use the cost equations were designed to be
consistent with the financial aiid accounting
conventions at the Times. In these ternms,
the model can be viewed as a rather large
and sophisticated incomé statement or op-
erations niodel. . Consequently, capital
stnck appears only indirectly through the
depreciation equations. Thus, while the
fixed-variablé ¢gost speécification is
retained capital stock costs do not
epriCitlyﬂappEar,

Varidble costs aré defined as those costs
which vary directly with paging dnd copies
produced; newsprint and production labor
costs. The number of meh workiig and the
nunber of hours workéd vary each day dé-
pend. on paging size and copies produced.
Although capital is held . fixed,capital
utilization is dot. Theoretically, depre-
ciation is a function of capital utiliza=~
tion and should be treated as a variable
cost. Because acdounting conventions do’
not handle depreciation in this fashion,
in the model, depreciation does not vary
with output. '

Newsprint costs are computed by calculating
the newsprint tonnage required to produce

a given number of pages and copies and

then multiplying by the appropriate cost

per ton. There are equations for different
grades of newsprint as well as equations )
for the many different sections of the paper.

Econometric cost equations are used to de-
termine variable labor costs for each of
the variable labor departments. While the
equations differ, in general they look
as follows:

LCit = Fg(C+,Py,TC¢,Wit) (2)
‘is unit labor cost for the
group in period t
Ct,Pt;TCt are as defined above
Wit is the appropriate wage rate

where LC,
i i6

Changes in production technology are rapid-
ly making obsoleté historical production and
cost relationships. Eventually, these econ-
ometric cost equations,as mentioned. earlier,
will be replaced by an optimization analysis.
For example,a given volume forecast of pages
and copies can be produced in a variety of
press configurations, each press configuration
completely determines labor reéquirements.
Programming techniques will be used to de=
termine the least-cost press configuration.
The labor associated with this press config-
. uration will then be monetized at the appro-
priate wage rates.

To complete
fixed costs
labor fixed
system does

the cost side, aon-capital

are divided into labor and non-
costs. Because the accounting

not track these costs historically
econometric methodology is not used. Fixed
labor costs are determined by equations
which . compute manning requirements and

wage rates in 32 different categories.

In the current version of the model,ménning
requirements are determined exogonously.
They are policy variables controlled by
management. Research is currently under-
way to determine the linkages between
fixed labor,output,aid profitability; and
formalize the decision rules management
intaitively follows in determining annual
fixed manning levels. The objective is to
fully endogenize these linkages.

Non-labor fixed costs (excluding capital)
are treated in a very simplistic way .
Dollar cost for each category is inc¢reased
each period by a growth factor. These costs
account for a very small percentage of
fixed costs.

The demand model is a simultaneous block
of non-linear econometric equations for
advertising lines dnd copies sold(circula-~
tion). Both outputs are sold in oligopolis-
tic markets with varying product differen-
tiation and intense non-price competition.
Because the Sunday. and daily papers are
distinct products, Sunday and weekday
advertising and circulation are treated
separately. Conceptually, the demand for
each output is treated as a function of
its price, the prices of its competitors,
indicators of market activity, and quality.
Symbolically, the demand for circulation
looks like the following:

CIRCti = F3 (pi,pji,Prom,M]_.‘.,Mn,Q) (3)

where CIRCyj is average circulation in
period t for the ith nmarket

pi is the ugﬁt‘price per copy in the

i market.

Pji is the price of the co¥getitive
product in the i'"? market

Prom is promotion -expenditures

M are indicators of market activity

Q is quality

The variable quality is a measure of the
appeal of the paper to its readers. Poten-
tial readership depends on attitudes which.
in turn depend on education,household .
income,occupation,orientation to NYC,politics.

Similarly, the demand for advertising lines;

Lii = F4‘(P1,Pji,Pr°m,Q:M1,u-,Mn) (4)
where all ‘variables are defined as above
and  Ly; is advertising lines fer the ith
category in period t. The variable Q rep-~
resents the quality of a unit of linage to
the advertiser as measured by the purchas-
ing power of its readers, prestige of the
newspaper, and readérship Generally, circ-
ulation can be used as a proxy variable for
advertising quality. The conceptual
framework for the model is summarized in
fig. 1. This flow diagram depicts the dollar
flows between the various components of the
system. The underlying physical flows are
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shown in figs. 2 and 3. The solid lines in

fig. 1 represent dollar flows, revenues
on the left and costs on the right. The
dotted lines portray the interaction
between these dollar flows with the arrows
indicating the presumed direction of the
interaction. For example, expenditures
for promotion are assumed to 1nfluence
advertising and circulation revenues.
-Conversely, advertising and circulation
revenues impact the dollars available
for promotlon expenditures. The likely
nature of some of these non-linear

* interactions are shown in the accompanying

graphs.
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is circulation revenue

is ;advertising revenue

F_.- is production costs

N_. is news and editorial costs
C. is circulation sales custs

P~ is promotion costs
A

E

where R

is advertising sales costs
is engineering costs

Thus, real increases in news and editorial
expenditures are likely to have a positive
effect on the sale of newspapers although
diminishing returns are probable., Similarly,
if circulation sales expenditures were
reduced to zero revenues from paper sales
would probably drop but not to zero. The
revenueé loss would occur gradually not
instantaneously. The flow diagrams and
graphs are conceptual simplifications of
complex time-dependent interrelationships.

None of the fixed department relationships
are as yet built into the model.

I suggested. earlier that management
has a rational belief concerning the
.nature of these interactions which they act
on in_determining manning and expenditure
levels. As the graphs above show, these
relationships can be defined mathematically
and built into the model. Simulation
experiments could then be performed to

test the effects of various fixed department
hypothesises and determine those relationships

which cause simulated performance to agree
with actual performance.

Shown in fig. 2 is modular structure which
is a convenient basis for thinking about
the model although this structure does not
correspond exactly to the way the system is
modeled, For purposes of discussion, each
of the boxes can be defined as a module.
The modules are:

1. Demand module. This represents forecasts

of the demand for advertising by cate-
gory. Either manual forecasts by the
advertising sales force or projections
from the model can be used.

2, Circurlation module, This represents

the manual circulation department fore-

casts or the projections generated by
the model. .
3. Overhead and fixed department module.

The curient exogonous manning forecasts

are used to compute fixed labor costs.
. .Non-labor fixed costs” are computed in
this module 2lso.

4, Demand Transformer. Given advertising

‘lines and rates by category, this module

generates news lines,paging and adver-
tising revenue.

5., Circulation revenue module. Forecasts
of circulation .y region are used to
generate revenue and copies produced.

6. Miscellaneous revenues. Exogenous
projections of other revenues.

7. Production and distribution module.
Given total pages and copies. produced,
this module builds up the costs of
printing and distributing the paper.
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A more detailed flow diagram, which corre-
sponds more closely to the mathematical
structure of the model is shown in fig. 3.
This diagram details the major physical
flows of the model and the financial output
which results. This financial information
is summarized in an income statement for
management.

111 THE CIRCULATION AND ADVERTISING MODEL:

SPECIFICATION AND ESTIMATION

The generalized specification of the adver-
tising and circulation equations shown

earlier briefly outline the theoretical

structure of the demand model . The major
departures from that structure are the
absence of relative prices in the adver-
tising equations and demographic variables
in the circulation equations.

Preliminary analysis indicated that within
the normal range of price change there is

a high degree of price inelasticity. This
finding is consistent with the economic
theory of product different’ated markets.
Competition between the Times and other
newspapers and electronic media exists

but it is based on factors cther than price.
I do .not mean to suggest that price changes
do not affect advertising sales. They do.
However, price competition is minimal,

Unfortunately, data problems prevented us
from including the competitive factor in
the model. Ideally, market share type
equations would be preferable. However,
because of data problems their reliability
would be suspect. In any event, changing
economic conditions proved to be the major
cause of cyclical swings in advertising
lines.

In the circulation equations, the lack

of meaningful quarterly time series dem-
ographic data precluded théir inclusion

as explanatory variables. There are plans
to remedy this defect by linking cross-
section demographic data with the awailable
time series data

While the extent of specification bias
caused by the exclusidon of relevant variables
cannot be precisely determined, the nature
of the N.Y. market suggests that it 'is.
probably small. Over the last 10 years,
populatlon shifts have resulted in a gradual
change in the spatial distribution of our
circulation sales with suburban sales
increasing relative to city sales. Since
these changes have not been abrupt proxy
variables, which mirror these changes,

have been constructed and used in the
circulation equations. .

Another long-term problem, well documented
and related indirectly to demographics, is
the nation-wide decline in newspaper
readership. The N.Y times is not unaffected



by this trend. A number of theories
purport to explain this phenomenon. It is
however, not a cyclical problem.
Consequently, time trends were "used to
capture this process of erosion.

The quarterly fluctuations in circulation,
apart from seasonal and randoim variation,
seem to be explaind by price dynamics and
economic changes. Circulation in each cat-
egory is explained by economic indicators,
advertising lines,prices and circulation
from other categories. There is a good deal
of substitution and complementarity betwcen
the various categories of circulation.

For example, people who buy the daily paper
tend to also purchase the Sunday paper. A
weaker reverse relationship also holds.
There is also some substitution between home
delivery sales and newsstand sales. The
equations were designed to take these
relationdips into sccount.

Advertising in each of the equations

is relatéd to various economic indicators,
circulation, and the substitute-complement
relationships which hold for advertising.

The parameters of the demand model were
estimated according to the following
methodology:

1. Preliminary analysis indicated thcse
variables which explained quarterly fluct-
uations in volume. Data problems and multi-
collinearity eliminated some of the
variables which belong in the equations.

2, Next, the appropriate functional form
for each of the equations was determined.
The usual summary statistics were used in
exploring various srecifications. In latter
versions, multiple time series techniques
were used to determine dynamic lag
structures,

3. BEach equation was then estimated by
ordinary least squares. In many cases,
serial correlation was present and the
standard procedures were used to correct it.
Unfortunately,in dynamic simulations this
correction magnifies specification biases
producing explosive out-o*-sample forecasts.
The usual approach,variable adjustments to
the constant term with these adjustments
diminishing over time was applied. I am cur-
rently trying another technique which
allows 'for more complex stochastic specifi-
cation then the typical first-order auto-cor-
relation adjustment. It involves applying
time series techniques to the residuals
from each equation. The forecast for each
variable then consists of a deterministic
part and a stochastic part. The use of
time series techniques to determine
stochastic and dynamic specification is
a generalization of the transfer-model
"approach outlined by Box and Jenkins
and studied by Zellner and Palm in the
context of simultaneous econometric equation
models.

4. Finally, simultaneous estimation
tecniques were applied and the estimated
model was subjected to a numbexr of
validation tests.

1V THE INTEGRATION OF THE MODEL INTO

THE PLANNING AND BUDGETING CYCLE:
APPLICATIONS

SOME

The model outlined in the preceeding pages
is’ fully integrated within the budgeting
and planning cycle. Several examples will
perhaps illustrate this.

A.THE ANNUAL BUDGET

In the fourth quarter, the newspaper
prepares its , annual budget for

the coming year. The most important compon-~
ents of the budget are the volume forecasts
of advertising and circulation. The adver-
tising and circulation sales departments
spend several weeks preparing preliminary
estimates Independently, the model is

used to produce several forecasts
corresponding to a most likely scenario,

a more optimistic scenario, and a pessimistic
scenario.

Management then reviews each set of forecasts
assesing their strenghts, weaknesses, and
reliablility. An analysis of the differences
between the model's forecasts and the sales
forecasts begins the process of producing

a final set of volume forecasts in which

the major differences have been reconciled.
These forecasts are then distributed to

the managers of the operating departments
and the budgeting process continues.

Between the begining and end of the budget
cycle, a period of about four months, the
demand model is periodically run to determ=-
ine whether or not there are any departures
from the original forecasts.

The procedure just outlined was followed

in bothe the 1975 and 1876.budget cycle.
model's 19/5 forecasts,produced in Decem-
ber 1974, were quite accurate. The forecast
error for total linage was under one percent
and the circulation error slightly over one
percent. Individual equation errors were
larger but cancelled out when aggregated.

At the end of the cycle, the full model is
run and the budget is reproduced. A

set of sensitivity experiments is then
performed to decermine the impact of

of volume changes and policy options in
response to those changes. A set of income
statements summarizes these simulations,

As a result of these exercises, contingency
planning is greatly facilitated.

klis
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B. THE FIVE YEAR PLAN

The planning and budget cycles at the
Times overlap: the annual budget is the
first year of the five year plan. The
planning cycle begins in March and ends
in the early part of the fourth quarter
when the budget cycle begins.

In March, a complete run of the model is
produced. The volume forecasts and income
statement summary are compared to the
previous year's plan and the current
operating goals set by management. fhe
results of this analysis are distributed
to the operating managers for comment and
analysis. The advertising and circulation
departments, using the model's volume
forecasts as a guide, then prepare their
own forecasts. This process eventually
results in a set of consensus volume
projections.

With this new set of volume numbers, the
production-cost model is re-run and a
preliminary five year income statement is
produced. If at this time the financial
results still fall short of the plan's
objectives a set of action plans, strat-
egies designed to improve performance, are
developed and simulatien experiments are-
performed, to determine their impact on
profits., This process continues until the
five year plan is finalized.

Note the pivotal role that the model has
in the planning process. Indeed, in the
absence of a model the planning process,
in- the true sense- of the word, does not
v»aallv exist. The manual procedures
followed by the various departments prior
to the model's development limited the
process to essentially one pass. The model
has given management the capabiiity to
explore alternative plans quickly

and react promply to changes in

external conditions which result in a
departure from the established plan.

€. NEW PRODUCTS

The cost and revenue implications of current

and pianned product changes have been
analyzed using ; the simulation model. For
example, responding to shifting population,

special regional editions are being produced.

In the 1976 plan the model was uSed to
determine profit and loss statements for
each of the new products. Following a base
run, each new product change was introduced
separately. In this manner the incremental
costs and revenues for each product were
generated. From this information a break-
even analysis e¢ould be prepared and an
appropriate pricing strategy developed.
This analysis provided the information
management needed to determine the economic
feasibility of each product, information
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which would not have been available had
manual . procedures been followed.

v CONCLUSIONS

The nrecedines examnles document the
integration of. » newspaper model into the
planning process at the New York Times.

The model is used to set goals, design
strategies to achieve these objectives,
forecast, and monitor changes which might
prevent those goal$s from being reached.
Management uses the model and believes

its output.

The model, however, is far from finished.
Some of the changes, which will eventually
improve the model, were suggested in the
preceding pages. New information and
changing technology require constant mod-
ification of the model's structure. It is
a living organism, constantly growing and
changing. In this way we hope to insure
its continued usefulness to management.
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ORIGIN OF SIMULTANEITY IN CORPORATE MODELS

Corporate planning models are firmly established in
the formal planning process of many firms. Of
particular popularity is the deterministic corporate
model, which represents the entire firm or some
subdivision of the firm. This paper defines the
nature of simultaneous relationships that are found
in these corporate models. Three classes of simul-
taneity are identified that do not correspond to the
actual causal behavior of the firm. Two of these
classes are useful simulation devices, while the
third is a class of problems common to corporate
models.

INTRODUCTION

Recent advances in 51mulatlon software and modeling
expertise have contributed to the success of the
corporate model as a planning tool [4]. Unlike the
earlier mission of the corporate model [3] to rep-
resent every facet of the firm in great detail, the
concept of a corporate model described here is a
comprehensive, yet concise, mathematical represen-
tation of the firm or some subdivision of the firm.
As demonstrated by Warren and Sheldon [7], a simul-
taneous equation approach is essential if a corporate
model is to be both concise and capable of expressing
the interdependent characteristics of the firm.

This paper defines the nature of simultaneity found
in corporate models as it relates to causal behavior.
In particular, this paper identifies three classes
of simultaneity that do not correspond to actual
causal relationships: simultaneous decision rules,
reverse simultaneity, and spurious simultaneity.
Simultaneous decision rules and reverse simultaneity
are useful computational devices, while spurious
51multane1ty is a misrepresentation of relationships
in a corporate model.

CAUSALITY, SIMULTANEITY, AND CORPORATE MODELS

It is widely acknowledged that in theory dynamic
models of social and economic systems are purely
recursive [1][8]. That is, actions are caused by
previous actions because time delays in the natural
stimulus-response processes eliminate the possibility
of simultaneous causality. Adhering to this prin-
ciple, some schools of modeling maintain that derived
mathematical models should also consist of only
recursive relationships. A notable field in this
purist school is Industrial Dynamics [2], which

William A. Sherden
Dynamics Associates, Inc.

Cambridge, Massachusetts 02138

broposes that the time period of a model should be
sufficiently small as to dissolve any interdepen-
dencies between variables within the same time
interval, thereby eliminating any simultaneous
relationships. Attempting to preserve these
recursive relationships in a mathematical model
Poses resource problems, and an approach with
larger time periods and concise relationships be-
comes a desirable alternative. By choosing such
an alternative, one finds that simultaneous equa-
tion models are useful in expressing interdependent
feedbacks that are captured within concise rela-
tionships and larger time periods.

The focal points or "bottom-lines" of social and
economic models depend upon their subsystems.
Individually, each of these subsystems is suffi-
ciently complex to encumber a model with immense
detail. Perpetually faced with this problem, the
model designer must balance the tradeoffs of detail
versus realism by summarizing the behavior of the
subsystem. For instance, dividends and capital’
structure are customarily two focal points in
corporate models. If a corporate model projects
dividends per share and new equity issues, then
it must also express the valuation of these new
equity issues. The process of equity valuation
implies the inclusion of equity market behavior,
which is a subsystem of tremendous complexity.

A simplification of this subsystem is shown in
Illustration 1. The characteristics of this
subsector are based on a classical valuation model -
[5] that reflects the discounted return on invest-
ment to the owner of the equity share. Upon issuing
new equity shares, the following chain of causes

and effects between the number of shares (s), the
"per-share" return on investment (R), and the price
per share (P) is anticipated.

St+R4+P¢>s 1 ||

1} indicates an increase.
+ indicates a decrease.
-+ indicates dependency.
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Corporate Models (continued)

ILLUSTRATION 1
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Apart from these simplified assumptions, building a
detailed recursive model of an eguity market poses
difficult questions. What are the time delays and
durations in this sequence of causes and effects?
Is the effect of the dilution anticipated far in
advance of the formal sale of new shares, or is the
market less efficient? In building comprehensive
corporate models that must express many complex
subsystems, these gquestions become distracting.
Alternatively, the intricate behavior of the equity
market can be summarized by a simple simultaneous
system as shown in Eguations 1, 2, and 3.

i Dt N
Pt = -(—r-_—g—) (1)
F
t .
S =——+ 8 (2)
t Pt t-1
E, - R
Dt s (3)

Endogenous Variables

P

Equity share. price

t
St = Number of equity shares
Dt = Dividends per share

Exogenous Variables

r» = Investor's expected rate of return

g = Dividend growth rate

Ft = Funds required from new equity

Et'= Total earnings available for common dividends
Rt = Desired retention of earnings
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The purpose of this example is not to propose a
particular price valuation theory or dividend policy,
but to demonstrate a simple scheme for expressing

the dilution cost accruing to the sale of new equlty
issues. Building a more detailed recursive model 1s
an unreasonable alternative. The increase in develop-
ment expense of such an approach is a certainty, while
the payoff in increased predictability is doubtful.

In many cases the availability of reported data
forces the period size of derived models to exceed
that which is necessary to accurately reflect the
recursive qualities of a system. Corporate models,
however, are an exception. The restrictions on
period size of corporate models arise from the long-
range perspective of the planning function of a firm.
As a planning tool, corporate models generally pro-
ject a subset of variables over a three- to five- '
year range of large time periods, requiring the
approximation of intraperiod feedbacks as a simul-
taneous system. The objective of corporate models
is not to foretell the future in minute detail, but
rather to express the long-range implications of
strategic plans over a range of hypothetical economic
and competitive environments. In adhering to these:
objectives the larger time intervals of corporate
models prohibits a purely recursive representation
of a firm. The example shown in Illustration 1
demonstrates the classical use of simultaneous
equations to approximate recursive feedback rela~
tionships trapped within the larger time périods of
a corporate model.

This simultaneous approximatibn is an attempt to
concisely express actual cause and effect relation-
ships. The following sections are a departure from
this attempt. These sections present three classes
of simultaneous relationships that do not correspond
to causal relationships.

SIMULTANEOUS DECISION RULES

The behavior of a corporation is highly constrained
by explicit and implied commitments. As an integral
part of the environment of a firm, these constraints
include agreements with external agents, industry
conventions, stockholder expectations, loan covenants,
and so forth. Realistically, an accurate forecast
of the Financial position of a firm cannot be pre-
pared independently of these restrictions. Within
the limitations of a corporate model, simultaneous
decision rules are devices that ensure the compati-
bility of the simulated performance of a firm with
these environmental constraints.

To realistically specify a decision process, decision
rules and their effects must be jointly considered.
Often these decision rules pose problems in identi-
fying the ultimate response dictated by the decision
rules of the model. The impact of each decision
simultaneously alters the state of the projected
firm upon which the decision was based, which con-
sequently may evoke a different decision and so on.
As a device, simultaneous decision rules provide a
joint solution for the state of the firm, the actions
prescribed by the decision rules, and the effects of
these actions.



A common example of the use of simultaneous decision
rules in corporate models is the problem of
accounting for the impact of debt financing. As
part of a corporate model, the decision rule that
chooses the level of debt financing affects other
corporate variables, which in turn determines the
state of the corporation upon which the debt-
financing decision is based. These feedback
relationships are caused by the payment of interest
and other fees that the lender requires as induce-
ment to make the loan. Commercial loan covenants
specify a package of direct and indirect charges
consisting of a combination of interest charges,
commitment fees, compensating balances, and in-
flationary hedges that together create an addi-
tional expenditure for which the firm must find
more funds.

Illustration 2 demonstrates the mutual dependency
between the decision rule specifying the use of
debt financing and the resulting effects of a loan
agreement.

ILLUSTRATION 2
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The projected funds required in this example are
presumed to be financed entirely with debt. This
debt level is determined by the funds required
(independent of the debt balance) and two components
that are directly related to debt: funds invested
in compensating balances and deductions from
earnings.

Given a specific amount of required funds, the debt
funding decision combines with the effects of the
loan agreement to generate an endless chain of com-—
putations. For example, to determine the level of
required financing, a firm includes in its calcu-
lations money that will be drained by "front-end"
fees and cash committed to required balances, both
of which are a function of the eventual debt balance.
In addition, the level of financing required at the
end of the period must be sufficient to cover
interest expense accruing during the period. Com-
pution of a solution is vastly simplified by using

simultaneous equations to represent the inter—
dependencies of debt financing as shown below.

Dy =Dy _y) =XF_+ (C -C, ) - (RE_ - RE_ ) (4)

t~1 t t-1 1
C, = MAX(th, xct) (5)
I, = iDt + fMAX(Dt - Dt_l, 0) (6)
(REt - REt_l) = (EBITt - It)(l—t) (7N

Endogenous Variables

Ct = Cash balance at time t

Dt = Debt balance

It = Payments as per loan agreement
RE, = Retained earnings balance

t

Exogenous Variables

XFt = Funds required

XCt = Cash balance required by operations
EBITt = Earnings before interest and taxes
<] = Compensating balance commitment

7 = Interest expense

= Commitment fee rate

t = Effective tax rate

Equation 4 determines the change in debt balance as
a function of the funds required (XF, ), the change
in ¢ash balance (Ct - ct—l)' and the change in
retained earnings ~(RE, ~ RE —l)' As specified in
Equation 5, the corporate cash balance is equal to
the greater of the cash requirements for operations
or for compensating balance agreements. The change
in retained earnings specified in Equation 7 is
directly affected by the deductions from earnings
summarized in Egquation 6.

The simultaneous equation system 4 through 7 is a
device that provides a joint solution for the four
endogenous variables that satisfies both the debt
financing rule and the loan agreements. It 'is
unrealistic, however, for a firm to satisfy all of
its funds requirements with long~term debt because
shareholders insist on a more balanced capital
structure. Therefore, a corporate model must be
capable of specifying combinations of several fi-
nancial sources. With the addition of new financing
alternatives, the decision rules for anticipating
the behavior of management become complicated.
They are confounded by combinations of states,
actions, and the presence of interdependencies
between these states and actions. A more complete
version of the previous example is presented below
to illustrate the use of simultaneous decision
rules to simplify this added complexity.

The following example includes a subset of decision
rules found in the financial sectors of corporate
models. The model first determines either a

surplus or a deficit of funds and then employs
the following hierarchy of decision rules.
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Cofporate Models {continued)

Surplus Funds State

1. Retire short-term debt

2. Invest residual surplus funds in short-term
securities

Deficit Funds State

1. Liguidate short-term securities
2. Increase short-term debt to maximum level

3. Increase long-term debt to maximum debt
capacity

4. Fund residual deficit with common equity

Additionally, all assets and liabilities must be
nonnegative; and long-term debt and equity levels
are presumed to be nondecreasing.

Individually, each of these decision rules is
simple. However, as part of an interdependent
system, each decision leads to an endless sequence
of effects, altered states, and, ultimately, a
modification of the decision. For example, Illus-
tration 3 demonstrates this interaction in funding
a deficit in excess of allowable short-term debt.
The deficit is also presumed to exceed the debt
capacity of the firm, and therefore, the decision
rules specify a mix of debt and equity financing.

ILLUSTRATION 3

InteracTion oF Lote Term Financine Decistons
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DF = DEFICIT FUNDS REQUIRING FINANCING IN EXCESS OF
SHORT TERM DEBT

L) = LONG TERM DEBT FINANCING
C = REQUIRED CASH BALANCE

[ = INTEREST

DC = DEBT CAPACITY

RE = RETAINED EARNINGS

E = EQUITY FINANCING

This network of effects is an example of the many

. possible interactions dictated by the decision rule
hierarchy. . While representing the entire financing
sector in a block diagram would be confusing, the
total financing sector is completely represented by
the simultaneous decision rules 8 through 15.
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= XF, - - + -
F, - (RE, -~ RE__,) + (MC_-C_ ) (8)
DF, = MAX(Ft, 0) (8n)
1

MC, = MAX(XCt, b(snt) (9)
Ct = MAX(MCt - Ft, MCt) (10)
SDt = MIN(DFt, u) (11)
D - L = D - + + ;

A D, _, MIN ( F. snt, k(Et REt (12)

+ L -
SDt Dt) LDt-l)

Et - Et—l = MAX(DFt - SDt - (LDt - LDtAl)' 0) (13)

= 1 + -7 -
It zl(SDt LDt) 2(Ct MCt) (14)
RE_ - RE__, = (EBITt - It)(l-t) (15)
Endogenous Variables
Ft = Effective surplus or deficit funds
DFt = Deficit funds
MCt = Required cash balance
Ct = Cash and short-term securities
SDt = Short-term debt
LDt = Long-term debt
E = Bquity
It = Total income deductions
REt = Retained earnings
Exogenous Variables
XFt = Funds required
XCt = Cash required to support operations
‘EBITt = Income before interest and taxes
b = Average compensating balance requirement
il = Average interest rate on borrowed funds
iz = Interest rate on invested funds
t = Effective tax rate
U = Maximum allowable short-term debt
k = Debt to total capital constraint

Equation 8 defines the magnitude of the surplus or

the deficit of funds as the difference between project:

assets and liability levels for time t. (Auxiliary
Equation 8A simplifies the definition of deficit
funds in subsequent relationships.) Since Equation
8 computes the funds required net of short-term debt
(short-term debt is assumed to mature at year-end),
any surplus funds are added to the level of cash and



short-term securities. Fund deficits are financed
first by obtaining short-term debt in Equation 11
and then by a combination of long-term debt and
equity. Equations 12 and 13 determine the mix of
long~term debt and equity by the debt to total
capital constraint that is controlled by the param-
eter k. As expressed by Equations 9, 14, and 15,
the effects of these decision rules modify the
state of the fund (Equation 8) and thus complete
the interdependent cycle. The alternative to
these simultaneous decision rules is guessing com-
binations of decisions that would satisfy the fi-
nancial requirements of the firm. This would be a
difficult task that would involve a lengthy and
undesirable sequence of trials and errors.

The previous example demonstrates the use of simul-
taneous decision rules as a device to ensure the
compatibility of the simulated performance of the
firm with environmental constraints. This class

of simultaneous relationships serves to constrain
simulation results and does not correspond to

actual cause and effect relationships. For instance,
the interaction between long~term debt, debt capacity,
and equity as shown in Illustration 3 is merely a
device that maintains the simulated capital structure
of the firm within a realistic tolerance. This
notion of causal representation is completely absent
from the classes of simultaneity presented below.

REVERSE SIMULTANEITY

Typically, the bulk of a corporate model is a
straight sequence of nonsimultaneous relationships.
Largely due to accounting convenience, this "top-
down" flow of relationships starts with key input
assumptions. For example, a sales forecast is a
key input assumption that starts a sequence of
relationships which cascades downward throughout
the relationships in an income statement. In
addition to simulating the results of these key
inputs, corporate models are also used to determine
the key inputs that are necessary to achieve given
target results. For instance, a corporate model
could be used to determine the level of sales that
is necessary to achieve an earnings-per-share target.
These "backward" simulations are generated by re-
oriented corporate models that contain reverse
simultaneous relationships, that is, relationships
that solve for the cause which will produce a given
effect.

In order to determine the key inputs necessary to
achieve a target result, a corporate model must be
reoriented in a "bottom-up" fashion. This process
of reversing a model is accomplished by reversing
the original identity relationships. These re-
versed identities now define the variable that was
originally the key input in terms of a variable
which was originally dependent upon the key input.
For example, the following "top-down" sequence of
equations defines gross profit (G,) in terms of
revenue (R,) and cost of goods sofd (C,). Cost of
goods sold is assumed to vary as some proportion k
of revenue as shown in Equation 16, which combined
with revenue determines gross profit as shown in
identity 17.

C, = th (16)

(17)

This straight sequence of relationships generates
the results (gross profits) resulting from the key
input (revenue). Alternatively, a reversed form of
Equations 16 and 17 calculates the revenue necessary
to achieve a specified target gross profit. This
reversed form is created by reversina identity 17

as shown in Equation 18.
R =G +C (18)
Equations 16 and 18 now solve for revenue in terms

of a gross profit target. Note that Equations 16

and 18 are simultaneously related; revenue both
determines cost of goods sold (Equation 16) and is
defined by cost of goods sold (Equation 18). The
simultaneous relationship is produced by the reversed
identities that redefine a variable in terms of com-
ponents which are dependent upon the variable. This
simultaneity, however, does not describe a causal
relationship, but rather a reverse-causal relation—
ship; contrary to the actual cause and effect rela-
tionship, revenue is now dependent upon cost of goods
sold and gross profit. This reverse simultaneity
provides a means of solving for key inputs necessary
to achieve a target result, while preserving the
original assumptions of the model.

A more complete example of reverse simultaneity is
shown below. The example illustrates the use of a
reversed corporate model of a utility that solves
for the level of revenue (a key input) which is
implied by a return on investment fixed by a requ-~
latory commission (a given target result). The
original model consists of a "top-down" sequence of
accounting identities, requlatory rules, and behav-
ioral relationships. 1In solving for revenue implied
by return on investment, however, the objective of
the model flows "bottom-up". Reverse simultaneity
results from this flow of objects contrary to the
flow of relationships in the original model.

The downward flowing dependencies in the original
model are demonstrated in Illustration 4 and in
Equations 19 through 26.

ILLUSTRATION 4
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Corporate Mcdels (continued)

The sequence of dependent relationships begins with
projected .gross revenue for a given yéar (referred
to as the "“test year")z, which determines revenue
taxes in Equation 19 and operating expenses in
Equation 203 and which defines operating income in
identity 21. Net income is defined in Equation 24
as the excess of operating income over income and
property taxes. Referred to as the rate base, the
value of the net investment of the firm as expressed
in Bquation 25 is dependent upon Federal taxes* and
gross revenue. Finally, net income and the value
of the rate base combine to yield return on invest-
ment in Equation 26. .

RT = th (19)
OE = XOE + eR (20)
OI = R ~ OE. - RT (21)
PT = ,XRB ) (22)
FT = t3OI (23)
NI = OI ~ PT - ¥T ‘ {24)
RB = XRB - rlFT + r2R . (25)
NI
ROI = TN (26)

Endogenous Variables

RT = Revenue tax
OE = Operating expenses
OI = Operating income

PT" = Property tax

FT = Federal and State tax
NI = Net income

RB = Rate base

ROX = Return on rate base

2%0r convenience, the time subscripts have been
omitted.

3Operating expenses such as collections are depen-
dent upon gross revenue.

brhe rate base is adjusted for the Federal loan
implied by tax accruals.

5Working capital such as receivables are dependent
upon gross revenue.
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Exogenous Variables

R = Gross revenue

XOE = Operating expenses unrelated to revenue .

= Relationship of operating expenses to revenue
= Revenue tax rate

t = Property tax rate

= Effective Federal and State tax rate

XRB = Exogenous rate base components
(e.g., fixed plant)

= Adjustment for accrued taxes -

= Relationship of working capital to revenue

The corporate model above is incomplete. Though
the flow of dependencies is clearly a '"top-down"
sequence, the objective of the analysis is to

solve for revenue as opposed to determining a
return on investment resulting from a revenue
estimate. Illustration 5 is a block diagram of the
reversed version of the original corporate model,
which now solves for revenue.

ILLUSTRATION 5
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The presence of reverse simultaneity is clear in
Illustration 5. Observe the circular flow of
relationships resulting from the '"top-down" flow of
relationships from the original model (Illustrafion
4) and the "bottom-up"” flow of the objective in the
reversed model.

The following eguations represent the reversed ver-~
sion of the original Equations 19 through 26.

RT = th (19)

OE = XOE + eR (20)






















































