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The Maryland Interindustry Forecasting Program consists of thirteen
symbolic decks written in Fortran V but kept as close as possible to
Fortran IV, The Program reads the data, computes the forecasts, and
prepares three types of reports: (1) the general report, which is
printed as the forecast is made and amounts to a“disaggregation of
the national accounts, (2) the matrix listing showing the sales, in
selected future years, of each seller to each buyer, and (3) plots
of the forecasts related to historical series of the same items.

In what follows, we will trace the development of the forecasts
through the statements of the Program. We will go through the program
twice, once in general terms to see the whole structure quickly and
then a second time to observe the details and instruct the reader in
operating the Forecasting Program.

The main or starting deck is named RUN. It performs no computations.
Its function is to call the subroutines in the proper order. RUN
divides the program into three distinct parts: the reading routine,
the forecasting program, and the editing routines. The first part
calls the READER subroutine and thereby introduces into the active
memory of the computer most of the data necessary for forecasting.

The second forecasting part (the DO 20 loop*) calls the subroutines
necessary to calculate the forecast for one year. The program passes
through these calls once for each forecast year. Each pass calls
seven subroutines, in this order:

POLYLG ~ Lagrangian polynomial interpolation
EX0G - exogenous demand

CONDEM - consumer demand

INVEST - equipment investment demand

CONSTR - construction demand

IOCOMP - input~output computations

EMPLOY - employment computations

* (DO loops will be referred to repeatedly in this way; this reference
indicates the series of FORTRAN statements beginning with DO 20
I=1, NP" and ending with the statement numbered 20.)
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POLYLG--pronounced Polly Lagrange--computes five vectors of inter-
polation weights. EXOG, CONDEM, INVEST, and CONSTR (read ''Construct')
compute, print, and store the vectors of the components of GNP.

IOCOMP then converts the total final demand vector into a vector of
industry outputs and EMPLOY transforms the outputs into a vector of
employment by industry; outputs and employment are printed. In addition
to the printed output, these subroutines create two files which are

used by the editing routines, one for plots, and one for the matrix
listing. To forecast years 1965 to 1980 requires éxecuting the

entire sequence sixteen times.

The last part of RUN calls two editing and plotting subroutines if
they are desired. To get a listing of the interindustry sales matrix
for five forecast years, we call MATLIS (matrix list). MATLIS reads
one of the files created in the forecasting part and calls SCRIPT

to write the desired matrices. Back in RUN we look to see whether
plots are desired; if so, we call TRIGRA (so named because it can
plot the output, employment, and investment graphs on the same set

of axes). TRIGRA reads the other file created by the forecast program
and also the cards carrying the historical data; it links the history
to the forecast in each series and calls PLOTER to plot the graphs.
Finally, we decide whether the whole process will be repeated on dif-
ferent assumptions to create an alternative forecast parallel to this
one.

READER

Let us now return to the beginning of RUN to analyze the program in
more detail. RUN immediately calls READER, which then rewinds units
10 and 11; then we come to four READ statements, which read in six
cards.

From the first we take the TITLE for that particular run, e.g. "NORMALCY".
From the next three we take the values of nineteen control variables,
among them NP (number of periods), NS, the number sectors, IPLOT,

which is O if no plots desired and otherwise 1, LIRTAP (meaning

to read tape; it is 1 if we want to take data for forecasting from

tape 10; 0 if we will read all data from cards), MATRIX (which must

be 1 for MATLIS to be called and NOMORE (which is 1 for the last
alternative and otherwise 0.) From the fifth card we read the values

of ITAPE. ITAPE(I) is 1 if we want to store the complete forecast

for the I-th year on unit 11; otherwise it is 0. The purpose of unit

11 is to provide the data necessary for listing the matrices; subroutine
MATLIS will read this unit. However MATLIS is limited to a maximum

of five years' matrices; therefore, if more than five elements of

ITAPE are set to 1, all of the corresponding forecasts will be saved

on 11, but only the first five years' data on that tape will be read

and printed by MATLIS. The last card carries up to seven pairs of .
values called KICK, which are used in MATLIS to select rows for viewing.
They "kick'" the printing on and off.
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Just below statement 4 we find a test on LIRTAP. We shall assume

here that LIRTAP is 0, as it is in the card decks suppljed to sponsors.
What happens when LIRTAP is 1 will be explained later. We go therefore
to statement 6. Here we find a short loop which may appear puzzling

at first. It sets thousands of values of IEQ equal to zero. If we
look in the third card of the Common statement above, we see that

IEQ has only 34 elements, but stands near the beginning of Common.

The effect of this loop, therefore, is to set all the variables in
Common which follow IEQ to =zero.

Beginning with statement 8, we read a number of arrangement codes
whose significance need not detain us. But note that these codes
must be in the proper order.

Now we come to the heart of READER, the loop that goes from statement
9 to the statement below 70, which says GO to 9. This loop reads all
of the basic data and puts them in their right places in Common.

The order in which the data occurs does not matter. (There is omne
exception to be menticned below). This release from strict order is
an enormous coanvenience in working with the program. The matrix or
vector to which each card pertains is indicated by a two-digit number
in columns 1 and 2. For example, a code 12 means that the card has

on it elements of the A matrix; code 15 indicates that it relates to
exports. Statement 9 reads this code number into NCODE and then reads
five fields, each consisting of two integers (a row number and a column
number) and a real number (the coefficient in that row and column of
the matrix indicated by NCODE). Suppose NCODE is 15; how do we get
the information where it belongs?

First we test to see if NCODE is 99; if it is, we have read all the
data and skip down to 100 to attend to other business. With NCODE =
15, the next IF sends us to 10 where we subtract 10 from NCODE and
initiate a DO 70 K=1,5. The 5 is for the 5 fields on the data card.
First we move the row number into I and test for a zero; if we find
it, we assume the field is blank and go on to the next field. If I is
positive, we put the row number into J and the coefficient into C and
executc a long computed GO TO statement on NCODE. Since NCODE was
read as 15, after subtraction of 10 it is 5. Notice that the fifth
prong of this GO TO is 15. Therefore we go to statement 15 and put
our coefficient, C, into row I, column J of the EXPORT matrix. Then
we go on to the next field. Note that the statement number to which
we go on the computed GO TO is the same as NCODE on the card. This
identity holds for all values of NCODE less than 31. It makes READER
an index of the data codes. When we have put in place all elements
on one card, we return to 9 to read another.

Most of the NCODE's are handled just that simply. A few, however,
get special treatment. They are:



Code

11

13

30-39

40-49

50
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Treatment

These cards define the conversion from consumer categories
to I-C sectors. For each =2lement, I is the number of a
consumer category, J is the number of an I-0 sector, and

C is the fraction of category I assigned to sector J.

The program counts, in Ill, the number of such Conver-
sion factors and stores them in CONV in the order in which
they are read. At the same time, it packs the I and J
together in one word and stores it in ICONV. These
vectors are used in the DO 85 loop of Subroutine CONDEM.

These cards introduce coefficient changes in the inter-
industry flow matrices. First we look to see whether
there is already a change recorded for the element
specified. If so, we replace it; if not, we add an
element. I13 counts the number of such changes. On
the cards, the yearly change is expressed in percent

of the base year coefficient. READER converts these into
absolute numbers. Columns 1-200 refer to the A matrix,
columns 201-300 refer to the construction matrix, and
columns 401-511 refer to the capital equipment matrix.
The absolute change is stored in ADEL, and the row and
column numbers to which the change refers are packed
into the corresponding element of IADEL.

All of these codes refer to construction equations.

The value. of NCODE indicates the type--e.g. 30 is

an exponential trend, 31 is a stock adjustment equation.
Seven lines below statement 9, the value of NCODE is
recorded in KSTYP(I) (read--construction type) and
NCODE is changed to 30.

The codes designate different types of equipment
investment equations and are treated essentially like
the codes 30-39. They are stored in INVTYP(I).

One wrinkle is added: instead of having to make our
cards with a special set of numbers for the equipment
investment equations, we use the I-0 number of any
sector in the equipment-buying group, and the program
makes the conversion.

These are cards for handling special final demands.
Comment cards below statement 501 describe their func-
tioning.

When all of the Common data have been read, the 99 card is found and
the IF just below statement 9 sends us to statement 100. Here we
write the contents of Common (except for the data on the first five
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cards) onto file 10. Next time we run the program, we change LIRTAP
(on the third data card) to 1. Then the IF statement below state-
ment 4 will fail and, instead of clearing Common to zero, we read

back in what has been written on 10 on the first run. We have to
submit only as many of the cards between ITAPE and all-9 as we want

to change. Originally, file 10 was a tape. We now let it be a drum
file; through system executive control cards, we write onto a tape

the program, file 10, file 11, and several input data files used later.
One tape holds them all. We need use the tape only to redefine the
files after machine maintenance procedures have destroyed then.

When file 10 is written, the I1l and I13 count is printed. This
count must be transferred into the appropriate columns of the third
data card for running without the 11 and 13 data. On the other hand,
when all of the 11 cards are present, Ill must be 0 in the third card.
Control now returns to RUN.

RUN

RUN then initiates the main loop of the program. The DO 20 I=1,NP

loop is executed once for each year in the forecast beginning in

1966. The time variable, T, is defined. Also JOT is given a True-
False value. This value is tested before certain of the print commands.
When it is False we print only one page for each year, skipping the
government demand vectors, the capital-output ratios, construction
sales by producing sector and the 1958-dollar outputs and GNP accounts.
When JOT is true, we print all these.

POLYLG

Having defined T, RUN calls POLYLG. This modest subroutine produces
no printed output of its own, but prepares the way for others by
computing Lagrangian interpolation weights. These weights provide

an extremely convenient method of specifying exogenous variables.

We simply specify the value of the function for a few future years,
and the program interpolates on a smooth curve between them. Suppose

we specify three values, v s V and v , of some variable V for,

let us say 1966, 1970, and l97% We call these years the interpolation
points, t , and t ‘Lagrangian interpolation requires us to find
three second gegree polynomlals, w,(t), W, (t), and w,(t), such that
the polynomial p(t) = w (t)v, + w %t)v + W (t)v w1§1 have the values

Vi, Vs and Vaq for t eq%al t0 ty, ty, and t3, respectlvely

The w. (T) are called Lagrangian polynomials. The theory of these
polynomials is simply explained in a three-point example. Suppose
we know v(t) at tl, tos and t3a Let us define



‘ ‘ 1 for t=t
- - 1
wl(t) = (t tz)(t £3) 0 for t=t,
(tl—tz)(tl—t3) 0 for t=t,
0 for t=tl
wz(t) = (t—tl)(t—t3) = 11 for =t
(tz—tl)(tz—ts) 0 for =t3
and -
(t—tl)(t—to) 0 for t=t
. - < — =l
w3(t) = = 40 for t=tj;
t -t -t =t_
( 3 l)(t3 2) 1l for ¢t 3

By virtue of the equalities shown on the right, we see that
p(t) = wl(t)vl + wz(t)v2 + w3(t)v3

is a second degree polynomial with the required values v,, v,, and v

at t_, t2, and t,. The generalization to more than thre& points is
immeéiate and is embodied in the Fortran of POLYLG.

3

POLYLG calculates the values of these w,(T) for the given value of
T. Naturally, the values of the w_ (T) éepend on the interpolation
points: the w, (T) for interpolati%g from points in 1966, 1969, and
1975 differ frdm those for interpolating from points in 1967, 1972,
1975, and 1980. Both the number and the spacing points may vary
between different patterns. Each column of TINTER contains a dif-
ferent interpolation pattern. The first element in the column is
the number of points in the pattern. Then there follow from 2 to

4 year numbers of the interpolation points. In these numbers, the
base year is year 1; if it is 1966, then pattern 1966, 1970, 1975
would appear in a column of TINTER as

3 1 5 10.

The weights for each pattern are calculated for the current value
of T and stored in POLY for use by other subroutines.

EX0G

Before this subroutine is called, RUN prints the heading for the
first page of output and sets ITR equal to 1 if we are in one of the
five years which we want to use in the matrix listing.

EXOG first clears the space, FD, in which the final demand will

be accumulated. First, exports are calculated from exponential trends
and put into FD while their sum goes into the appropriate spot in

the GNP account. Then the transferred (= competitive not sold directly
to final demand) imports are treated similarly. ©Note that both are
written onto unit 11 if the current year is desired for the matrix
listing.
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Between the comment ''Calculate Defense Spending" and statement 38,
we find provision to read in the defense vector in the first three
years. Beyond that time, it is interpolated from the data found

in the first three columns of the GOV matrix using the interpolation
pattern found in the fourth column of TINTER as reflected in the
current weights in the fourth column of POLY.

Regardless of where the vector came from, 38 sums it for the GNP
account and adds it to FD. 3

Next we calculate special project final demands. This section of
the program was added to be able to give, within limited core space,
considerable flexibility in 3pecifying the time path of the demands
of special projects or assumptions which affect directly only a few
(less than 15) products.

Statement 137 moves the present value of Disposable Income Per Capita,
DISPC, into DISPCL, its lagged value.

In the first three years, we read in the values of DISPC, POPUL
(resident population), WORKRS (the labor force), state and local
expenditures except for employees and construction (into GNP(7)) and
then the same for Federal non-defense (into GNP(9)) and then employ-
ment of domestic servants then employment of govermment workers,
including military. Next, we read in equipment investment by pur-
chaser (V), construction by type (S}, and consumer purchases per
capita by consumption category (CONPUR). In the first year, we read
the industry outputs in the previous year. These outputs are used
only in the inventory equations.

If the total material purchases of State and Local governments and
Federal Non-Defense were not read in, they are interpolated in State-
ments 44-45. Statements 80-90 distribute totals to the supplying
industries in fixed proportions. Likewise, exogenous employment is
interpolated, and the statements following 70 add the contributions
of exogenous employment to appropriate parts of the GNP accounts.

Next comes the calculation of a number of exogenous variables used
elsewhere in the program. In the first years, these were read in on
Format 42 above, or are not needed. PCPUL was read in; HONEY, defined
by

Cash flow (T) Cash flow (1)
Sales (T) . Sales (1)

HONEY (T) =
is used only in the investment equations. Since V is read in for the
first years, HONEY is not needed.

After these variables come the changes in the coefficient matrix.
They are made in all years except the first.
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Control then returns to RUN and RUN calls CONDEM.

CONDEM

This subroutine has two functions, first to calculate per capita
consumer expenditures by consumer categories (CONPUR) and second

to multiply them by population and allocate the categories to the

I-0 industries. In the first years, CONPUR was read in EXOG, so

we go directly to the second function. If the first function must

be performed, we go through the NCS consumer categories and, for

each, first calculate by interpolation the relative price. Then

we test to see whether the income coefficient of the consumption
equation is zero. If it is, we know that we have simply an exponential
trend in that item. Otherwise we go to statement 30 and apply the
standard formula. All the variables in it are familiar except perhaps
DELDPC, the first difference of DISPC, which was calculated in EXOG.

The second function begins with the DO 75 loop, which multiplies

by population. DO 80 clears X to receive the converted demands, and
DO 85 performs the classification conversion. Compare the unpacking
of ICONV with its packing in READER; recall that integer division
truncates the answer. The number 512 is used in packing because it
is 1000 in octal. After conversion, consumption is added into FD
and summed in the appropriate GNP account. Finally, CONPUR is con-
verted back to a per capita basis for the benefit of the categories
generated by exponential trends. Control then returns to RUN.



INVEST

At this point RUN gives the variable FIN a False value. FIN is used to
control a loop on the investment and output calculations. The need for
FIN arises because, after 1968, a given year's investment depends on its
own output. To compute the investment on the first try, a guess is made
at the outputs. INVEST calculates resulting investments and adds them to
the other final demands; CONSTR does the same for construction, and IOCOMP
computes the implied ocutputs. Control returns to RUN, where we test to see
whether the implied output of any industry differs by more than 4% from
the guess at that output on which investment was based. If so, we have
not FINished. FIN will therefore remain false. But, if the tolerance is
satisfied, we set FIN to be True and begin what is therefore the FINal
pass through the statements which call INVEST, CONSTR, and IOCOMP. The

variable NIT counts the number of iterations through this loop.

Because we may come back to INVEST subroutine several times before FIN
becomes True, the final demands, FD, built up in EXOG and CONDEM were
stored by CONDEM in EMP for safe-keeping. As we enter INVEST, therefore,
we load FD with these saved-over partial final demands. Next we aggregate
the latest output vector, Y, so that it corresponds to the equipment pur-
chasing sectors and convert to a 1958-constant-dollar, industry-based out-

put. The result is stored in YAGS5S8.

The DO 65 loop then computes V, the vector of equipment expenditures of the

70 equipment sectors. For years after 1968, we jump to statement 14 and
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check which type of investment equation the I-th equipment sector uses.
Recall, from the description of READER, this information appears in INVTYP,
Presently most equations are the cost-of-capital type -~ INVIYP = 43. The
remainder use an exponential growth rate for whigh INVTIYP = 40. Therefore

K assumes the value either 1 or 4 and directs us to statement 20 or state-
ment 35. For the exponential type it is not necessary to perform the cal-
culation on each iteration of the investment-output loop; therefore, only

on the first time through it do we multiply the previous year's value by 1
plus the exponential growth rate. Note that a sector for which an investment
equation was never read will have a constant investment in the forecasts,

since INVTYF !(I) = 0 and EQMAT(I,1) = 0.

The cost-of-capital equations require computation of an index of desired
capital stock for the current year and the previous three years, DESCAP(I,1)
back to DESCAP(I,4) latest to earliest. Each year's desired stock will be
higher in proportion to the sector's output for that year (YAG58(I)) and will
be lower the greater is the true burden of acquiring capital. This burden

is measured by RENRAT(I), the rental rate. The depressing effect of a given
rental rate can be softened Ly an industry’s flexibility in shifting to less
capital consuming forms of production when the cost of capital rises; this
elasticity of input substitution is stored in EQMAT(I,12). The full equation

for the desired capital index for year t is seen in statement 42.

The rental rate which goes into this equation accounts for four influences on

the true burden of a capital purchase:
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1. the:ratio of the price of capital to the price ¢f output EQMAT(I,7)
is the 1965 ratio and EQMAT(I,8) is the historical rate of growth
in it.

2, the cost of borrowing--EQMAT(I,9) is the 1966 value of Moody's
industrial, rail, or utility rate, depending gn the industry, and
BONPRO is the proportion of the future vear’s bond rate to the
1966 bond rate determined by interpolation.

3. the tax structure--CREDIT is the effect of the investment tax
credit averaged over both excluded and favored equipment; TAXRAT is
the corporate income tax marginal rate.

4, the rate of depreciation of equipment--EQMAT(I,5) is the average
depreciation rate for the I-th industry. EQMAT(I,10) is the present
value of the depreciation per dollar of investment expected over the
life-time of the equipment. Into the calculation of EQMAT(I,10) are
frozen the I-th industry's average choice of method for depreciating
equipment and the appropriate 1965 bond rate. Therefore DELPV(I)

is calculated to introduce the effect of a bond rate above the 1965

level.

DELPV, the change in the present value, of the depreciation streams coming
from one dollar’s investment, is calculated on the assumption that all
industries use the sum—of—the—yeafs—digits method of depreciation. If the
average life of an industry's capital equipment is N years and if the industry

faces a bond rate of R the method yields this expression for the present

l’

value of the stream of depreciation:



- 19 -

-R,N
ﬁgﬁ{l—ﬁlﬁ(l—e 1 )]. By rewriting it for an alternative bond rate
1 1

Rz, taking the ratio of the second to the first, and reducing, we achieve

R2 R e N2N-1 R
12 BONPRO is _2, the product RlN is the value given in
22" -R N R -R.N
R2 R1N+e 1 READER to E%MAT(I?lB) and e R1l is the value cal-
R
culated for EQMAT(I,14) in READER. Finally RN =~;Z.R1N = BONPRO®
..\l

EQMAT (I,13).

Now we can see how the DO 65 loop handies the cost of capital
specification. Still considering the first year, the equations are
used, we GO TO 14 and pass through with K=4 to statement 35. On the
first iteration we compute R2N. TIf the bond rate is held by the inter-
polation to its 1965 level, BONPRO = 1, R, = Ry, RyN = RlN and DELPV(I)
= 1. Next we compute DESCAP(I,1). DMNote that the latest available
outputs are the final outnuts for the previous year and RENRAT(I)
still contains the previous year's value. Thus at this point DESCAP(I,1)
contains the final computation of last year's desired capital. Next
we skip to statement 38 and give RENRAT(I) its current value. The
DO 39 loop moves DESCAP(I,3) into DESCAP(I,4), DESCAP(I,2) into DESCAP
(I,3), and DESCAP (I,1) into DESCAP(IL,2). Thus at the beginning of
the forecast year, we store an estimate of the previous year's desired
stock, which was not known until its final outputs were calculated.
Now we load DESCAP(I,l1) with a first approximation of this year’s desired
stock; it is based on last year's outputs but this year's rental rate.
We then have the last missing piece and can put together a first esti-
mate of V(I).

On the second and later iterations the only adjustments are to

incorporate the revised outputs. BONPRO hasn't changed, so DELPV is
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the same and also RENRAT. Therefore we jump from statement 35 to
statement 42. There we replace DESCAP(I,1) with a value bésed on
the current approximations to this year's output which are now stored
in YAG58 and reestimated V(I).

Later years are handled in the same way. Once the four columns
of DESCAP have been set up, the DO 65 loop updates the last year
completed, moves the values back one year and approximates the new
desired stock. But now is DESCAP initialized? 1In the first three
years of the run, V(I) is read in, so we don't need DESCAP for com-
puting it. During these years, the test at the beginning of the
DO 65 loop fails and we reach a statement which picks out the cost-
of-capital equations and jumps to 35. Since FIN is always True in
the first three years (see RUN), NIT is never greater than one. We
calculate R2N and DELPV. In-the first year we give RENRAT a non-
zero value and compute the ''yvear 0" value of DESCAP, a value which
will never be used. In years 2 and 3, we compute the prior years'
DESCAP's, as before, with the proper RENRAT left over from the previous
year. Then we read the current RENRAT; KOUNT protects us from reading
this vector for each value of I in the DO 65 loop.

The last element of V is private individual's purchases of autos
(and lawnmowers and lighting fixtures) as capital equipment. It is
fixed at 12.1 percent of consumer auto purchases. In V(J) we have
the J-th sector's purchases of equipment and machinery. The corresponding
column of the B matrix contains a percent allocation of these purchases
to the industries which produce capital goods. To turn V into a vector

X of equipment demand for the output of the 93 producers, two conversions
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are required. TAGEQ supplies for each equipment purchasing sector J
the column L of the B matrix holding its allocation pattern. IEQ
supplies for each row I of the B matrix the corresponding input-
output sector K. Thus the DO 74 loop creates the vector of equip-
ment demand, enters its total into the GNP account for equipment,
and tacks these demands onto those already stored in FD.

If FIN is False we are ready to go to the next subroutine.
When FIN is True, however, this is the last trip through INVEST
for this year. Therefore we deflate the investments to 1958 dollars,
subtract replacement investment; and store net investment into VLAGS58
to be used as the lagged dependent variable in the next year. Then
we add it to the beginning of year capital stock to bring actual
stock up to date for the next year. Finally we compute the capital-
output ratios. The output of the program always includes the equip-
ment purchases of the 70 sectors. If JOT is True, the capital-output

ratio are printed as well. Control returns to RUN and RUN calls

CONSTR.



