
exogenous variables actually included in the empirical specifi-

cation (18)-(20) ought to be formally interpreted as proxies for
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the expected future (target) values, of the endogenous variables.
However, it is unfortunate that the parameters assgciated with
these exogencous variablez are not individually identified from

the estimable coefficlents.

To see this, take for example the investment equation, The
exogenous variahles included in this gquation are usually growth
of sales or output, profit rate, capital stock, depreciation,
cash flow, aVEraQe interest rate. It seems that change in Ealés,
capital stock and depreciation would work well ag proxies for for
KE+1, cash flow and the average interest rate for DE;I, and the
profit rate for N€+1' althouah, of course, other interpretations

could be valid. Yét, Suppose one believed:

(28) _.KE+1 = ey {Sales Growth) + e,(Capital Stock) +

eBKDepreciation) + random disturbance

Then, substituting_(za) inte (27 )y it is observed that the
coefficients of these three exogenous variables in the estimated
equations would correspond to (elbkk/bkk), Iezhkk/bkk] and

(e5b55/bRK) ,

respectively. Clearly, dividing for instance the
coefficient of the capital stock variable into the coefficient of
the sales variable, only the ratio (ellezl would be identified.
More importantly, neither the individual adjustment parameters
nor the ratio bX¥/bXX coula be identified. (As previously

rentioned, this problem can not be overcome unless additional

information ig hrought in for estimation. For example, the actual



value ht+1 ¢ou}d he used as an ob%ervatxon with error of Kt+1

and then sales growth, cnpltnl stock and dnprec1nt10n be used

as instrumental variables for consistent estimation),

- TII.2, The PAT model.

Thc non- StOChdstlc part of the prototyp:cal PAT modol

(sco Appcndlx A) has the following form: AR

(29) (Ke=K,.q) = m11(KE+l“Kt_1l + My (DL, 17 Deog) + Myg (Np =Ny )

+nl}{t

n

' ‘
{30) (D‘l‘.“Dt"*l) mgl”‘{t.}.l”}{t_ﬂl) + '“22([)%4.1_01;-.1) + m23(Nt+l—Nt-l)

*nyXg

" +
(31) (N=Ny_y) = mgg (K, =Keoq) + Myp(Dp,g=Dpoy) + m33iNpyy~Neoy)

+no X
. . 3%t
where again the s and the n; are parameters and X, denotes a

vector of exogenous variables,

*

It is straight-forward to verify that this specification
can be obtained as a special case of the general model. Indeed,
impossing the following parameter restrictions: (32) atd-o
(for i;j = k,d,n) in equations (18)-(20), onc obtains af{ter some

algebraic manipulation the following equations:
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) N A A N A R LS I I CPS P I
bk, KK Rk (”r+1 )
k0 (BREpRE) 3 o, .
S R L VA CR L I B GRS T I
SR SV S I I A I
(1/(bkk+bkk) ) Z% H (ﬂk-(bkwbk) )/(hkk+bkkj
(34) (0,0, ) = 57 (pdpddy ) (x? CearKeoqy

b4y (pdd,5dd) ) (DL, =Dy gy
(bdn/ (bddabdd) ) [Nt+1'Nt-1) .
oMk Gy Yy xox, ) ¢
¢ iy /b8pdd) )y ) s
(17099 )28 v ded) y7pddedd) )
(35) (NN, ;) = cbk“/cb““ ™) ) (KL+1 Keq) *+
(b /(b]’ll’l bnn) ) (1
. (bl‘ln/(bnn nn) ) (N

t+1 Pyog)

41 Ngeq)

(- FPepk ™y / (M Mep™y  (x, "Kt-1) +

(- T Mp™y 7M™ ) (DD, )
(1/7"b™) )28« ( (@-"-b™) )/ (M p™)

The preceding equations provide an appealing interpretation
of the "partial adjustment coefficients" (mjj) in the empirical
equations {29)-(31). For example, the coefficient myy in (29},

corresponding to the proportion of the diffcrence K:+1 Kt-1 that

gets effectively translated into a change in Kt—h . is scen from

-1
(33) to be fundamentally determined by the ratio bkk/(hﬁk+bkk).
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Clearly; as the two Eéram@ters in the dénominator
would normally have the same sign, the preceding ratio is
pésitive ﬁnd less than unity, or in other words, the referred
"adjustment" as a proportion of the difference K;+1_Kt—1 is only
*opartial™. Ag one would expect, the larger the expected marginal
kk)

adjustment cost in the period from t to t+1 relative to

the total mafginal adjustment c¢ost incurred in the two-period
from t-1 to t+1 (bkk¥bkk), the larger the fraction of the total
adjustment that will be undertaken from t-1 to t. However, it is
noticed that the "partial adjustment coefficients™ mi for i # 3
do not have td be neithexr positive nor less than unity in
absolute value. [Sples(1974) had noticed this possibility of
"over—-reaction" of each endogenous variable to changes in another
jointly endogenous variable, but did not provide & fundamental
explanation of the determinants of the “partial adjustment

coefficients®).

A seconad boint worth noticing in equations (33)-(35) relates
to "timing considerations™, RAg it should be recalled from section
I, these were thought to be important a priori in the
specification of the firm's overall adjgstment process, but their
inclusion was only informally justifiéd. Equations (33)-(35), in
contrast, give a rigorous imterpretation‘to the notipn.ﬂf."timing

considerations™ through the terms Zi (for i=k ,d,n).

‘Finally, a third point worth noticing in equations (33)-

(25) relates to the interdependencies among the changes in all
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the andogehoﬁs'variablcs. In egquation (33), taken again for
example,. it is seen £hat (Dy=Dy..q} and (Ny=Ny_q} do appear as
explanatory variébles for (Ky=K¢~y)+ Thus, the optimizing firm
must treat all these variables as jointly interdependent. The
actual importance of these interdependencies would depend, as
observed in (33)~(35), on the actual magnitude of the cross-

kdrbknrbdn} .

adjustment parameters-(bkd,hkn,hdn

and b
These interdependencies have been treated in different ways
in the empirical 1iterature.‘Usua11y, it is assumed that the
endogenous variables somehow "residually adijust® depending on the
overall financing needs of the firm. [See, for example,
Taggart{1977) and Jalilvand and Harris(1984)]. The neccssary and
sufficienf parameter restrictions which have to be satisfied for
this to . be consistent with rational optimizing behavior are inves

tigated in Villarrcal (1986).

Finally, it must he remarked that the PAT specification can
be given an optimizing behavior interpretation, provided that the
parameter restrictions previously mentioncd are imposed. The
fact that the resfrictions (32) must be imposed is of considerable
importance, for they reveal that it must be assumed that the firm

is only concerned with the dynamic adjustment costs, but not at
all with the second-order terms in the static function P..
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V. EMPIRICAL TMULEMENTATION,

W. 1 Qverview.

In Section 11, a system of simultancous ecquations depicting
the firm's investment and financing bebavier was derived from an
explicit intertemporal optimizationaﬁrohlom. That‘broblem'poses
the firm's choice of asscts and liabilities in a highly stylized
fashion, characterized by a number of structural parameters.
This way of conceiving the firm's overall financial decision
implies some important tcstehle restrictions across the
coefficients of the sysfcm of simultansaneous equﬁtions, previ-
ously unnoticed in thé related literature., The purﬁosc of this
section is to highlight those restrictions (subseaquently referrcd
to as the Theoratical Cross-LEguation Restrictions, TCE) and to
suggpest a methbdology to statistically test these restrictions
as well as the IDA and PAT restrictions explained before in

Section ITI.

The system of simultaneous equations analytically derived
in Section II (viz., the General Meodel} is presented in Table
1V.1, (Time subscripts correspond to the years 1879, 1980 and
1981, looking forward to the empirical implementation). The
system in thc‘uppcr pane] (5.1) is5 written in terms of the
structural parameters of the firm's decision problem, The TCE

restrictions on this system can be e¢asily recognized. Notice
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that Theselnonilinéﬂr restrictions are highlighted in the lower
panel of the table, /5/. Thus, a test of these restrictions
can proceecd as follows, Tirst, the system in the lower paff

of the table (§.2) is to be -estimated without any restrictions’
by some approﬁfianeeconomctric methed (as explained below).
Second, the system 5.2 is estimated again, this time with the
non-linear TCE restrictions impossod.'Finally, a standard fest
of the pull hypothesis that the TCE restrictions are true can
‘be dene on the basis of the relative goodness of fit of the

unrestricted and restricted systems,

Similarly, fhm IDA specification (5.3) of the model is
ﬁrcsented in Table TV.2, As explained in Section IIT, this
specification is obtained by impossing the IDA restrictions
(presented at the boﬁtom of the table} on the General Model.
Thus, & test of the IDA restrictions can be based on the rela-
tive goodness of %it of systems S§,1 andS.3, Naturally, the IDA
sﬁecifjcation inherits the TCE restrictions from the General
Model, as it is clear in the uppcr and lower panels of the
table, so that these restrictions can also be tested under the
maintained IDA sbecification (i.e.,‘by comparing the poodness
of fit of systcms 8.3 and 8.4). However, it must be mentioned
that the IDA and TCE restrictions are net all independent,
Indeed, it is straight-forward to verify that the IDA restric-

‘tions imply some (although not all) of the TCE restrictions./6/.
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Lastly, the PAT specification (8.5) of the model is presented
in Table IV.3, The PAT, restrictions (at the botton of the table)
which giyc this specification as a special case of the General Mo-
del can aléo be tested by comparing the goodress bf fit of syétCm'
S.1 and S§.5. It is evident {rom the upper and lower parts 6f the
table that the PAT specification also inherits the TCE restrictions
from the General Model, so that these restrictions can be tested
as well within this specification, As in the preceding caée, it
can be verified that the PAT restrictions already'imply some (but
not all) of the TCE restrictions./7/. A hierarchy of models is
offered in Table TV.4 summarizing the preceding ideas.

I
\

Iv.2 Treatment of unobservable variables,

The ostimﬁtioh of the vurioué systems of simultancous
equations previously presented must consider the fact that there
are unobservable variables among the explicative variables of the
-model., Indeed, ordinarily. the econometrician would not observe
the firm's target levels for its stocks of fixed assets, debt and
eqﬁity, nor would_he or she observe the “timing conditions" for
investment in fixed asscts, borrowing and equity changes perccivcd
by the firm at the time it makes its optimal financial decision,
‘However, as.it is explained next, it is possible to overcomc these

difficulties,



Consider first the issue of fhc target variubles, and
suppose, for concreteness, that the firm is to decide in 1980
on its currcntly optimal levels of fixced assets, debt and
equity. As explained in Section I, given the values of these
variables ipherited from 1979, the firm makes its investment
and financing decisions in 1980 cons;dnring some targets for
1961 and the information currently available on the paramecters
affecting its objective function in the two-ycar period 1980
and 1981, Then, when the firm is to make its 1981 decision, it
may find that the parameters actually obhserved at that time are
not exactly those originally expected to prevail and, thus,

“

its 1981 actﬁal decision may not coincide with the original

is observable) would reflcct the original (unobscrvable) target
to certain extent: any discrepancy would be due to the change
between 1980 and 1981 in the information relevant to the firm's
decision and which,, of course, could not be anticipated by the
firm in 1980. In other words, the actual levels of fixed assets,

debt and equity observed in 19871 can be scen as obscrvations

with error of the original target levels for that year.

0f course, if these variables ohserved with error were
substituted for the correct explicative variables in the model,

inconsistent estimates would result. [owever, onc could use
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instrumental variables (i.e., variables corrxelated with the true
tarpets, butltmcorﬁﬂntod with the information newly arrived
between 1980 and 1981) to elliminate the observation error in

“a first stage of the cstimation process, and then get consistent
estimates in a subsecquent stage. Numerous candidates to form
instrurients are usually available., For example: 1)} previous
profit margins on sales; 2) the ratio of interest paymgnts to
salés in the precedinpg period; 3) the proportion of short-term

debt to total debt; 4) the growth of sales; etce.

Cnnsidér now the issue of the ”timing conditions" perceived
by the firm at the fimc of its decision making (i.c., the Z's),
which are also unobservable explicative variahles under ordinary
éircmnstunces, Here the rescarcher needs to have some indica-
tors of the firmfs beliefs regarding the likelihood of facing
large adjuéfmént cost parameteré coinciding with big adjustments
of its decision variables in the future. (More precisecly, it
is the covariance between the cost parameters and the adjustment
in the deccision variables ﬁhich i's required). This information
is absolutely impossible -to obtain. Perhaps the best the
rescarcher could do is to obtain some qualitative opinion {rom

the firm's managers, although this would unavoidahly translate

into observation errors in the respective indicators:
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chcTtho]oés, this is the approach followed in the empirical
implementation reported below, (The nature of the dichotomous |
indicators used is explained in Appendix €. The use of dummy
variables as proxies for unohservable variables is discussed by
Maddala (1977). In gencral, it is unclear if the use of dummy
4 .
indicators reduces asymptotic bians relative to that which occurs

in a misspecified model where the unobscvable variables are

simply ignored),

iv.3 Estimation Method.

i

The General Model can be ﬁucéintly written in matrix notation
as follows: |
(36) €Y = FY_, + GY' + HZ + U
wvhere the 3x1 vcétor Y includes the decision variables (K, D, NJ;
Y_1 and Y' denote their past values and corresponding targets,
respectively; the 3x] vector Z contains the “timing vnridbles";
c, F, G, andIH are parameter matrices and U is a 3x1 vector of
sfochastic disturbances.

As argucd before:
(37) © Y = W
meaning that the (unobscrvable) tﬁrgets are related to some
( observable) variables contained in the vector

W (M is simply a matrix of parameters). Morcover,
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.
(38) : Yoqu ¥ -V
indicating that subécquont recalizations of the decision variables
can be interpreted as observations with crror (V) of the earlier

targets.

Equations (36} and (37) together are conceptually aﬁalcgous
to the Zellner-Goldberger simultaneous cquation model with ‘
unobsqhmh]g variables, (Zellnér (1970), Goldberger (1972,1974) ).
(A random disturbance vector may be appended to (37), yet it
would be undistinguishable in practicc from V in (38)). Lquation
(38) is important since it brings the additional information to
identify‘the structural paramecters in F and G individually (which
can't be done if only (37) is substituted into (%b){ as 1t has
been implicity done in the received litevaturc, as mentioned in
Section 1II). This new approach has no precedent in the simulta-
-~ neous equation models of the firm's investment and financing. Tt
emerges from in the rational-expectations literature. (Sce:
Kennan (1979), Hansen and Singleton (1982), Pindyck and
Rotemberg (1983), Prucha and Nadiri (1982,1985), Wickens (1982)
and.- Kokkelenberg (1984} ). 1In an equivalent fashion, equation
(38) may'be substituted inte (36) and then, because of (37), W
provides the instrumental variables nccessary to obtain consistent

estimates of the structural parameters in (306).
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The prohlem of identification in a simultancous equation
model with random measurement evror in the cxogenous variables
has been studiod by Chernoff and Rubin (1953), Sarpan (1958),
Goldberger (1974) and Hausman (1977). An order cnndition for
identification would be fulfilled if there exist sufficient
instruments in W for the endogenous Vvariables in the right hand
side as well as for the exogenous variables observedwith error.

As mentioned cuarlier, this would normally be the casc.

As cxplained in Hausman (1977), a consistent estimation

procedure is to treat Y,., as another endogenous variable and to

+ 1
use instrumentn]lﬁariahlos (uncorrelated with the errors but
corrclated with Y'), "As shown by Sargan (1958), the use of all
the predetermined variables measured without error is best
asymptotically. Bausman (1977) shows that since (37] merely
adds just identified eguations to the systoem, 38LS applied to
the equation resutting from substituting (38) into (36), using
all bredctermined Variablﬁs as instruments is asymptotically

cquivalent to a full-information instrumental variable estimator

and both are fully efficient.
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IV. 4 The data.

The data wsed {or the empirical analysis consisted of a
samplc.af 141 Mexican private forms. (A detailed description
of the &ata~set is provided in‘Appéndix C}. All estimation
excercises and tests of hypotheses were repeated on the entire
sample, as well asvon several subsamﬁ]cs with firms classified
by size bascd on the book value of Total Assets in 1979: group
S (0-100 million pesos; 39 firms); group M (100-250 million pg¢
sos; 29 firms); group L (250-400 miliion; 36 firms) and group
G (over 400 million; 37 firms). Another interesting subsampic
consisted of those £irms facing no unsatisfied demand for do-
mestic cyvedit from the banking system, as manifested directly -
by their top executives in 1980 (group NCC, 93 firms]. |

The apalysis focussed on the year 1980 (i.e¢., the prede-
termined variables refer to 1979, whereas the fargets refer to
. 1981; the "timing indicatiors" were qualitative appraisals
expressed by th¢ firms' managers in July of 1980), The year
1980.may.be consideved as "normal" for the Mexican Economy. On
one hand, the imﬁressive growth of 1978 and 1979 decelerated
somehow in 1980; but, on the other hand, the severe crisis
which began ih the second half of 1981 was not anticipated yet.
Further discussion of the financial conditions of the beriod‘is

offered in Villarreal (1986).



V. RESULTS.

V.I. Model 8Specification,

The General Model ($.2) was estimated first on all sub-
samples by 28LS, using all the available instruments: past
values of the decision variables, dichatomous "timing indica-
tors", financial ratios from the last accounting period (pro-
fit margin on sales, interest payments divided by sales, to-
tal taxes divided by‘sa]es, ratiﬁ of short-tern dcbﬁ to total
debt, ratio of net liquid assets td total assets, growth of
sales)} and anticiﬁated fixed assets expenditurcs for 1981,
‘Neither the TCE, non the TDA and PAT restrictions were hmxméd
at this stage. The unrestricted model was then reestimated
by 35LS, with an estimated covariance matrix obtained from
the 25LS residuals. Both sets of estimates did not differ
much, providing some indication on the correct specification
of the model., To investigate the issue morec rigorously, a
Hausman specification test (Hausman (1978)) waS(bﬁﬁ.ﬁM‘ead1lof
the subsamples. The ﬁu11 hypothcﬁe; that the model is correctly
- specified could not be rejected in any of the subsamples at the

95% confidence level, Therefore, 25LS and 3SLS estimates of

the coef{ficients of the model would be consistent.
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V.2 Tests.-of parameter restrictions,

The General Model was estimated next with the TCE res-
trictions imposed, using again (non-linenf) 38LS, A quasi-like-
lihood ratio test proposed by Gallant and Jorgemson ( )
waslused to test these restrictions og the various subsamples.
Under the null hypotheses that the restriciions.are true,
Gallant and Jorgehson show that the differencc between the
minimum-distance statistics from the restricted and the unres-
tricted models is distributed as a chi-square with degrees of
freedom iqual to the number of restrictions., The results are
ﬁresentcd in Table V.1. The TCE restrictions could not be
statistically rgjectéd at the 95% confidence level in any of

the groups, except in the L group.

The General Model was estimated once moré (35L8), this
time with the IDA restrictions imposed. The results are presented
also in Table V.1. Using the sunme test as before, the IDA
restrictions are rejected at the 95% confidence level in all
but the NCC and G groups. Similarly,-thé PAT restrictions
were impossed on the General Model and tested in an identical
fashion. The resuits are presenfcd also in Table V.1, The
PAT restrictions can not be re¢jected at the 95% confidence
level in ﬁost‘Samples, except in thc'M grouﬁw (Tests of the
TCE réétrictions under the maintained PAT sfccification lead
to their rejection only in the L grouﬁ, as before. Under‘the
maintained IDA sbecification, the TCE restrictions are rejected

only in the M group).
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In sum, the TCE restrictions revealed by the model of
Section IT could not be rejected in .the large mayority of cases.
Additionally the PAT specification scemed to perform better than

the IDA specification in most cases.

V.3 Estimated coefficicnts,

The 3SLS estimates of the TCE—résfricted General Model are
reported in Tables V,2a to V.2c. The difference in magnitudes,
sipns and statistical significance of the estimated coefficients
for the entire sample (MALL") compared to the subsample of firms
without unsatisfied demands for domesfic credit (NCC) in:mﬁcworﬂnn
(As 56% of the "credit constrained" firms concentrates in the
Mand L groups, representig 48% and 36% of the £irms incloded in
those groups, the existence of binding credit constraints may
explain the contrasting results obtainced from these groups relative
to the others in Scctiom V.2). Conscquently, attention will be
focussed in what fdéllows exclusively on the results obtained {rom
the NCC, S and G groups. 1In this rcspmct, an interesting finding
‘fram Table W.Zé to V.Zc is that the maginitudes and statistical
significance of the coefficienté associated with past values of
the decision variables in the three equations are larﬁer for the G
‘than for the S group (with the NCC group inbetween), whereas the
6pposite is truc.rcgarding fhc coefficients associated with the
target variables.

The 3SLS cstimutes.of the coefficients of‘the TCE restricted
PAT model avec reported in Tables V.3a to V.3¢c. The main findings
arc the following. Consider first the direct interactions between

current investment and financing:
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a) In the investment equation, current borrowing and equity
increases have positive signs, as should be expected from the
Isources—equalwuses  identity. It is .noteworthy that in tho NCC
group the effect of current borrowing and eguity increases on
investment have exactly the same magnitude, although the latter
is statistically more siénificant. Iﬁ the § group, although the
coefficient of borrowing is larger, it is not significant,
indicating that investment by firms Iin this group is
systematiéélly more relateﬁ to eqguity iécreases than to
borrowing. In the G group, the coefficient of equity increasas
appears to be larger and élso moré significant than the
coefficient of borrowing. These finéings confirm the common
belief on the preeminénce of equity financing (e.g., retained
earnings} among Mexican .firms and highlight itg still greater

importance among smaller Lfirms.

b) With reqafd to the use of additional .financing, the
estimated coefficients (see Table IV. 38, ) indicate that,
controlling for all other facﬁors, in the NCC group current
investment is increased by 50% of current additional debt or
equity'financing and, presumably, theé remaining 50% ¢goes into
_eirculating assets. In contrast, in the 5 group only 25% of
current increases in equity goes to investment in fixed ascets.
(The estimate.fer borrowing ¢ould not be precisely estimated,; but
neverthe}ess the 30% figure 1s suggestive and reasonable). Thus,
‘in the S group a larger proportion of financing presumably goes

to increases in circulating assets, Finally, in the G group, the
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estimated coefificients. indicate that current investment isg
increased by about 60% of current borrowing and by B0% of current
equity increases. Thus, the proportion of additional debt or
equity financing going into circulating assets is considerably
gmaller in the & than in the &8 and HCC groups. These findiﬁqs
seem qualitatively reasonable, given the importance of working
capital in_smaller firms. Quantitatively, the 50450 split in the
NCC group appears to be sensible and the corresponding figures
for the &8 and G groups do not seem unplausible.

¢) The counterpart‘to the previous findings is observed in
the equations. for borrowing and equity increases (Tables TV, 3h
and IV. 3¢ ). 7The effect of current investment on c¢urrent
borrowingland agquity changes is positive and significant for the
three groups., In the NCC group, the coefficient of investment on
borrowing is not very different from the coafficieht on equity
incréases‘ FFor the 8 group, investment appears to have a larger
effect on equity changes than on borrowing.

-

d) Lastly, among the contemporaneous interactions between
investment and-financing[ consider the effects of current
borrowing on equity increases, and vice versa., The corresponding
estimated coefficients (see Tables IV, 3b ‘and IV. 3c } are
negative and significant ip the three groups. In the NCC group,
for example, current borrowing would be reduced by 83% of ﬁhe
~current increase‘in‘equity; in the § group this figure would he

140%, and in the G group 72%. It must be emphasized that these
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figures denote the substitution between the two alternative

sources of financing at a point in time (short-run). As it will

be seen next, when adijusting to targets (over the medium-run}

both sources of financing move in the same direction.

Indeed, consider next the effects from adjustment to targets

which are present beyond the contemporaneous interactions just
described. The model suggests that the following phenomena are

going on:

e) The investment and financing behavior of firms in the reo
and 8§ groups exhibits strong characteristics depicting the
influence of targets. The behavior of firms in the G group
differs remarkably, since only the contemporanecous interactionn
previously deﬂﬁrihed, Mmit not the targets, appear to be important
in this group. ({Indeed, all the adjustment coefficients in the G
group are small and statistically insignificant when concidered
individually). In any ¢ase, the own-adjustment coefficients of
each of the three variables are positive (as required by theory)
and less than unity (denoting that the adjustment of the

corresponding variaeble towards its targect in only pantiall,

£) In the NCC and § groups, investment reflects partial
adjustment towards the own targ@t‘for fixed acsets and, woovy
interestingly, this adiustment is sighificantly influanced ot
adjustment of the financial variables towards thoir corrcoponding
'taxgets.‘ggee @ahle - IV. 39). The estimated ceafficiants inlicanns

that in these two groups, the adiustment teowards the tarast for
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fixed assets seﬁ for two years intq the future is of 50% in the
first year. On top of this effect, investmant is siqnificantly
énd negatively affected by the adjustment to financial targets
which takes place at the same time, In the NCC .group, investment
in the first period is reduced by 25% of . the debt incréase
éesired over the two~year period, and by 27% of the desired
adjustment to eguity. (In the § group, investment in the first
year would be reduced by 37% of the desired increase in debt, and

by 28% of the desired increase in equity).

.An example. is useful to illustrate this point. If{ a
representative firm in the NCC group planned te invest cone dollar
by the end of a twowyear period, the magnitude of the estimated
coefficients indicates that it would invest about fifty cents by
the end of the first year if it planned tco finance this
inveétment entirely by an equivalent depletion of circulating
assets, Insteadf if it planned to finance this investment
entirely by increasing its outstanding levels of debt or equity,
the firm would inVE%t only 25 ¢ents by the end of the first year.
Morcover, it would ﬂot matter very much whether these additional
financing consisted of new debt or eﬁuity. (Of course, on top of
this there would also be the effects from contemporancous

‘borrowing and equity changes, as e#plained before: current
investment would be increased by 50% of current additional debt
or equity financing, The total effect is discussed below). This
behavior 'suggests that there must be some costs to the firm which
‘make investment less attractive when it is to be externally

financed. Agency stories go in this direction, providing some
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theoretical explanation., Blowever, it is remarkable that the
estimated coefficients for the NCC group indicate that the agency

costs of debt are about the same that the agenéy costs of equity.

g} Borrowing béhavior also exhihits characteristics of
partial adjustméﬁt to targets in the NCC and § groups. (S@e Table
IV. 3b), The estimates indicate that in the NCC group, current
borrowing is increased in the first vear by 43% of the desired
increase in debt over the two-year period. (This partial
adjustment appears to be somehow slow, since it has been already
scen, for example, that the partial adijustment of fixed assets is
of 50% in the first year. As it will be seen later, the partial
adjustment of equity‘is of 62% in the first year). Moreover,
horrowing is glso increased by 47% of the desired increase in
equity over the same two-year period. (Thus, in contrast to the
previous finding with regard to the contemporaneous interactions
betweeﬁ debt and eguity, it is seen that over longer periocds of
time these variables are adijusted by firms in the same
direction).-Lastly,.the estimated coefficients indicate that
current borrowing is decreased by 90% of the desired increase in
fixed assets for the two-year Ferimd. (Thus, there appears to be
some evidence that growth makes external financing relatively
less attractive). The corresponding estimates for the § group
reveal that borrowing is relatively less sensitive to adjustments

towards the targets for equity and fixed assets.
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~h)  Equity changes in the NCC and § groups also reflect some
adﬁustment to targets. (See Table‘ IV, 3¢ ). 1In the NCC group,
équity iﬁcreases in the first year.by about 60% of the total
desired increase over the twoe year period (indicating a faster
adjustment than the one of debt towards its own target). Bguity
is increased also by about 50% of the desired increase in debt
{corroborating that these variables are adjusted by firms in the
same direction over longer periods of time). Finally, the
estimates show that in the wcc group the flow of cquity is
reduced by 104% . of the desired increase in fixed assets over a
two-year period. (This perCEntaqe. is larger than the
corresponding’ one affecting borrowing. In principle, one would
suspect that i1f equity does not come via new share issues, then
growth would create lower costs for equity than for debt
financing. This finding is therefore uncxpected), In the § group,
éurr&nt changes in egqulty seem relatively more sensitive to the
desired adjustments in fixed assets and debt.

i) It is observed that the coefficients of~thE‘"timihg“
indicators are all small and statistically insignificant. As
mentioned previously, this-cauld reflect either that Mexican
firms were not Ftiming" their investment and financ?ng during
1980, or that the dichotomous indicators used are just poor
measures of the ‘"timing" factors relevant for the firms'
decision;. {bther studies, e.g., Taggart(1977) and Marsh{1982)

have found significant "timing" effects].



Before concluding, it is worthmentioning that the
structural parameters were also estimated individually using
non~linear 35LS on systems 5.1 and S.é. As explained in
Villarreal (1986), only dichotomous indicators were available,
instead of the correct timing variables; and so the cocfficients co

]
rresponding to these variables were treated as {ree parame-
ters not subject to the respective TCE restrictions., (Identi
fication of the individual parameters requires under these
circunstances a normalization. Accordingly, the value of pdd
was set equal to unity), The results, are reported in Tables
V.4 and V.5, Although these parameters could not be estimated
very precisely, their magnitudes and signs exhibit several
interesting features, First, they satisfy the conditiung
for thé objective function of the fimm to be globally concave
(as explained in Appendix B). Second, the signs of b*J and
bj’“j are usually the same (for i,ji=k,d,n), suggesting that the
function Qt(') in %ectioﬁ 11 does have some "stability" over
time. Laétly; they are consistent with the estimates of the
éoefficients presented before in Tables V.3 and V.3, Future
efforts should be directed at estimating these structural ﬁara-
ﬁetcrs with grcater ﬁrecision as well as at investigating more
caréfully their magnitudes across different groups of firms

-and over time.



VI. SUMMARY AND CONCLUSTONS.

This. paper addressed the firm's overall
decision-making problem regarding its investment and financing,
i.e., the wider problem encompassing the particular decisions on
investment in fixed assets, debt financing, equity financing,

atc.

Building on elements of finance theory and the récent
economics’ literature on interrelated demands by a forward-looking
firm, an explicit conceptual framework was develoved, within which
the firm's optimal financial decisions could be rigorously

analyzed.

This framework explains in a very simple manner how the
particular optimal decisions of £he firm regarding its investment
and financing fit together. For example, 1t explains in terms of
a few structural parameters the pattern of contemporaneous
interactions between investment and_{inancing and their linkages
to corresﬁonding targets for subsequent peridds {(i.e., it
explains the interactions between investment and financing in

both the short-run and the medium-run}. The framework also
provides an explanation of “"timing behavior" as hedging against
the possibility of having to adjust investment and financing in

future periods under relatively costly conditions,
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The framework 1s also convenient for econometric analysis.
Moreover, it improves in several important respects the
methodologies of analysis followed in the literature on
simultaneous equation models of the firm's investment and

financing:

First, it provides rigorous theofétical foundations for the
- specification of this kind of models, raticenalizing the
inclusion/exclusion of variables (e.dg., targets and timing
variables} and revealing the existence of appealing restrictions
on the coefficients across the equations, These cross-equation

restrictions have been previously unnoticed in the literature.

Second, the model onffered here c¢ontains as sgpecial
{restricted) cases the prototypical specifications most often
found in the literature, namely the Interdependent Adjustment
{(IDA) Model and the Partial Adjustment to Targets {(PAT) Model.
Therefore, the statistical wvalidity of these special medels can

be tested against a more general benchmark, rather than taken for

granted as it has been done so far in the literature.

. Finally thelconceptual framework, by illuminating the
ﬁotion of "targets" in a context of unfolding information,
permitted to gain the insight that the firm's empirically
unobservable "targets" at a period of time ({viz., unobservable
for the econometrician) could be inferred from the actually

observed decisions of the firm in subsequent periods. Therefore,
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readily available instrumental variable techniques can be used
for estimation, instead of contructing artificial proxies for the
unobservable targets, In this fashion, consistent estimates of
the model's corresponding coefficients can be obtained,
unconditional on the researcher's artificially constructed

proxies.

The émpiricaluperformance of the proposed framework was
tested on a sample of 141 Mexican private firms for the year
1980, obtaining quite satisfactory results, The geﬁeral mode 1
just described was estimated using an instrumental variable
procedure. A rigeorous specificaticon test did not indicate
statistical misspecification of the model, either on the entire
sample or in any of various sub-samples of firms. It was found
that the cross—eéuation restrictions.on the coefficients of the
modell(whuse significance was ﬁighlighted by the conceptual
framework) could not® be rejected in practice in most instances.
The signs of most parameter estimates were found to be as
expected, and the magnitudes of the corresponding coefficients
were also in accordance with what the analytical framework
indicated (for example, all the estimated "partial adjustment

coefficients" were positive and less than unity). These findings
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give empirical support to the conceptual structure offered in

this digsertation.

.It was also found that the Partial Adjustment to Targets
(PAT) specification of the modél was generally not rejected
étatistically. In contrast, the Interdependent Adjustment (IDA)
specification was statistically rejected in most instances. The
coefficients of thé Fartial Adjustment to Targets Model could be
estimated with considerable precision, and most of them were

found to be significantly different from zero.,

Comparisons of the results obtained from various sub-samples
of firms did suggest the presence of binding constraints on the
demand fér domestic c¢redit by firms in several sub-gsamples. In
the-group of all non-constrained firms, it was found that there
existed statistically significant interactions between inve$tmént

and financing decisions in the short-run and in the medium-run.

All the features mentioned above indicate that the fraheWork
offered in this paper is appealing for both abstract
understanding and empificai research about the firms' overall
investment and financing decision making.'lts use in the future
looks very promising, Future related work éhould explore further
the basic ideas of this framework. In particular, it is highly
desirable to explain at a more profound level the parameters of
this frémework, either from the perspective of fihancial market
equilibrium or from the viewpoint of a firm-centered behavioral

analysis.
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Table 1.1

COMPARISCN OF TIE IDA AND PAT TRADITIONS(*),

IDA Tradition . PAT Tradition
Main Interactions between Interactions between
focus: investment and financing financing decisions,
‘ declisions. given the firm's
: deficit,
Nature of At a point in time, Over several points
interactions (Short-=run). in time.
studied: (Short/Medium-run) .
Explanatory Exogenous variablesl Exoganous variables3
elements: and the endogepous and past values of
flow-variables”® ‘ the stocks™ of the
themselves. endogenous variables.
Conceptual Jointly dependent Simultaneous partial
framework of endogenous variables, adjustment to targets
interactions: with unrestricted matrix for endogenous vars,,
of interactions. restricted by

adding=-up constraint.

Notes:

1/ Accelerator variables, profits or profit rate variables,
depreciation, financial risk variables, interest rate. variables,
etc.

2/ Investment in production assets, new debt financing,
dividends. ‘
3/ Total financing deficit, debt to equity targets, liquid
assets targets, debt and stock financing timing indicators, etc.
4/ . Long-term debt, equity, dividends, short-term debt, liguid
assets,

* IDA and PAT are mnemonics for Interdependent Adjustment and
‘%artial Adjustment to Targets, respectively, as explained in the
ent. T
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TABLE IV.1
GENERAL MODEL

A. Version with structural parameters explicitly written. (5.1}

- ~ _=kd - rkn _ w.kk _ 1..kd R < o T ~ wkke+  _ 2 kdor s kngt ¥ _ .k
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I Sk 9% el Sk 9% 9k 9y 9% I
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Addendum: ,
akk - gy * pkk 5 pkk, add - gq *+ pdd ", pdd N . gy, *+ pin 4 pNN,
-a]{d-. = fkd + bkd . bkd, akn - fkn + bkn + b}(n’ adn - fdn + bdn + bdﬂ'

B. Equivalent wversion with structural parameters not explicitly written. (5.2)

He = H + + .+ 4

Kgo = P11Dgp * Pi12¥go * P13¥79 * P1gDyg * PyisN79 * P1gKgy * P17Pgy * Paglgl * PigZgo * Piio
ot + -+

Dgg = Pp1Kgo + PaaNgg *Pp3K7e * PaaPyg + Paslyg * Pagigy * PoyPgy * PpglNgy * Pog2gg

. . ' + + ++ n
= P331Kgg * PagDPgg * P33%7g9 + P3sDy9 + P3gNyg + P3gKpy + P3yDgy1 + P3glgy * Piglgg * Piaig

=
0
=
[

subject to the cross—equation constraints:

pll = pl4 = pi7 = pl% , pi2 = p15 = p18 = p13 , p22 = p25 = p28 = p29 .
P2l P23 p26 p29 . P31l P33 D34 B39 p3z pid p3v D38
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TABLE

IV.2

INTERDEPENDENT ADSUSTMENT ({IDA} MODEL*

A. Version with structural parameters explicitly written. {S.3}
. ~ _ - _ _ wkke+  _ .kd — nKhet X X
[(Kgg-Kqql = b b9 (Dg-Dgy) ~ BPFRiNgy-Nog) i Kgq E Dgy - bifNg; =780 T
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bdd Baa ad dd Pag Baq ad
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{Ngg=Nyg) = -bBXR(Ngo-Ngj) = B (Dgy-Dgg) ~ bTKgy - b7MDg; - bMfNg, - 1 28, - o
Pan RN nn _bnn nn Pan Phn
B. BEquivalent version with structural parameters not explicitly written out. (3.4)

+ + b d
* 9y14D0g1 * 915981 * 916%30 * S17

+ + . d
924DPg1 * 9o5l¥py * Q25230 * 927

+ L+ n
934031 * 93sNg1 * 93g2gp * d37

_ '" - +
(Kgg=Kyg) = 971(Dgp~Dyg} + qy5{Ngg~N7g) *+ g;3Kgy
(Dgp=Dyg) = dpq{Kgg=Kyg) * GpaiNgg=Ngg) + Qp3Kgy +

- o _r - +
(Ngg—N7g) = G37(Kgp~Kyg! + 935{Dggp=Dqg) + d33gy +
subject to the cross—-eguation constraints:
gli = gql4 = g16 , gl2 = g15 = 916 , 922 = 925 = 926
gzl g26 g3l gq3i3 q36 g3z gl4 q36

‘qzZ3

* This IDA specification is obtained from the General Model by impossing the restrictions
add=bdd,

akkzbkk,

obtained'by impossing the following restrictions in the equivalent version B:

n13=l, P11=-Pi4, P12="P15}

akd=bkd,

akﬂ=bkn,

p24=l;

P21=70P23,

adPopdn

P22=-pP25;§

DN nn

4Ty

Aode

P35=1,

version A.

B31=

“P33

r

Alternatively,

P32="P34-
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PARTIAL EDJUST_HENT TO TARGETS {PAT} MGDEL*

TABLE IV.3

L}

A. Version with structural parameters explicitly written. (5.5)

{KBG“K?Q}

EDBﬂ-D?g}

{(Ngo~Nyg)

n

i

pkd, pkd

[DBU-D?Q}
DpxtPry

b%  (kf -Kqg)

Prx*Prx

Effiéfﬁfﬁsa‘ﬁ?g}
b3a*bPaq

pEP BRI (Ko 0 =Kg)
bnn * bnn

kn +
R (Kg3=Kggl
Pan*Pnn

4

b_..+b

EEEiEEE{NBG‘N?Q}

Prx Pk

pkd

+ .
Er—*s——{DBI"D?Q]
kk kK

BB (g 5-7)

Pga*tPaq

pod (D33-D79)

bag*bgq

Effi?ﬂffbsﬂ‘n?g}_

Dnn+ﬂnn

%% (Dg3-Dag)

nin nin

+

s

.+

"

kn k i
Pyt byx Oxx*Prk PrxBax
del'l {Nél-N?g :’ + 1 Zg‘ﬂ + Cd
Paa*Paq Daa*daq Paa*bag
nn + n n
qb - {Nal N?g} + 1 Zaﬂ + o Cb
®nn*Ppn nn*Pnn nn*®nn

{continued)
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TABLE IV.3

PARTIAL ADJUSTMENT TO TARGETS (PAT) MODEL* {(cont}.

B. Equivalent versicon with structural parameters not explicitly written. {5.8}

(Kgg~K79) = T1)(Dgg=Dyg) * T1p(Ngg=Npg) + T;3(K§y=Xqg) + Ty4i081-Dgg) + Tys(l;-Nyg) +
: | r15280 * T17

(Dgg=Dyg) = Tp;(Kgg=Kyg) *+ FppiNgg=Ngg) + Tp3(Kfi=Kog) » Tpa(Df1=Dyg) + g3 =tpg) +
r26280 ¢ La7

. - - oo - ,-i-_ 'I-__ - '!'._1.'
(Kga=N4g) = r3jl¥gg=Koq} * Ir35{Dgg=Dgg) + r33({Kgi-Kgg) + T34(Dgy-Dyg) + r3g5{Ngy-Nygl +

. n -
3sZgng * Y37

subjéct to the cross—equation constraints:

rli ris , rl2 rls = rl6 , r22 = r25 = r2¢ .
21 r23 ris r3l r33  r36 r32 r34 rio

i}
H
1=
i

n

* This PAT spzcification is obtained from the General Modesl by impossing the restrictions
akk o gkd - 4 = a = a9 = aPN . g in version A. Alternatively, it is obtained by
impossing the following restrictions in the equivalent version B: P11 (Pa*Py9) s

Plzz“ipls*Plair P13*P1671 7 Po1= (Pa3%Pyg) s Pop=-(PystPpgls Pag*Pyy = 1i Py =—(P33+P3g),

D35==(P34%P37) ¢ P35*P3g = 1.

-8y
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Tﬂhlo IV.4

HIERARCHY OF MODELS *

Unrestricted
General Model
(30 coefficients)

({R.PAT.1)&

{R.IDA,1}&

(R.IDA.2), (R.TAT.2),
(9 restr.) (92 restr.)
(R, TCE.1) &

{R.TCE.2)
{6 restr.)
h1|
General Model Genaeral Model
& IDA restrictidns ' & PAT restrictions
‘ {21 coefficients)

{21 coefficients)

General Model
E TCE restrictions
(24 coefficients)

(R.TCE.1) or
(R.TCE. 2)
{3 restr,)

{R.TCE.2)
A3 restr.)

(R,IDA.1) (R.PAT.1)
~ {(R.IDA.Z2}) . (R.PAT.2)
{6 restr.) {6 restr.)

\J

PAT Model &
TCE restrictions
(18 coefficients)

&

. IDA Model &
TCE restrictions
(18 coefficients)

The restrictions on the coefficients of the "timing variables”
are not considered since dichotomous indicators are used instead

of the original "timing variables™.

®



Table

V.,

1

. 67:1"’

MINIMUM-DISTANCE STATISTICS, BY MODEL AND FIRM GROUP(*).

Group Model Unrestricted Restrictedss Difference
All Firms General 19.4571 20.5749 1.1178
IDA 38.4052 46.0464 7.6412
: (18.9481) {26.5893)
PAT 26.6290 26,9050 0.2790
‘ (7.1715) (7.4479)
Group NCC General 3.7235 6.6902 2.9674
IDA 12.0376 13,1441 1.1065
{8.3141) (9.4206)
PAT 5.3010 7.1598 1.,8588
{1.578) (3.4363)
Group § General 12,5682 16.1246 2.6264
IDA 39,1907 39,3624 0.1717
(26.6225) {26.7942)
PAT 20,6341 21,3040 0.6699
{8.0659) (8.7358)
Group M General 5.2610 16.1364 10.8753
IDA 28.6750 38,1622 9.4872
(23.4140) (32.9012)
PAT 26,1894 26.9058 0.7164
(20.928) (21.6448)

{cont.}



68. -

Tablae V.1 (cont,)

MINIMUM=DISTANCE STATISTICS, BY MODEL AND FIRM GROUDP({*)}.

Group Model Unrestricted Restricted** Difference
Group L General _ 1.6769 17.5348 15.8578
oA 28.9443 55,5093 26.5650
(27.2674) (53.8324)
PAT 6.9567 . 23.4567 16.48299
(5.280) (21.7797)
Group G General 10.9208 13.788¢0 2.8678
IDA 12,7286 14.3237 1.5951
(1.8078) (3.4029)
PAT 15.7840 17.15%60 1.3720
(4.863) {6.2352)
Addendum: Number of estimated coefficients by model
Unrestricted Reslricted
General 30 24
IDA 21 | 18
PAT ' 21 18
Chi-square (95%): - 7.8147 12.5916 16,9190 21.0261

Degrees of freedom: 3 6 9 12

L4

(*) This Minimum-Distance statistic is equal to é'(s"lmP V&,
where & is the stacked vector of residuals from the model, § 1s a
consistent, estimate of the covariance of the disturbances,
P =2{2'2)"1Z'is the projection matrix of the instruments and amis
t%e Kroeneker-product operator, The § actually used was computed
from the 25LS residuals of the general unrestricted model.

The figures in parentheses under the statistics of the IDA
and PAT models are the corresponding differences respect to the
minimum-distance statistic of the group's general unrestricted
model, - ' ' -

** Cross-—eguation restrictions from the theoretical model.



Table. V.73

ESTIMATED CbEFFICIENTS, TCE-RESTRICTED GENERAL MODEL: INVESTMENT EQUATION. {*)
fabsolute value of Lt-statistics in parenthesis)

A, Investment Equation

Var A1l NCC s M L G
D30 -0.0188 0.4807 5.2314 1:6114 1.5339 9.5741
(0.0733) (2.3303) {0.8150) £3.79843 18.7629) [4.6455)
N30 0.3076 0.4860 0.1899 -0.5434 0.6322 0.7509
{1.2847) (4.51'01) (1.4027) {1.9076} [7.6107] (5.9984)
X790 0.4330 0.4684 D.4551 1.05332 0.3253 1.0147
{2.4972) [2.1511} {2.7358} (3.7963) {2.6567) [6.6327)
D79 -0.0739 -0.2168 0.0400 -0.1705 ~0.1044 -0.5915
(0.2419} (1.3592) {0.2476) [0.4934) {0.5251) (3.3722)
MN79 -9.1153 -0.1918 0.0601 -0.6345 ~0.2149 -0.7804
{1.0463) {1.5135) (0.46468) {1.6327} (2.5997} {4.5151)
181 0.4957 0.5262 0.4891 0.0287 0.5373 6.1510
(3.9526) t3_.1982) 13.0683) [0.1653) {5.9522) {1.374%
Dol 0.0870 -0.2711 ~-0.13857 —-0.6089 -1.0996 -0.0659
(0.3577} {2.1479% (1.4162) {3.0014) {8.0073) 10.9950)
NB1 -0.1792 -5.2901 -0.2872 0.5143 -0.3402 -0.0835
(1.2297}) (2.4795) (2.3640) (2.0643) (4.3078) {0.8821)
7T 0.0101 0.0019 -0.0091 0.0041 -0.0070 0.0231
(0.0242) ° {0.1588) 10.1802) (0.0929) (0.7511) 10.5403)
K ~0.0120 ~0-0172 0.0868 0.2571 ~0.0133 -0.0361
{0.2524) {6.5459) {1.02¢1) (2.3597) {0.4567) {1.1305)

(=]

3515 estimates with

2815 residual

covariance matrix from unrestricted general model.
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Table V.2b

ESTIMATED COEFFICIENTS, TCE-RESTRICTED GENERAL MOBEL: DEBT EQUATIGON. {*)
{Absolute value of t-statistics in parenthesis)

3SLS estimates with

B. Debt Equation
var. a1l NCC 5 4 1, G
K30 0.0254 1.7470 0.3081 0.2226 0.5262 1.6042
10.0675) {2.2314) - {0.9528) (1.7747) (4.0836) (4.0452}
NEO 0.2126 -0.7604 ~0.40094 0.6115 -0.3692 ~-1.0616
{1.0435) {1.9481) (2.1124) (3.4302} (4.2216) (4.2530)
K79 0.1003 -0.7878 5.0533 -0.0236 -0.0358 ~1.6530
(0.4211} (1.7100) (0.2473) (0.4646) (0.5201) {4.2502}
D79 G.5770 0.4172 0.3719 -0.0575 0.0575 0.9404
{2.4211) (0.9902) (1.1276} (0.2499) (0.3337) (3.4531)
N79 -0.1282 0.3108 0.1447 -0.0492 0.0 1.1250
{1.14869) {1.0581) {1.0266) {6.3581) {0.4861) {3.9970)
x81 -0.1179 ~0.9854 -0.5136 -0.0841 ~0.3772 -0G.1815
(0.4588) (1.5088) {2.3792) (1.5259} (3.3918) (0.8862)
D31 0.3455 0.6230 0.6624 0.4223 0.7602 0.0335
(1.2054) (1.1211) [2.7205) (3.8944) (8.3298) (0.1907)
N8 0.0069 5.5255 0.2051 ~0.2622 0.2675 0.0453
(0.0506) {1.1947) (1.4236) (2.0985) {3.5576) (0.2851}
DT80 0.0211 0.0063 0.0149 0.0037 -9.0176 0.0090
: {0.5481) {0.1159) {0.2280) {0.2038) (1.8811} (0.1818)
CD -0.0374 -0.0154 0.1550 -0.1896 6.0237 0.0925
{0.5118} (0.1063} {1.4464) {3.0965) {6.8523) (0.8451}
{*}

25L5 residual covariance matrix from unrestricted general model.
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Table ¥.32c¢

ESTIMRTED'COEFFICIENTS) TCE-RESTRICTED GENERAL MODEL: ﬁQUITY EQUATION. (*)
[{Absolute value of t-statistics in parenthesis)

C. Eguity Eguation

3515 estimates with 25LS residual covariance matrix from unresiricted general model.

var. all NCC S M L G
K20 1.1058 2.0308 0.4849 -0.1878 1.5526 1.2972
D30 0.6061 -0.8806 =1.5246 - 1.4745 -2.30%0 =0.7194
: (1.5627} {2.2943} {2.468%) (3.6273) {7.2212) £3.2960)
X79 8.3713 -0.3014 0.1536 ~0.1853 -G.527%7 ~31.3481
{1.5564} {1.6386} {0.4883) {1.4889) (2.1207 [4.6510)
D79 ~0.3655 0.359% 0.5387% 0.1186 G.14%0 0.75623
{0.9898) {0.8845) {1.0323) {0.3614% (G.4813% (2.7743)
N7% ¢.2350 0.3117 =0.0363 3.0594 0.375% 1.0099
{1.3276) {0.936%) - (D.1068) {0.2064) {2.1848} (4.7241)
K81l ~0.56442 =1.2125 -0.7335 0.1561 -3.8356 -0.1442
{1.82953) {2.0928) {1.5320} {1.4228) [4.7276) {0.8490%
D81l 0.0197 0.6085 0.75675 ~03.6321 1.6728 0.0307
(0.0495) {1.5252) {1.2639) (4.02811% (6.91%1) {0.2895})
N33 © 0.5759 0.7184 0.5552 0.3761 0.5323 0.0788
{3.8738) {1.9830) (2.2044) 43,3203 [4.702%]) (0.2301}
HT80 -0.0352 -3.0047 ~0.0583 -0.0005 ~0.0641 0.009570
{0.89385) {3.1531}) {(0.5631) S {0.0037) (0.2120}% £{0.1459)
CHN 0.0192 -0.0053 0.4706 D.2788 0.0160 0.0699
{0.1613) {C.0439} {1.9517); [3.4766) {0.2585} (1.0133)
1)

YA



Table V.32

ESTIMATED COEFFICIENTS, TCE*—RESTRIC?ED PAT MODEL: INVESTMENT EQUATION. (*)

{Absolute value of t-statistics in parenthesis)

4. Investment Eguation

var. 211 NCC | 5 M L G
(Dgg-D7g) =-0.0147 0.4966 0.3041 1.0721 1.2651 0.5771
{0.0936) {3.7203) (1.0849)} {5.5476) (13.4582) [5.249%}
(Ngg-Nog)  0.3677 0.5036 0.2478 ~0.4448 0.6566 0.7978
(1.6837) {5.7078) {2.1336) (2.3471) [10.5930) 16.8907) .
(K§q~Kq9) 0.4770 0.5052 $.5039 0.3307 0.6255 0.1224
(4.1936) {3.1785) {3.0271} [3.6698) (7.1524} {1.1009)
[DEI—D?gj 0.2411 ~0.2479 -0.3748 -0.3986 -0.9008 -0.0374
(3.0973) {2.3785) (1.2427) {4.4203) (7.0602) {0.5136)
{Ng,=Nqg) —0.2038 ~0.2749 ~0,2821 0.1920 -0.4165 -0.705
(1.5405} {2.7730) (2.4839) {2.2104) [5.4563} {0.6959)
KT80 0.0029 0.0014 -0.0025 ~0.0098 ~0.0022 0.0248
(0.0696) (0.1222) (0.0490) (0.2371) {0.2487) (0.6246}
CK -0.0132 -0.0245 0.9215 0.0375 -0.0008 -0.0466
(0.3271) (0.9293) {0.3687) {1.0213} {(0.0311} {1.7644)
(%}

35L8 estimates with 25LS residual <o

variance matrix from unrestricted general model.
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. Table V.3b
ESTIMATED COEFFICIENTS, TCE-RESTRICTED PAT MODEL: BORRCWING EQUATION. {*)
{absolute value of t-statistics in parenthesis)
B. Borrowing Equation

var. All HCC  » ] M L G
{Kgp=Kyq} ©-0725 1.7942 0.5278 0.7094 0.7081 1.4061

(0.1872) {3.5154) {1.607%) {4.5267) (8.6767) (5.3971})
(Nga=Ng) 0.1004 -0.8233 ~0.4784 0.5224 -0.4896 -1.0791

(0.8729) {2.9374) {3.1047) (6.2299) {7.8407) {4.5278)
{€gq~Kqg) -0.1186 -0.8959 -0.6506 -0.2638 ~-0.5042 ~-0.0911

{0.5464) {2.0852) {3.0407) {3.2563} [5.7712) [0.4851)
(Dg1~D7g) 0.2836 N.4332 n.7241 L343 0.7401 N.03754

(1.5855) (1.5096} {3.01329) [4.5484) (7.7015) {0.2558)
(N3y~Nsg) - 0.0476 0.4742 0.3442 -0.1912 0.3474 0.0145

(0.6716) {1.5883) {2.3602} {3.9908) {5.3395) [0.0955)
DT80 0.0318 ~0.0009 -0.0025 ~0.0805 -0.0135 0.020%

{0.9037) (0.0202) {0.0409} (0.9289} [1.4676) {0.5273)
cD 0.0019 0.0457 0.0810 -0.0310 0.0083 £.0593

{0.0520) {0.6815) {1.3968) {1.0091) (0.3691) (1.1285)
=)

3855 estimates with 2815 residual covariance

Tit

&

e

r

ix from unrestricted general medel.
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Tabhle V.3c

ESTIMATED COEFFICIENTS, TCE-RESTRICTED PAT MODEL: EQUITY CHANGE EQUATION. (%)

fAbsclute value of t-statistics in parenthesis)

. Egquity Change Eguation

3S5LS estimates

var. A1l NCC s M L G
(Kgp-Koq) 1.1967 1.9138 0.9456 -1.0393 1.4944 1.2504
(2.6307) {4.5783) (1.8623) (3.5135) (11.1830) (6.9522)
(Dgg=D7g} 0.4137 -0.8871 ~1.4159 1.5754 ~1.8584 ~0.7244
(1.1102) (2.5476) {2.3081) (8.4212} (13.5889) (3.9753)
{(K§y—Kog) —0.6633 -1.0449 ~1.0763 0.4487 ~0.9479 -0.1105
(2.3313) {2.4328) {2.4436) (3.3072) (6.6279) (6.56838)
{D};-D4g)} 0.1961 0.5072 1.0189 ~0.5766 1.3432 5.0098
(0.7777) {1.9696) (1.7309) {4.6263) (7.1797) (0.0962)
(Ng,=Nog)  0.5899 9.6150 0.6829 0.3559 0.6338 0.0536
(4.2152) (2.2623) (2.8509) (4.8648) (6.0705) (0.3261)
NTS0 -0.0451 ~3.0038 ~0.0113 -0.0177 = -0.0084 0.0008
{1.1671} {0.1267) (0.1247) (0.4552) {0.5780} (0.0239)
cil -0.0246 0.0363 6.1252 0.0620 0.0078 6.0603
{0.4510) (0.5477) (1.3062) (1.1253) (0.1959) 1.1755)
{*)

with 2818 residual covariance matrix from unrestricted gensral model.
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Table V., : : o
ESTIHRTED S”PUCTLRAL PARAMYET -RS, GEMERAL ﬁODEL. (*}
{Absoliute value of t-statistics in parenthesis)

94

Param=ter All NCC S ] L G
pick 9.8384 - 4.0644 1.272¢ 4.2044 .7439 2.7275
(0.5794) (1.0243) (0.864£) (0.9515) {1.2463) {2.0135)
pkd 6.1719 -1.8924 0.1278 -2.4754 -2.3036 -1.6313
{0.3828) (1.4029) (0.2136). (1.1799) 13.3840) (2.3018)
pin -0.2835 ~1.6619 0.0957 0.6132 ~2.3799 -2.0742
| 10.6229} 10.9539) 10,2773} 10.8277) 11.9583) 12.0596)
pdd [+#)  1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
pdn ~0.72144 0.753% D.3484 -0.1202 1.5392 1.1535
(0.2617) (1.0177) 10.9563) (0.7892) £3.3256) (3.2695)
KN 4.1799 0.6429 -0.0131 ~0.5146 1.5859 © 1.3410
(0.7313) (G.6409) (0.0377) (0.1017) (1.9033) {1.2850)
Bk 1.0782 4.5349 1.5966 1.8695 1.3663 0.4037
{0.6283) (0.79032) 10.9746) (0.7666) {1.1159} 10.9146)
nid -0.0258 2.3412 -1.4815 ~0.793 ~0.23908 ~G.1638
(0.0688) (0.7414) (0.9582) (0.9552) (1.7329) (C.73241)
pin -0.4447 -2.4962 -0.7541 0.1204 -0.9129% -ﬂ 2285
(9.7201) (0.7530) {0.9832) (2.6144) {1.1192) 6.7195}
1,49 0.6125 1.4982 1.8176 1.0981 1.1542 8.0448
(0.8442) (0.5854) {0.3945) (3.9197) (2.3238) (0.2515)
pAn ~0.0213 1.2472 0.7283 -0.3700 0.4971 0.0481
(0.0796) (0.6543) 10.9350) (0.7542) (1.6077) {0.2858)
Hih 0.3302 1.4758 0.5805 0.2168 0.6416 0.1290
{0.7531) (0.7451} (0.9489) (0.7645) (1.1161) (0.4567)
{#) 35LS estimates with 2S15 residual covariance matrix £from unresiricted gegneral

mod=21l. (*¥*) The value of this paramester was set sgual to vnity as a normalization.
' {continued...)



Tahle V.4

[cont.i

ESTIMATED STRUECTURAL PARAMETERS, GENERAL MODEL.
{Absolute wvalue pf t-statisties in parenthesis)

Earameter All NCC s M 1, G
akk -0.1245 -0.0423 ~0.1540 1.0129 ~0.4744 0.4487
{0.4121) tD.0411} {0.3923) {0.7236} (0.6330]} {1.4223)
akd . ~0.0446 -0.0669 -0.3898 ~0.4351 0.1952 ~0.2336
{0.2757) (0.1129) {0.8829) (0.8380)} (D.7156} {1.4528)
akn 0.0442 C0.02350 -0.1005 0.0903 0.3183 -0.3044
{0.3453) (0.0720) {(0.4088} {(0.6212) {0.6939) {1.3647)
add -0.15638 0.0996 0.0742 ~-1.5193 ~0.4379 0.0290
{0.5041) (0.1506) {0.1009) (0.7203} {1.6709) {0.1015)
adn D.1634 0.1837 -0.2602 0.6324 -0.01904 0.1197
10.7246) " [(0.3415} (0.4511) {0.7689) (0.1076} (0.7198)
ahfl -D.0986 0.0500 -0.4430 ~0.2655 -0.1726 0.1319
(0.45659} {0.1553) {0.7292) (0.6921) {0.5656} (0.6282}
Addendums:
akk_bkk_bkk
-2.0412 -3.6415 ~3.0236 ~5,0609 -5.583% -2.6824
add-bdd-bdéﬂ.ol3é} (0.9219) {N.0515) 10.8311 (1.7758} [1.5115}
-1.7763 -2.3336 -2.7434 -31.6174 ~2.5922 -1.0157
{2.3922} {1.0294) {1.1416) {1.1228) {1.5549) {3.8599)
aMN.pin_ynn
~-0.56588 ~-2.0587 -1.9105 ~0.4677 -2.4002 -1.5381
,éa.?5491 (0.B485} {0.9789) (0.76560} (1.7760) [1.7875)
: a kd - bI;d - bl‘-{ .
' -0.1878 4.1642 0.95638 2.8338 3.3896 1.5615
{0.2790} (1.0158) (0.3026) {1.1027} {2.8519) (2.33569}
ak n -h k n,_hk n
0.7723 4.1930 0.5578 -0.6433 3.6110 1,9983
(0.6301} - 10.8986) {0.8259} (0.7986) {1.7762) (1.8826)}
adnabdn_bdn
9.3991 -1.8172 ~-1.3369 1.1227 -2.01554 -1.0319
(0.8578) (0.9326) (1.1303) {0.8456) . (2.9459) [2.5236)

-t 94
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ESTIMATED STRUCTURAL PARAMETERS, PAT MODEL. (*)
{Absolute value of t-statistics in parenthesis}

Paramster all ' NCC [ ™ L G
pKk 0.4858 3.1440 2.3966 0.6946 0.7978 2.1651
{0.6872} {1.6400) (0.8639) (2.5281) (5.1794) {3.1334)
pka 0.0062 -1.5833 £.4259 . ~0.6864 -0.7861 -1.3517
(0.3314) {2.5200} (0.5521} (4.0017) (7.6119) (5.4554)
pkD -0.1726 ~1.4499 0.1204 0.2964 ~0.5237 -1.7793
: {0.7047) (1.4191) (0.2831) (2.2384) {5.3595) {2.8858)
pdd (s2y  1_0000 1.0090 1.0000 1.0000 1.0000 1.0000
pdn -0.1936 0.6325 0.4708 -0.5030 0.5148 1.1032
{6.9771) (1.5737} {1.0846) {4.8923)} {7.4171} 14.2584)
pin 0.1275 0.6374 0.3895 0.3231 0.3545 1.4744
(0.7506) (0.9282) {0.8072} (4.1313) {5.2359) {2.4968)
pkk 0.4370 3.1913 2.7181 0.3726 1.3078 0.2972
(0.7097) 11.2093) {0.9534) {2.2853) (1.9557) (0.8710)
»id -0.0655 -1.5693 -2.2818 -0.4148 ~1.3067 ~0.0812
(0.3495) (1.1633) (0.9425) (2.7616} {2.0608) {0.4097)
piD -0.2203 ~1.7317 ~1.3430 0.2297 -0.8751 ~0.1729
{0.8054) {1.1859} (0.9874) (2.3808} (1.9508) {0.6156)
ndd. 0.3794 0.7697 2.5204 0.5202 2.5895 0.0341
(1.1889) (0.8311) {0.8692) {3.0052} {2.1061 (0.2164}
LoD 0.0599 5.8333 1.2393 -0.2904 1.2297 0.0149
10.6232) (1.0410) {0.9522) (2.9299) {2.0397} (0.0939)
| 0.1356 1.0142 0.8655 6.1766 0.5815 0.0851
{G.83289) (1.1224) {0.9284) {2.5246) {1.8558} (6.3167)
(¥} 33LS estimztes with 2515 residual covar:iance matr.x from unrestricted general
madel. {*#*} The wvalue of this param2ter was set egual to unity as a neormalization.

"Ll
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APPENDIX A

REPRESENTATIVE EXAMPLES OF MODELS IN TilE TDA AND PAT TRADITIONS.

As.a‘quick reference iegarding the actual specification of
the simultanecus equation econometric models of the fim's
investment and financing decisions, this Appendix presents
'cancise descriptions of one prototypical model in each of the two
basic‘traditions described in the Introduction. The model of
Dhrymes and Kurz(1967}.is considered an illustrative example of

the models in the 1pA tradition, and the model by Taggart(1977) is

offered as representative of the PAT tradition.

1.Dhrymes and Kurz{1967). The purpose of the article is to

empirically elucidate the extent to which the investment,
dividend ana external financing behavior of firms are
interdependent. Dhrymes and Kurz point out that previous
econometric investigations of the firm's investment (and
@ividend) behavior have been deficient in the sense that the
interactions between investment and financing variables were
substantially overlooked. They specify the following three

simultaneous equations:
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(D01} (1,/8.) = a;(De/Sy) + an(ND /8] + by (P 4 /Ky _q)

by (S¢~S¢~3)/S¢_3 *+ by(Ny/K¢) + industry dummies

(D.2) (ND./S.) = a3(1./S.) + a,(D./S ) + b LTD /(K ~LTD.) +

(D, 3)

bS(Rt/LTDt) + bG{DEPt/Kt) + b7(Pt(Kt) + constant

(Dy/Sp) = ag (I /Sy) + ag(ND /8 ) + bg(P/Ky) + bg (N /Ke) +

industry dummies

where the following definitions are actually employed:

T
NDy

-

-

gross fixed investment

het longw£erm borrowing, calculated as first-difference
of the book value of debt outstanding.

common dividends

salés, undeflated

book value of capital stock at the beginning of t
net_prcfi£$ after taxes, undeflated

net long-term outstanding, in nominal terms
depreciation allowances

net current position, defined as the excess of
inventories, cash, short-ierm securities and accounts
receivable over accounts payable and other short-term

liabilities.

interest payments on long-term debt outstanding
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2.Taggart(1977). The purpose of the article is to specify and
estimate an integrated model of corporate financing patterns,
drawing oﬁ the theory of optimal capital structure and extending
it to the context of th; overall financing decision. 1In
particular, Taggart considered the interdependent nature of the
financing decisions, taking the size of the external financing
deficit as given. He modelled the-changes in short-term debt
(dSDBT) , changes in long-term debt (dLDBT), changes in equity

(oxr, more precisely, gross stock issues and stock fetirementS;‘
dGSTK and SRET) and changes in liquid assets (dLIQ), undertaken
by the firm to finance its predetermined deficit. (The preceding
notation indicates dSPBT, = SDBT, ~ SDBT,_,, etc. The external
financing deficit is defined as expenditures on plant and
equipment and working assets minus retained earnings. It is

denoted by dA~RE}. The model 1s as follows:

(T.1) dLDBT,

ﬂ * * ‘

aBSTOCKTt + a4RTt

i

' ' K. %
(T-z] dGSTKt bl(Lnﬁlt - LpBTtml),+‘b2{PCBt - PCBt“l - REt) +

bBSTDCKTt + béRTt

n L3 L]
(T.3) SRET, = n, (LDBT_ = LDBT, _,) + n,(PCB - PCB,_, - RE.) +

naRTy
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. - " *__l .
(T.4) ALIQ, =f,(SALES -SALES, ;)+£, (RATE ~RATE, ;) 4C,(TC ~TC, _,)

+ €3 {dA -RE,) + C4RTy

. Y X " ‘ .
(T.5) dSDBT, =f; (SALES;-SALES{_1)+fy (RATE{~RATE,_;)+d,(TCL~TCy_;)

The targets and timing indiqators are considered to be
exogencusly given and were actually defined by the author as
follows (all balance-sheet items were standardized by totalw

assets upon estimation):

PCB: = targeted.permanent capital, defined as the net stock of
fixed capital {book value of gréas capital stock at t minus
accumulated depreciatioh at t) plus net permanent working assets
(calculated as the average book value of net working assets over

.the eight periods ending with t).

TC% = targeted teﬁborary capital, defined as total assets

(exogenous) minus the target in permanent capital.

LDBT, = targeted long-term debt, defined as the average debt to
equitf ratio in market values, times the market value of equity.
{To approximate the market vélue of debt in the mentioned ratio,
it is assumed that the amount of long-term debt recorded in boocks
consists only of consols, whose market value is then a. function

of observable interest rates).
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STOCKT, = timing variable for stock issues, defined as the
avefag@ market value of equity over the two periods ending at ¢
divided by the average market value of équity over the last

twelve periods ending at t.

RTt = interest rate timing variable, defined as a weighted
average of the two most recent periods’ changes in the commercial
paper rate, with weights (0.67,0.33). Low values of this index
are expected to stimulate issues 0f long-term debt, whereas

higher values should lead to postponements.

SALES, is supposed to influence the target level of liquid
assets. It was defined as an eight-period moving average of

nominal sales.

RATE, also affects the target level of liquid assets. It was

chosen as the current interest rate on commercial loans.



APPENDIX B

a8 oo

CONCAVITY OF THE FIRM'S OBJECTIVE FUNCTION.

The objective function of the firm has been assumed in
Section 11 to be additively separable in discrete time periods,
Consider, fbr simplicity, the optimization problem at time t in
the two-period case (see _problems‘ M.1 or M. 2 in Section IT):

(M. 1) Maximize, with respect to Y, for given Yt_l‘and YE+1:

| ) |
(A.1) Op (Yer¥eag) + ReygOrey (Yeypr¥y) =

by (YemYeog) = (1/2) (Yp=Ye g) "B (Ye=Yeo)) #

o Y + +
Resrl@ger * ApanYean ¢ (1/2) Yo "RApeqYeay -

Cbpeg (YEgm¥e) ~ (1/2) (Y 1-Y) By (Y, ¥y

A well defined maximum tc:. this optimization preblem will
exist and it will be unigue 1f its Hessian (i.e., matrix of
second order derivatives with respect to the control variables)
1s negative semidefinite. [See Samuelson(1947), Mathematical
Appendix i, Section III). The objective of this appendix is to
investigate the necessary and sufficient conditions to be
satisfieq by the parameters of the firm's objective function if

it is to have a unigue maximum.

-
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From {A.l), the Hessian (H} of this problem is equal to:

(AQZ) . H = At - Et - Rt+lBt+l

or, in the notation of Chapter II (B, q=Ry,1By,q)¢

(A.3)

—

. kk .kd gkn | LKk pkd pkn) bk pkd pkn

Jkd ,dad _an pkd pdd pdn

bkn bdn RN

H QﬂlﬁdbM1

akn adn PRy

Ly .

bkn bd“ phh

- - -l

iy

AKK_pkk_pkk
Jkd. kd_ kd

akn_bkn_hkn

Jkd_pkd_pkd
,4d_pdd_,dd

adn_bdnmbdn

akn_bkn_bkn
adnﬁbdn_bdn

ann_bnn“bnn

ke

The IDA models assume (see equation @4] Section I1I):

&

(A.3) all = pij, for all i and j.

S0, the relevant Hessian in the IDA case is simply:

-

pkk  pkd  pkn

]A.A) . HIDA - bkd bdd bdn

3

bkn bdq phin

Cat

Thus, yiDA

is negative definite if S is positive definite.
There are various ways of expressing the necessary and sufficient
conditions for the real symmetric matrix 5 to be pbsitive
. definite. The most convenient in the present context states that

§ is positive definite if and only if all its principal minors
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are positive. Notice that since the principal submatrices of §
can be rearranged in different ways, starting with any diagonal
entry sii_as the first submatrix, it is implied as a necessary,
although not sufficient condition for S to be positive definite,
that every diagonal entry gii be positive. Thus, it is necessary
for the firm's optimizationlprcblem fo have a well defined
‘maximum in the IDA tradition that:

(A.5) - pkk y g, pdd

>0, bp™M > 0.
The remaining necessafy and sufficient conditions are
obtained from.the second and third principal minors, - which must

be positive: .

(A7) pKK (pddpnn _ (pdn) 2, _ pkdpkdgnn _ pkngdn)

-
4

RS

Equations (A.6) and (A.7) can be rewritten as follows:
(A.7%) © pAnpkk,dd (bkd)2]'+ opkdpkngdn

+

From (A.6"') it is recognized that bkd can be either positive

or negatibe, as long as its absolute value does not violate the

inequality. Similarly, it is noticed that the right hand side of .
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the ineguality .in (B.16') is a posgitive number, as well as the

first term on the left hand side [from {(B.14) and (B.15')}]. Thus,

it is recognized that the product bkdbkhbd“ can be either
positive or negative, as long as its absolute value does not

violate the inequality.

In sum, for the reétricted objective function 6f the firm in
the IDA models to be globally c¢oncave, it is necessary that the
parametéra (bii) must be all positive, whereas the parameters
(bij, i#j} "can be either positive or negative, as long as they

satisfy the inequalities (A.6') and (A.7').

PAT type models.

Using the notation of Section 11, the Hessian is written in

this case: ) ,

(A.8) S
Faick_ K pkk k. ka a-lem_bkn_,bkn | S
- r ' ¥
. Ka_ kd_, ka 4., ad_, ad anpdn_dnf
KN pkn_pkn adn_bdn_bdn | ann‘bnn'bnnJ
The PAT models assume [see equation (32), Seétibn Tr1]: |
' (A.9) aij ® 0, - for all i and j,
So, the relevant Hessian in the PAT models is simply: f\{;
[ Kk, kK k&, k2 - .kn, kn] |
. - b~ *h’ I S T ' .
‘A-].O) HPAT = - bkd"'bkd bdd+bdd hdnﬂ}dn = - R
: pka,pkn pdn,,dn '_bhn+bnn
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As before, for the real symmetric matrix R to be positive
definite, all its principal minors musﬁ be positive. In this

case, ohe has:

Al iR KRE T, 0998 5Ty, g e > 0.
and also:
(A.12) (bXEpKRE) (pdd, qad) o gk pkd) 2
‘ ‘ *
(A.13) oMby PR REy (p 9,590, g kd g kay 2y

2 (b Kdapkdy knipkny dngdny

* 1n sum, for the reépricted objective function of the ﬁ;rm'in,
the PAT models to be globally concave, it is necessary that £he.
pérameﬁers (bii+bii) must be all positive, Qhereas tpé baraﬁeters‘
Ibij+hij,li#j) can be either positiva'qr hegatiﬁe; as long as 

they satisfy the inequa%}ties (A.12) and (A.13). .
. : £

-

o,
L . -
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APPENDIX C

DESCRIPTION OF THE DATA-SET AND SAMPLE SELECTION ISSUES

Nature of the micro-data used in the analysis.

The data~get available for the analysis originated from a
series of surveys of economic performance and expectations of
private firms in Mexico (Encuesta sobre la Actividad Economica
Empresarial), conducted annually by the Oficina de Asesores del
C. Presidente de la Republica during the Lopez Portillo
administration (1976-1982). After 1982, the data-base from hrior
surveys was entrusted to the Instituto Nacional de Estadistica,
Geografia e Informatica, which continued the‘ﬁurVeys on a
gquarterly basis after some alterations of the o#iginal
questionnair?, The panellactually used in the following analysis‘
was obtained upon reguest from the latter institution. The
identity of firms was not revealed for reasons of
confidentiality. '

Each observatién in the panel {i.e., an individual firm at a
given year}) contains data on as many as 150 different
quantitative and categorical variables, although the exact number
of variables changed over the years. These observations were
generated by direct interviews with the firms' top managers with
the objective of measuring their appraisals of economic
performance, plans and expactations., The surveys are similar in
character to¢ those made in Germany and France by the IF0O

{Institut fur Wirtschaft Feorschung) and the INSEE {(Institute
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respectively.

of special interest are variables that correspond to the
qualitative appraisals or assessments by top management regarding
a variety of issues; price-cost margins, level of demand, output,
inventories, plant capacity utilization, investment levels and,
particularly, financial conditions such as the level of
outstanding debt, liquidity and the degree to which the firm
perceived constraints on its credit demand in domestic currency
in the financial markets. Because of the very nature Qf‘these
gualitative appraisals, answers to these questions were captured
in cateqdrical form. (For example: "How do you appraise the
lJiguidity of the fi;m, measured by the ratio of current assets to
current liabilities?: High, Nermal, ILow, Very'Low.“). The
qualitative appraisalg requested in every annual survey {(done in
July, actuallyh referred to the current year, the immediateiy
preceding year and some years into the future. Thus, a spectrum
of appraisals regarding several points in time is available from
each survey. Moreover, from a series of surveys it is possible to
know how iﬁdividual firms modified over time their expectations

and evaluations of performance.

Finally, each observation contains also quantitative dataz

the Balance Sheet and Income Statement of the last accounting

period, employment and wage-bill, and actual and planned
expenditures in fixed assets during the last, current and two

subsequent years. Top managers were also asked to report the
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rates of inflation and the foreign exchange rate (pesos/U.S.

dollar) that were being used by the firm for its financial

@rogramming during the current year and the two following vears.

[Full documentation on the survey methodology is included
in: Oficina de Asesores del €. Presidente de la Republica,
Encuesta sobre la Actividad Economica Empresarial: Anexo

Metodologico, Mexico, 1982).

sample selection.

The original statistical design of the aurveyé was carefully
tailored to obtain. in each year adequate representation of the
universe éf private firms in the Mexican economy, as explained in
the Methodoléqical Appendix published by the Oficina de Asesores
in 1982. The "universe" was defined as the set of all firms
listed in the Registro Federal de Causantes (corresponding to the
IRS in the U.S5.) whose taxable income was above one million
pescs. Due to accou;ting reporting differences, firms in several
sectors (agriculture, livestock raising, fishing, construction,
commerce, banking and seréices), were not included in the
“universe", In the statistical design adopted in each year, firms
whose taxable income was above 100 million pesos were sampled
with probability one (i.e., censored}, wherea; firms under that
amount were sampled with probability proportional to their size,

with pre-sampling by cities. The exact number and identity of

firms in each survey varied from year to vear, the typical‘
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sample size beinq'around 2,000 £irms,

As the data requested from the Instituto Nacional de
Estadistica required observations on the same cross—section of
firms over a nuﬁber of consecutive years (i.e., & panel}, the
number of firmé,in the.datarbase fulfilling the antecedent
condition waé considerably smaller (in the order’ of 400). Upon‘
careful inspeétion of the continuity. of the required accounting
daté, it was later decided to limit the analysis (o the surveys
carried on in 1980, 1981 and 1982, which provide finahcial
information from accounting statements corresponding to 1979,
1980 and 1981, respectively. The firms with data available on all
the regquired variables (after the elimination of observations
with unexplainable'incénsistencies in the accounting staﬁements)
constitute the sample for the following analysis, 141 firms in
all. The coﬁpositicn of this sample by firm size, industry and
ownership type ié presented in Table‘III.l.

The‘sample of 141 firms was sub-divided for the present
analysis into four éize—grouPs, based on the book value of Total
Assets in the 1979 Balance Sheet. These groups will be referred
to by é (smaller firms, 0—10q million}), M {(medium-sized firms,
100-250 million), L {large firms, 250-400 million) and G {giant
‘firms, over 400 million}. For the reasons explained in the
preceding paragraphs, this sample includes a disproportionate
high number cof the 1arge£ firmes in the "dniverse“ of Mexican
private firms. Thus, éhe lakels "small" and "medium" should not
be misleading: even those firms are relatively large by Mexican

standards,



Definition of variables for the analysis.

Ky s
"the book valucs of "Net Fixed Assets”, "Total Long-term Debt"

Dy and N, (for t=1979, 1980, 1981) were obtained from

and "Shareholders Equity" from the firms? Balance Sheets repérted
in the surveys of 1980, 1981 and 1982, respectively. All these
variables were divided by the book value of "Total Assets" in

1979 to standardize the observations and reduce heteroscedasticity

problems.

Th?ee dichotomous iﬁdicatoré (KTSO’ DT80 and NTSO) were de-
fined, corresponding to the‘"timing variables" (Zgo, Zgo and Zgn,
respectiveiy), as follows. In each survey, the firms’® top managers
werc asked to give theif qualitative opinion regarding their invest
ment in fixed assets for several years. In July-1980 they were
askcd to answer: |
6, if investment in 1980 is 'very ﬁigh",
5, if "high", '
CAIL80 = 4, if "intermediate",
3, if "low",
2, if "very low",

1, if Yzero investment®.
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An analogous indicator, EIL81, capturcd also the July-1980
appraisals rogafding planned investment for 1981. Thus, KTgovwas
defined as follows: (See Figurc I11I.1)
KTgy = 1, if EIL81 < AILBO,

0, otherwise,

One would expect KTgy = 1 whenever the reporting firm is
undertaking larger investments in 1980 than in 1987, a behavior
closely felated to the "timing" notion looked for.

Since retained earningﬁlconstitute a very imﬁortant source
of equity financing among Mexican firms, the July-1980 categorical
aﬁpraisals vegarding profit margins on sales for 1980 and 1981
(ﬁamely, RPY801 and EPY81) were the hasis to construct NTBO as

follows: NTgy = 1 if EPYE&1 5 RPYSO1.

Appraisals regarding debt levels were requested just for
the current year in each survey. Thus, DTg, was defined as follows:
DT80=1 if total debt (in 1980) is "zero', "low" or '"mormal'; or,

DT,,=0 if total debt (in 1980) is "high" or "very high". Another

80
useful dichotomous indicator was also defined: CCBO=1 if the firm
"had an unsatisfied demand for domestic credit in 1980, or CC50=0

‘if it did not.

DO T



Finally, the instrumental variables were defined as
follows: anticipated fixed assets expenditures for 1981 (repor-
ted in‘July-1980), divided by Total Asscts in 1979; ratio of
profits (also of taxes and interest p;yments) to sales from
the 1979 Income Statements;share of short-term debt in total
debt in the 1979 Balance Sheet; proportion of circulating
assets minus short-term debt to total assets from the 1979
Balance Sheet; and, lastly, growth of sales from the 1979 and

1980 Income Statements.,
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IF'ootnotes

/1/ The derivation of the model is presented in greater detail
in Chapter II of the author's doctoral dissertation.

/2/ The issue of the proper cbjective function of the firm has
 been settled among financial econoMists in favor of market value

maximization. Although I do not address the issue explicitly,
I implicitly assumc that a "market value function" of the
firm can be de¢fined over the outstanding levels of its various
assets and liabilities. Obviously, this "market value
function" implicitly nests a "production function". s "cash-
flow function" and an "expectation-cum-discounting time
agregation function'™ which depend in different ways on the
firm's assets and liabilities. Of course, if "production"
depends not 9nly on the level of the stock of fixed assets,
for example, but alsc on its rate of growth as assumcd by the
adjustment-costs literaturc in economics, then the "market
value function" would also have the growth of fixed assets
among its arguments., I do not characterize the "market
value function" beyond assuming that it exhibits a well
defined maximun and is twice-continuously differentiable in
all its arguments.

/3/ The theoretical determination of the terminal conditions for
a decision horizon is very much open to debate. 1In infinite
horizon models, the assumption of a transversality condition
ls usually made, In finite horizon models, no clear-cut
argument can be wunambiguously postulated. Therefore, no
'atfempt is made here to resolve this issue and the existence
of an cxogenously determined vecter of terminal conditions
will be merely assumed.
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/57

16/

This point is carcfully discussed in the author's
doctoral dissertation, pages 128 to 130.

In words, these TCE restrictions imply that the ratio of
the coefficient of Doy in the K-equation to the |
coefficient of K,5 in the D-equation, must be equal to
the ratio of the ceefficient of D;l in the K-equation to

the coefficient of.ng in the D-equation, etc.

Indeed, disreparding the restirictions associated with
the "timing variables" (becausc when dichotomous indi-
cators are used instead of the correct variables those
restrictions are meaningless as explained in Villarreal

(19806}, pages 215-218), one may distinguish:

"

1"

(TCE,1) pli pld, pl12 = pi15, p22 = p2§5
: n2l p23 n3il np33 pi32 p34

Ir

(TCE,2) pi1 = pi17, pi2 = p18, p22 = p28 .
027

pzb p3i p36 p3Z  p3/

and similarly:

-

(IDA,1) pi3 =1, p2d4 =1, p35 =1

(IDA,2) pil = -p14, pi12 = -p15, p21 = -p23,

p22 = -p25, p31 = -p33, p32 = -pli4,
and : o ' ) .
(PAT,1) pll = -(pid+p17), pi2 = ~(p15+p18), p21 = -(p23+p2h)
p22 = -(p25+p28), p31 = ~(p33+p36), p32 = - (p34+p36)

(PAT,2) pi3+pl6 = 1, p24+p28 =1, p35+p30 = 1,



such that, as it can be easily verified,
IDA,2 imply TCE,1; PAT,1 together with TCE,1
imply TCE,2; and, lastly, PAT,1 together with
TCE,2 imply TCE,1.

/7/ See footnote /6/.
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