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General Abstract

This décumentation Presents an input-output model which has been modi;
fied to include the environmental impact of economic operation. TIn lieu of
market prices for the environmental factors, trade-offs with regional income
and employmént are eétimated for use in regional planning. The program is
written in FORTRAN IV with single precision for the IBM 360/65 system. The
example data has been set-up to contain five endogenous sectors and three
exogenous sectors (inclqding households). The data is then compressed to

three endogenous sectors.
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PURPOSE AND GENERAL CAPABILITIES OF THE PROGRAM

Input—Ogtput is a well kndwn analytical tool which is particuiarly well
suited for gaining information on the economic aspects of environmental
quality and resource use. These economic aspects concern trade-offs between
levels of bollution or resource use and levels of output, income, and employ-
ment in the economy. When an environmental sector is added to the I-0 matrix,
these trade-offs may-be estimated by using interdependence coefficienrs and

the multiplier concept normally incorporated in input-output models. The

purpose of this documentation is to provide information about a computer pro-

~gram (ECON-ECOL) that allows an analysis of economic and environmental data

via che input-output approacﬁ by estimating %pterrelationships and multipliers
which link the economy with its demand for resources and its supply of pollu~
tants. ' | e

The details of the prégram's operation are described in later sections,
but a statement nof the general aspectsiof the program is usefuvl as an intro-
ductionf The program links the envirommental factors with the economic sec~
tors by expressing resources as inputs per dollar of-output and pollutants
as production by—products ber dollar of output. Environmental factors are
introduced into the input-output model as L sectors of positive environmenﬁal
impcrts.(resodrce inputs) and K sectors of negative envirpnmental imports
(exported pollutants). The result is a MXN (where M = K + L) environmental
matrix. The data in this matrix are converted to quantities per uuit of
éutput (productionbéoefficients) for each economic sector. This yields a
more complete production function for each economic sector of the model.

Once formed, the env: ~oefficient matrix is post multiplied
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by the inverse of the economic processing matrix. The resulting matrix con-
tains envirommental-output (E-0) multipliers that indicate the direct and

indirect effects of economic production on the environmeat. By using the

NXN Final
Processing Demand .
Ssctor . |
— e g
KXN

Negative
CInv. Imports

.
L4

LXN
Positive
Env. Imports

Final
Payments

FIGURE 1

inverse of a processing’sector containing households, the induced environ-
mental effect is incorporated in the E-0 multipliers. Finally, by combining
the elements of the E-0 matrix with appropriate income and employment data,
environmental trade-offs in terms of dollars of income and/or levels of em- 4
plocvment are generated.

The program is written to provide maximum informatioﬂ and flexibility
and to be relatively inexpensive with respect to computer operation. The
information provided as output includes multipliers calculated with house-
holds Poth exogenous (type I) and endogenocus (type II}. The flexibility
provides for any size matrix up to 95 x 95 for the complete I-0 model, up
to 90 x 90 for the processing sector, and up to -25 environmental factors.
The envirommental factors can be either pollutants or resources or both. A
comp;éssion subroutine allows a large model to be aggregated to as small a
matrix as is desired. Ogher options allow for deleting the employment vec-

tors or for operating simﬁly as an I-0 model excluding the envirommental analysis.
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USER DOCUMENTATION

The. use of the various options of the ECON-ECOL program results in
differing data requirements, arrangements, and coding. The use of the option

COMPRESS calls for a slight alteration in the way in which information is

presented to the computer. Information on data requirements and the arrange-

" ment of data relative to the main program is presented here as if the pro-

gram's full capabilities are to be used.

Data Rquirements
Assuming that an apalysis including employment—enviroﬁmental relation~
ships is desired, data is needed for two matrices and two vectors. The
matrices are for economic data on each industry's sales and purchases and
environmental data on resources required and pollutants producéd by each
industry listed in the p:ocessing sector of the I-0 moqel. The two vectors
consist of employment totals for each industry and a list of names for the

industries and environmental factors that constitute the production function.

Economic Data

1t will be assumed that the user is familiar with the data requirements
of the economic sector of this input-output model. Therefore, the only dis-
cussion of this topic will center on level of aggregation for each sector.

This topic will be.taken up liater.

Environmental Data

The environmental data must contain environmental inputs for each 'in-

dustry of the processing sector expressed as positive quantities, and
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pollutants expreséed as negative éuantities. The number and type of these
positive and negative envireonmental factors depends on existing 'dofiniti.oné~
of pqllutants, data availability, and the user's anaiytical interests. The .
enviréhmentgl data should conform.to the economic data in terms of indus-
trial classification, productiﬁn period, etc. However, unlike the economic
data tnat is expressed in dellars, resources and/or pollutanés may be express-

ed in any appropriate units (e.g. tons, gallons, acre feet). Differing units

may be used within the same enviromméntal matrix.

Employment Data

Employment totals for each of the industries within the processing sec-
tor are used to calculate enviromnmental-employment trade-offs as well as the

standard I-0C employment multipliers.

Row WNames

For print-out purposes row names for the economic and envirommental

"matrices are needed. The econoemic row names include processing industries,

households, and fiﬁal purchases. Names for final‘demand sectors are not
needed as they are listed as columns which are numbered rather than named.
Environmental row names contain designationé for each resource and each
pollutant for which data has been coliectéd.

Each of the above data items may be thought of as separate data decks
in the program. Hereafter, they are referréd to as ECON for the economic
data, RES (resources) for the positive and negative environmental data,

EMPLOY for employment, and NAME for row name vector.

Control Cards
The final data category contains control and option cards. The options

desired arc listed on one computer card, called the option card (designated



OPT). The options available are for environmental analysis, emplo?ment—
.environﬁental énalysis, and compression of original data. If the environ-
mental analysis is excluded, resource and pollutant data is not needed, and
the program will perforﬁ a standard Input-Qutput analysis. This analysis
results in output multipliers, type I & Iluéncome multipliers, and if de-
sired, employment multipliers. Employment multipliers for the economic
sectors and the en&ironmgqu; sectors can be excluded via ;he second option.
Through the compressioﬁ'optiqn it is pﬁssible Eb reduce the matrix con-

. structed from the original data collection to as‘small a size as is desir-
able: The result will be a reduced economic and resource matrix with a
‘correspondingly shortened employment vector.

The control card SIZE specifies the size and degree of partitioaing cof
the matrix that is to be used in the analysis for that particular computer
run. The size of the matrix refers to the entire transaction table. The
partitioning consists of éeparé;ing and finding subtotals for the process—'

ing matrix, the value added vectors, and the import vectors.

The final set of control cards are used only if subroutine éompress is
called. These cards describe which rows and éolumps are to be aggregated
and the position of the résulting rows and columns in the reduced matrix.

These control cards, then, constitute another data "deck" and will be desig-

natec MOVE.
Generalized Job Stream

The contreol card, option card, and data decks are combined with the

main program as illustrated in Figure 2.
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Data Coding

Indﬁstrial Classification

The level of aggregation for r:nich the data is collected depends on the
industry classification. This classification also determines the size of the
matrices to be used. Yhis program is written in general terms so that any
size matrices can be used that are less than or equal to the maximum speci-
fied.in -he dimension statements. These limits.éonsist of 95 x 95 for the
7-J transaction table, 89 x‘89 for the processing sector without households,
and 25 x 100 for the résoufce matrix. Larger or smaller iimits can be used
but it will be ﬁecessary to change seyeral cards in the program. This infor-
mdtidn can be found in the section deécribing the technical details of the

program itself,

Economic and Resource Format

The collected data must be coded so that they can be read by the compu-
ter. The econoéic and environmental da:.: are presented in the same form.
Each quantity ta be placed iq a matrix is accompanied by the row and column
number which designates its position in the matrix. Each data card will
have four data points. Each data point will consist of three numbers. Theée
numbers-are row. column, apd data value. The exact format is specifed as

4(213, F12.3).

Card Item Card Column Format
" +1) Row number - 1-3 . I3
2) Column number 4-6 13

3) Datum value 7-18 _ : F12.3
4) . Row number 19-21 13

5) Column number 22-24 | 13



Card Item _ Card Column Format
'6) Datum value 25-36 F12.3
10) Row number ' 55-57 13
11) Celumn number 58-60 _ 13
12) Datum vaiue - 61-72 F12.3

This arrangement of data is repeated on as many additional cards as needed.

Data Arrangement

Zeroes need not be coded since all matrices-are filled with zeroes ini-
tially and whaﬁever cells are not filled with data will automatically re-
gister as zero. An additional aspect of this feature is that the order of
the data withiﬁlthe decks ECON & RES is unimportant. Each deck could be
shuffled and the row and column designation will insure proper placement of
the quantity.

There are only two restricﬁions on the arrangement of the data. First,
the households sector musﬁ be the vector immediately following the process-
ing matrix. This facilitates bringing households inside the processing sec~
tor for estimating type II multipliers. It is, therefore, necessary for the
household row and column total to be balaﬁcea. Second, all value added sectors
must be grouped together and preceed a similar grouping of the impbrt sectors.
These groupings are necessary because of the feature that partitions the
transacfion table and presents row sub-totals for each of the groups mentioned.

Pollutants are treated as negative resources. Therefore, each pollu-
tant quantity should be punched as a neéative number. The last card in deck
ECON and deck RES must be -99 starting in column one. This tells the éompu—'

ter that the last card in that deck has been read.

Employment Format

o Employment totals are placed six to a card. Each figure is right
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justified in a ten space field beginning in column one. As many cards as

are necessary may be -used.

M

Item Card Column Format
Card 1
1. Employment total sector 1 1-10 - 110
2. Employment total sector 2 11-20 110
6. Employment total sector 6 51~60 110
Card 2
1. Employment total sector 7 ' 1-10 110
2. Employment total sector 8 - 11-20 I10
6. Employment total sector 12 51-60 110

Row Name Format

Row names are punched one to a card. The first three spaces contain the
row number. The next three spaces are left blank, and the names are then
placed anywhere within a twelve character field. This is done for both eco-

nomic sectors and-environmental cateperies.

Item . Card Column Format
Card 1
1. FKRow number | S 1-3 13
2. Row name f—18 3A4
a Card 2
1. Row number 1-3 13

-2. Row name 7-18 3A4
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Control Card Format, SIZE

Control vards SIZE and OPT have the appropriate numbers right justified

in fields of five spaces each. The first card, §£§§, contains four numbers
relating to the economic matrix being used for analysis. These numbers are
the size of the transaction table (NN), the number of the last row of the
processing sector (NP), the number of the last row of the valﬁe added sector

(NV), and the number of the last row of the import sector (NI),

Item _ Card Column Format
1. NN 1-5 I5
2. NP §-10 IS |
3. N 11-15 I5

4, NI 16-20 I5

Control Card Format, OPT

The option card contains three numbers. The first (MN) is for the
environmental analysis. If envirommental multipliers are being calculated
MN = the numbter of environmental categories (positive & negative) that are
being used. If no environmental analysis is desired MN = 0. The second
numﬁer (LAB) indicates the length of the original (i.e., noncompressed)
employment vector. If no employment data is present LAB = 0. The last
number (NCOMP) indicates whether the matrix to be analyzed is a compressed
version of the data being fead in. If compression is desire&, NCOMP = the
number of times that several sectors are being compresséd into one. If sub-

routine compress is not required, then NCOMP = 0.



Option Card Format

Item Card Column Format

1. Environmental Option (MN) 1-5 I5
MN = 0 deletes option
MN = number of environmental
sectors calls option

2. Employment option (LAB) 6-10 - ‘I5
LAB = 0 deletes option
LAB = number of processing
sectors calls option-

3. Compression Option (NCOMP) 11-15 15
NCOMP = 0 deletes option
NCOMP = number of compressions
within matrix calls
option
If NCOMP # 0, the size of the matrix being used for analysis is smaller than
the matrix being read in. Therefore, the data on card SIZE (NN, NP, NV, NI)

refer to the compressed matrix and are smaller than they would be if compres-

sion were not desired.

Control Card Format, MOVE

The last set of data cards (deck MOVE) provide the information needed
by the compression subroutine. The information consists of the sizo of the
transaction matrix being read (since compress is Being called, this number is
larger than its counterpart on control card §EZ§)_§nd a vector of numbers in
groups of three which states the destination, origin, and range of each com-
pression,.

Only adjacent sectors can be aggregated, and while some column and row num-—
bers will change, the sequence must be maintained. The first group of sectors
which are aggregated are placed in the row and column which the first sector
of that group occupied. The unaggregated sectors between the first and second

compression will automatically be moved over, and the sum of the second group
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of aggregated‘sectors will be placed in the following row and column. The
information presented in the compression vector, then, is (1) the number of
the new column (row) which contains the aggregated sectors of the initial

- compression, (2) the number of the first sector in the group to be added -
(i.e., the starting position of the compression) and (3) the number of the
last sector of the group (i.e., the end of that particular compression).
Similar information is given for each compression. One compressiun iﬁ—
cludes summation of both columns and rows,

The data for subroutine COMPRESS are right justified in adjacent fields,
containing five columns each. The first field begins in‘column oné. The
first card contains the size of the transaction matrix being read in and as
many as four groups of comprgssion data. If more than four compressions are
desired the informatiom ié coded cn subsequent cards as needed. All addi-

tional cards contain only the four groups of three numbers.

Move Format.

Card Item Card Column Format
Card 1
1. Dimension of matrix read in 1-5 15
Dimension = N for an NxN
matrix
2. Column (Row) number of 4 6-10 15

position of aggregate vector

3. First column (Row) of group to 11-15 ' 15
be aggregated '

4, Last column (Row) of group to 16-20 15
be aggregated

5. Column (Row) number of 21-25 - TI5
position of aggregate vector



Move Format (continued)

Card Item

6. TFirst column (Row of group to
be aggregated

13. Last column (Row) of group to
be aggregated

1. Column (Row) number of
position of aggregated vector

2. TFirst column (Row) of group to
be aggregated

Card Column

26-30

61-65

I-5

6-10

14

Format

I-5

I-5

I-5

I-5

When COMPRESS is used the row names in NAME'correspond to the aggregated

sectors rather than the original sectors.

Example Code Sheets

Examples of the coding procedures are presented in the following code

sheets. The data used are from a problem run as an illustration of the

program's use and output.
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Complete Job Stream

Control cards for the computer system consist of a job card, a class
card, and supporting JCL cards. At maximum a computer run with this progranm
should not exceed 3 minutes, 5000 lines, or require more than 320K for storage
space. It is possible that for smaller data sets smaller paraméters may be
desired in order to achieve faster turn around.

The program is Written for Fortran G. Due to core requirements it
cannot be run on the special superfast compilers such as WATFIV. JCL carcs

used with the program are indicated in the complete job stream (figure 3).
Output

The results of this program contain matrices presenting standard results
of input-output analysis (i.e., transaction matrix, direct coefficients, and
inverses with and without households), vectors of incoﬁe and employment mul-
tipliers, and vectors of environmental multipliers.

The environmental multipliers present the trade-offs between the en-
vironmental factors and output, income, and employment. In addition, resource-
resource multipliers are presented which show the total amount of resource
use in the region for a unit increase in its usage by each industry.

With thé exception of transaction table all output is self-explanatory.

A possible source of confusion is the numbered columns of this matrix. Within
the processing section the columns correspond to ﬁhe named rows. However,
since final demand categories can be‘different from final payments, the column
designations must be kept track of separately by the analyst. Finally the
last two columns contain respectively sub-totals of the processing sectors and

the total of the entire row.
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Example Problem

Tﬁe following is cutput from a sample set of déta. The data is from an
8 x 8 transaction matrix which.has been reduced, via COMPRESS, to 6 x 6.
It should be noted that it ié iﬁpossible to get output of data before and
after compression on the same computer run (i.e., NCOMP cannot = O and # 0
at the same time). What follows is the combination of two runs for example’
purposes.

The envirommental factors consists of two pollutants and one resource.
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400,000
225.000
040

Je)

500.000
200,000
0.0

280,N00

. 500,000

280,000
100.000

20N N00

Q
450,000.
250,000

NN
reNL 000
o

0.0

Qe D

0.0



T TRANSACT TN TARLC

1o AGR I=MT™ES
2a CONST=MANIIF -
3oUTIL=CNvY

INT. PUPCHASES

|
by HOUSEHOLDS
s.GnveENeNT

VALUF CPFEATCD

Ao TMDAGTY

. TOTAL twpaeTC

ATt s
L MY ;

RN AT 2 T Y N S e
.
. .

CTCNLUMI TATALC

© TEANSACTION TAPLE

W}AG?TrMIMEf
26 CONST=mANF
S, UTIL-C MM

INT, PUFCHASFS

4o HOUSEHTL DS
Re GOVERNMENT

VALYUFE CREATFP
ﬂ

£ IMPNATS

TATAL [MPQATC

COLUMN TATALC

\‘1‘ -
ERICrow. stra. =

IToxt Provided by ERI

1
225,00
«00; 0D
22000

1:425,00

1300, 00
1375.00

7376, 00
500, 00

590, 00

+300.00

(éOntinued)

5
500, 00
0.0

40060 0D
300400

225,00

0.0

275,00+

0.0,

N0

125,00

1 14925,19000

Al
1
\

1

rAR

225,00

100,00
700, 0%

1025.00

275,00
1000 00 ‘

3175.00
0.0

0.0

1400.00

6

900. 00 -

0.0
’150. OD

1250,00

0.0
0e 0

0.0

0.0

1250.00

COLUMN SUM =

COMPRESSED OUTPUT

3.
1200.00.
800,00
1250,00

- 23§0,00

" 650.00

100.00

750. 00

100,00

300,09
4400.00

(Sub-total)

.',
1650, 00
13200.00

2850, 00 - .
 5R00.00

2225,00

1275, 00,
1500, 00
800, 00

3

f00.00

0.0

-o21

0.0 -

200400

300500

2450,00

(fgtal)

R
4300, 00
1400, 00
4400400

'10300;90,

2450,00
1275, 00

3725, 00
100,00

1100,00 .

0,0 .

"14925.0000



FACTORS

S ENVIRONMENT AL 22
1 2 3 4
1. SULFIDES -2500 CO0 0 O -800,00 . -200.00
2. 830D -3C0.00 -100. 00 ~425,00 n.¢
3.WATER REQ 3300.00 1100. 00 500. 00 200v 00
EMPLOYMENT VECTQOR
l. 675.00
2e 400.00
3. 225.00
DIRECT REQUIPEMENTS (Econ technical coefficients)
1 2 3
"1 AGRI-MINES 0.05233 0.16071 0.27273
2. CONST—-MANUF 0.09302 0.Q7143 0.18182
3,UT IL~-COMM Ue18605 0.50000 0 30682
" 4,HOUSEHOLDS Oe 30232 0« 19643 0.14773
5¢ GOVERNMENT 3.25000 0. 07143 0,02273
6. IMPQORTS D.11628 Oe 0 0. 06818
COLUMN TQTALS 1.00000 1 00000 1.00000
INTERDEPENDENCE TASBLE
1 2 3
1.AGRI-MINES 1.23319 0.55276 0.63018
2. C0ONST-MANUF 0.21932 1.35235% 0.44100
3. UT1L-COMM 0. 48918 is12382 1.92946
COLUMN TOTALS 1,94169 3. 02893 - 3.00104



DIRECT REQUIREMENTS (Econ technical coefficients)

23

1 2 5 4
1,AGRI-MINES 0.05233 0. 16071 027273 0.51020
2.CONST-MANUF 0.09302 0.07143 0.18182 0.06082
3.UTLL~-COMM 0.18605 0.50000 0.30682 0432653
4, HOUSEHOLDS 0. 20233 0.19643 0014773 9.0
54 GOVERNMENT s 25000 0.07143 0.02273 0.0
6 IMPORT S 0.11628 0.0 0.06818 0 12245

COLUMN TOTALS 1.00000 1. 00000 1. 00000 1.00000
_ INTERDEPENDENCE TABLE
1 2 3 4
1.AGRI-MINES 2.00425 1.49851 1.51822 1 57948
2. CONST~MANUF 0s 49906 1. 69446  0.76318 0.57302
3,UTIL~COMM 1.32148 2,14468 2.88943 1.70497
& JHOUSEHOLDS 0.89918 1.10290 1.03561 1.84194
COLUMN TQOTALS 4,72396 6e 44155 6420544 5.66937
INCOME MULTIPLIER INCOME MULT IPLIER
T TYPE | CTYPE I
1 1.6147 1 2,9742
2 3 0483 2 5,6148
3 3,8059 3 7 0103
: ' 4 1.8419
EMPLOYMENT MULTIPLIERS
DIRECT EFFECT TOTAL EFFECT MULTIPLIER
1 0:15698 0 29238 1.86256
2 0.28571 0.55616 1.94658
3 0. 07386 0. 36747 4.97499




ENVIR, FACTORS PER DOLLAR OUTPUT. 24

1 2 3 .

1. SULFIDES -0, 581395 0,0 -0.1R1%18 —N.navean
2,800 ~0.069767 -0.071429 ~0.034521 ~L0

3. WATER REQ 0,767442 0. 785714 S4113524 AR LY
ENVIRONMENTAL INTERDEPSNOENCE MATRIX

1 C2 : 3
1. SULFIDES -0,805911 -0.525704 -0,717265
2.B0D -0,148953  -0,243712 -0,261R73
3. WATER REQ 1.174313  l.614474 1.049428

ENV., SELF MULTIPLIER I

1 2 3
1+ SULFIDES le386] 6Tk exhkxake 3,944954
2.B0D 2.134987 3,411963 2.711154
3.WATER REQ 1.530165 2.054785 9.234970

ENVIRONMENTAL T ANTERDEPENDENCE MATRIX I!

1 2 3 4 i
1.SULFIDES ~1,478230 -1,351203 -1,692301 SRR
2.80D -0.303120 -0,432808 —0.639413) =M, AVE A

2 814453 3 626207 2,939409 ToRReTET

3.WATER REQ




ENV. SELF MULTIPLIER 11

1 2
1.SULFIDES 20543758 %% ek kbR
2.B0D . 4,344728 6. 059314
3.WATER REQ 3.667317 4. 615172

\.

ENVIRON = EMPLOYMENT MULTIPLIERS

1 2
1.,SULFIDES -2. 756400 -0.945231
2.B00 -0.509452 -0.438201
4.016418 2,902871

3. WATER REQ

TYPE 1 ENVIRON - INCOME MULTIPLIERS

1 2
1.SULFIDES -1.650880 -0.877970
2800 -0.305124 -0,407019
3.WATER REQ 2.405537 2 696308

TYPE Il ENVIRON = INCOME MULTIPIERS

1 2
1.SULFIDES =-1,644750 -1.225133
2,B0OD -0.,337107 ~0.,392426
3. WATER REQ 3.130014 3.287876

25

3 A
Be 20R1AT TALRIaLGG
GoFLGUNR Ay ey woaey mwe #
CrTA0

25,8 SRNND RS

9

3
-1.951896
-0.,712636

2,855815

3
-1,275733
1.866523

3 A
~l.4410P0 -0, TLenTe
~0e424322 =0,V 7)482

2s83727¢ M S R A



PROGRAMMER DOCUMENTATION

The Input~Qutput model used in this program presents the economy of a
particular region as a system of simultaneous linear equations. These equa-
tions represent the distribution of each economic sector's output among its
purchasers. Purchasers are separated into two main groups,.the.processing
sector and final demand. The system of equations is solved to give the output
of industries of the processing sector expressed as a function of the final
demand sector. The solution is in the form of coefficients that éxpress the
total change in output in each industry for a change in final demand in each
industry.

The environmental matrix is formed by expressing resource use in terms
of units per dollar éf output. When this matrix is multiplied times the
above matrix of coefficients, the total change in.environmental factors (posi-
tive for resource inputs, négative for pollutants) per dollar change in final
demand are estimated. Trade-offs between environmental factors and economic
variables such as income and employment are estimated by combining relations

found in the economic analysis with those derived in the environmental analysié.

Basic Mathematical Model

The following is a mathematical presentation of the model.

Let, Xi = xij + ... X0 + ¥4 i=1,2,...n . (1)
where Xi = total output of industry i
xlj= purchase of output from industry i by industry j

Yy = purchase of output from Iindustry i by final demand sectors.



[
~1

It is assumed that a linear relationship exists between purchases of a- sec-
tor from other sectors and the level of output by that sector. Since total

output equals total purchases, this may be oxpressed as:

. = a..X, 2
*13 T 3135%; (2)
or
a,. =x_../XY
ij 13/ 3 : (3)
where, Xj = total purchases by scctor j.

Substituting (2) into (1) yields the ecquation,
. =a, X +a, X, ...+t X +y, '
Xl alJXl a12\2 :ngn Yi (&)

o

Data being fed into the progrs~ consisis of purchases, xij of equation

(1), and is printed out in the data and trinisactions mat»ix. The a . elements
11

of equation (4) are calculated and presentes.! as elements of ‘he Dirvet Ke-

' H

quirements natrix, sometimes referred to a: he bechnical coctticients of

production.

Bv rearranging (4) this system c¢f equartion may be written,

1 - ¢ v - 3 R . I b =y
(- a, Oy, 1K = Ay Xy a8 T Y
r — ‘ —— _— —_— 2
¥y T ¢ dyndiny T oa gy “o 2 L
, - - "..."‘."r P, = e
anlxl anZXE an3x? T juu)xn }n

Equation (5) can then be express.d in matri:. notation as follows:

(I-—A)X=Y . ((J
Inverting the matrix (I - A) vields

-1 ' .
X=(I-4A)"Y (7
-1 . . , . .

The (I - A) represents the matriz of parcial derivetives of X with respect
to Y (i.e., in/ayj). Elenients of this matyix are commonly referred to as the

matrix of interdependence cocfficients and represent the change in output of

ERIC

Aruitoxt provided by Eic:
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industry i for a change in final demand in industry j.
The environmental data is transformed into resource use {pollution) per
unit of output. The relationship of resource use (pollﬁtion) énd“output is

assumed to be a linear function also,

r,. = b .X ' (8)
kj ki3
where
rkj = amount resource requirement or pollution output
Xj = output of sector j
and bkj = a constant,

The technical coeffilcients bkj are thus derived from the combination of

calculated output and collected resource data as follows,
b, =1, ./X ' 9
k5~ Ty @

Let Rk = total regional level (positive or negative) of environmental

factor X. Thus,

R1 = bllx1 + blzx2 +...+ bian
R2 = b21X1 + b22X2 +...+ bZan (10)
o bmlxl + meXZ +.. .t bman

Again, in matrix notation

R = BX
&, b, b.lz...blnw . X, ]
where R = %2 B = ?21 ?22"'b2n X = X2
_Rm_ _bml l;'m2 bmn_ LXnJ




Substituting equation (7) from the input-output model into equation (11)

yields the environmental-output equation,

R = B(I - A)"TY. (12)
For simplicity, let P = B(I ~ A)ﬂlY so that equation (12) becomes

R = P(Y). (13)

The P matrix contains the environmental-output multipliers which express
the reiation between a change in finai demand in a given sector and.the total
change in a given environmentai factor. 'For resource use (e.g., water, minerals,
land) these multipliers are positive and may be interpreted as the total change
in the use of the resource within tie region per dollar of final demand in a
particular sector. For pollutants the multipliers are negative, but their
interpretation is the same. A P element indicates the total change in

k]

environmental factor k per dollar change in final demand in industry j.

Calculation of Multipliers

'Environmental-Income Multipliers

The trade-off between environmental factors and income is found by using
the total income effect and the resource-output multiplier. The total income
effect is usually found as the first step in generating income multipliers.
If households are exogenous to thé processing sector then the total income
effect is’

@ z=wz-n"t

]

where Z = a vector of multipliers indicating the change in wages in a
sector for a dollar change in output for that sector (3W/3y).

W = the vector of wages paid per dollar of output.

The type I environmental-income multipliers are then found by dividing each

environmental-output multiplier by the total income effect of the appropriate

]ERJ!:‘ seétor.




3e

p-
= K
RZ /Zj
where Zj_= the jth element of vector Z.
R, = matrix of environmental-income multipliers

Z
When the households sector is made endogenous to the processing sector,
the procedure is similar to the above. However, the vector Z is calculated
directly in the inversion process that yields the interdependence coefficients.
By using the householdirow of the inverted matrix, we obtain the type II re-
source income multipliers. The difference between type I multiplier as des-
cribed above and tvpe II multiplier is that the induced spending of households

is included in the latter.

Environmental ~-Employment Multipliers

Multipliers for environmental.factors and employment interrélations are
calculated in the same manner as the type I environmental-ipcome multiplieré.
In place of the income vector Z, a vector of employment coefficients is used.
These coefficients are found by dividing the total employment of a sector by
that sector's total output. The resulting vector will then contain elements
which are the average number of employees per dollar of output. Total change

in employment for the economy is then estimated by the equation,

(10) E = L(I - A)“l

where E the total effect on employment for a dollar change in each
industry's output
L = the vector of direct employment coefficients

Then, environmental-employment interrelations are calculated from,



Lo
p—

P
= K
(11) R, = /Ej

where RE a matrix of multipliers indicating the change in environ-

mental factor usage for a unit change in each industry's

employment.

Environmental-Self Multipliers

The relationship between the amount of envirommental factors an industry
uses ( or produces in the case of pollutants) and that which it causes to be
used through its purchases of inputs may be similarily estimated from the
model. This “environmental-self" multiplier is calculated by dividing the
environmental output multiplier for a2 particular economic sector and envi-
ronmental category by the corresponding sector's envirommental factor_use
per dollar of output.

That is

P

12) R - “j/bkj

where RR a matrix of environmental multipliers relating the total

change in regional use of factor k for each unit change in

its use in sector i.



PROGRAM DESCRIPTION

The program is written in FORTRAN IV with single precision. The JCL
cards presented in the user documentation are for a one step execution avail-
able on the Texas A&M Unilversity data processing system. Other systems may

require a two or three step execution and corresponding JCL.

Routines
MAIN: This routine reads data in, makes the calculations
demonstrated in the mathematical model, and prints
out the results.
INVERT: This subroutine uses Gaussian Elimination to invert
the (I~A) matrix. The (I-A) matrix is placed in
storage a5 DATA and passed to INVERT along with sup-

porting variables and vectors.,

Information passed , Recejved as
DATA X
L | N
IER LERR
LL L
MM M

COMPRESS: Aggregation of collected data is done by this subroutine
as an option. The main routine then does its calcula-
tions with the reduced matrices>and vectors. Four
variables and one vector are passed to COMPRESS. Two
matrices and ovnc vector are placed in common with MAIN

and COMPRESS and are accessed through BLOCK DATA.
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Information Passed Received As
NC NG
NN ' NEW
NO NO
MN MN
NVEC NV

BLOCK DATA: holds matrices DATA and POL and vector EMP in common
with MAIN and COMPRESS. DATA contains the (I—A)_l matrix,
POL contains the environmental factors, and EMP is the

vector of employment totals.

Dimensions and Initial Data Statements

MAIN

The maximum size of the needed matrices and vectors are specified in the
dimension statements, and selected ones are initially filled with zeroces by
data statements. Matrices DATA and POL and vector EMP are placed on a common

card for access by COMPRESS.

INVERT
Matrix X and vectors L and M are dimensioned initially for use in this

‘subroutine.

COMPRESS
DATA is dimensioned as DATIX. The maximum size of matrix POL and.vectoré

NV and EMP are given. A common statement connects DATIX, EMP, and POL with

MAIN.

BLOCK DATA

The arrays held in common, DATA, POL, and EMP, are dimensioned and filled

with zeroes.
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Should it be desired to increase or decrease the maximum size of any
matrix or vector, care should be taken to see that all dimension cards
containing the array have been properly altered. Also that, if applicable,

the proper number of zeroes are placed in the data statement.



LOW CHART

Y
~y
START
¥
READ
_/_/\' CONTROL CARDS
l — - MAKE HOUSEHOLD
) A : | INDOGENOUS
READ
ECON CARD R
CALL
INVERT

READ
LABOR VECTOR

IS LAB> 0

CALCULATE INCOME

MULTIPLIERS

READ
1S RES > 0

L

RES MATRI X

LI S |

.
READ ’ CALCULATE
ROW NAMES A IS LAB > 0 EMPLOYMENT

L MULTIPLIERS

CALL

¥

CO MPRESS

(ALCULATE

i ENVIRONMENTAL
PRINT \ COEFFICLE NTS
ECON|& RES
" MATRICES & LABOR
VECTOR
CALCULATE !
PRODUCTION CALCULATE
T
. COEFFICIENTS ENVIRONMENTAL
Q | INTERDEPENDENCE

ERIC T

| MATRIX (TYPE 1)
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CALCULATE TYPE 1
ENVIRONMENTAL "SELF "

MULTILIERS

Y

CALCULATE TYPE N
ENVIRONMENTAL
INTERDEPENDENCE
MATRIX

CALCULATE TYPE 1
ENVIRONMENTAL SELF™
MULTIPLIERS

CALCULATE
ENVIRONMENTAL ~ LABOR
MULTIPLIERS

CALCULATE TYPE 1811

ENVIRONMENTAL — INCOME
MULTIPLIERS

sSTOP




PROGRAM LISTING




FORTRAN IV G LEVEL 21 MATN DATE = 7217”7 10727

0001 REAL MUL1,MUL2

0002 DIMENSION DATA(100,100},EMP(100),POL(25,100),
INAME(100+4) s NAM2(25+4)CTOT(100),RTAT(120),
2DINT(90,90) yPINT(25490)+DTECI90,490),STO"(25,9%),
3MM(100) ¢y NVECIGS) ¢ NAME2{144)STOR2(10C)»MULL (100,
41104),JJ04) ,LLLY00) yDAT2{(95,35) yMUL?2(1D33)},X{4)

0003 COMMON /DEP/ DATA,EMP,POL
0004 DATA 11/4%0/4JJ/4%0/,X/4%040/ yNVEC/95%D/
0005 DATA IER/0/
C B o i ok e ok 3 A ok o o ol e ke ok ol o ok ok oK
C * CONTROL CARD READ *
Cc o s e e ok e e e sk e e kool o o s ok ol ok o ok
0006 READ (5,5) NNyNP,NV,NI
0007 READ (5,5) Mi,LAB,NCOMP
0008 5 FORMAT (615)
0009 MNAL=MN+1
0010 NVA1=NV+1
0011 NNAL =NN+1
J012 NNA2 =NN+2
0013 NNA3=NN+3
001 4 NNA4=NN+4
0015 NNAS =NN+5
0016 NPAL=NP 1
0017 NPA2=NP +2
0018 NPA3=NP+3
C.
C s e o o o o o o ok 2k s e ok o d ade ke e ok ok e e e e
c *  DATA MATRIX IS RFAC IN =*
C .*********#**#***************
C
0019 10 READ (5,15} (II(I},dJ00),X{1}40=1,4)
0020 15 - FORMAT{4(213,F1243))
0021 TF (I1(11,EQ.~99) GO T2 25
2022 D0 20 J=1,4
0023 K=1T(J}
0024 L=dJ(J)
0025 [F (KeEQeO+OR.L.EQ.0) GO T 20
0026 DATA (K,L)=X(J)
0027 20 CONTINUE
0028 GO TO 10
c
C o e e xx o 3 A ok e 3 e Ak o ook 3 ok ke ok X o ok ok e ke o ok Ak
C * EMPLCYMENT VECTOR READ *
C' o 3 e xc e Ax e ol o sle ok o o ok e e ool ok Bk o ok ek ok dk ok
C
. 0029 25 IF {LAB.,EQ.0) GO TQO 35
0030 READ (5,30) (EMP{I),I=1,LAB)
0031 20 FORMAT (6F10.0)
C
C
C 3¢ o e o o o ok o o ook o 3K e ok e o ok ofe ok ok A oK e e Ak %k ok
C * RES MATRIX IS READ IN *
C & i e o o sk o 3 2 ok ok ook e o ok ol e ok ok K ok K X ook %k K
C
0032 35 IF (MN.EQeO} GO TO 55
0033 40 READ (54450 (TT(1),JJ01) X{I1,1=1,44)
o 0034 45 . FORMAT (4(213,F12.2))

IF {II(13eEQe=99) GO TO 55




FORTRAN IV G LEVEL 21 MAIN NATE = 731177 WAL

0036 DO 50 J=1,4

0037 IF (T1{J)4aFQe0eIReJJI(JIeEQeO) GO TO 50 -
0638 K=11(J)

0039 L=JJ(J)

0040 © POLUK,L)=X(J)

0041 50 CONTINUE

00642 G0 TO 40

vk v e o koK 3 ok ofe ok ook ok i ok ok o ac e ke ok e ok ok

c
c
c * READ REGIONS AND TITLES =*
o e e 2 3 e i ok ook ok ok ok o ook o ko ok ok Kk
c

0043 55 DO 60 I=14NN

0044 : 60 READ (5,65) (NAME(I,J)yJ=1,4!
0045 65 FORMAT (I3,3Xy344)

0046 T1F (MNe EQe0) GO TO 75

0047 DO 7C I=1,MN

2048 70 READ (5465) (NAM2(I,J),J=1,4)
0049 75 CONTINUF

s e o ¥ ok o e ok v ol ek ko ok e ok ket ol e ok ook ok e sk K

C
C
c #* CALL SUBROUTINE COMPRESS x
o e e o ook o ok ok ok o o ok o o o o o o ol o ke
C

0050 IF (NCOMP,FQ.0) GO TO 8BS

0051 NC=NCOMP=*3

0052 READ (5,80) NOy(NVEC(I),1=14NC)

0053 30 FORMAT (1315/,(1215))

. 0054 CALL CMPRSS INCyNNyNOyMN,NVEC )

0055 85 CONTINUE
C
C L I
C * DATA MATRIX IS PRINTED *
C e e e 3 e o o ke 9 s sl k3l ol e ade ol ok 3k ok ok e Ak ok
C

0056 DO 95 I=1,NN,9

0057 K=1+8

0058 IF (KeGE4NN) K=NN

0059 - WRITE (6,90) (L,L=1,K)

0060 90 FORMAT (*1",14%X,9(10X,I12})

0061 v DO 95 J=1,NN

0062 95 WRITE (64100) (NAME(J, L), L=1y4),(DATA(J,N) N=T,K)

0063 100 FORMAT (I14,%,,3A4,2X,9F12.3)
C
C 3 e ek ok ok ale e ofe o ke o e ook e e dk ok 3k ol gk e ok ke o ok sl e o e % ko e sk ok ok Aok ol vk vk
C * TOTALS & SUBTOTALS OF COLUMNS & RNWS *
C * CALCULATE PRINT & *
C * STORF *
C K Ak ok A 3k sk dk ok koo ok ok ok sl Y de e ol ok ok ol ok o e dlkole sk ok ok o el e e ok ok XK o X K e Rl R Xk
C

0064 SUMR=0.0

0065 SUMC =0.0

0066 DO 110 1=1,NN

0067 RTOT(I1=060

0068 DO 105 J=1,NN

o 0069 105 RTYOT(1)=RTOT(I)4+DATA(T,J)
: - Q070 110 SUMR =SUMR+RTOT(I)
EJXU; DO 120 I=1,NN
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0072
0073
0074
0075
0076
Q077
Q078
0079
0080
3081
0082
0083
0084
0085
0086
0087

0088
0089
00%0
J091
0092
0093
0094
- 0095
0096
0097
- 00945
0099
0100
o101
0102
o103
0104
0105
0106
0107
0108
0109
0110
0l1l1
- 0112

o113
0114
0115

0116

Q 117

ERIC118

115
120

121

122

123

124

e NeEG NGNS Ra

12¢
130
135
140
145
150

158
160

165

OO OOD

175

21 MAIN 2ATE = TR TT

CTOT(})=0.0

D0 115 J=1,NN
CTOT(I)=CTOT(1}¢DATA(Y,1)

SUMC =SUMC+CTOT{ )

DO 121 I=1,NN

DO 121 J=1,NP

DATA (I ¢NNAL)Y=DATA(T,NNAL)+DATA(I,J)
DT 122 I=1,NN

DATA (I,NNA2)=RTOT(!}

DO 125 I=1,NNA?

D2 123 J=1,NP

DATA (I NNA3)Y=DATA{I,NNAZ)+DATA(Y,T)
DO 124 K=NPA] NV

DATA (T oNNASGY=DATA(T ZNNAGY+DATA(K, )
DN 125 L=NVAY NI

DATA (I NNAS)=DATA{I,NNAS)+DATA(L,T)

i e o o o o o o o e o ok o o ook o ok s ook o K

* TRANSACTIONS MATRIX IS PRINTED =%
o o e 2 o X e ok ok o o ook oK T o o o oK ok e ok e oK ok K ko K

D3 160 I=1,NNA2,9

K=[+8

IF (K, GT.NNAZ) K=NNA2

WRITE (64126) (Laol=T1,K)

DO 150 J=1,NN

WRITE (641451 (NAME(JI, L) oL=2y4) 3 (DATA(JI, NI N=T,K)
IF (JoFQeNP)Y WRITE {(6,130) (DATA(L,NMARY 41 =1,K)
[F (JefQaNV) WRITE (64135) (DATA{L,NNASG) L =1 ,4x)
N1=NP

IF (JeFQRQeNI) WRITF (6,140} (DATA(L JNNABY L =T,41)
IF (J.EQ.NID) GO TO 150

FORMAT( 'L TRANACTION TABLE'///* ",168X,9(10X, "7}
FORMAT(//2Xy" INT, PURCHASES *,3X,9F12427/1)
FORMAT( /72Xy ' VALUE CREATED %y 3X,9F12,2//1)

FORMAT( //2X? TOTAL [MPORTS ',3X,9F1242//)

FORMAT ([4,%."+13A4,2X,9F12,2)

CONT INUF

WRITE (6,155' (CTOT(M&) 4 M4=1,K)

FORMAT( /72X, *COLUMN TOTALS'93X,9F12,2//)

CONTINUE

WRITE (6+165) SUMR,SUMC

FORMAT( '1',% ROW SUM = " ,F17,4,5X,"COLUMN SUM =',F17,4)
DO 170 [=1,NN '
DATA (NNA1,I)=CTOT(I}

CONT INUE

o ok e o o Xk ok ke oo ode ok ook A age ke o o o e e o ak o ok vk ok sk ok ok Xk ok
* ENVIRONMENTAL MATRIX & EMPLOYMENT x
* VECTOR IS PRINTED 5

ok A e ok e ek ok e ok X o e ol ok ok ak e e Xk o vk vk ok e ok o ek ki dk o

IF (MNoEQeO)Y GO TC 185

DO 180 I=1,NPAl,9

K=1+8

IF (KoGT.NPAl, K=NPA1

WRITE (6,175} (L,L=1,K)

FORMAT(*1* ,3X,'ENVIRONMENT AL FACTNORS '/ ////15X,
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0119
0120
0121
0122
0123
0124
o125

0126

0127
0128
0129

0130
0131
0132
0133
0134
0135
0136
. 0137
o138
0139
0140
014l
0l42
0143
0144
0145
0146
0147
0lé48
0149
0150
0151

. 0152
0153
0154
0155
0156
0157
0158
0159

Q160

180
185

190

195

Q
(@]

NOOOOOO N

(@
8

210

220
225
230
235

240
245

AN OOO

246

21 : MA TN rTE = T

13(10X,12}}

DO 180 J=1,MN _

APITE (64145) (NAM2(JoL)oL=1,4) ,(POLIJyNI 4N=T,K)
CONTINUE

CONT INUE

[F (LAB,EQ.O} GO TO 195

WRITE (64+150) (I,EMP(I},T=1,NP)
FORMAT{'1*sSX ' EMPLOYNMENT  VECTOR® /7 4 (55X 12,4, 1,57,
1F10.21)

CONT INUE

DATA MATRIX IS STOPED AS DAT2

DO 200 1=1,NNA1L
DO 200 J=1sNNAL
DAT2(1,J)=DATA(T,J)

e e sk e e e ok e e ale e sl o e sl 2ol ok ok K R o ol Bk
* DIRECT REQUIREMENTS ( 1 &2) =
* CALCULATE ¢ PRINT *
Yo wie e fe % Aok Aol e Ak e d v d e v e ol o vk o A K o e ol e ik

CONT INUF

DO 210 [=1,N1

CTINT(1)=0.0

DO 210 J=1,NN

DATA (J,1)1=DATA(J,I1)/DATA(NNAYL,T)
CTOTEI)=CTOTL{II+DATA(J 1)

DO 230 I=1,NPAL1l,2 :

K=l+8 .

IF (K.GT&NL, K=N1

M2 =K .

WRITE (64215} (L,L=1,K)

FORMAT(*1 DIRECT REQUIREMENTST /15X, 9(12X, 121}
DO 222 J=1,NN

WRITE (44225} (NAME(J L) oL=1,4),(DATALJ,N) yN=T 4K}
FORMAT {14977 43A4,2X:9F12,.5)

WARITE (6192351 (CTOT(ML) Me=T,K)
FORMAT(//2X"COLUMN TATALS* ,2X,9F12.51)
IF (NlaEQeNP) GO T 245 )
DN 240 I=1,N1

DN 240 J=1,N1

DTEC( I, J)=DATA(L,J)

CONT INUE

e 3 o e oo o o ok ok o oo ol o o ke ko oK ook ok ok

* INVERT MATRICES 1 & 2 *
e oo ook ok ok KK K 3k o o K oK Kok ok o

L=N1

M=1

DO 246 I=1,N1

DATA (I1,I)=1,0-DATA(I,!I)

DN 246 J=1,N1

IF(TeNE«J) DATA(T,J)= -DATA(I,J)
CALL INVERT (DATA,L,IER,LLyMM}
IF (1ER.NE,O0) STNP

DO 250 !=1,N1

CTOT(11=0a0
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0162
0163

0lé6a
.0165
0166
0167
0l6s8
0168
0170
o171
0172
g173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183

0184
0185
0186
0187
0188

0189
0190

0191
0192

0193
0194

Q
ERIC o195

IToxt Provided by ERI

50

OO N

255
260

265

270

278

276

NOOCOOOOOOOO OO

2l MAIN ArTE 2 73177

DO 250 J=1,N1
CTIT(I)=CTOT(I1)+DATA(Y,I)

A e 3 s o % o o e o 3K e i o Kok ol e ol ok ok ke e ke Y e Ak ok ok ok

* PRINT & STORE INVERSES 1 A 2 =
2o e o e ot ok o e o ok sk ook e ok kol e ke R e e ok

IF (N1.EQ.NPAl) GO TO 260

DO 255 I=1,N]

DD 255 J=1,N1

DINT(I,J)=DATA(I,J})

CONT INUE '

DO 278 1=1,N1,9

K=1+8

IF (KeGTeN1) K=N1

WRITE (6,265) (LyL=1,K)

FORMAT({ ']l INTERDEPFNDENCE TABLE*/15X,2(10X,12))
DQ 270 J=1,N1l

WRITE 164225) (NAME(J,L) oL=),4), (DATA(S ML),y ML=T K )
WRITE (6,235) (CTOT(M4),M4e=T,K)

CONT INUE

N1=N1+1

IF (N14EQsNPA2) GO Tn 28D

DO 276 I=1,NNAL

DO 276 J=1,NNA1

DATA (1,J)=DAT2(1,4)

GO TO 205

S oo R A KKK ko o R
* AT THIS POINT THE STORED MATRICES ARF AS FNOLLOwS  *

# DINT=INVERSE 1 DAT2=0RIG FCNN DATA - %
* OTEC=TECH COEFF W/ HH POL =0RIG RES NATA b
* CATA=INVERSE I1 %

e ook fc ok ke 0k vk de ke dk ook e s ook o o ool RO ek Rkl ok R R AR W A R kA K RN

e e ok e 0ok k% e o ok e ook e ok ok ok ok e o ol o ok ok o ek ek

* INCOME MULTIPLIERS I &11 %
o ke o e o o ok o e ok ke ade ok ok ok ofe abe e ko wic de ok ok ok o Xk ok

DO 290 1=1,NP
VALUE=0.0
DO 285 K=1,NP
VALUE=VALUE+DINT (K, [ )%DTEC(NP AL ,K)
STNR2(1)=VALUE
TYOF [
CALCULATE & STNeE
DO 295 I=1,NP
MULL{T)=(STOR2(T)/DTECINPAL,I))
TYPE 11
CALCULATE & STNRE
00 300 I=1.NPAl
MUL2(T)=(DATA(NPAL,I)/DTRCI(NPALl,1))
PRINT
[6 1]
WRITE (6,305) (I,MULL(I),I=1,NP)
FORMAT( '17,10X,' INCOME MULTIPLIFER® /0 t 15X, ¢TyDr 10,

1/7106X+12+6X9F9,4))

WRITE (64310) (I.,MUL2(1),I=1,NPAL)

/'J.’
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- 0107

01¢8
019
J200
0201

0207,

02n13
0204
0205
0206
0207
0208
0209

0210
0211
0212

0213
021 4
0215
0216
0217
0718
0219
0220
0221
0222
0223
0224

0225

0226
0227

: 0228

02729

L@ 1230

FullToxt Provided by ERI
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310

DO OO

W
—t
N

120
325

130
325

13¢
34C

(]

ke EnEeNe!

345

350
355

360

o
(%))

SO OO W

21 _ : : MA TN VCTS o= Ty ng 200

FAMAT(*1¢ 10X, INCOME MULTIPLIFR'/® ¢, 18y, 17vDr (10,

1706X91246XyF9es))

**#*#*****t***#*****ﬂ***********w****t&t*t#vuw;fﬁr*
* FMPLAYYENT MULTIPLIFERS : *
# CALCULATE, PTINT, & STORE TN DATA(NN+L,T) Lo
********#**##****#*************f***#*#tﬂﬂ**t**ﬁ**ﬁt

TF (LAR.FQ,0) /7 TN 349

DO 315 1=1,NP

EMP(T)=EMP(I} /DATZ(NNAL,T)

DN 325 T=1,NO '

CTNT(1)=0,0

VALUE=),0 | :

NN 320 K=1,NP

VALUF=VALUE+DTST (K, T) %EMP (K)

CTATCI) =VALUF

PO 330 J=1,NP

RTIIT(I) =CTATLI) /EMP(Y) :
WRITE (6£,335) (1,FMP(T),CTAT(I),ETAT(1),1=1,N0)
FORMAT(TLY 28X, ' FMDLAYMENT  MULTIPLT Pat// 2y,

YIDIRECT SFFECTY,0X, 'TOTAL SFFECTY,ax,0 4" [PyL TS0,
2/010X012,3X,F S, 5,73X,F7,5,10%,F0,5))

DO 3246 T=1,NP
DATA (NNA&,I)=RTO7(T)
CANTIN= ’

s e o e e ol ok e ok e e o e ok ook ok ok o Kok e o e ok ko T ke e e e
¥ EMVISONMENTAL FACTORS PER § OUTPYT =
*CALCULATE PRINT & STORE TN PNL{J,T) =
He sl o e oo o e o e el e e ok ok g ok o e e o ok O o RO e e e

IF (MN,EQeD) 6N TN 828
N 345 1=1,NPA!
NN 345 J=1 ,MN

POLCJyTI=POLLJ, TY/NATD (NNAY,TY

DO 265 1=1,NPAY, 0

K=1+8

TF (KiGTNPAL) K=NPAY _

IF (1/72%24FQe 1) WRITE (69350) (L L=7,K)

IF (I/72%24F(s 1) GG TN 360 '

FORMAT (/7/7/715%,9010X%X,12))

WeITE (6,358) (L,L=1,K) ,

FOPMAT(*1ENVIR, FACTARS PER NALLAR yTPyYTr//7 /15X,

19(10X,12)1)

CONT INUF
NO 365 J=1,MN
WRITE (56,390) (NAMI(JyL)al=1,4),(POL(Js" ), H=T,K)

*****##*****#*******#t#*#**##*t***********w'
* ENVIRONMENTAL INTFRDEPFNOFNCF MATRIX "
* CALCULATF, PEINT,& STORF IN PINT =

e e e 3 o e ok ok o e e e ko ok ol ok 26 o ok e e ode o ok oK ook o ek ek ok ko

DO 370 1=1,MN .

nO 370 J=1,NP
PINT(1,J}=0 . : . o ~ :
DN 370 K=1,NP i ' o - o



FATTRAN TV G LEVEL 21  MAIN L aATE = 7 20/2

~—— * R \

0232 170 PINT UL, JY=PINTI I, J14PNLT,K)*DTNT (K, J)
n233 nM 395 [=},NP,C
N7234 T K=ts+n
22135 - TF {KeGT,NP) K=NP
07236 TF M 1/72%2,5Q01) WRTTE (64350 ) (L 4t =7 ,4¥)
-.02137 IF (1/2%2,FQ,1) Gf TN 380
0238 WRITE (£,375) (L,L=7,K)
2?2139 375 FOSMAT( 'Y ENVIOONVINTAL INTFEOFDENNDENCT 1,
. I'MATDIX'/IIISX.O(‘OX 12))
0240 IRC . CNANTINUE
0241 _ NN 3RS J=1 ,MN - :
0242 2185 WRITE (643G0) (NAM2(J U)ol =144}, (PTNT(J,"1), =T,
- D24% 190 FOPMAT (T4, ', " ,304,2X,9F12,¢€)
0244 ' 135 CONT INUF
C
C o o ¢ 2 ook 7 o ke ok e e w o e Bk o v ok g e e K
c % FNVIR, MULTIOLTFRS %
r. # CALCULATFE £ PEINT %
C e ol g ol v e dle o ol e ok ol ol el 3K o ol o ok ot e e Ak ol o ok
r
r, Typr ¥
r CRYTRAPTHT AL AN TI DL [ER
C
0245. NC 400 T=1,MN
0246 NN 400 J=1,NP
0247 TE (POL(T2J)aNEeNo0) DAT2(1,d)=(PINT (T, g}/ l(T.JH
0248 TF (POL(T 0 ) aFRedeDeNNe PINT(I4J)sFa0,) DATI(, 4)1=0,0
N249 400 IF (POL(T,4J),2F020a0, A”DcPYNT(Y JINEGN, Y)Y DATI(T, .1
' 1=12J0009
0250 PO 415 T=1,NP,G -
0251 - K=1+8§
0252 o TF (KeGTeNP) K=NP
0253 IF {I/2%2.F00 1) WRITF (6,350) (L,L=1,K) i
0?54 o IF (1/2%2,€Q,1) GO TN 410 : -
0755 WRITE (64405) (LoLl=T,K)
0256 405 FOSMAT( 'Y SNV, SFLF MULTIRPLIFR T ¢///718¥,°(10%, 12y -
0257 410 CONT INUF ' ’ -
0258 NN 415 J=1,MN . : ‘
0259 415 WRITE (64390) (NAMI(J LY, L =1,4), (DAT2{J M), M=T,¥)
o - : . .
r - TYPF 1
" ‘ FNVIR{INMENT AL [NTCSrDIEPENNEMCE
C ) MATRTYX TN M ATER
0260 . NN 420 T=1,MN '
0261 ’ DN 420 J=1,NPAY
. 0262 NTEC(1,4)=0,
0263 : ND 420 X=1,NPA?
0264 420 DTEC (T, J)=0TEC(T,J3+00L(T, KYXDATA(K,y J)
0265 : DD 440 I=1,NPAY,Q
0266 , _ K=1+2% i
0267 - CIF (K GTeNPAL) K=NPA1 , o
0268 IF (1/72%2.5Q41) WPITFE (64350) (L,L=T,K} . i
0269 : IF (1/2%2,FQ. 1) GO TO 430 - ¢
0270 L WRITE (6,425) (LoL=1,K) L :
0271 L 42% FORMAT('1 ENVIRONMFMTAL INTERDEPENOFNCE ¢,

VTR IR S

——a

"MATRIX T11///15X%,9(10X,12))
430  CONTINUE
- NO 435 J=1,%N

1§ 25 S w3

W
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Fl=TRAN -

Q274
0275

0276
0277

. 0278

0279
0280

0291
92R2
0203
02 R4
0785
02 A4
0287
0288
0289
0290

0291
0292
0293
0294
0295
0296
0297
07298 -
0799
0300
0301

0302
0303
0304
0305

0306
0307
0308
0309
0310
0311
0312

Iv G LFVFL

OO OND P

Yz

425

(@]

Nl

445

450

456

>
o

465

470

%75

480
4858

c

490

21 MATIN . IATE = 7oy

"WRITF (6,3901 (NAN7(J,L),L 1, 4),(nfrr(J,w).v To¥)
CONT INUE _

Typc 17

FHYTDO MENTAL MIJLTTID TER

DO 445 I=1,MN
DN 445 J=1,NPAl S _
IF (POL{T+JVeNF o 0aD) PPLAT W J)=DTEr(T gy /oY, )

IF ‘pDL(I’J).FQ.O.OOANDODTEC(T’J,1:0301q] DGL(Y;J,:)uO
IF (POLCT s J)aFNRaDe0oAMNNGDTEC(T,J)aNFEL3,01 POL(T )=

11097000

NN 460 1=1,NPAY,O0

K=1+8

1F (K.GToNPAY) K=NPAY -

IF (1/2%25QaT) WEITE (6,350) (L ,L=7,K)

TF (1/2%2,FQ,1) 6N TN 45§

WRITE (A,4650) (L,L=1,K)

FA2MAT('Y FNV, SELF MULTIPLYIFC [11///'5%,C( D%, 12})
CONT INUF

DO 460 J=1,MN ' :

WRITE (6,390) (MAMP (JyL},L= -,41.(DﬂL¢J.wv.:-! <}

**#*f***t***&**#********#******

* COMBINATION MULTIPLIFRS *
* FNVIRNONMENTAL - FMPLOY  *
T % ENVIRINMENTAL - TNCOMF %

" sfe e ok e e P ofe e e okt o e v ook e vk ok ok e Fe o o ol ol o ook e ok

ENVIC ONMENTAL - FMD| OyuenT

CALCATE 5, DRINT

IF (LABLEQ.O) GO Trt «rS§

DO 465 J=1,NP.

DO 465 1=1,MN

STOR(T,J)=PINT(T, J’/FT”T(J)

DN 480 T=1,NP,9

K=T+1% _

IF (KoeGTaNP) K=NP

IF (I/2%26F R, T) WRYTTE (6,350) (L,L=7,K)
IF (1/2%2.504.1) GO 70O 475

WRITE (65,4701 {LeL=T,K)

ENOMAT( '] ENVIRON — CMPLAYMEMT MOLTIPLIFRCSY // /18y,

19(10X,12))

CONTINUE

DO 430 J=1,MN

WRTTE (69390) (NAMZ(JoL)oL=1y0) o (STOR(J,NMY M= K)
CONTINUE ‘ ' ' - :
' - ENVIPONMENTAL - TrOnve T

DN 490 J=1yND
DN 490 [=1,MN ) f
PIMT(I»J)—PIMT(IaJ’/ST”p?(J’ ) R
DN S05 I=1,NP,G - '

K=1+8

" IF (KeGT4NP) K=NP

TF (1/2%2.FQ.1) WRITF (6,350 (L,L=1,K)
1F ([/262.FQ. 1) GF TA 500
WRITE (64495) (LyL=1,K) .-

CALCLATE 5 BEINT

ORI T B et ity
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0318 495  FORMAT('1 TYPE | FNVIPAN - INCOME MULTID2VTRERC L7 /VEY, .
19(10X,12)) .

ER N : 50C CONT INUE

07 ' NN 505 J=1,MN B
2218 508 WRITE (54390) (NAMP(J L) sl=198),y (PINT SNy yN=T,¥)

. r

C ' FNVIDUN” MTAL - tTyenwme 77
C ' CALCHLATT | DEIMT

0319 ) NN 510 J=1,NPAlL

0320 ' ne 510 I=1,MN

0321 510 DTFC(TI,3)V=NTFEC(T,J)/NATA(NPAL , )

0322 no 525 1=1, N°A1,°,

0323 K=1+8 .

2324 _ IF (KaToNPAL) K=NPAY

0325 IF (T/2%2.FQe1) WRITE (A,350) (L,L=1,K)

0226 . IF (1/2%2.FQ.1) GC TN 520

0327 WPITFE (64,515) (LsL=7,K)

0328 ' 515 FORMAT('! TyPE T1 CVVTQDN - INCOME “UtT'PI¢°§'///‘=X,

19(10X,12))

0329 520 CONTINUF ‘

0230 PO 525 J=1,MN _

0331 o WRITE (A390) (NAM2{J,L) L= ya) y {DTECL L")y M=, K}
0332 528 CONT INUE

0333 . STNp -

0334 FAND




FORTRAN IV G LEVEL 21 o © INVERT . DATE = 73177 IRV

0001 SUBROUT INE INVERT(X Ny TERR 4Ly M)
C REAL MATRIX INVERSION SUBROUTINE RY GAUSSIAN
o ELIMINATION
c o . A
o THE FOLLOWING CALLING SFQUENCE SHOULD BF USEN T0 ENTER
C THE FOLLOWING CALLING SEQUENCE SHOULD BRE HSED T CNTEP
C THIS SUBROUTINE eeeee X
o : CALL INVERT(X,N,yIERR)
. c WHERE o :
c . X IS THE MATRIX TO BE INVERTED
C N IS THE QRDER QOF X .
- C IERR IS AN ERROR FLAG DENOTING SUCCESSFUL N2
C NON-SUCCESSFUL INVERSION OF X ~
C ,
o
0002 DIMENSION X(100,101),L(100),M(100)
o SEARCH FOR LARGEST ELEMENT IN X

0003 _ DO 80 K = 1,N

0004 L(K) = K

0005 , M(K) = K .

2006 XBIG = X(K,K)

0007 DO 20 I = K,N

0008 DO 20 J = KN .

0009 IF(ABS(XBIG)e GE«ABS(X(I,J))) GO TO 20 \
2010 XBIG = X(I,J) . =
v 0011 N S L(K) =1
- 0012 ) M(K) =

+ 0013 20  CONTINUE
o NOW INTERCHANGE ROWS .
0014 IROW = L(K) -
* 0015 IF(L(K)eLEeK) GO TO 35 . .

0016 DO 30 I = 1,N ' - J

0017 WAIT = =X(K,I) . - —

0018 » . X(KeI) = X(IROW,I)

0019 30 X(IROW,I) = WAIT

- C . NOW INTERCHANGE COLUMNS

0020 35  ICOL = M(K)

0021 IF(M(K)sLE.K) GO TO 45

0022 DO 40 J = 14N

- 0023 WALT = =X(J,K)
0024 X(JeK) = X(J,ICOL) -
0025 40  X(J,ICOL) = WAIT _
' o NOW DIVIDE COLUMN BY MINUS PIVOT
0026 45 D055 IC = 1,N
. 0027 IF(ICsEQaK) GO TO 55
- 0028 XCIC oK) = X(ICyKI/(=X(KyK))
L 0029 55  CONTINUE , ' \
o o ~ NOW REDUCE MATRIX -
i 0030 DO 65 1 = 14N

0031 DO 65 J = 1,N

0032 - _ IF(1.EQeK) GO. TO 65

0033 - -IF(J«EQeK) GO TO 65. -

0034 . . X(Ied) = X(I,K)%X(KeJ) + X(I, J)

- 0035 65  CONTINUE
P S o NOW DIVIDE ROW ev PIVOT L _ |
,[}{UC)Bb o DO 75 JRO = 14N . ‘ o o o R

IF(JRO.EQ.K) GO TO 75



FORTRAN IV G LEVEL 21 INVERT © DATE =~y 1as2,

0038 X(KyJRO) = X(KyJPO)/X(KK)

0039 75  CONTINUE

: c CONT INUE PRODUCT. OF PIVOTS AND REPLACE ©IVDT Rv
| 'C °© RECIPROCAL . '

0040 CALL OVERFL(J1)

00641 ' CALL DVCHK{J2)

0042 X(KyK) = 1e0/X(K4K)

0043 _ _ CALL DVCHK(J2)

0044 T L IF(J24EQel) GO TO 600

0045 CALL OVERFL(J1)

0046 IF(J1.EQ.1} GO TO 600

C ° NOW CONTINUE OVERALL OPERATICON
0047 80 CONTINUE -
C NOW FOR FINAL ROW AND COLUMN INTERCHANGF

0048 K = N '

0049 . 100 K = K -1 - _

0050 " IF(KeLEeO) RETURN .

0051" . 1 =. L(K) '

0052 IF(I.LEeK) GO T3 120

0053 DA 110 J = 1,N

0054 WAIT = X(J,K)

0055 X(JeK) = =X{Jy1)

0056 110 X(J,I) = WAIT

0057 . 120 J = M(K)

0058 IF(Je.LE.K) GO TO 100

0059 DO 130 I = 1,N

0060 CWAIT = X(K,I)

0061 XCKo1) = =X{J,y1) .
© 0062 130 X(J,I) = WAIT | - |

0063 ' - 60 TO 100

0064 600 IERR = 1
" 0065 _ RETURN

0066 END

QPR IN § Prn riego m
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2001 SUBR CUT INE CMPRSS{NC yNEWND,MN V)
U002 ' DIMENSTON DATIX(100,100),POL{25,102),NY(35),7%P(12D)
2003 COMMON/DEP/DATIX, EMP, POL
0004 DO 100 IC = 1,NM,3
0005 INC = NV(IC)
0006 TR = NV(IC +i)
JC07 [FD = NVITIC +2)
0008 IMV = NV{IC +3)
2009 TEDZ2 = NV(IC +4)
0010 DO SO I = 1,NO
0011 SUM = 0.0
0012 SUMP = 0.0
0013 D0 40 4 = IB,IED
0014 IF{MNeEQaOaORMNLLTQI) GO TO 40
0015 SUMP = SUMP + PQOL(T,Jd)
0014 40  SUM = SUM + DATIX(I,J)
0018 POL(I,INC) = SumP
0019 50 DATIX(1,INC) = SuM
0020 TF(IED+1.EQ.IED2Y GO TO 120
0021 IA = [ED + 1~
0022 17 = 1ED2 -1
0023 IF{12.LT«0) GO TCO 100
0024 DO 80 I = 1,NO
0025 K = INC + 1
0026 DO 80 J = IA,I12Z
0027 ITF{MNeEQeOsOReMN,LToI} GO TQ 70
0028 » POL(TI,K) = POL(I,J)
- 0029’ 70 DATIX(I,K) = DATIX(I,J.
00%0 B0 K = K + 1
0031 100 CONTINUE
0032 IF(1ED.EQaNCO) GO TOQ 25
J033 DO 20 1 = 1,NC
2034 K = INC+1
0035 M = IED +1)
0036 D0 20 J = M,NO
0037 TF{MNeEQe0aORaMNsLToT) GO TO 19
0038 CPOLLT,K) = POLLT,U)
0039 19 DATIX(I,K) = DATIX(I,J)
2040 20 K = K + 1
0041 25 I1ZE = NEW + 1 .
0042 _ DO 301 =1,NO
0043 DO 30 J4= 12F,NQ
0044 IF(MNeFQeOsOR4MN,LT4I) GO TD 20
0045 POL(I,4J) = 0.0
0046 30 DATIX{I4J) = 0.0
‘2047 DO 200 IR = 1,NC,3
0048 INR = NVI{IR)
» C049 IB = NVIIR +1)
0050 IED .= NV{IR +2)
0051 IMV = NVI{IR +3)
J052 1€D2 = NV(IR +4)
0053 DN 170 4 = 1,NEW
0054 SUM = 040
0055 DO 150 1| = IB,I1ED
0056 150 SUM = SUM ¢ DATIX(1,4)

170 DATEX(INR,J) = Sum
IF(TED+L.EQeIED2Y GO TO 200




FORTRAN IV G LEVFL

0059
0060
0061
0062
0063
0064
0065
0066

0067
0068
2069
0070
2071
0072
0073
0074
0075
0076

0077

0078
0079
2080
0081
0cs82
0083
0084
0085
0086
d087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
g103
0104
0105
0106
* G107

0108

0109

180
200

120
125

130

240

280
300

220
22%

330
500

21 CMPRSS
IA = IED +1
1Z = [eD2 -1

IF(1Z.LT.0) GO TC 200
DO 180 J = 1,NEW

K = INR + 1}

20 180 = 1A,12Z
DATIX{K J} = DATIXI{I,J)
K = K +1

CONT INUE

IF{IEDe ERNCY GO TN 125
DO 120 J = 1.NEW

K INR + 1

M IED + 1

DO 120 I = M,NN
DATIXIK,dY = DATIX{T,4)
K = K+ 1

TZE = NEW + 1

po 130 J 1, NEW

DO 130 1 1ZE,NC
DATIX(I+J}) = 0.0

DO 300 TV = 1,4NC,3

nou

INC = NV{IV)

18 = NV{IV +1)
[ED = NV(IV +2)
IMy = NV(IV +3)
TED2= NV(IV +4)
SUM =0:0

DD 240 J = IB,LIED

SUM = SUM + ENMPL(J)

EMP{INC) = SUM
IF(IED*1.,EQ,1ED2)Y. G0 TO 300
TA = IED ¢+ 1

12 = 102 - 1

IF({1Z2.LTs0) GC TO 30D

K = INC + 1

D0 280 J = 1A,1Z
EMP(K) = EMP(J)
K = K ¢ 1
CONTINUE

IF(IEDeEQaNC) GO YO 225
K = INC + 1

M = 1ED + 1

DO 220 J = M,NO

EMP(K) = EMP(J)

K = K + 1

IZE = NEW ¢+ )

DN 330 J = 1ZE,NO
EMP(J) = 0.0
CONTINUE

RETURN

END



FORTRAN IV G LEVEL 21 ~BLK DATA ' DATT = 7T 1073

0001 BLOCK DATA

0C02 DIMENSION DATAL(YICO,100),PCLI25,120),5MB1Y 1)
2003 COMMON/DEP/DATALEMP,PCL

0004 ' DATA DATA/10020%04.0/,P0L/2500%Cad/ 27320572, 3/
0005 END

k1
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