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LAKE POWELL RESEARCH PROJECT

The Lake Powell Research Project (for
mally known as Collaborative Research on
Assessment of Man's Activities in the Lake
Powell Region) is a consortium of univer-
sity groups funded by the Division of Ad-
vanced Environmental Research and Techno-
logy in RANN (Research Applied to National
Needs) in the National Science Foundation.

Researchers in the consortium bring a
wide range of expertise in natural and so-
cial sciences to bear on the general prob-
lem of the effects and ramifications of
water resource management in the Lake
Powell region. The region currently is
experiencing converging demands for water
and energy resource development, preserva-
tion of nationally unique scenic features,
expansion of recreation facilities, and
economic growth and modernization in pre-

viously isolated rural areas.

The Project comprises interdisciplin-
ary studies centered on the following
topics: (1) level and distribution of
income and wealth generated by resources

development; (2) institutional framework

ii

for environmental assessment and planning;
(3) institutional decision-making and re-
source allocation; (4) implications for

federal Indian policies of accelerated

economic development of the Navajo Indian
(5)
demographic structure;

Reservation; impact of development on
(6) consumptive wa-
ter use in the Upper Colorado River Basin;
(7) prediction of future significant
changes in the Lake Powell ecosystem; (8)

recreational carrying capacity and utili-
zation of the Glen Canyon National Recrea-
tional Area; (9) impact of energy devel-

opment around Lake Powell; and (10) con-

sequences of variability in the lake level

of Lake Powell.

One of the major missions of RANN proj-
ects is to communicate research results
directly to user groups of the region, which
include government agencies, Native Ameri-
can Tribes, legislative bodies, and inter-
The Lake Powell Re-
search Project Bulletins are intended to

ested civic groups.

make timely research results readily acces-
sible to user Groups. The Bulletins sup-
plement technical articles published by

Project members in scholarly journals.
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ABSTRACT

In this Bulletin the impact of power
production in the Lake Powell area on the
economy of the Southwest is investigated
using the Metzler Model of interregional
trade. Secondary data (of the input/out-
put variety), organized by regional indus-
trial sector, are used in application of
the model.

regional change in gross national product

The impacts demonstrated are

(GNP) and regional additions to employ-
ment. These impacts are generated by the
initial changes in the pattern of trade
occasioned by energy exports from the Lake
Powell area, and the resulting regional
expansion in energy-consuming activities.
The model takes into account the effect of
imports and exports among regions on the
determination of GNP, through multiplier
effects on local exogenous expenditures.
The resulting changes include direct as
well as indirect effects.

The specific sources of power gener-
ation considered in the study are the Glen
Canyon Powerplant (hydroelectric) for the
years 1972 and 1973 and the coal-fired Nav-
ajo Generating Station for a hypothetical
year during full power production. The
regions delineated are Arizona, Califor-
nia, Colorado, Nevada, New Mexico, Utah,
and a region we call "Rest of the United

States," exclusive of the Southwestern

states.

The multipliers depicting the effect
of an additional dollar spent locally on
the GNP of a region are found to be: 1.19
(Arizona), 1.52 (California), 1.32 (Colo-
rado), 1.07 (Nevada), 1.07 (New Mexico),
1.31 (utah), and 1.90 (Rest of the United
States).

According to results obtained from
the model, the overall impact of current
energy development in the Lake Powell area
(using 1973 Glen Canyon figures and those
projected for the Navajo Plant) is to gen-
erate a total increase in GNP of 1.25 bil-
lion dollars and an increase in employment
Of this

overall increase in GNP, 47 percent goes to

of approximately 76,000 people.

Arizona, reflecting the fact that this re-
gion contains the generating stations under
analysis and obtains a large direct expen-
diture ¥rom them; 24 percent goes to the
region "Rest of the United States" (exclud-
ing the Southwest), reflecting the impor-
tance of indirect expenditures resulting
from interregional trade; 13 percent goes

to California, a relatively closed and



highly integrated economy with a large lo-
cal multiplier; and 16 percent goes to the
Southwestern states, Colorado, Nevada, New
Mexico, and Utah, which are regions with

large propensities to import.

vi

Using state employment coefficients,
these changes in regional GNP are found to
generate total changes in employment of
15,847, 13,287, and 60,286 workers for the
cases of Glen Canyon in 1972 and 1973 and
the projected full operation of the Navajo

Generating Station, respectively.




THE MACROECONOMIC IMPACT
OF ENERGY DEVELOPMENT
IN THE LAKE POWELL AREA

[. INTRODUCTION

The Southwest is perhaps one of the
few remaining sections of the United States
which can expect major changes in both
distribution of population and regional
economic structure. Clearly these devel-
opments will require additional production
from western energy sources, both to meet
local demands and to satisfy increasing
demands for energy exports. The purpose
of this Bulletin is to indicate the ma-
croeconomic impact of a portion of this
expansion in energy production in the
Lake Powell area. By macroeconomic impact
we refer to growth in the gross national
product (GNP) and employment by region
(Arizona, California, Colorado, Nevada,
New Mexico, Utah, and a region we call
"Rest of the United States"

of these Southwestern states), as it is

exclusive

affected by energy development within the

Lake Powell area. Currently, power pro-
duction near Lake Powell is limited to
generation of electricity at the Glen
Canyon Powerplant (hydroelectric) and at
the coal-fired Navajo Generating Station.
This Bulletin will detail the impact of
these installations, and a future report
will consider the impact of proposed coal
development on the Kaiparowits Plateau
where additional electrical generating fa-
cilities and, possibly, coal gasification

are planned.

The value of a macroeconomic impact
study of energy production lies in the way

it shows how energy production in one re-

gion can affect growth and employment in
surrounding regions. Clearly the politi-
cal forces framing future energy develop-
ment in the Southwest will be shaped by
Al-

though the macroeconomic model developed

these as well as by other factors.

here uses a relatively simple approach to
interregional trade (that developed by
Metzler), it does capture basic economic
structure well enough to be a useful plan-
ning tool. In effect, we develop a one-
sector interregional input/output model
for the Southwest and the rest of the Uni-
ted States, with separate coefficients for
determination of energy use and employment
Thus,
to determine future energy requirements

effects. the model can also be used

given population or GNP projections.

The model developed in this study is
used to predict changes in GNP and employ-
ment by region, given an initial change in
the pattern of trade or exchange which is
caused by changes in exports of energy
from the Lake Powell area to surrounding
It should be noted that these
well as

regions.
changes in GNP include indirect as
in-

direct effects, i.e., not only the

crease in value of production made avail-
able by additional power, but also the in-
direct increase in production caused by
multiplier (respending) effects. Only the
first or direct portion of this overall
increase can be equated to the economist's
notion of gross benefits. Thus, we wish
to emphasize that the primary purpose of
this Bulletin is to estimate the impact of
energy production in the Lake Powell area
on regional growth, and not to assess some

measure of economic benefits.

The report is organized in such a
way that Section II can be read by the
lay reader; it contains a summary of the
methodology used and results of the model-

ing effort. Section III provides details



of the theoretical model and the method-
ology employed in this analysis, while
Section IV presents the estimated Metzler
Model.

in Section V.

Some final remarks are presented

1. IMPACT OF ENERGY DEVELOPMENT

ON THE LAKE POWELL AREA

The macroeconomic model which we use
to estimate the impact of power production
on GNP by region is based on the Metzler
Model of interregional trade. We derive
the impact of power production at the Glen
Canyon Powerplant and at the Navajo Gener-
ating Station on the GNP by region for
Arizona, California, Nevada, New Mexico,
Utah, and the region Rest of the United

States.

The Metzler Model takes into account
the effect on GNP of imports and exports
between regions through multiplier (re-
spending) effects on local exogenous ex-
penditures. Clearly a region which spends
a large proportion of its income on im-
ports will have a smaller multiplier effect
on expenditures than will a more self-
contained economy. The multiplier is lower
because a larger proportion of initial ex-
penditures is lost each time they are re-
spent on imports into the region (i.e.,
Thus,
important to adjust for such effects when

the money leaves the region). it is
considering impacts in an economically

connected area such as the Southwest.

The first step in estimating the im-
pact of additional electrical power on GNP
by region is to determine the allocation
of that power and the resulting direct in-
crease in expenditures (final demand) ne-
cessary to support such an increase in
power use.

In order to do this, energy

coefficients which translate increased
power use into increased dollar expendi-
tures are derived for each region from
Input/Output (I/0) data on energy consump-
tion by industry. It is assumed that the
industrial mix within each region remains
proportionally similar as output expands
The

coefficients which are used to accomplish

with increased energy availability.

this task are derived by disaggregating
national energy consumption, measured in
British Thermal Units (BTU),
sectors.

into economic
Then a direct correspondence
between energy consumption and the eco-
nomic data for each sector in the I/O table
is derived. This coefficient gives the
amount of energy used per dollar of sales
Thus,

energy purchased by region, one can derive

for each sector.l from increased
These
are then "multiplied" by the Metzler Model
to give total changes in GNP by region

the resulting direct expenditures.

after certain adjustments have been made,
as outlined below, to give net direct
expenditures.

Clearly, a region which experiences
an increase in direct and indirect expen-
ditures as prescribed by the Metzler Model
will experience an increase in employment.
Using state employment coefficients which
relate total regional output to the total
number of persons employed in the region,
an incremental change in employment for a
region can be calculated given the change
in the GNP of that region. Note that we
are considering the longer term employment
change as a result of energy production,
not as a result of initial construction
of a particular powerplant.

In order to apply this methodology
to obtain direct and indirect expenditures
and incremental employment changes, cer-
tain assumptions are used in applying the
data.




In 1973 Glen Canyon Dam provided 65
percent of the total power marketed by the
Colorado River Storage Project.2 Total
power included power produced and that pur-
chased from other sources in order to ful-
£ill existing contracts. Power production
at Glen Canyon Dam for 1972 was 64 percent
of the total. The allocation of megawatt-
hours for 1973 and 1972 is derived on the
assumption that 65 percent and 64 percent,
for each respective year, of the power
marketed by the Colorado River Storage
Project to each region was produced at
Glen Canyon Dam. This assumption must be
made since it is nearly impossible to
determine where power goes once it enters
the transmission grid.

The production assumptions for the
coal-fired Navajo Generating Station are
different, primarily because the plant is
A probable
scenario for future plant production has

not yet in full production.

been developed in order to derive the al-
Over the life
of the plant (35 years), it is estimated

location of megawatt-hours.

that a plant factor of 75 percent for the
station is reasonable. At this level of
operation, the estimated cost per kilowatt-
hour would have to be 13.7 mills in order
to provide full return on the investment
This is not the

charge that the participants will levy on

of the participants.

customers, but is in a sense their payment
to the Navajo Generating Station to cover
respective shares of capital and operating

costs.3

The direct expenditures resulting from
increased power availability presented in
Table 1 must be adjusted as is shown in

Tables 2 and 3 before applying the Metzler

Model. The adjustments take three forms.
First, the Glen Canyon Project, which the
Bureau of Reclamation supervises, requires

payback to the federal government; and,

second, the Navajo Generating Station,
which is managed by the Salt River Proj-
ect in which the participants are primar-
ily private firms, requires an allocation
of the return on investment. Third, operat-
ing costs must be allocated as regional
expenditures. For the Glen Canyon case,
(1) pay-
ments for the power sold by the Colorado

the adjustments are as follows:

River Storage Project from regions to the
United States Treasury must be subtracted;
(2) these payments are then redistributed
to all regions proportional to the frac-
tion of total federal purchases made in
each region after subtracting operations
and maintenance expenditures for Glen Can-
yon; and (3) operation and maintenance ex-

penditures are returned to Arizona.

Tables 1 and 2 present results for the
Noting from Table 1 that
Arizona received 994,854 megawatt-hours in

Glen Canyon case.

1973 from Glen Canyon Dam, and given that
this was the largest allocation, it is not
surprising to see the largest resultant
direct expenditure from the additional
$40,136,000.
$6,942,000 is returned to the Treasury,
and $184,000 is allocated back to Arizona
as federal expenditures.

power, From this amount,

Since the power-
plant is located in Arizona, the opera-
tions and maintenance expenditures are
assumed to remain there. The result is a

net direct expenditure of $41,000,000.

The adjustments for the Navajo Gener-
(1) pay-
ments for power "purchased" by the parti-

ating Station are as follows:
cipants must be subtracted; (2) profits
from the power generation must be redis-
tributed back to the regions; and (3)
operation and maintenance expenditures are
returned to Arizona. The result is then,
in both cases, net direct expenditures
which are "multiplied" by the Metzler

Model into changes in GNP by region.



Even though there are six partici-
pants [1l] in the Navajo Generating Station
when aggregated by region, only three

gross allocations are traceable. (0f the regions included in the Table, Califor- s
six, four market electricity in Arizona, nia's indirect expenditures are largest in
one in California, and one in Nevada.) proportion to direct expenditures, while
Thus, for the Navajo Generating Station, Nevada's are the smallest. This result is
net direct expenditures are zero for Colo- obtained because the California econom; is
rado, New Mexico, Utah, and the region Rest better integrated and less dependent on ,
of the United States. As we will see this imports than is the Nevada economy, and it
does not necessarily preclude GNP changes implies that an increment in power sold to
effected through the regional multipliers. California will have a greater increase in
local GNP, and consequently in local em-
These changes are presented in Table ployment, than will a similar increment p

4 in which indirect expenditures have been

singled out to give some idea of the mag-
nitude of respending effects for different

regions. Note that among the individual

sold to Nevada.

Table 1: Direct Expenditures as a Result of Additional Power
Allocation of State Energy Direct Expenditures
.948x10”3 x power by state x Coefficient = from Additional Power
(megawatt-hours) ($1,000/106BTU) ($1,000) .
1973 Glen
Canyon
Arizona 994,854 42.56 40,136
california 139,333 40.58 5,360
Colorado 816,013 37.99 29,386
Nevada 374,970 41.64 22,774
New Mexico 377,435 37.62 8,750
Utah 913,332 31.07 26,901
Rest of U. S. 271,909 36.14 9,317
1972 Glen
Canyon
Arizona 969,643 42.56 39,119
California 62,115 40.58 2,389
Colorado 674,614 37.99 24,294
Nevada 262,291 41.64 10,355
New Mexico 358,276 37.62 12,778
Utah 757,148 31.07 22,301
Rest of U. S. 204,532 31.14 7,008
Projected
Navajo Plant
Arizona 9,978,201 42.56 402,552
California 3,133,890 43.58 120,553
Colorado 0 37.99
Nevada 1,670,418 41.64 65,945
New Mexico 0 37.62 0 .
Utah 0 31.07 0
Rest of U. S. 0 36.14 0




9Z€‘61 0 $96°‘€T 9%9'T1 800°L S *1 30 3say
182‘8T 0 T SYT'Y 10€’2C yean
8¥6°'0T 0 02T 1s6°1 8LL'CT ODTX9W MSN
v08‘8 0 95 L09'T SGE‘0T epeASN
14 2114 0 €ce 680‘% ¥62've opeIoT0D
09y ‘v 0 oov‘c 6CE 68€‘2C eTuUIOITTR®D
96L‘8¢ 686'S FoT 9L%‘9 6T1'6€ euoZTIY
~ uolkue)d
uaTd ¢L6T
0s€‘€e 0 €29°GT 065’1 LTE'6 S ‘N 3o 3say
zro’‘ze 0 oFT 820°‘S 10692 yein
108°‘9 0 VET v80°‘¢C 0osL’s ODTX3W MAN
8vL‘0C 0 €9 880°¢ vLL'ze epeaaN
865°¥vC 0 (344 8€0’S 98€°6¢C opeIoTod
9vzT’L 0 589°2 66L 09¢’S eTuloyTTed
000‘T¥ €29'L 81 Zv6’9 9€T‘0b PUOZTIY
uolue)
usatd eL61
saanjTpuadxy aamod Iamod
20URUSUTEH + Teaspad + uokue) uUsTH I0F _ TeuoT3ITPPY
saanjtpuadxy = pue se sa3e3s 03 Xainseaa] 1eIapad woxy
3091Td 29N suot3exado pauxniay juswieg 03 3juauleg *uadxyg 30911d

(000°T$) 23e3s Aq seanjtpuadxd 3091Td ISN JO uorjTsodwod :g @Tqel



Composition of Net Direct Expenditures by State ($1,000) for Projected Navajo Plant

Table 3:

Net Direct
Expenditures

and =

Operation
Maintenance

+

Profits Returned
to
States

Payment
to Navajo Plant

To Cover Cost

Direct Expen.
from
Additional

Power

0
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oo
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0

123,001
42,934

0

402,552
120,554

Arizona
California
Colorado

mooo
(o]
™M
™
<
cooco
NOOO
~
)
nooo
-}
©
-
N
N
nooo
<
(=)}
-
n
(Y]
(%)}
[e] .
0o D
-
TR
T =
R
>2adw
Q0P
ZZD;

The impact of power production on em-
ployment in the various regions can be
seen in Table 5. Given that the employ-
ment coefficients are quite similar in
magnitude, it is not surprising that the
regions which receive a large proportion
of the power also experience large employ-
ment changes. Recalling the 1973 Glen
Canyon case in Table 4, we note the large
indirect expenditure of $64,838,000 for
the category "Rest of the United States."
This results in a relatively large change
in employment due to indirect expenditures
for this category. This example well
illustrates the interdependence of the
regional economies when exogenous effects

are traced through the Metzler Model.

The total impact of current energy
development in the Lake Powell area (using
1973 Glen Canyon figures and those projec-
ted for the Navajo Generating Station) is
an increase in GNP of 1.25 billion dollars
and an increase in employment of approxi-
mately 76,000 people. 0f this overall in-
crease in GNP, 47 percent goes to Arizona,
reflecting the fact that this region con-
tains the generating stations under anal-
ysis and obtains a large direct expendi-
ture from them; 24 percent goes to the
region listed as "Rest of the United States”
(exclusive of the Southwest), reflecting the
importance of indirect expenditures result-
ing from interregional trade; 13 percent
goes to California, a relatively closed and
highly integrated economy with a large lo-
cal multiplier; and 16 percent goes to
southwestern states other than california
and Arizona (Colorado, Nevada, New Mexico,
and Utah), which are regions with l.arge

propensities to import.

Several points should be made concern-
ing these results. Although economists are

generally concerned with the measurement




Table 4: Impact on GNP ($1,000) of Power Production
in the Lake Powell Area by Region
Net Direct Indirect Impact
Expenditures + Expenditures = on GNP
1973 Glen
Canyon
Arizona 41,000 10,214 51,214
California 7,246 11,223 18,469
Colorado 24,598 9,828 34,426
Nevada 20,748 5,666 26,414
New Mexico 6,801 2,988 9,789
Utah 22,012 11,331 33,343
Rest of U. S. 23,350 64,838 88,188
TOTAL 261,868
1972 Glen
Canyon
Arizona 38,796 9,327 48,123
California 4,460 8,630 13,090
Colorado 20,428 8,221 28,649
Nevada 8,804 4,443 13,247
New Mexico 10,948 2,858 13,806
Utah 18,281 9,378 27,659
Rest of U. S. 19,32¢ 54,882 74,208
TOTAL 218,782
Projected
Navajo Plant
Arizona 444,905 86,020 530,925
California 78,224 62,545 140,769
Colorado 0 11,749 11,749
Nevada 43,383 16,641 60,024
New Mexico 0 9,798 9,798
Utah 0 24,815 24,815
Rest of U. S. 0 210,448 210,448

of direct expenditures to define benefits,
large increases in indirect expenditures
with consequent employment effects are im-
portant in the political decision-making
process. The second largest increase in
GNP (24 percent) occurs completely out of
the Southwest and is composed almost en-
tirely of indirect expenditures. This sug-
gests that energy-related development in
the Southwest has a broad expansionary in-

TOTAL 988,528

fluence even when the energy is consumed
locally. Finally, indirect expenditures
should be counted as benefits when unem-
ployed resources (e.g., labor) are used in
It must be noted,
however, that even with existing unemploy-

the expansion of output.

ment, expansion of GNP may simply escalate
prices of scarce types of labor or in-
crease overtime, leaving levels of unem—

ployment unchanged.



Table 5: Incremental Change in Employment

Region Employment Change in Increment in
Coefficient 4 GNP = Employment
(people/$1,000) ($1,000) (# of people)
1973 Glen
Canyon
Arizona .0632 51,214 3,237
California .0562 18,469 1,038
Colorado .0634 34,426 2,183
Nevada .0621 26,414 1,640
New Mexico .0672 9,789 658
Utah . 0590 33,343 1,967
Rest of U. S. .0581 88,188 5,124
TOTAL 15,847
1972 Glen ) \ [
Canyon
Arizona .0632 48,123 3,041
California .0562 13,090 736
Colorado .0634 28,649 1,816
Nevada .0621 13,247 823
New Mexico .0672 13,806 928
Utah .0590 27,659 1,632 L
Rest of U. S. .0581 74,208 4,311
TOTAL 13,287
Projected

Navajo Plant

Arizona .0632 530,925 33,554
California .0562 ’ 140,769 7,911
Colorado .0634 11,749 745
Nevada .0621 60,024 3,727
New Mexico .0672 9,798 658
Utah .0590 24,815 1,464
Rest of U. S. .0581 210,448 12,227
- E
TOTAL 60,286
. . . . . 1
111. THEORY AND METHODOLOGY in which regional income (Yi) is equal to
regional consumption (Ci) plus exogenous
The Metzler Model [4] can be expenditures including investment and
described briefly as follows. Where government (Ei), plus the sum of exports
i or j denotes the ith or jth re- minus imports (Xij - Mij) over all other
gion, we have by definition regions plus exogenous net expenditure !
= - i=1,2,...,n
(1) ¥y =Cy +E; + I (X5 - M) + 2y, _ ey 4
J i=1,2,..04n
j#l




flows between regions (Zi)’ Assuming the
usual relationships for a long run con-

sumption function

(2) C; = byY¥; i=1,2,...,0

and for imports and export flows

(3) Miy = mi4¥

|
=]
=<

i = 1,2,.-oln
(4) X.. = x,.Y.
1] 1j 3

where bi is the marginal and average

propensity to consume, m, are the mar-

ij
ginal and average propensities to import,

X, .
and ij
propensities to export, we can derive

are the marginal and average

changes in regional income (AYi) from
changes in net direct expenditure flows
(AZi) from the following relationship,

using the Metzler matrix:

1+ Im,. - -
( ?mlj bl) XlZ
%21
(5) .
-an . - . . .

The AZi values can be taken from Tables

2 and 3 to produce AYi as shown in Table
4. The coefficients for the model above
were derived from economic data for 1963

taken from References ([5], [6], and [8].

The qguestion of the stability of mul-
tiple market models is extremely important
if one is to view the results of such a
model with confidence. 1In connection with
the controversy over Hicksian stability
conditions, various contributions have
been made that clarify the situation.

Hicks viewed a market as stable if an ex-

. . . —xln AYi AXi
. (1 + ;m - bn) AYn AZ
]
- - J L 4

cess supply results when a good's price is
above the equilibrium value, and the con-
verse for excess demand. This is consid-
ered to be true regardless of the condi-
tions of other markets. Hicks' analysis
was criticized by others on the grounds
that the above classifications were not

derived from an explicit dynamic model.

Although Metzler did not fully re-
solve this issue, his contribution in this
area offers progress in terms of multisec-
toral trade models such as the one employed
in this paper. He concentrated on what is
called the gross substitute case. This
case exists when a rise in the price of
commodity j will reduce excess supply
of commodity i . If a situation of
gross substitutes exists, then the Hicksian
conditions are both necessary and suffi-
cient for the stability of equilibrium in

a system of m interrelated markets.

Specifically, for stability in the
case of the Metzler matrix, the diagonal
coefficients of the matrix must have the
characteristic that all are of the same
sign, while the off-diagonal coefficients
must all have the opposite sign to those
on the diagonal. Additionally, in order
to fit into the gross substitutes class,
all of the import propensities must be
greater than zero and the marginal propen-
sity to spend (bi) minus the sum of the
import propensities (Zmij) must be less
If the above
conditions are fulfilled, then the model

than unity for each region.



is stable. 1Instability for the Metzler
Model implies that the marginal propensity
In this
case the model would fail to converge to a
Additionally, if
the import propensities are negative, then

to spend is greater than unity.
new eguilibrium level.

in essence, given the structure of the
model, they become export propensities.
This condition would imply that suddenly
more of a good is being exported than im-
ported, thus prohibiting convergence to-
ward a new equilibrium.

The derivation of the terms and

m, .
1]
Xij required a new approach because inter-
regional trade data are not readily avail-
4
able.
compiled and organized by Polenske et
al. [6]

state product, in each of 87 industrial

This new methodology used data
Their work contains figures for
classes, and state final demand, for the
same industrial classes, disaggregated
The de-

figures for each industrial class

into six demand classifications.
mand

were simply added to obtain state final

demand, disaggregated only into consump-
tion and (for our purpose) exogenous
expenditures.

Intermediate demand (direct require-
ments) was determined by using coeffici-
ents developed by the Department of Com-
merce [5] for the 1963 national input/
output model, which assumes identical
With ahk =
dollar value of industrial product k

technology in all regions.

required per dollar output of industrial

product h , intermediate demand in re-

gion i for industrial product k (IDik)

can be seen to be the sum of the appropri-

ate 6hk times the regional product (Pih):
(6) IDik = ﬁshkpih

Total exports (gik) and imports (ﬁik)
for each region i of industrial product
class k were derived by subtracting re-
gional intermediate demand (IDik) from re-

gional product:

0 if P,
R ik < FDyy + IDy
(7 Xk =
P, - FD, - i
ik ik T Dy if Py > FDyy + ID,,
FD. - i
) Djk * IDjy = Byy if Py < FDy, + ID,,
(8) Mik =
0 if P,y > FD, + ID,,

10
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Note here that each region is seen to
be either a pure importer or a pure expor-
ter of any particular class of industrial
products. If an assumption of competitive
trade in the United States is made, no
distortion results, although some under-
statement of trade flows results from the

aggregation.

The device for allocating these ag-
gregated exports and imports is the as-
sumption that the exports of region i to
region j of class k industrial goods
(iijk) would have the same relationship to

total exports from region i of class k

industrial goods (Xijk = Xjk) as do exports

from all regions to gegion Aj of class k

industrial goods (IX,., = M., ) to total
iTijk ]
exports of class k goods.
Thus, we have:
- LX. .
X, . . Tijk
(9) fjk = i -
X, . I IX,.
3 ijk i3 ijk
which can be reformulated as
- Pije T Pk
(10) xijk = ~
LIX; 3k
13
Keeping in mind that Aijk = Mijk , 1t

might be more convenient to think of equa-
tion (10) as stipulating that all regions
importing class k industrial products al-
locate their purchases among the export-
ing regions in the same proportion; e.g.,
if 10 percent of all class k industrial
goods in interregional trade were exported
from region i , all importing regions
would purchase 10 percent of their imports

of class k goods from region i .

11

~

The resulting terms X,. and M, .
ijk i

jk
were then reaggregated to yield
(11) xij = injk and Mij = Zﬁijk

Having thus obtained all the items in
equations (2), (3), and (4), eguation (1)
was merely the result of division and
addition:

(12) bi = Ci/Yi; xij = Xij/Yj; mij = Mij/Yi

In order to convert increased energy
availability in each region to resulting
direct expenditures, the following method-

ology was used. Letting

ECk = energy coefficient (the amount
of energy used per dollar
sales for each sector k)

Pik = output in region i for in-

dustry k

EU,,= energy used in region i by
ik :
industry k

ik the factor of proportionality
relating energy used by kth
industry to region total

the increment increase in
power that is going to region
i

AP..= additional output resulting
ik
from AEi

The system of equations for calculat-

ing direct expenditures is as follows:

(13) (EC) (Pyy) = (EU,)

= (FPik)

(14) (EUik)/(iEUik)

(15) AEUik = (Fpik)(AEi)

(16) AP, = (AEUik)/ECk



Equation (13) enables the determination of
ith
Relating a

the quantity of energy used in the
region by the kth
particular sector to the total used in the

sector.

region in equation (14) allows the deriva-
Thus,

given an exogenous introduction of power

tion of a factor of proportionality.

into a region, equations (15) and (16) al-
low the calculation of direct expenditures
for each region. This of course assumes
that as the total output of a region in-
the structure of the sectors re-

It should be pointed out

creases,
mains constant.
that by assuming these coefficients are
constant, we ignore both technical change
and the role of relative changes in factor
prices, and also that no causality is im-
plied here, but rather power is assumed to
be a requirement necessary to allow re-

gional growth to occur.

IV. THE ESTIMATED METZLER MODEL

The estimated Metzler Model is pre-
sented in Tables 6 through 9. Table 6 can
be interpreted using the following example.
Selecting Arizona in the vertical listing
of regions, one can find the export pro-
pensity to California which is 0.00779.
Note that the elements of the principal
diagonal are zero. This may be easily

understood, since a region cannot export

or import to itself.
note in Table 6 that the export coeffi-
cients for the category "Rest of the United

It is interesting to

States" are lower in magnitude for the
more integrated economies such as that of
California. This aspect of the model con-
firms our theoretical expectations con-
cerning the structural relationships that

exist in the real world.

The marginal propensities to spend
These numbers
indicate the percentage of each additional

are presented in Table 7.

dollar of income that will be consumed by
the region. The value is always assumed to
be less than unity; thus for an additional
dollar a certain portion will be consumed
and the rest will be saved. For instance,
an additional dollar to Arizona will cre-
ate $0.58 in consumption with $0.42 being
contributed to savings and taxes. In ad-
dition, in Table 8 we can see that the
stability conditions for the model are
fulfilled. The diagonal of the Metzler
matrix begins with 0.84688 in the aj,
location and ends with 0.53938 in the aq4
location. All these coefficients are of
the same sign, which is positive, and the
off-diagonal coefficients are all negative.
The marginal propensity to spend minus the
sum of the import propensities is less
Thus,

the conditions are fulfilled, the matrix

than unity for each region. since

under discussion is stable.

Table 6: Export Propensities (xij)

) Calji~- Colo~ New Rest of
Arizona fornia rado Nevada Mexico Utah the U.S.
Arigona ] 0.0 0.00779 0.01296 0.00591 0.00778 0.01195 0.01306
California 0.01536 0.0 0.02278 0.02814 0.03646 0.01764 0.01962
Colorado 0.01190 0.00807 0.0 0.01033 0.01430 0.00551 0.00279
Nevada ) 0.01377 0.00805 0.01517 0.0 0.02390 0.03159 0.01771
New Mexico 0.01011 0©0.00357 0.00497 0.00327 0.0 0.01148 0.01328
Utah 0.02546 0.01550 0.00971 0.03794 0.03429 0.0 0.00265

Rest of U.S. 0.16955 0.04267 0.11179 0.18504 0.23630 0.11085 0.0
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Table 7: The Marginal Propensities
To Spend (bi)

Arizona
California
Colorado
Nevada

New Mexico
Utah

Rest of U.S.

Arizona
California
Colorado
Nevada

New Mexico
Utah

Rest of U.S.

Arizona
California
Colorado
Nevada

New Mexico
Utah

Rest of U.S.

0.58
0.55
0.64
0.48
0.58
0.59
0.65

Finally, Table 9 presents the inverse
Metzlef matrix. Elements on the main
diagonal are multipliers on local expendi-
tures. The off-diagonal elements are re-
gional multipliers of out-of-region expen-
ditures. Thus, a dollar expended locally
will in all cases create respending in ex-
cess of a dollar as all multipliers are
greater than unity. This matrix multi-
plied by the vector of net direct expen-
ditures gives regional changes in GNP.

Net direct expenditures were derived in
Section II and were presented in Tables
2 and 3.

Table 8: The Metzler Matrix
Cali- Colo- New Rest of
Arizona fornia rado Nevada Mexico Utah the U.S.
0.84688 -0.00779 -0.01296 -0.00591 -0.00778 -0.01195 -0.01306
-0.01536 0.66250 -0.02278 -0.02814 -0.03646 -0.01764 -0.01962
-0.01190 -0.00807 0.76116 -0.01033 -0.01480 -0.00551 -0.00279
~-0.01377 -0.00805 -0.01517 0.94546 -0.02390 -0.03159 -0.01771
-0.01011 -0.00357 -0.00497 -0.00327 0.93942 -0.01148 -0.01328
-0.02546 -0.01550 -0.00971 -0.03794 -0.03429 0.76502 -0.00265
-0.16955 -0.04267 ~-0.11179 -0.18504 -0.23630 -0.11085 0.53938
Table 9: The Inverse Metzler Matrix
Cali- Colo- . New Rest of
Arizona fornia rado Nevada Mexico Utah the U.S.
1.18884 0.01714 0.02600 0.01528 0.01992 0.02452 0.03066
0.04384 1.51685 0.05739 0.06014 0.07870 0.04853 0.06068
0.02163 0.01753 1.31670 0.01744 0.02483 0.01265 0.00922
0.02767 0.01750 0.02875 1.06828 0.03991 0.05123 0.03777
0.01949 0.00857 0.01215 0.01049 1.07318 0.02114 0.02772
0.04439 0.03328 0.02177 0.05677 0.05443 1.31368 0.01206
0.40881 0.14561 0.30527 0.39592 0.51267 0.31099 1.89790
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V. FINAL REMARKS

The structural model of the Southwest
economy developed in this Bulletin is
based on 1963 data.
Southwest is undergoing rapid economic

Clearly, since the

changes, a more recent data base for the
modeling effort would be useful both (1)

to improve the accuracy of our estimates

of GNP and employment effects, and (2) to
provide an indication of the type of struc-
tural model with a more recent version.

Other future plans for development
of the model include integration with ano-
ther model, already constructed, of the
local Lake Powell area economy, and esti-
mation of the regional impacts of recrea-
tion and water diversions. We have esti-
mated that total recreation expenditures
in the Lake Powell area were 6.6 million
dollars in 1973, and we have data on the
sources of visitors so that changes in
trade flows associated with recreation at
Lake Powell can be identified to derive
corresponding impacts on regional GNP and
employment. Similarly, water-use coeffi-
cients by sector are readily available to
translate water diversions associated with
construction of Glen Canyon Dam and rela-
ted projects into changes in direct expen-
ditures. These topics will be treated in

a future Bulletin in this series.

One additional comment is appropriate.
The estimates of state GNP used in this
study do include some double counting
which is consistent with the definition of
GNP used in Reference [6], but which is in-
consistent with national accounting data.
For purposes of this study the relative
magnitudes of changes in GNP between re-
gions will be unaffected by such defini-

14

tional matters. However, regional GNP
figures produced by this model cannot be
summed in a manner consistent with aggre-

gate accounting data.

FOOTNOTES

1. State energy coefficients were de-
rived from data taken from Reardin
{7) and from Rodgers [8].

2. See Bureau of Reclamation References
[2] and [3]. We thank Ralph Derrick
of the Bureau of Reclamation, Salt
Lake City, for assistance.

3. We thank Bing Brown, Supervisor of
Public Information for the Salt River
Project, who kindly provided the
estimates.

4, This methodology was developed by
Regan Whitworth.
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GLOSSARY

a measure of the value
of all goods and serv-
ices produced by an

economy

the value to users of
the direct products of
an activity

a type of linear fixed
technical coefficient
model of an economic
system
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multiplier

exogenous
expenditures

plant factor

long-run consump-
tion function

macroeconomic

a term which relates a
given level of exogen-
ous expenditures to a
different (usually
larger) change in
gross national product
which results from
that exogenous

expenditure

expenditures in an
economic system which
are not determined by
elements of that sys-
tem. They may result
from such diverse
causes as governmental
policy, natural pheno-
mena, and changing
technology
load factor; the ratio
of actual output of a
given production unit
to nominal or possible
output during a given
length of time

the relationship be-
tween consumption and
income after transient
adjustments to new in-
come level have been
completed

pertaining to vari-
ables of the economic
system at a high level
of aggregation; as
opposed to microecon-
omic, which refers to
disaggregate units in

the economy
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