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‘CHAPTER 1
INTRODUCT ION

The purpose of this report is to provide a description and analysis
of a regional economy within the State of Wyoming. The intent of the re-
searchers is to provide policy makers with specific information contributing
to the decision-making and planning processes and to provide a planning tool
having the capability of analyzing a number of alternative development

scenarios in the study region.

THE REGION UNDER STUDY

The study area consists of three counties of southern Wyoming:
Sweetwater, Carbon, and Albany. These counties encompass an area of
approximately 25,000 square miles and account for nearly 23.5 percent of
the total land area of Wyoming. About 56.3 percent of the region's total

land area is owned by the federal government.1

The region's 1975 population
is estimated at 73,549 inhabitants with a personal income of over $2 million.
Both the population and the personal income of the region make up about 19.5
percent of state tota]s.2 Almost 32 percent of Wyoming's mining employment
occurs in the study area. Well over 70 percent of the region's exports

are in the sectors: coal, other mining, 0il and gas production, or

lPrivate land ownership varies considerably among the three counties.
Almost 65 percent of the 2,799,575 acres comprising Albany County is pri-
vately held, while only 39.4 percent of the 5,047,785 acres in Carbon
County is private, and 27 percent of the 6,749,348 acres in Sweetwater
County is private.

2wyoming Department of Administration and Fiscal Control, Wyoming Data
Handbook, 1977, pp. 69-72, 81-84, 141-44.




electricity (which is generated from local coal deposits). Agricultural
production, which is mainly livestock, accounts for about 7 percent of the
region's exports. Big game hunting, fishing, and winter recreation are
also important in the region. The region contains a major transoortation
corridor with significant sales related to railroad and highway shipping.
The regional economy is also characterized by a small base in light manu-
facturing which makes up about 6 percent of exports. However, the region

imports nearly all finished consumer products, heavy industry products,

and most ingredient materials.

The southern Wyoming topography consists mainly of high plateaus,
which are in actuality structural basins with an altitude ranging from
6,500 to 7,500 feet. The area has a semiarid climate causing deflation
hollows, alkali flats, playas, and sand and silt dunes. The Green River
basin occupies the western part of the area, separated from the Great
Divide basin to the east by the Rock Springs anticline. The Great Divide
basin is further divided into the Washakie basin to the south and the Red
Desert basin to the north. The Rawlins Uplift and the Sierra Madre-
Medicine Bow Mountains complex separate the Hanna-Laramie basins from the
Great Divide basin. These basins are bounded to the east by the Laramie
Mountains, and to the north by the Wind River Mountains and the Sweetwater
Uplift.

The topography, in turn, controls much of the climate, with temperature
and precipitation being controlled by elevation, and the central continental
location. As the elevation becomes lower, the amount of precipitation
drops. The areas receiving less than 8 inches of precipitation have very
sparse vegetation and are classed as semidesert. The areas receiving

between 8 to 16 inches of rain per year support some trees. This area of
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Wyoming tends to have dry summers. Prevailing winds, for the most part,
are out of the southwest. The wind patterns are frequently affected by

the mountain structures, giving localized weather. The wintertime relative
humidity of the area is 20 to 40 percent. The winter winds out of the
north typically bring cold dry air with speeds often exceeding 45 miles per
hour. The mean annual precipitation is less than 8 inches per year in the
Rock Springs area, and the Great Divide basin, to between 8 to 16 inches
elsewhere in the study area. The mean annual frost-free days is less than
90 days for the majority of the area. The mean January temperature for

the majority of the area is from 10 to 20 degrees, and for July the mean
temperature is between 60 to 70 degrees F.

This topographic and climatologic regime dictates the vegetation to
be mostly sagebrush and grass. Included in the Green River basin is more
saltbrush greasewood, indicating salt near the surface. There is also
some montane coniferous forests represented by inland Douglas fir.

The area is very rich in minera1‘resources, including coal, uranium,
trona, oilshale, oil, and gas. All of these minerals are stratigraphically
controlled. Coal, for example, ha; been classified according to its geo-
graphical area. The Green River basin has been categorized as a coal pro-
vince, with coal bearing rocks withfn the.basih being the Mesaverde group
and the Lance of Late Cretaceous age, the Fort Union of Paleocene age,
and the Wasatch formation of Eocene age. The coal beds range in thickness

from a few inches to 42 feet and in rank from subbituminous to high-volatil

m

bituminous C. The coals with the higher rank are found associated with
intense structural deformation and igneous intrusives. The coal beds

interjor to the basin are nearly horizontal, and dip sharply around the
Rock Springs anticline, and the basin margins. Within the Green River

coal province, the Mesaverde group has been the most extensively mined.



But several hundred million tons of strippable Fort Union and Wasatch
coal is presently being developed and mined for thermal power generation.
For the most part, coal beds lie too deeply buried in the basins to be of
economic interest.

To the east, the Hanna Coal Field is a structurally downwarped area
separated from the Green River basin by the Rock Springs uplift, and
the Rawlins Hills, and is bounded on the north and south by mountains. To
the east, it merges with the Laramie basin. Within this basin complex,

a total of 130 coal beds has been mapped in the coal bearing Mesaverde

and Medicine Bow Formation of Late Cretaceous age, the Ferris Formation of
Late Cretaceous and Paleocene age, and the Hanna Formation of Eocene age.
The coal beds are subbituminous C to high-volatile bituminous C in rank
and range as thick as 8 feet in discontinuous beds in the Tower formations
to as thick as 35 feet in the Hanna Formation. The Hanna basin area is
characterized by rugged surface features and steep dips ranging from 10

to 25 degrees in the areas of thick coal outcrops.

The Rock Creek Coal Field adjoins the Hanna basin field on the south-
east and contains coal beds ranging as thick as 9.5 feet in the Hanna
Formation and about 8 feet in the Mesaverde. Large areas of the surface
are covered by gravel and the ccal bearing rocks are difficult to mine or
even map.

Occurrence of o0il and gas in the study area is also tied quite closely
to the locations of the sediment-filled basins. MWyoming's 0il and gas
normally occur in either structure-controlled or stratigraphy-controlled
concentrations. Because of the differences in specific gravity, gas is
found at the top of the trap,oil below, and water beneath the oil. Because

of the obvious surface expressions of structural traps, crests of upwarped




o

) f

1

ely

use

ed

COAL RESERVES WITHIN STUDY AREA

Major Coal Basin

Green River Coal Region
Hanna Coal Rield

Rock Creek Coal Field

Strip Mine Deposits

Jim Bridger Coal Deposit (Deadman Seams)

Black Buttes Coal Deposit
(Wasatch, Lance, Fort Union Formations)

Red Desert Coal Deposit (Wasatch Formation)

Cherokee Coal Deposit (B and C Coals)

Hanna and Ferris Formation

Estimated Oriainal Reserves

15,955,880,000 tons
3,916,960,000 tons
305,180,000 tons

Strippable Resources**

250,000,000 tons
82,600,000 tons

733,100,000 tons
200,900,000 tons
313,000,000 tons

*
Estimated original resources (short tons with less than 3,000 feet over-

burden, USGS Circ. 81, 1950.

*gtrippab1e resources in short tons (modified from the USBM IC 8538, 1972.

or anticlinal rock were often the targets of early exploration. Only

deeply buried structural traps, or stratigraphic traps (i.e., traps in

which the oil and gas are concentrated by a decrease in porosity in updip

direction, thus stopping the migration of oil and gas) remain to be found.

Industry now relies on new high resolution seismic techniques, to locate

the more subtle traps. Reservoir rock ranges in age from Tertiary to

Cambrian and is most often composed of various types of porous sandstone

or limestone. In general, fields in stable interior basin areas are

characterized by stratigraphic traps which produce from Tertiary and




Cretaceous reservoirs. Conversely, those in the deformed margins of the
basins are characterized predominately by structural traps. Drilling
activity can be broken down into development drilling (drilling to
expand production within a known field) and exploration or wildcat

drilling (drilling to find new production).

SUMMARY OF DRILLING ACTIVITY
FROM 1971 TO 1977 IN STUDY AREA

Green River Basin: Laramie-Hanna Basin:

Total New Field Total New Field

Wells Wildcats Wells* Wildcats

1977 294 0 oil 19 0 oil
23% 38 gas 1% 0 gas
1976 175 3 oil 8 0 oil
18% 14 gas 1% 0 gas
1975 169 1 oil 6 0 oil
13% 10 gas D.5% 0 gas
13% 6 gas g 0 gas
1973 138 1 oil 4 0 oil
16% 8 gas 0.5% 0 gas
1972 121 0 oil 11 0 oil
13% 12 gas 1% 0 gas
1971 117 0 oil 10 0 oil
13% 3 gas 4 0 gas

*% is the percent of total wells drilled in Wyoming.

Source: Barlow and Haum, Inc., Geologists, 0il1 and Gas Production, Reserves,
and Resources in Wyoming, 1978.




RESERVES AND RESOURCES FOR

OIL AND GAS*

Estimated Estimated Estimated
Cumulative Remaining Undiscovered
to 01/78 Reserves Resources
Green River Basin:
0i1 bbl 419,183,047 604,380,000 140,000,000
9.4% 33.2% to
718,000,000
(range)
312,000,000
(most likely)
- Gas mcf 2,946,668,604 5,907,120,000 9,910,000,000
40. 6% 60.4% to
1d 47,430,000,000
S (range)
22,000,000,000
[ (most likely)
| Hanna-Laramie Basin:
S 0i1 bbl 68,361,038 7,052,147 50,000
, 1.547% A% to
1 200,000
5 (range)
: 110,000
i1 (most likely)
1S
. Gas mcf 89,550,277 1,178,728 65,000
i 1.23° 015 to
35 2,600,000
! (range)
il 1,430,000
as (most Tikely)
il
as *7 is the percentage of total Wyoming base fiqure.
Source: Barlow and Haum, Inc., Geologists, 0il and Gas Production, Reserves,
and Resources in Wvoming, 1978. .
erves,

Uranium districts within the study area are: Red Desert, Crooks Gap,
and Green Mountain, and Shirley Basin. The major uranium deposits are con-

centrated within sedimentary rock along roll fronts. In vertical cross-section,




a roll front appears as a C-shaped interface between oxidized and reduced
portions of sandstone, with the uranium concentrated along the boundary.
The uranium was leached from its original source rocks, and carried in
solution by acidic water, until the aqueous solution is reduced.

Uranium is used primarily for nuclear reactors and in the national
defense program. In the U.S., Wyoming ranks second only to New Mexico in

uranium production and reserves.

URANIUM RESERVES (ESTIMATED) FOR SELECTED WYOMING BASINS

District Lbs. of U505(x 10°)
Shirley Basin ; 100
Crooks Gap - Red Desert Basin 30

Source: DOE (1976), National Uranium Resource Evaluation, Preliminary Report

The major units where uranium favorability is highare: Eocene
Wind River formation in the Shirley Basin; the Eocene Battle Springs and
Wasatch formation in the Wahake and Rock Springs basins. The Laramie-
Hanna basin has Focene Wind River, Cretaceous Cloverly, and Jurassic
Morrison formations.

Trona is a mineral that has a major economic importance to the study
area. Dollar value of Wyoming's trona industry was estimated in 1977 as

340 million dollars, second only to the total petroleum industry. Presently

2
four companies operate underground trona mines in Sweetwater County. Allied
C
Chemical Corporation, FMC Corporation, Stauffer Chemical Company, and Texas
Gulf, Incorporated, employ more than 3,000 workers. The primary users of
b)

the trona are the glass manufacturers in Indiana and Ohio. The future dema
ir
for this mineral looks good, and the resources of the mineral are vast.
CC
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The USGS estimated that 42 beds in the Wilkins Peak Member of the Green
River formation may contain as much as 100 billion tons of trona (University
of Wyoming Contribution to Geology, 1971).

Within the same Green River formation, vast quantities of untapped oil
shale exists, the USGS estimated 320 billion barrels in rock of 15 gallons
per ton (USGS Prof. Paper 820, 1973), yet this can be considered a resource
of the future. Development of Wyoming's o0il shale appears to be many years
in the future, with industry concentrating on making the richer Colorado

0il shale of 25-65 gallons per ton profitable. Rock Springs has for experimen-

tation, a Department of Energy in situ oil shale retorting and fracturing site.
To handle this large mineral sector within the tri-county area, an
infrastructure of pipelines, roads, and rail service has been created.

Major natural gas pipelines in the area are:

The Northwest Pipeline Corporations' 22-inch Tine to the Pacific North-

west.

Mountain Fuel Supply's 20-inch and two 18-inch lines to Salt Lake City.

Colorado Interstate Gas Company's 24-inch and 22-inch line to Denver

and east.

FMC Corporations' 10-inch intrastate line for its trona plant.

Stauffer Chemical Corporation's 10-inch intrastate line for its trona

plant.

Other transportation networks are the high tension powerlines from the
2,000 M Jim Bridger Power Plant for Pacific Power and Light and Idaho Power
Co., the Union Pacific Railroad, and Interstate 80.

The rapid growth of the population of southern Wyoming has been caused
by the fast expansion of the mining sector. The expansion of the mining
industry is reflected by the employment figures for Carbon and Sweetwater

counties.
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EMPLOYMENT IN MINING INDUSTRY

County Year
68** 69** 70** ?1** ?2** ?3** ?4** ?5** ?8*** '}"9*** 80*** 8]

Albany D D D D D D D 51 32 32 32
Carbon 520 565 750 843 1014 1141 1327 1506 1764 2257 2514
Sweetwater 1304 1465 1609 1669 2012 2488 3280 4263 5846 6451 6704

**llyoming Handbook, 1977
***lJyvoming Population and Employment Forecast Report, 1979.

This expansion of the mining sector has effects on the estimated amount

of population within the tri-county study area.

POPULATION MEASURED AND ESTIMATED

County — City Year
1970* 1975+ 1980*** 1988***
Albany 26,431 26,660 31,350 39,241
Laramie 23,143 23,421
Carbon 13,354 16,745 22,545 30,016
Rawlins 7855 9,592
Sweetwater 18,391 30,144 40,301 50,441
Rock Springs 11,657 17,713
Green River 4,196 7,423

*1970 U. S. Census.
**Wlvoming Handbook, 1977.

***lyoming Population and Employment Forecast Report, 1979.

STATEMENT OF THE PROBLEM

The natural resource base in the region, while relatively abundant in

terms of the capability to satisfy local demands, is nonetheless the focal
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point for regional and extra-regional economic conflict. Ownership of the
large deposits of exploitable resources is vested largely with the Federal
Government and corporations headquartered out of state. Thus, from a re-
gional perspective, policies affecting the disposition of the regional
resource base are largely determined outside of the region. From this same
perspective, there is a need to develop a detailed description of the eco-
nomy as it presently exists and an analytical framework which is capable

of assessing the direct and indirect consequences of alternative scenarios
for resource exploitation proposed by the public and private sectors of the
economy. This description and analysis constitutes the major thrust of the

research reported here.

THE MODEL USED

A tool particularly adapted to these questions is the comprehensive
interindustry production model developed by W. W. Leontief. The strength
of this model (often termed the input-output model) lies in its capability
not only to describe the interdependence existing among sectors of an eco-
nomy but also in the capacity to demonstrate, sector by sector, the total
consequences of any number of development scenarios. The model is thus both
descriptive and analytical. The descriptive components are accommodated
through the collection of extensive primary data, from firms within the
region, and subsequent tabulation of the data in a form required by the
interindustry framework. The analytical phase consists of the impact anal-
ysis, development of the various multipliers, and consistent forecasting

under alternative resource development scenarios.

OUTLINE OF THE REPORT

The remainder of the report consists of a description of the method of

the study which is presented in Chapter 2; the analysis of the regional
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economy, which is the concern of Chapter 3; and an extension of the basic
model to include an analysis of water use which s contained in Chapter 4.

In addition to the main text of the report, there are several appen-
dices. These contain the sector definitions, the input-output tables, the

survey form and a bibliography.
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CHAPTER 2
THE METHODOLOGY OF THE STUDY
INTRODUCTION

The national energy and minerals situation has focused an increasing
attention on the natural resources in the tri-county region of southern
Wyoming. The exploration, development, and extraction activities asso-
ciated with these natural resources have generally been viewed as isolated
from, or independent of, the remainder of the economic environment. While
it is not proposed to perform an ex-post evaluation of the impacts of
existing developments, a major product of this research is the provision
of the analytical capability for assessing the regional impacts of contin-
ued resource developments.

The interindustry model identifies the interdependent structure of an
economy. No producing sector is autonomous (independent of the other sec-
tors); rather, each sector interacts with other sectors (industrial,
commercial, labor, government) through the purchases of goods and services
and the sale of outputs. Structural interdependence means, quite simply,
that the activities of one sector have impacts on others. The identifica-
tion of the nature and magnitude of this interdependence is one of the most
useful results of the interindustry model.

The model is driven by what are termed final demands.1 Final demands
(as opposed to intermediate demands) reflect the demand for goods and ser-

vices in final form. Thus, final demand sectors use or consume a finished

]See Chapter 3 for a more complete explanation of the interindustry mode1.
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good. Intermediate demands, on the other hand, reflect the demand for goods
and services which are processed before becoming available for final consump-
tion. Thus, changes in final demands result in changes in the processing
(or intermediate) sectors of the economy. The primary purpose of the inter-
industry model is to trace these impacts throughout the economy. Tracing
these direct and indirect impacts allows the derivation of the multiplier
effects on production, income, employment, or water use, and also allows the

use of the model in providing consistent forecasts of economic activity.2

PROCEDURES FOLLOWED

The discussion of procedures followed in conducting the research may be
conveniently condensed into severa1.categories including: the definition of
the region, delineation of econoﬁic sectors, the data collection effort,
selection of the base year, and data processing. Each is discussed, as

briefly as possible, in the following pages.

DEFINITION OF THE REGION

The tri-county region of southern Wyoming, for purposes of this study,
was defined as Albany, Carbon, and Sweetwater counties. This regional defip
ition allows for an analysis of an area most immediately impacted by actual

and potential coal, uranium, and trona development.

SECTOR DELINEATIONS

The interindustry model requires the separation of the economy into

various economic entities or "sectors." Total output, by interindustry

2The projections are consistent but the underlying assumption in the model
of fixed production coefficients qualify the results unless some dynamic
adjustment of technology is explicitly involved.
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accounting procedures, is the aggregate value of all sales or purchases that
take place, i.e., the total sales or purchases during a year. This total
output must be divided up into sectors in order to assess the interindustry
structural dependence that prevails. The model structures economic activity
into two major components, suppliers (or sellers) and purchasers (or users).
Fach of these is further subdivided according to the following scheme:
Suppliers include: 1) intermediate or processing suppliers who are produc-

ers who must purchase inputs to be processed into output which they sell to

final users or as inputs to other processors; and 2) primary suppliers whose
output is not directly dependent on purchased inputs. This latter category
includes non-local suppliers (or imports). Purchasers include: 1) inter-
mediate or processing purchasers who buy the outputs of suppliers for use as
inputs for further processing; and 2) final purchasers who buy the outputs
of suppliers in their final form and for final use. This latter category
includes purchases by non-local users (or sales to exports). The level of
demand by final purchasers, and its composition, are determined outside the
processing sector. Production to meet the exogenously determined final de-
mands generates intermediate purchases and sales. Primary suppliers and
final purchasers may or may not be one and the same. However, in the inter-
industry model, their activities are treated as if they were completely
independent of one another.

In summary, the two major divisions of suppliers are the intermediate
suppliers, which are called the processing sector, and the primary supp1iers,'
which are referred to as the final payments sector. (The suppliers are con-
ventionally shown along the left border of an interindustry table.) The two
major divisions of the purchasers are the intermediate purchasers, which are

1abeled as the processing sector (just as with the intermediate suppliers)
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and the final purchasers which are labeled final demand. (The purchasers
are conventionally shown along the top of an interindustry or input-output
table.) It is within this general framework that a further sector disaggre-
gation must be accomplished.

The ideal sector delineation would allow unique recognition of indus-
tries or producer groups which provide a homogenous good or service. This
ideal is very difficult to achieve because of the large amounts of time and
finances required for detailed disaggregation, disclosure problems, and Tack
of data. Any of these factors or a combination of them lead to a violation
of the homogenous product ideal.3

Sector selection, in addition to dependence upon financing, time, and
data availability, is determined to a large extent by the objectives of the
study. Research objectives can often be achieved without detailed disaggre-
gation in all sectors. Since the purpose here is largely to determine the
jmpacts of coal development and other sectors such as uranium, trona, agri-
culture, and local government, economic sectors such as trade and services
do not require detailed disaggregation. The final delineation of the sec-
toring plan adopted for this study is shown in Table 2-1. A discussion of
the two non-conventional accounting device sectors and how they are used
follows. These sectors are the local and county taxes account and the trans-
fer account. There is also an explanation of the profit and depreciation

sectors.

31nformation obtained from the Wyoming Employment Security Commission
cannot be published unless there are at least three firms in a given sector
and no two firms account for more than 30 percent of the total employment.
Ethical considerations also dictate that the operations of any single enter-
prise can never be divulged.
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The local and county government tax sector is employed as an accounting
device, including all building permit fees, franchise taxes, local and county
liquor license fees, charges for services, intergovernmental transfers, and
fines and forfeitures. A1l revenues accruing to local and county government
entities are shown as being paid to this account (sector). In turn the ac-
count distributes the tax monies to the appropriate agencies.

Thus, the entries in the row for the local and county government tax
sector show the amounts of local taxes and other charges paid by each respec-
tive sector in the tri-county economy. In turn, the column entries in the
local tax account distribute monies for health, education, social services,
roads and bridges operation and maintenance, other general government acti-
vities, and otherwise unallocated bond indenture sinking funds.

Another accounting device employed in the tri-county interindustry model
is the transfer sector. This accounting device allows for two unique and
distinctive characteristics that are not usually found in other regional
interindustry studies. First, the aésumption that transfer payments cancel
in the net is dropped. Second, the model handles financial balances in such
a manner as to give rise to a definition of regional income more analogous
to the definition of national income. There are several reasons for this.
(The reader is referred to the gross flows in the appendix for the position-
ing of the transfer sector and the relative magnitudes of its row and column
values. )

First, insurance premiums were divided so that a value equal to loss
experiences ($20,570,200) was separated from other revenues ($8,567,400).
This value equal to loss experiences was the prorated among the various sec-
tors in accordance with their premium payments and directly charged into the

transfer row. Thus, the $20,570,200 loss experience is not part of the total



TABLE 2-1

SECTOR IDENTIFICATION, TRI-COUNTY REGION
OF SOUTHERN WYOMING, 1977

Sector
Number

Sector Description

1972

SIC Cocded

Processing Sectors

L.
2.

10.

it.

12,

13.
14.
15.
16.
(I R

Ag/Livestock

Coal Mines

Mines, NEC

0i1/Gas Production
Construction

A1l Manufacturing

Transportation/Communication

Electricity ; Gas Utilities
Whoesale Trade

Retail Trade
Finance, Insurance, Real Estate

Services, NEC

Medica1IServ1ces

Education

Water, Sewerage, Trash Removal Services
Local and County Roads

Local and County Government

144,15,16,17

20,23,24,25
2728429313

33:34.35,38

40,41,42,44,
46,47,48

491,492
50,51

52.53.54,5 8
97,58559

60,61,62,63,
65,66

10.72.,73,7%8
78,79,81 .83
86,88,89

o

J
&z

495,497
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TABLE 2-1 (Continued)

2 Transfer Account
'§? Economic Investment
38,

gi1 R and D
Exports to Wycining Other Than the Tri-County Regicn
Exports to the Rest of the lorld

Totals

)4,93

r 1972
er Sector Description Il Codes
Local and County Tax Accounts -
Subtotals
al Demand Sectors
Households =
State of Wyoming $1,92,53,94,9E,
56,97
Federal Government 9% ,62,683,34,65,
98,97
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aross output of the insurance and real estate sector. The transfer column
in turn is shown as making the claim payments to the various sectors, con-
struction ($925,907), retail trade (5252,729), health medical care services
($10,324,244), services N.E.C. ($5,116,011), households ($3,279,775), and
imports ($671,534).

Second, the State of Wyoming generated revenues in the tri-county re-
gion of southern Wyoming that exceeded the value of the state's expenditures
in the region. This financial surplus is shown as an outlay by the state
sector to the transfer account row. The transfer column then shows the
State of Wyoming's financial surplus ($14,252,517) as an import from Wyoming
other than the tri-county region. Similarly, the federal government gener-
ated a surplus of $99,179,994 in the tri-county region. The accounting for
this was to have the federal government column charge the surplus to the
transfer row. In turn, the transfer column charges the amount of the surplus
to the imports from the world row. Thus, the federal government's financial
surplus is removed from the region.

Third, transfer payments to households are handled through the transfer
account.4 Taxes collected in the region are always shown as being paid to
the respective government accounts, i.e., lTocal and county tax accounts,
State of Wyoming, or federal government. Any inter-governmental transfer is

shown as a sale by the recipient and a purchase by the grantor. In turn,

4At the county and state levels these transfer payments are monies distri-
buted for social services, to unemployment compensation insurance claims
and pensions. Federal government transfer payments include bonus payments
under the food stamp program, direct payments to households under the social
security program, such as disability, retirement, and survivor benefits,
railroad retirement benefits, black lung benefits, veterans and military pen-
sions, federal employee retirement benefits, and medicare payments.
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n the account that grants the transfer payment(s) to the household sector is
1= shown as making a purchase from the transfer account row in the amount of
a5 the transfer payment(s).5 The transfer account column then makes the pay-
| ment to the household account. The total of the transfer payments in the

tri-county region was $78,039,879.
- Fourth, financial capital finds its way into the tri-county region by
res means other than local financial institutions.® When interest payments are
made on this outside finance, the dollars involved leave the region; a low-

er bound estimate for this phenomenon was $54,556,109 for interest paid to

ing out of region accounts. To account for this, the total gross output of the
- regional financial institutions was increased by $54,556,109 so that all in-
I terest payments in the region could be shown as being made to the finance

sector. The finance sector then charged the transfer row with the amount of
1us the increase and the transfer column charged the same to the imports from
al Wyoming other than the tri-county region.
Fifth, interest paid by local financial institutions ($15,023,245) on
er savings accounts and certificates of deposit was charged against the trans-
. fer account row. The transfer account column distributed this interest to
the profit and rents row entry.
is The transfer account was used to close profits, interest, rents, and
the 1ike into the household sector. To accomplish this, the transfer account
column was given a $43,623,746 credit at the intersection with the profit

sector while the same amount is charged at the intersection with the household

5Respective1y, for the accounts local and county governments, State of Wyo-

3 ]

n -

ming, and federal government these charges are $449,898, $3,970,465, and
$73,619,516.

6An example would be the sale of honds in an open market by a school district.
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row.

Finally, the transfer account row was used to export the region's net
capital shortage, mineral research and development, and dividends paid to
area residents by out-of-the-region firms. The value of these export trans-
actions was $52,003,979. The transfer account row in turn charged these
amounts to the profits row.

Where enterprise accounting was employed, the profit sector includes
after-tax profits, charges to reserves for bad debts, capital loss amorti-

7

zation, and outlays for rents and royalties. Where government fund

accounting was employed, the profit sector includes surplus of current rev-

8 ’
enues over current expend1tures9

, the value of capital expenditures appro-
priated out of current revenues, contributions to bond indenture sinking
funds out of current revenues, net charges out of current revenues to any
other reserve fund (e.g., contingency funds), and rent payments.

The depreciation sector includes both depreciation and net inventory
depletions. Inventory depletions are, relatively speaking, insignificant
and are placed with depreciation charges. Similarly, the net inventory
accumulation values were incorporated in the investment sector.

With the exception of the intersection of the household row and the

transfer column and the household on household cell, the household row

?Except in the case where rents (e.g., agricultural land leases) and royalti
(e.g., 0il and gas) were paid to the Wyoming and federal governments. In
these instances the amounts are shown as being paid directly to the respecti
governments.

8Current in the sense that it occurred in 1978.

gAn exception to this is in the Wyoming and federal government sectors; see
the explanation of the transfer section.
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represents wages and salaries paid subject to withholding. In the absence
of an adequate source for domestic employment earnings, 329 employees are

assumed to be full-time equivalents at $3.10 an hour for 2,000 hours.

QUESTIONNAIRE DESIGN AND USE

Previous experience with questionnaires employed to obtain primary in-
formation for interindustry models suggested that a questionnaire, as such,
should not be used in the pursuit of the primary data. The reason behind
this is that no firm accounts for expenditure and revenue patterns on an SIC
basis, the language ultimately employed in an interindustry model. Rather,
a firm's books are designed around process or product activities. The use
of a questionnaire, either by mail or by interview, presupposes adequate
translation from a firm's accounting language into SIC codes. The typical
entrepreneur or manager does not ordinarily work with SIC descriptions, a
rather precise and technical language.

Accordingly, a determination was.made to conduct all interviews in a
basic accounting language tailored to the individual firms involved and for
the researcher to make the translation to SIC classification. Thus, the
questionnaire form which appears in the appendix represents the format for
the final translation by the researcher. A large majority of the primary
data were originally collected in field notes that described the detail be-
hind profit and loss statements for the firms interviewed.

Not all interviews could, however, be conducted as planned. It was
found, for example, that some firms would have to refer for legal advice
while others did not want to reveal information in the form desired. Even
though it was established that the research should not solicit primary data

through the mail, it was necessary to design a questionnaire for use both
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as an interview focal point and as an item that could be left with an inter-
viewed firm,

The questionnaire was designed to fit three sheets of paper. A cover
sheet was used to briefly explain the nature of the research and to solicit
information on the nature of the firm's product lines, the number of employ-
ees, water use, and level of capacity utilization. OQutlay patterns, both of
a cash flow and a non-cash flow nature, were the concern of the second sheet;
information on sales distribution was solicited on the third. Both sales
and outlay patterns were disaggregated by tri-county interindustry study sec-
tor descriptions and regionalized according to (a) tri-county, (b) Wyoming
other than the tri-county region, and (é) activity outside Wyoming. A ques-
tion on water use was included to.provide information on sector-by-sector
water withdrawals. The level of production capacity utilization question was

used to provide general background information.

SELECTION OF THE BASE YEAR

There is no price index constructed specifically for Wyoming. This ef-
fectively removes one criterion (relatively stable prices) from consideratios
when selecting a base yéar for Wyoming economic studies. The 1978 base was
selected for the initial survey for the following two reasons.

Interviewing for the tri-county interindustry study began in August,
1979. Calendar 1978 was the most recently completed accounting cycle for
most firms; it was anticipated that the information from this cycle would be
qualitatively speaking, foremost in the command of the interviewees. Also,
activities of relatively new firms were automatically incorporated in the |

primary data base by soliciting what was then the most current information.
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inter- CONDUCT OF THE SURVEY

Interview schedules were arranged by telephone between three days and

-over a week in advance. Every effort was made to gain an interview with the
licit person who would have immediate authority to release information. The length
mploy- of time spent on an individual interview varied from firm to firm. Several
oth of were conducted in less than an hour; some took place over several days. The
- sheet; survey process continued over a two-month period.
les
PROCESSING THE DATA
dy secs -
it Information gathered on the outlay and sales patterns for any given
qicl enterprise was tabulated to conform to the sector delineations and regional
fil descriptions as defined in Table 2-1. Care was exercised at this step to
- assure a balance between outlays and sales. Any anomalies were checked and
corrected before proceeding further.
The next step was to aggregate questionnaire forms within a sector and
to expand the information to represent gross flows. An iterative process
is ef- was used to accomplish this so that the relative composition of a given sec-
eration tor delineated for the tri-county interindustry model would be more truly
> Wi reflected. !0 The final iteration produced gross flow patterns for the
t,
or
i1d bey mFor example: There were three two-digit SIC classifications incorporated
1 in the sector delineation for construction. Accordingly the questionnaire
=i forms were first-aggregated on the basis of the two-digit categories. Re-
i gional payroll data from the Wyoming Employment Security Commission were
g then aggregated on the same basis. The payroll values on the aggregated
i questionnaire forms represented a given proportion of the regional payroll

in each respective SIC classification; based on this ratio the information
on the aggregated two-digit level questionnaire sheets was blown up to re-
present the total pattern for the two-digit delineation. Subsequently, the
computed totals at the two-digit level were aggregated to represent the
construction sector in the tri-county Wyoming interindustry model.
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respective sectors delineated in the mode1.1}

The gross flows identified
in this manner provide the border totals for the initial transactions
statement.

Reconciling discrepancies in any given transaction cell is to be ex-

pected; only if the research yielded perfect knowledge about outlays and
sales would this be avoided. A discrepancy can emanate from one of several
sources or a combination thereof. The sales or purchases of one industry
to or from another industry can be misrepresented, or the total gross out-
put value for individual sectors can be in error. In the former case other
rows and columns are affected by the error. In the latter, there is an
aggregate distribution error in both outlays and sales for the sector.

Each discrepancy is examined individually and reconciled on a case-by-case
basis. Fortunately, the sources of relatively large discrepancies could

be isolated and remedied through additional examination. Small discrepan-
cies were reconciled by using imports from and exports to the world other

than Wyoming as residual accounts.

1]The gross flow patterns were arrived at in either one of two ways. First
there was a method that used payroll data (described in the preceeding foot-
note) when an adequate total gross output value had not been identified.
The second method distributed gross flows within the bounds of a total gross
output value based on the relative allocation of the flows identified on
initially aggregated questionnaire forms.
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feid DATA SOURCES BY SECTOR

Agricultural Production and Livestock sic a1, 02, 07, 08

Wyoming. Wyoming Crop and Livestock Reporting Service. Wyoming
Agricultural Statistics. 1978.

ex-
Coal Production SIC 12
nd Mines N.E.C. SIC 10, 14 (except 144)
0i1 and Natural Gas Production SIC 13
veral

Barlow and Haun, Inc. Qil and Gas Production, Reserves and Resources
try in_Wyoming. (Prepared for Minerals Division, Department of
Economic Planning and Development, State of Wyoming.) September,
out- 1978.

yther Glass, Gary B. Wyoming Coal and Their Uses. (Information Circular.)
Laramie, Wyoming: The Geological Survey of Wyoming, University
| of Wyoming. Circa. 1976.

Industry Survey Data.

ase Monteith, Bob. 0il and Gas in Wyoming. (Information Circular.)
Laramie, Wyoming: 1he Geological Survey of Wyoming, University
d of Wyoming. Circa. 1976.

Wyoming. Department of Economic Planning and Development. (Coal and
Uranium Development of the Powder River Basin -- An Impact

er Analysis. June 1974.
Wyoming. Department of Economic Planning and Development. Minerals

Division. Mineral Development Monitoring System. Designed and
implemented by Stuart/Nichols Associates. Current.

an-

Wyoming. Department of Economic Planning and Development. Minerals
Division. 0il and Gas Production, Reserves and Resources in
Wyoming. Prepared by Barlow and Haun, Inc. September 1978.

Wyoming. Department of Labor and Statistics. Wyoming Coal Strip
Mining: A Wage and Employment Survey. 1979.

Wyoming. Department of Labor and Statistics. Wyoming Crude Petroleum
and Natural Gas Production: A Manpower Survey. April 1977.

Wyoming. Department of Labor and Statistics. Wyoming Trona and
Bentonite Industries: A Manpower Survey. April 1977.

rst
00t- Wyoming. Department of Labor and Statistics. Wyoming - The Uranium

by Industry: A Manpower Survey. October 1977.

ross
| Wyoming. Employment Security Commission. Data from Form 202 quarterly

reports.
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Construction SIC 188, 45 16, 17
Industry Survey Data.

Wyoming. Department of Labor and Statistics. Building Trades Index:
State of Wyoming. 1979.

Wyoming. Department of Labor and Statistics. Wyoming's Construction
Industry: A Manpower Survey. September 1976.

Wyoming. Employment Security Commission. Data from Form 202 quarterly
reports.

A11 Manufacturing 51C 20, 23, 24, 25, 26, 27, 28, 29, 31, 32, 33, ¥,
35, 38, 38

Industry Survey Data.

Wyoming. Department of Labor and Statistics. A Manpower Study of the
Logging and Sawmill Industries in Wyoming. January 1972.

Wyoming. Employment Security bomnission. Data from Form 202 quarterly
reports.

Transportation and Communication SIC 40, 41, 42, 44, 45, 46, 47, 48

Cramer, Curtis A. Pipeline Transportation in Wyoming. (Prepared for
the Wyoming State Highway Department.) Laramie, Wyoming: Division
of Business and Economic Research, College of Commerce and Industry,
University of Wyoming. June 1973.

Industry Survey Data.

Wyoming. Employment Security Commission. Data from Form 202 quarterly
reports.

Wyoming. Public Service Commission. Files.
Electricity and Natural Gas Utilities SIC 491, 492
Ackerman, Jean C., proj. mgr. The Rate Also Rises: An Analysis of

Electric and Natural Gas Utilities in Wyoming. (Sponsored by
Community Action of Laramie County, Inc.) January 1977.

Bickert, Brown, Coddington and Associates, Inc. Wyoming Energy Consump-
tion: Minerals, Fuels, Electrical Generation and Agricultural
Sectors. (Prepared for Mineral Development Division, Department
of Economic Planning and Development, State of Wyoming.) June 1975,

Industry Survey Data.

Wyoming. Employment Security Commission. Data from Form 202 quarterly
reports.
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Wyoming. Public Service Commission. Files.

Wholesale Trade; also SIC 50, 51
Retail Trade SIC 52, 53, 54, 55, 56, 57, 58, 59

Industry Survey Data.

Wyoming. Department of Administration and Fiscal Control. Division of
Research and Statistics. Sales and Use Tax Collections, by County,
by Major Industries, for Fiscal Years 1970 through 1976. December

1976.

Wyoming. Department of Revenue and Taxation. Annual Report. 1978.

Wyoming. Employment Security Commission. Data from Form 202 quarterly
reports.

Finance, Insurance, and Real Estate sic 60, 61, 62, 63, 64, 65, 66

Denver Research Institute. Analysis of Financing Problems in Coal and
0i1 Shale Boomtowns. (Prepared for Federal Energy Administration

NTIS PB-259 438.) July 1976.

Industry Survey Data.

Sheshunoff and Company, Inc. Banks of the Great Plains. (A private
publication.) 1977.

Wyoming. Department of Insurance.

Wyoming. Department of Labor and Statistics. Wyoming--The Banking
Industry: A Manpower Survey. April 1978.

Wyoming. Employment Security Commission. Data from Form 202 quarterly
reports.

Wyoming. State Examiner. Division of Banks. Annual Report. 1977.

Services SIC 70, 72, 73, 75, 76, 78, 792, 81, 84, 86, 88, 89

industry Survey Data.

Wyoming. Department of Labor and Statistics. Data from Form 202 quarterly
reports. .

Medical SIC 80
Industry Survey Data.

Wyoming. Department of Health and Social Services. Division of Health
and Medical Services. Directory of Medical Facilities. Licensure

year 1975-76.
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Wyoming. Department of Health and Social Services. State Health
- Planning and Development Agency. Wyoming -- Health Profiles.
1978.

Wyoming. Department of Labor and Statistics. Wyoming's Hospitals:
A Manpower Survey. October 1975.

Wyoming. Employment Security Commission. Data from Form 202 quarterly
reports.

Education SICc 82

Industry Survey Data.

Wyoming. Department of Education. Files.

Wyoming. Employment Security Commission. Data from Form 202 quarterly
reports.

Water and Sanitation; also
Local and County Roads; also
Local and County Government; also
State Government; also
Federal Government

Community Services Administration. Geographic Distribution of Federal
Funds in Wyoming. Fiscal Year 1978.

Industry Survey Data.

Thompson, Layton S. and Willard D. Schutz. Taxation and Revenue Systems
in Wyoming. Laramie, Wyoming: Wyoming Agricultural Experiment
Station, University of Wyoming. October 1978.

U.S. Department of the Interior. Bureau of Land Management. BLM in
Wyoming: A Report to the Public. 1979.

Wyoming. Department of Administration and Fiscal Control. Division of
Research and Statistics. Sales and Use Tax Collections, by County,
by Major Industries, for Fiscal Years 1970 through 1976. December
1976.

Wyoming. Department of Administration and Fiscal Control. Division of
Research and Statistics. Wyoming Tax Revenue Report. 1978.

Wyoming. Department of Economic Planning and Development. Division of
Industrial Development. "Community Profile" series for various
communities. 1977.

Wyoming. Department of Economic Planning and Development. Wyoming Tax
Report. August 1977.

Wyoming. Department of Revenue and Taxation. Annual Report. 1978.
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Department of Revenue and Taxation. Ad Valorem Tax Division.
Annual Report. 1978.

Wyoming. Employment Security Commission.
reports.
Wyoming.

Data from Form 202 quarterly

State Examiner. Cost of Maintaining County Government in

Wyoming. Fiscal 1978.

Wyoming Taxpayers Association.

Wyoming Property Tax Rates. 1978.




CHAPTER 3
ANALYSIS OF THE TRI-COUNTY REGION OF SOUTHERN WYOMING
INTRODUCTION

The results of the descriptive analysis of the tri-county economy are
presented in this chapter. The discussion contained in the chapter includes:
the description of the economy; an analysis of the nature and magnitude of
economic interdependence among processing sectors; the various business act-
jvity and income multipliers; and an analysis of employment in the region.

The description and analysis of the economy hinges on three major com-
ponents of the interindustry mode?. These are: the gross flows or trans-
actions table; the table of direct production requirements; and the table of
direct plus indirect production requirements. These tables are discussed
and interpreted in turn. Because of the size of the tables, they are pre-

sented in the appendix.

THE TRANSACTIONS TABLE

The first essential component of any interindustry study is the collec-
tion and tabulation of data which serve to describe the flows of commodities
from each supplying sector to each purchasing sector. These flows are typi-
cally expressed in terms of the dollar value of transactions occurring in a
specific period of time, normally one year. The information is arrayed in
tabular form with the suppliers (selling sectors) listed at the left of the
table and the purchasing sectors listed at the top. The information in this
table, termed the transactions table, does two things simultaneously: it

identifies the estimated dollar value of sales by each sector to each of the
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other sectors, (thus, the distribution of each sector's output) and it iden-
tifies the purchases of ingredients of production by each sector from each
of the other sectors (the distribution of purchases). In essence, the mater-
ial contained in the transactions table represents a double-entry system of
bookkeeping in which every sale is simultaneously described as a purchase.
Thus, the system de]iberatg]y double counts. The transactions table for the
Wyoming economy 1is found in the appendix. A description of the sector iden-
tification labels used throughout the appendix and in the tables of this
chapter is also shown in the appendix.
The rows and columns of Table B-1 which are numbered 1-17, identify

the processing, or intermediate demand, sectors. (The household sector in
row and column 20 is included in the processing sector also when the projec-
tion scenarios are developed.) Row and column 19 represent subtotals of
activities within the processing sector. This portion of the table describes,
in dollar terms, the flow of goods and services necessary to satisfy inter-
mediate demands. Final demands, i.e., demands for goods and services that
will not be further processed within the region, are identified in columns
20-22 and 24-27. Rows 20-22 and 24-27 identify the final payments sector.
Final payments include, then, federal and state taxes, wages, profits, rents,
losses, net inventory depletions, and payments for goods and services imported
from outside the region. The rows and columns numbered 18 and 23 (the local
and county government tax account and the transfer account) are accounting
devices as described previously. The last row and column of Table B-1 con-
tain, respectively, total outlay (purchases) and total output (sales) for
each sector of the regional economy.

The distribution of total output of each sector, according to the sectors

in which the output is sold, may be readily discerned by reading across the
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rows of Table B-1. The bill of purchases by each sector is found by reading
down any column of the table. These column entries show the allocation of
purchases by cost component.

For examp1e,.consider sector 2, coal mines. Reading across row 2 of
Table B-1 shows that the total output of coal mines was distributed in the
following way: $17,101,536 worth of output was sold to electric and natural
gas utilities and $12,360,873 to coal mines. Total sales by coal mines to
the processing sector of the economy thus amounted to $29,462,409. The
remaining sales were to the final demand sectors consisting of households,
$35,731, net inventory accumulation, $20,299,867; and exports to the rest of
the world, $180,324,567. Total sales to final demand thus amounted to
$200,660,165. The total gross output of the coal mines sector is the sum of
these individual sales or $230,122,574.

The distribution of purchases by coal mines, by cost category, are
shown in column 2 of Table B-1. Purchases by coal mines from agriculture
were $427,887; from coal mines $12,360,873; from repair and maintenance con-
struction, $1,332,158; from all manufacturing, $5,022,901; from transporta-
tion and communication, $402,043; from electricity and natural gas utilities
$663,131; from wholesale trade, $95,574; from retail trade, $19,498; from
finance, insurance and real estate, $2,850,541; from services, $1,700,930;
and from water and sanitation, $4,279. Coal mining paid local property and
sales taxes amounting to $11,050,654. The total purchases by coal mines fronm
the processing sector are thus estimated at $35,430,469 for 1977. Final paymen
made by coal mines were estimated at $194,192,105. These payments were
distributed as fo}]ows: wages subject to withholding, $41,427,309; taxes
and charges of the State of Wyoming, $15,583,031; taxes and charges of the

Federal Government, $31,930,619; profits, royalties, and rents, $37,440,000;
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eading depreciation, $17,924,275; insurance loss pool (transfer account), $479,853;
n of imports from Wyoming, $17,269,070; imports from the rest of the world,

$32,137,948. Total purchases thus amount to $230,122,574 and, as required

- of by the accounting format, equal the value of output.

 the Other information can be obtained directly from the transactions table.
atural The household row, with the exception of the sale by households to the trans-
S 10 fer account represents wages paid subject to withholding. This row shows

e household income. The leading contributors to household income are: mines
1ds, n.e.c., with payments to labor of $85.68 million; construction, $74.97

est of million; education, $63.4 m11110n; transportation/communication, $45.2

million; retail, $44 million; coal mines, $41.4 million; and oil and gas
sum of exploration, $31.3 million. Similarly, sector by sector contributions to

taxes may be directly obtained from Table B-1. The sectors showing the

S greatest dollar outlay for local and county taxes are: 0il and natural gas,
ure $12.6 million; coal mines, $11 million; electric and gas utilities, $10.4

e corns million; mines n.e.c., $10.3 mil?ion;‘households, $8.7 million; transportation/
orta- communication, $5 million; agriculture, $2.7 million.

lities Estimates of gross regional income and gross regional product may be
rom obtained from the final payments and final demands portion of the table.
930; Gross regional product is defined as the sum of deliveries to final demand,
y and net of imports. Traditionally, local and county government activities are

s from included as part of final demand. Because this model treats these accounts
paymen as part of the processing sector, an adjustment is required. Also, the

e transfer and tax accounts cannot be counted in final demand, for to do so
Xes would be double counting. Thus the sum of education; water, sewerage, and
the sanitation; local roads; local government; households; state government;

0,000;
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federal government; investment and inventory accumulation; oil R and D; and
exports from the tri-county region, less regional imports, yields the esti-
mated gross regional product of $1,613 million. Gross regional income (which
must equal gross regional product) is computed as the sum of final payments
excluding imports. Again, the Tocal and county tax account and the transfer
account must also be excluded to avoid double counting.

While these items, obtained directly from the transactions table, are
useful as initial indicators of the relative importance of each sector in
the regional economy, the important question of interdependence is not add-
ressed. In order to do so, it is first necessary to isolate the direct pro-

duction relationships existing in the economy.

DIRECT PRODUCTION REQUIREMENTS

The direct production requirements, or coefficients, represent the
second major component of the interindustry analysis. These direct require-
ments are presented in the appendix. Computation of the direct production
requirements is quite simple, given the transactions table and requires only
that each column entry of the transactions table be divided by the respec-
tive column total. The resulting coefficients describe the direct purchases
necessary from each supplier (at the left of the table) in order for the
purchasing sector (at the head of the column) to produce one dollar's worth
of output. The coefficients, then, are interpreted as the direct require-
ments per dollar of output produced by each sector.

As an example consider the coal mining sector, sector 2 (column 2 of
the direct requirements table). For every dollar's worth of output produced
by coal mines in the region, $.0019 worth of agricultural products are requir
ing $.0537 worth of inputs are required from the coal mining and related

services sector; $.0058 from construction; $.0218 from regional manufacturing
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$.0017 from transportation and communication; and so on down the column. It
is obvious from the table that far and away the largest direct purchases made
by the coal mining sector are those for labor services, with a direct outlay
of over 18 cents per each dollar of output produced, and imports from outside
the region, with a coefficient of .2147 for all imports. This says that a
dollar's worth of production in surface coal requires imports valued at 21}
cents. Each column of the direct requirements table is interpreted in this
manner.

These direct requirements identify only a portion of the total economic
impacts that would accompany a change in final demands for the output of a
given sector. There are additional, or indirect, impacts which can be quite
important. Assessment of all direct and indirect impacts of these exogenous
(final demand) changes is made possible through the third analytical component
of interindustry analysis. This component is the table of direct plus in-

direct production requirements.

DIRECT PLUS INDIRECT IMPACTS

The concept of interdependence can be fairly easily established with a
brief example. Suppose that the export demand for coal production increases.
There will be immediate, or direct, responses of the following type. Coal
production will have to increase. In order for coal production to increase,
inputs must be obtained from sectors such as transportation, utilities for
power, and labor. These are direct impacts. As transportation and utilities -
increase their output to meet the increasing requirements in the coal sector,
their own requirements for productive ingredients increase, e.g., services,

labor, petroleum and natural gas, and coal. The chain of events goes on.
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The total impacts are readily estimated through the input-output framework
and are presented in the appendix.

Before proceeding to a discussion of the table, a few comments regardi;
the treatment of households are in order. Households may be treated as
either a part of the processing sector of the economy or as a part of the
final demand component. In the first instance, households are treated in
precisely the same manner as any other production sector. The estimate of
the direct and indirect production impacts of a change in final demand incl
the induced production impacts which derive from increased household incomes
and increased consumption. In the latter, with households a component in
final demand, the induced impacts of successive rounds of consumer spending
are omitted. For purposes of this report, the discussion of economic inter-
dependencies and the subsequent business and income multiplier analysis is
based upon the model which includes households both as a member of the pro-
cessing sector of the economy and as a final demand sector.

The direct plus indirect coefficients are interpreted as the production
required or generated in all sectors of the economy in order to sustain the
delivery of one dollar's worth of output to final demand by any single sector
It should be carefully noted that these coefficients reflect production gen-
erated per dollar of final demand as opposed to requirements per dollar of
output. This, of course, reflects the fact that the model is driven by chan
in final demand.

For purposes of interpretation, consider the coal mining sector. Sup-
pose that the export demand for surface mined coal increases by $1 million.
What is the estimated impact that this increase will have on the entire

tri-county region of the southern llyoming economy? The answer to this
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question may be obtained directly by reading down column two of the table
and summing the individual sector impacts. Thus, the increase of $1 million
in the final demand for coal generates a total direct plus indirect produc-

tion valued at $3,300 in agriculture §1 million x .0033); $1,059 million in

coal mining and related services; $500 in mines n.e.c.; $4,800 in oil and

gas production; $11,300 in construction; $33,800 in regional manufacturing;
and so on down the column. Any column of this table is interpreted in this
same manner. The sum of the entries in column 2 show the total production
generated locally as a result of the increase in final demands for surface
mined coal. Thus, the total business activity generated per dollar increase
in final demand for coal is $1.631 or, in our example assuming a $1 million

increase, $1.63 million worth of business activity results. These column

sums are one of the various multipliers concepts which are derived from input-

output analysis.

BUSINESS MULTIPLIERS

The column sums of the direct plus indirect requirements table are termed

business activity (or production) multipliers. They identify the total value

of production in the region which results from a dollar's worth of output

delivered to final demand. Table 3-1 presents the business multipliers.

These estimates indicate that the greatest business activity generated per
dollar of delivery to final demand is in the local tax account. The business
multiplier for this sector is 2.835 which indicates that, as the "final
demand” for local sales and property taxes increases by $1, a total production
of $2.83 is generated in the tri-county economy. Other sectors of the economy
which have relatively large business multipliers are: education, 2.158; local

government, 2.113; transportation/communication, 2.084; electric and gas
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utilities, 2.060: retail, 2.048; water and sanitation, 2.035; local roads,
1,962: and agriculture 1.937. These sectors show the greatest degree of
interdependence with other sectors of the regional economy. At the margin,
these sectors generate the greatest business activity per dollar of output
delivered to final demand. The phrase, "at the margin," is important as a
qualification in the use of these multipliers. It implies a word of caution
concerning the implications of the multipliers. The electricity and natural
gas sector in 1977 had total final demand deliveries of $82,665,581. Thus
a 10 percent increase in final demand, i.e., an increase of $8,266,558,
would result in a total business activity of $17,029,109 in the regional
economy. This same 10 percent increase in the final demand for the output
of 01l and natural gas production, an increase of $14,899,690, yields é
total business activit: of $22,885,924 in the regional economy. This is, of
course, because of the larger absolute magnitude of final demands for the
0il and natural gas sector's output. In using the business multipliers, the
argument thus should be stated in terms of the impacts of an equal dollar
increase in final demands. Thus, for an equal increase (in dollar terms)

in final demands, transportation/communication industries will generate
more business activity in the local economy than will any other private sec-
tor. The first column of Table 3-1 shows the business multipliers with
households in final demand; the second column shows the business multipliers

with households endogenous (part of the processing sector).

INCOME MULTIPLIERS

Other multiplier effects can also be estimated from the interindustry
model. For example, there are income multipliers which relate to changes
in income paid to the household sector. The following discussion presents

what are termed the Type I and Type Il income multipliers.
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ds, TABLE 3-1

of BUSINESS ACTIVITY MULTIPLIERS

TRI-COUNTY REGION OF SOUTHERN WYOMING

gin, BY SECTOR, 1977
put (In dollars of business activity generated in the tri-county region
- of southern Wyoming per dollar delivered to final demand)
ution
tural Business Business
Sector Multiplier I  Multiplier II
hus
1. Ag/Livestock 1.648 1. 937
1 2. Coal Mines 1.233 1.631
put 3. Mines N.E.C. 1.161 1.600
l 4. 0il/Gas PR 1,993 1.536
s, of 5. Construct 1.289 1.893
the 6. A1l Mfg 1.268 1.608
5 the 7. Trans/Comm 1.217 2.084
at 8. Elec/Gs Ut : 1.700 2.060
s) 9. Wholesale - 1.263 1.810
’ 10. Retail 1.264 2.048
- RE0 11. Fin/Ins/RE 1.054 1.222
‘ 12.  Services 1.263 1.908
Tiers 13. Medical 1.143 1.635
14. Education 1.144 2.158
15. Wat/San 1.529 2.035
16. Loc Roads 1.275 1.962
try
17. Loc Gov 1.229 2.113
es
18. Loc Taxes 2.050 2.835
nts

19. Households 1.766
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TABLE 3-2

INCOME MULTIPLIERS
TRI-COUNTY REGION OF SOUTHERN WYOMING
BY SECTOR, 1977

(In dollars of income generated per dollar of
direct income paid to households)

Income Multipliers

Sector Type 1 Type I1
Ag/Livestock 2.700 3.119

Coal Mines 1.253 1.447
Mines N.E.C. . 1.141 1.318

4. 011/Gas Pr 941 2.241
5. Construct 256 1.450
6. All Mfg .307 1.510
7. Trans/Comm .097 1.267
8. Elec/Gs Ut .094 2.418
9. MWholesale .334 1.541
10. Retail . 165 1.346
11. Fin/Ins/RE <163 1.344
12. Services 183 1.366
13. Medical .124 1.298
14. Education . 060 1.224
15. Wat/San 2B 1.454
16. Loc Roads w22g 1.419
17. Loc Gov .118 1.292
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The Type I and Type Il income multipliers are estimated ratios: Type I
is the ratio of direct plus indirect income to the direct income paid house-
holds; Type Il is the ratio of direct plus indirect plus induced income to
direct income. Thus, while the business activity multipliers are related to
changes in sales to final demand, the income multipliers are related to changes
in income paid to the household sector. The Type I multiplier describes the
direct plus indirect income increases emanating from an additional dollar of
direct income paid to households. The Type II multiplier takes into account
not only the direct plus indirect changes in income, but also the induced in-
come increases generated by additional consumer spending. Accordingly, the
Type 1I income multiplier identifies the direct plus indirect plus induced
income generated by an additional dollar of income paid directly to households.

Attention is drawn to the comparatively higher income multiplier value
estimates for the agriculture and livestock sector. The reason for this re-
latively high value is straightforward. The tri-county interindustry study
allocated proprietorship and partnersh{p net incomes to the profit account.
As a result, labor inputs (housebo1d account) for agriculture and livestock,
are somewhat understated because this sector is characterized by a relatively
high incidence of proprietorship and partnership enterprises with relatively
little hired help. By understating the value (contribution) of labor inputs
for this sector, the value (contribution) of other inputs, relative to labor,
became larger. And with direct income being the denominator of the Type I
and Type II income multiplier ratios, the multiplier estimate for this sector
is of the relatively high magnitude observed. By contrast, the relatively
high multiplier values for electricity and natural gas utilities, oil and gas
production, and wholesale trade exist because these sectors exhibit greater

interdependence in the tri-county economy.
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EMPLOYMENT ANALYSIS

Direct employment requirements as is the case with direct business acti-
vity and direct income payments, are, by themselves, of 1imited use for assess
ing the impacts of various changes in economic activity in the tri-county
region. This limitation arises because direct requirements differ from total
requirements, the difference being indirect requirements that emanate from
sectoral interdependence. The interindustry model provides a framework withip
which both direct and indirect employment requirements can be addressed.
Basic to the analysis are data on employment levels in the respective sectors
and the table of direct plus indirect requirements per dollar of output de-
livered to final demand.

Before proceeding with the analysis some discussion on the table of
direct and indirect requirements per dollar of delivery to final demand is
warranted. When the household sector is included as a processing sector in
the interindustry model it becomes simply another producer. To treat house-
holds in this manner is consistent within the interindustry framework, but it
imposes a critical assumption on household purchase patterns. Specifically,
household purchases are expressed as a linear function of income; the margina
and the average propensities to consume are assumed to be one and the same.
To change this limiting assumption, the household sector has to be treated as
a part of final demand.

Treating the household sector in this manner removes the assumption that
household purchases are a linear function of income. Specifically, because
the interindustry model is a final demand driven model, treatfng the house-
hold sector as any other producing sector implies the level of employment wa

dependent only on the level of state and federal government expenditures,

in
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investment expenditures, inventory accumulation, and exports. By treating
households exogenously this assumption is expanded to include a dependency
on the level of household expenditures. Direct and indirect requirements
per dollar of delivery to final demand, households exogenous, which are used
in the employment analysis for the tri-county region of southern Wyoming are
shown in the appendix. The estimated employment levels and corresponding
employment coefficients (expressed as the number of employees per dollar of
total gross output) used in the analysis are presented in Table 3-3.

To assess the total employment impacts of exogenous changes in final
demand, the respective tables of direct and indirect requirements per dollar
of delivery to final demand, households exogenous, were pre-multiplied by a
diagonal matrix of direct labor use requirements (where the elements of the
diagonal are the employment coefficients shown in Table 3-3). Summing down
the respective columns of the resulting matrix yielded the estimates of the
direct and indirect labor requirements per dollar delivered to final demand.
Table 3-4 presents the estimates.

The interpretation of the entries in Table 3-4 is demonstrated by an
example from the coal mining sector. As the final demand for the output of
coal expands by $1, there will be a direct expansion of employment in that
sector as well as those sectors responsible for supplying production ingre-
dients to the coal mining sector. The sectors supplying ingredients to the
surface mining of coal sector will in turn require production ingredients
from others and this will further expand indirect employment impacts; and so
forth. The magnitude of the direct and indirect employment impacts, .01192,
shows the total employment generated in the entire southern Wyoming economy
as this single sector, coal mining,.,increases by $1,000, its deliveries to

fina] demand. That is to say that an increase of $1 million in the final
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TABLE 3-3

TOTAL EMPLOYMENT AND EMPLOYMENT COEFFICIENTS
TRI-COUNTY REGION OF SOUTHERN WYOMING
BY SECTOR, 1977

(In number of workers in the tri-county region of southern
Wyoming and workers per thousand dollars of output)

Total Workers Per Thousand
Sector Employment $ Total Qutput

1. Ag/Livestock 1,135% .01195
2. Coal Mines 1,902 .00826
3. Mines N.E.C. 4,464 .01136
4. 0i1/Gas Pr 114 .00061
5. Construct 4,604 .01673
6. All Mfg 1,218 .01058
7. Trans/Comm ¥ 14628 .01614
8. Elec/Gs Ut 812 .00484
9. MWholesale 890 .01737
10. Retail 6,820 .05914 -
11. Fin/Ins/RE 1,041 .00852
12. Services 3335 .04219
13. Medical T.a%3 . 02648
14. Education 4,750 . 04062
15. Wat/San 159 .02629
16. Loc Roads 162 <0355
7. Loc Goy 949 . 05884
18. Loc Taxes - -
19. Households 348 .00054

20. State Gov - -
21. Fed Gov = =

*Crude estimates from data presented in the 1974 Census of Agriculture put
this employment figure at 560, but Census value of farm sales appears to be
understated raising the employment coefficient from federal data to 0.01664,
Employment for 1975 from Wyoming Data Handbook is 954.
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TABLE 3-4

DIRECT PLUS INDIRECT LABOR REQUIREMENTS PER THOUSAND DOLLARS
DELIVERED TO FINAL DEMAND AND PER ADDED WORKER HIRED
TRI-COUNTY REGION OF SOUTHERN WYOMING
BY SECTOR, 1977

Direct + Indirect Labor Direct + Indirect
Requirement Per Thousand $ Labor Requirement
Sector of Final Demand Per Added Worker Hired
1. Ag/Livestock .02441  (.02726)* 2.043
2. Coal Mines .01192  (.01584) 1.443
3. Mines N.E.C. .01362 (.01795) 1199
4, 0{1/Gas Pr .00523 (.00733) 8.574
5. Construct .02196 (.02791) 1.313
6. All Mfg .01348 (.01683) 1.274
7. Trans/Comm .01983 (.02838) 1:229
8. Elec. Gs Ut .01241 (.01596) 2.564
9. Wholesale .02230  (.02769) 1.284
10. Retail .06341  (.07114) 1.072
11. Fin/Ins/RE .00984 (.01150) 1.155
12. Services .04719  (.05355) 1kl
13. Medical .02948  (.03433) 1.133
14. Education .04303 (.05303) 1.059
15. Wat/San .03237 (.03736) 1.23]
16. Loc Roads .04155 (.04832) 1.170
17. Loc Gov .06344  (.07215) 1.078

18. Loc Taxes - -

*The column of employment multipliers enclosed in parentheses includes
direct, indirect, and induced labor requirements.
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demands, e.g., exports to the rest of Wyoming or out of state, for coal wou
result in an estimated additional employment of twelve persons in the tri-
county region. A1l remaining entries in Table 3-4 have analogous interpret
tions for their respective sectors. Thus, the leaq1ng sectors in terms of
direct and indirect employment generation in the tri-county economy are log
government, retail, services, education, local roads, water and sanitation
and medical. Table 3-4 also shows the total employment impact of exogenous
changes in workers hired. This information is found simply by dividing
direct plus indirect labor requirements per thousand dollars of final dema
(in Table 3-4) by the workers per thousand dollars of final demand shown i
Table 3-3. The workers added per worker hired column shows that for each
worker hired by coal mines, 0.443 workers are hired throughout the region'
economy. Thus the multiplier for exogenous changes in coal mine employmer

is 1.443.
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CHAPTER 4
EXTENSIONS OF THE BASIS ANALYSIS:
REGIONAL WATER REQUIREMENTS
INTRODUCT ION

The previous chapter presented what may be appropriately called the
results of traditional applications of the Leontief interindustry model.
In addition to the descriptive analysis and the attendant development of
various multipliers, application of the model can be extended to other
questions. The I-0 technique, because of the detailed analysis of inter-
dependence among economic sectors, is readily adaptable to an examination
of resource use associated with economic activity in the region. This
chapter is concerned with an analysis of water withdrawal and consumptive
use in the southern Wyoming regional economy. Other resource impacts, e.g.,
water and air quality impacts, land use, and growth of various types of
energy consumption, could also be studied, providing adequate data are

available.

WATER USE ANALYSIS

The water use analysis requires data pertaining to water withdrawals
and consumptive use on a sector-by-sector basis. It is further required
that these data be related to economic activity on a per dollar sales basis.
These data, particularly for consumptive use, are difficult to obtain on a
sector-by-sector basis and for a rather small regional economy.

Water use by commercial estabiishmentﬁ is very small relative to
agriculture, the extractive industries, electricity generation, and

manufacturing. Little detailed information is available from secondary
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sources for the commercial sectors and, thus most coefficients are based

upon results from our Wyoming survey and past surveys and Water Resources
Counci]1 estimates. The Water Resources Council Report provides no detail
among commercial establishments. WRC data was also at variance with other

data in the agricultural and manufacturing sectors. The primary data

2

source for the agricultural sector was the Census of Agriculture.” The

withdrawal rate per dollar of output estimated from Census data was almost
twice the size of the rate estimated from Water Resources Council data.
Because of the indirect procedure required to convert the secondary data
to a useful form for the input-output analysis, the exact source of the
discrepancy is not easily traced. Water use estimates for the extractive
sectors are based mainly upon the Census of Mineral Industries.3 Unfor-
tunately, disclosure problems l{mit the available data to rather large
regions in some cases. Withdrawal and consumptive use figures vary con-

siderably among regions and their accuracy for a relatively small region

1the Nation's Water Resources, 1975-2000, Vol. 3: Analytical Data Appendix
IT, Annual Water Supply and Use Analysis, Table [1-4, Annual Water Require-
ments for Offstream Uses, Base Conditions, No/So Platte Region, Subregion

1007, Dec. 1978; and as above, Analytical Data Appendix I, Social, Econ
and Environmental Data, and Table I-2, Earnings by Major Sectors, No/So
Platte Region, Subregion 1007, December 1978, Second National Water Assess-
ment by the U.S. Water Resources Council.

2;939 Census of Agriculture, Vol. I, part 50, Wyoming, State and County
Data, U.S. Dept. of Commerce, Bureau of the Census, Table 3, page IV-8:
Table 13, page IV-12; Table 3, page IV-26, Table 13, page IV-30, Table 3,
page IV-116, Table 13, page IV-120.

319?2 Census of Mineral Industries, Subject Series, Water Use in Mineral
Industries, MIC72(1)-2, Sept. 1975, Table 2B, Gross Water Used and Water
Intake, By Source and Kind, for Geographic Areas and Major Industry Groups
and as above, Table 2C, Gross Water Used and Water Intake, By Source and
Kind, for Water Use Regions and Major Industry Groups; and as above, Table
1C, Selected Water Use Statistics for Water Use Regions: 1972; Sept. 1975,
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is questionable. Water use in manufacturing is taken from the Census of
Manufacturers.4 In a few cases, disclosure prevents the use of regional
water data. However, the magnitude of the error involved in the computation
of the weighted average coefficients for the region is probably quite small.

Estimates of withdrawal and consumptive use by sector are shown in
Table 4-1. Where more than one data source is available, multiple estimates
are shown. In most cases, the larger numbers are derived from the source
which is considered to be more authoritative for the region. In each
sector we have used the largest figure shown in Table 4-1 for the water
analysis which follows.

Table 4-2 presents the estimated withdrawals and consumptive use for
each of the processing sectors of the regional economy in millions of
gallons. 011 and Gas Production, Ag/Livestock and Mines N.E.C. account for
over 91 percent of withdrawals and over 98 percent of consumptive use in
the region.

It should be noted that the estimates presented in Tables 4-1 and 4-2
do not include water use in the final demand/final payments sector. In
order to assess total water use, ié is necessary to have some indication of
requirements in the final demand sectors, e.qg., households and governments.
Aggregated data generally show depletions for irrigation as a separate
category of water useand a second category consisting of municipal and
industrial and domestic water use. Since industrial, commercial, mining,

and agricultural water use has been estimated above, the final demand use .

41972 Census of Manufacturers, Water Use in Manufacturing, Special Report
Series. Sept. 1975, Table 2C, Gross Water Used and Water Intake, by Source
and Kind, For Water Use Regions and Major Industry Groups: 1973; and as
above, Table 5C, Gross Water Used Including Recirculated, Total Water Intake,
and Treated and Untreatéed Water Discharged, By Point of Discharge, For Water
Use Regions and Major Industry Groups: 1973.
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of water could be computed as a residual if estimates of total withdrawal
and total consumption were available.

Estimates of total withdrawal and total consumptive use of water are
useful from a purely descriptive point of view. However, the model allows
also the analysis of direct and indirect water use which parallels the
previous discussion of direct and indirect production. The purpose of such
analysis is to isolate the effect of economic interdependence on water
requirements. The specific question to be addressed is that of determining
the 1ikély impact of expanding final demand in any or all processing sectors
on the regional water requirements. The key element in the assessment is
the derivation of the direct plus 1pdirect water requirements per dollar of
output delivered to final demand.

The calculation of water muitip]iers is not difficult once the direct
water requirements and the table of direct plus indirect production require
ments have been obtained. The matrix of direct and indirect production
coefficients is premultiplied by a diagonal matrix consisting of the direct
water requirements along the diagonal and zeros elsewhere. The columns of
the resulting matrix are summed in order to obtain the direct plus indirect
water requirements per dollar of output delivered to final demand by each
sector. These requirements for the tri-county economy are shown in Table
4-3. The importance of considering indirect as well as direct water requi
ments in the planning perspective can be readily seen by comparing Table
4-1 and Table 4-3. Consider, for example the direct withdrawal and consu

tive use requirements for coal mines in Table 4-1. The direct requirement
are 15.5 and 1.02 gallons for each dollar of output. However, as the fhmi
demand for the output of the coal sector expands by one dollar, there is &
total direct plus indirect water requirement of 31.4 gallons (withdrawal)

and 6.2 gallons (consumptive) generated throughout the economy. The indin
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impacts, because of the significant interdependencies within and between
coal and other sectors, are far more important than the direct requirements.
Applying only the direct water requirements to assumed increases in deliveries

to final demand can obviously result in an understatement of water use.

—
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TABLE 4-1

ESTIMATED WITHDRAWAL AND CONSUMPTIVE USE
REQUIREMENTS BY SECTOR, TRI-COUNTY REGION
OF SQUTHERN WYOMING
(In Gallons Per Dollar of Output)

Sector Withdrawal Consumptive Use
1. Ag/Livestock 792.71  1,550° 314.21  609®
2. Coal Mines 15.53 03 1,024
3. Mines N.E.C. 306.13 53.51 21.31  30.6%
4. 0i1/Gas Pr 1,031.03 03 529.2%
5. Construct 4.06 0.46
6. A1l Mfg 27.6° 6.41 8.9 1.51 373
7. Trans/Comm 2.1 0.16
8. Elec/Gs Ut 267.0° 12,45 135
9. Wholesale 2 36 b6t
10. Retail 3.9° 0.6°  1.04
11. Fin/Ins/RE 4.9 0.2 1.7
12. Services 3.5° 0.7*  0.9*
13. Medical 5.1° 0.5° 1.3
14. Education 1,56 0.25 0.8
15. Wat/San 0 0
16. Loc Roads 0 0
17. Loc Gov 0 0

1water Resources Council, based on ratio of withdrawal to wages and profit

2Census of Water Use in Manufacturing, ratio of withdrawal or consumptive
use to value of shipments.

3Census of Mineral Industries, ratio of withdrawal to value of shipments,
4Hater Resources Council, ratio of consumption to withdrawal.
5Census of Agriculture, ratio of consumptive use to value of shipments.

6Survey data or estimated on per capita basis.
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TABLE 4-2

TOTAL WATER USE, BY PROCESSING SECTORS,
TRI-COUNTY REGION OF SOUTHERN WYOMING
(In Millions of Gallons)

Sector Nithdrawa] Consumptive Use
1. Ag/Livestock 147,203 57 .837
2. Coal Mines 3,567 235
3. Mines N.E.C. 120,249 12,021
4. 0il/Gas Pr 192,489 98,802
5. Construct 14 dal 110
6. A1l Mfg 3,178 1,025
7. Trans/Comm 212 10
8. Elec/Gs Ut 31,577 1,608
9. Wholesale 118 3%
10. Retail © 45 12
11. Fin/Ins/RE ‘ 599 147
12. Services 277 i
13. Medical 261 66
14. Education 175 47
15. Wat/San 0 0
16. Loc Roads | 0 0
17. Loc Gov 0 0

501,051 172,022
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TABLE 4-3

DIRECT PLUS INDIRECT WATER REQUIREMENTS,
TRI-COUNTY REGION OF SOUTHERN WYOMING, 1977
(In Gallons Per Dollar of OQutput Delivered to Final Demand)

Sector Withdrawal Consumptive Use
Ag/Livestock 1,782.3 698.5
2. Coal Mines 31.4 6.2
3. Mines N.E.C. 323.1 37.0
4. 0il/Gas Pr 1,114.1 566.8
5. Construct 25.5 6.6
6. All Mfg 140.6 62.1
7. Trans/Comm 28.5 8.4
8. Elec/Gs Ut 446.9 99.4
9. Wholesale 16.9 4.7
10. Retail 3.2 8.7
11. Fin/Ins/RE 9.7 2.6
12. Services 27.2 V.2
13. Medical 16.3 4.7
14. Education 29.4 T4
15. Wat/San e ¥
16. Loc Roads = iR
17. Loc Gov iy e
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APPENDICES
Appendix:
A - Sector ldentification, Tri-County Region of Southern Wyoming,
1977
B - Input-Output Tables for the Tri-County Region of Southern
Wyoming
Tri-County Region of Southern Wyoming, Gross Flows Table
Tri-County Region of Southern Wyoming, Direct Requirements
Per Dollar of Output
Tri-County Region of Southern Wyoming, Direct and Indirect
Requirements Per Dollar of Qutput Delivered to Final De-
mand (Households in Processing Sector)
Tri-County Region of Southern Wyoming, Direct and Indirect
Requirements Per Dollar of Output Delivered to Final De-
mand (Households in Final Demands).

i - Survey Form Used for the Interindustry Study

D - Bibliography
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APPENDIX A

SECTOR IDENTIFICATION, TRI-COUNTY REGION
OF SOUTHERN WYOMING, 1977

Segtor
Number

Sector Description

1972
SIC |.:;

Processing Sectors
1 Ag/Livestock
2 Coal Mines

3. Mines, NEC

4, 0il1/Gas Production

5. Construction

6. A1l Manufacturing

7 Transportation/Communication
8. Electricity ; Gas Utilities
9. Whoesale Trade

10. Retail Trade

1. Finance, Insurance, Real Estate

12. Services, NEC

13. Medical Services

14. Education

15 Water, Sewerage, Trash Removal Services
16. Local and County Roads

V7 Local and County Government

02,07,08

12 St

10,14 (Tess

13 Fec

144,15,16,1 Tr
20,23,24,25
27,28,29,31
33,34,35,38

Eco

0il

40,41,42,44

46,47 .48 BXp

491,492 EXp
50,51 Tot

52,53,54,55.
57,58,59

86,88,89 ‘
80
82
495,497

91,92,93,94
96 '
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APPENDIX A (Continued)

1972
Sector Description SIC Codes
Local and County Tax Accounts -
Subtotals
' Demand Sectors

Households -

State of Wyoming 91,92.93,94,95,
96,97

Federal Government 91,92,93,94,95.
96,97

Transfer Account i
Economic Investment “
0i1 R and D : &
Exports to Wyoming Other Than the Tri-County Region -
Exports to the Rest of the World ) =

Totals
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APPENDIX B

INPUT-OUTPUT TABLES FOR THE TRI-COUNTY REGION
OF SOUTHERN WYOMING, 1977

Tri-County Region of Southern Wyoming, Gross Flo
1977 ¥

Tri-County Region of Southern Wyoming, Di
Per Dollar of Qutput, 1977 e

Tri-County Region of Southern Wyoming, Direc
Requirements Per Dollar Delivered to Fina
(Households in Processing Sector), i

Tri-County Region of Southern Wyoming, Dip
Requirements Per Dollar Delivered to Fipal
(Households in Final Demand) _
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Colorado School of Mines /&,

volden, colorado 80401 (3031 279-0300 ‘
SURVEY FORM USED FOR THE SOUTHERN WYOMING INTERINDUSTRY STUDY

A

-

%

| T TR PR TEA TR AR A T

VOLUNTARY QUESIONNAIRE

Albany, Sweetwater, and Carbon Counties Inter-Industry Analysis

This quesionnaire is designed to enable you to provide us, in as simple a form
as possible, a detailed account of your firm's purchases and sales in 1978.

The specific focus of the analysis 1is the component of that activity occurring
in Albany, Sweetwater, and Carbon counties.

This information will be handled in strictest confidence. Your responses will
be aggregated with those of other firms in your economy sector, eliminating the
possibility that any single firm's respones will be identifiable. Participation
on your part is voluntary.

1. We are particularly interested in obtaining data which are a
reasonable representation of your firm's current operation.
Data for a fiscal or calendar year 1978 or later are preferred.
In the event that data are not available in this form, please
use any consecutive twelve months since 1977 (please indicate).

2. You may indicate sales and purchases 1in dollar amounts or
percentages. ;

3. When exact data are not available, please use estimates. If it

is not possible to provide information for certain questions,
please indicate.

Name of Firm:

What is your major product(s) or service(s)? If convenient, list the appropriate
SIC classification{s).

What was the total number of employees you had at any one time in 19782

Full Time: Part Time:

the university of mineral resources
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APPENDIX C (continued)
SALES ANALYSIS

iJEH.AN'D SOURCE: SALES IN SWEETWATER, SALES TO OTHER SALES QUTe
SECTORS TO WHICH CARBON, AND ALBANY COS.| WYO. COUNTIES WYOMING
YOU SELL ($ or X of Total) ($ or % or Total)[$S or % of 1

1. AGRICULTURE, LIVESTOCK AND FORESTRY
2. COAL MINES AND RELATED SERVICES

SOURCE

CULTURE

3. OIL ANT NATURAL GAS PRODUCERS MINES
4. ALL OTHER MINING AND RELATED SERVICE OPERATORS AND NAT
5. ALL CONSTRUCTION (including sand and gravel) OTHER
6. ALL MANUFACTURING (includes processed foods, CONSTRL
. lumber, chemicals, oll refining, stone, glass, UANUTAC
metals, machines, transportation equipment, wr, che
office equipment, furniture) e

7. ALL TRANSPORTATION AND COMMUNICATION flce equi
{includes ratio, t.v., advertising, cable IRANSPO
subscriptions, telephone) P -

8. ELECTRICITY AND GAS UTILITIES riptic
9. WHOLESALE TRADE (wholesaling intermediaries) i RICITY
10. RETAIL TRADE (all retail trade) QESALE T
11. FINANCE, TINSURANCE AND REAL ESTATE 4L TRADI
(interest earmed, insurance premiums, WCE, I

recal estate commissions and manage- arerest

ment fees, fees and charges by r al esta
brokers). N .

12. ALL OTHER SERVICES (lodging, legal, personmal, . Lrokers)

leasing, amusement, data processing, business,
repair, etc.)

13. HEALTH SERVICES (medical, dental, hospitals,

OTHER SE
ing, 4aru
fir, etc

laboratories, patient care facilities) SERVI
14, EDUCATIONAL SERVICES (primary, secondary, ratories
college, technical, professional, libraries) ATTONAL

ege, tec
4, SEWAC

15. WATER, SEWAGE, TRASH REMOVAL
16. LOCAL AND COUNTY GOVERNMENT (taxes, pemits,

licenses) L AND CO!
17. HOUSEHOLDS (direct sales for private ses)
consumption) BOLDS (;

18. WYOMING STATE GOVERNMENT
19. FEDERAL GOVERNMENT

NG STATH
es)

20. TOTAL SALES L GOVEE
s Pl
At what level of cagacit}' did your establishment operate during 19787 LEVEL OF CAPACITY UTILIZATION 8, DIVIDE
What is your establishment's total water use for 1 phases of your operations? (Note: Please use an} R o
EC1A N

measurements; e.g., gallons per day, 1000 gallons per day, one feet per year, etc.)

L PERCHAS
TOTAL WATER INTAKE:

pdicate t

Please estimate the dollar value of your depletion allowance for 1978, -

DEPLETION ALLOWANCE:




)|

SALES O

(S or % of
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APPENDIX C (continued)

PURCHASES ANALYSIS

PURCHASES IN SWEET- PURCHASES

WATER, CARBON AND FROM OTHER PURCHASES OLUT-
JURCE: SECTORS FROM WHICH YOU ALBANY COUNTIES WYOMING COUNTIES SIDE WYOMING
PURCHASE OR PAY EXPENSES (5 or % or Total) 8 oy ¥ orf Teral) (5 or & of Total)

“LTURE, LIVESTOCK AND FORESTRY

H{INES AND RELATED SERVICES

T NATURAL CAS PRODUCERS

ER MINING AND RELATED SERVICE OPERATORS

UNSTRUCTION

AWUFACTURING (includes processed foods,

, chemicals, oil refining, stone, glass,
%, machines, transportation equipment,

¢ equipment, furniture)

ANSPORTATLON AND COMMUNICATION
udes radio, t.v., advertising, cable
tiptions, telephone)

CITY AND GAS UTILITIES

ALE TRADE (wholesaling intermediaries)

L TRADE (all retail trade)

R

WCE, INSURANCE, AND REAL ESTATE
iterest pavments, insurance premiuns,
il estate commissions, and management
¢5, fres and charges by

“kers)

THER SERVICES (lodging, legal, personal,
\ng, amusement, data processing, business,
r, etc.)

| SERVICES (medical, dental, hospitals,
atories, patient care facilities)

LIONAL SERVICES (primary, secondary,
g¢, technical, professiornal, libraries)

¥, SEWACE, TRASH REMOVAL

. AND COUNTY GOVERNMENT (taxes, permits,
“ses)

HOLDS (pavments subject to withholdings)

NG STATE GOVERNMENT (taxes, permits,
Nses)

JAL GOVERNMENT (taxes, permits, license fees,
cyg;s_ElCA,_uﬂemployment‘1n§u;ancg)__m_r_

, DIVIDENDS, RETAINED EARNINGS

(CIATION ALLOWANCE

L PURCHASES

STORY CHANGE: §

indicate the value of vour establishment's net

inventory change in 1978 (this may be a positive or negative).
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Title

and
g Bacterial Response to the Soil Environment .
Computer Simulation of Yaste Transport in Groundwater Aquifers
Snow Accumulation in Relation to Forest Cancpy
Indus- funoff From Forest and Agricyltural Watersheds

S0i1 Movenent in an Alpine Area

Stabilization of Alluvial Channels

Stability of Slopes with Seepage

Improving Efficiency in Agricultural Water Use

fontrolled Accumulation of Blowing Snow

Economics and Administration of Water Resources

Organizational Adaptation to Change in Public Objectives for Water Management of
Cache La Poudre River System

Economics and Administration of Water Resources

Economics of Groundwater Development in the High Plains of Colorado

Hydrogeology and Water Quality Studies in the Cache La Poudre Basin, Colorado

Hydraulic Operating Characteristics of Low Gradient Border Checks in the Managcment
of Irrigation Water

Experimental Investigation of Small Watershed Floods

An Exploration of Components Affecting and Limiting Policymaking Options in
Local Water Agencies

Experimental Investigation of Small Watershed Floods.

Hydraulics of Low Gradient Border Irrigation Systems

Improving Efficiency in Agricul tural Water Use

Waterfowl-Water Temperature Relations in Winter

An Exploration of Components Affecting and Limiting Policymaking Options in
Local Water Agencies

A Systematic Treatment of tne Problem of Infiltration

Studies of the Atmospheric Water Balance

Evaporation of Water as Related to Wind Barriers

Nater Temperature as a Quality Factor in the Use of Streams and Reservoirs

local Water Agencies, Communication Patterns, and the Planning Process

Combined Cooling and Bio-Treatment of Beet Sugar Factory Condenser Water Effijuent

Identification of Urban Watershed Units Using Remote Multispectral Semsing

Geohydraulics at the Uncomformity Between Bedrock and Alluvial Auuiflers

Sedimentation and Centaminant Criteria for iatershed Planning and Management

Bacterial Movement Through Fractured Bedrock .

The Mechanism of Waste Treatment at Low Temperature, Part A: Microbiology

The Mechanism of Waste Treatment at Low Temperature, Part B: Sanitary Engineering

An Application of Multi-Variate Analysis in Yydroloay

lirban-Metropolitan Institutions for Water Planning Development and Management

Searching the Social Science Literature on Hater: A Guide to Selected Information
Storage and Retrieval Systems - Preliminary Version

Water Quality Management Decisions in Colorado

Institutions for Urban-Metropolitan Water Management Essays in Social Theory

Selection of Test VYariable for Minimal Time Detection of Basin Response to
Natural or Induced Changes

Groundwater Recharge as Affected by Surface Vegetation and Management

Theory and Experiments in the Prediction of Small Watershed Response

Experiments in Small Yatershed Response

Economic, Political, and Legal Aspects of Colorado Water Law

Mathematical Mndeling of Water Management Strategies in Urbanizing River Basins

Evaluation or Urban Water Management Policies in the Denver Metronolitan Area

(oordination of Agricultural and Urban Water Quality Management in the Utah
Lake Drainage Area

Institutional Requircnents for Optimal Water Quality Management in Arid Urban Areas

Improvements in Moving Sgrinkler I[rrigation Systems for Canservation of wWater

Systematic Treatment of Infiltration with Applications

An Experimental Study of Soil Water Flow Systens Invalving Hystersis .

Consolication of Irrigation Systems: Phase 1-Enqincering, Legal and Sociological
Constraints and/or Facilitatoss -

Systematic Design of Legal Requlations for Optimal Sur face-Grounduwater Usage

Geologic Factors in the Evaluation of Water Pollution. Potential at Mountain
Dwelling Sites

Kater Law in Relation to Environmental Quality

Evaluation and Implementation of Urban Drainace and Flood Control Projects

Snos-Air Interactions and Manaqemart of Mountain Watershed Snowpack

Primary Data on Econgmic Activity and Water Use in Prototype 0il Shale Developinent
Areas of Colorado: An Imitial Incuiry ;

A Systes for Geoiegic Evaluation of Poljution at Hountain Dwelling Sites
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COMPLETION REPORT SERIES

Title Date

Research Needs as Related to the Development of Sedirent Standards in Rivers 3/75
Economic and Institutiunal Analysis of Colorado Water Juality Manasement 3/75
Feasibility and Potential of Enhancing Water Recreation Opportunities on

High Country Reservoirs 6/75
Analysis of Colorado Pracipitation 6/75
Computer Estimates of Matural Pecharqe from Soil Moisture Data-Hich Plains of Colorado 1/76
Urban Drainace and Flood Control Projects: Economic, Lecal and Financial Aspects 7/75
Individual Home Wastewater Characterization and Treatment 7775
Toxic Heavy Metals in Groundwatar of a Portion of the Front Range !'lineral Belt 6/75
Systematic Design of Legal Regulations for Optimal Surface-Groundwater Usane - Phase 2 9/75
Engineering and Ecolonical Evaluation of Antitranspirants for Increasing Runoff in

Colorado Yatersheds 9/75
An Economic Analysis of lYater Use in Colorado's Ecoromy 12/75
Salt Transport in Soil Profiles with Application to Irrigation Return Flow - The

Dissolution and Transport of Gypsum in Soils 1/76
Toxic Heavy Metals in Groundwater of a Portion of the Front Ranae Mineral Belt 6/76
Production of Mutant Plants Conducive to Salt Tolerance 7/76
The Relevance of Technological Channge in Long-Term Yater Resources Planning 10/76
Physical and Econcmic Effects on the Local Aaricultural Economy of YWater Transter to Cities 10/76
Determination of Snow Depth and Water Equivalent by Pemote Sensing 6/76
Evaporaticn of lastewater From Mountain Cabins 3/77
Selecting and Planning High Country Reservoirs for Recreation Within a Multipurpose

Management Framnework 7/77
Evaluation of the Stcrage of Diffuse Sources of Salinity in the Upper Colorado River Basin  9/77
Achieving Urban Yater Censervation, A Handbook 9/77
Achieving Urban 'ater Conservaticn: Testing Corpunity Accentance 9/77
Development of a Subsurface Hvdrologic Model and Use for Integrated !anagement of

Surface and Subsurface dater Resources 12/77
Modelling the Dynamic Response of Floodplains tc Urbanization in Eastern MHew England 1/78
Pollutioral Characteristics of Stormwater Runoff 9/78
Development of a Drainage and Flood Control !anagement Program for Urbanizing

Communities - Part I 9/78
Development of a Drainace and Flood Control Management Program for Urbanizing

Conmunities - Part Il 9/78
Developuent of a Stream-Aquifer iiodel Suited for Hanagement B/78
Institutional Arrangerents for Effective Water Mznage~ent in Ceoiorado 11778
Synthesis and Calibration of a River Basin ater Hanacerent Model 10/73
Models for System ‘later Plarning with Special Retference tc iater Reuse 6/79
Economic Benefits From Instream Fleow in a Coiorado Mountain Stream 6/79
Hydraulic Conductivity of Mountain Soils 9/78
Application of Seomorph’c Principles to Environmental Manacement in Semiarid Reaicns 2/80
Consolidation of Irrication Systems: Phase II, Engireering, Economic, Legal and

Socioloqgical Reguirerents 5/80
Drought-Induced Problems and Responses of Small Towns and Rural Water Entities in

Colorado: The 197¢-1978 Drouaht 6/80
The Production of Agriculturally Useful Mutant Plants with Characteristics Conducive 10/79

to Salt Tolerance and Efficient “ater U'tilization
Water Requirements for Urban Lawns in Coloraco 8/80
The Effect of Algal Inhibitors on Higher Plant Tissues 7/80
Apolications of Remote Sensing in Hydrology 9/80
A Watershed Information System 9/80
An Empirical Application of a Model for Estimating the Recreation Value of Instrecn Flow 1%/85

Measuring fenefits and the Economic Value of Water in Recreation on High Courtry Jeservoirs 3720
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INFORMATLON SERIES

Title Date Price
Inventory of Environmental Rescurces Research in Progress - Colorado State University wn Free
fconomics of Water Quality--Salinity Pollution - Abridged Bibliography 6/ 11.00
Inventory of Environmental Resources Research in Progress - Colorado State Unfversity 7172 Free
Proceedings “orkshop on Home Sewage Disposal in Colorado 6/72 Free
Directory of Environmental Research Faculty - Colorado State University 12/72 Free
Water Law and Its Relationship to Envivonmental Quality: BRibliography of Source Material 1/73 7.00
Wildiife and the Environment, Proc. of Governor's Conference, March 1973 3/73 3.00
Inventory of Current Hater Resources Research at Colorado State University 7/73 Free
Proceedings of the Symposium on Land Treatment and Secondary Effluent 11/73 3.00
Proceedings of a Workshop on Revegetation of High-Altitude Disturbed Lands 7/74 3.00
Surface Rehabilitation of Land Disturbances Resulting from 0il Shale Development 6/74 Free
Water Quality Control and Administration Laws and Regulations 74 15.00
flood Plain Management of the Cache La Poudre River Near Fort Collins 8/74 2.76
Bibliography Pertinent to Disturbance and Rehabilitation of Alpine and Subalpine

Lands in the Southern:Rocky Mountains 2/75 3.00
Proceedings of the Symposium on Yater Policies on U.S. Irrigated Agriculture: Are

Increased Acreages Needed to Meet Domestic or Horld Needs? 3/75 4.00
Annotated Bibliography on Trickle Irrigation 6/75 Free
Cache La Poudre River Near Fort Collins, Colorado - Flood Management Alternatives -

Relocations and Levies 8/75 5.00
Winimum Stream Flows and Lake Levels in Colorado 8/75 8.00
The Environmental Quality Objective of Principles and Standards for Planning 8/75 7.00
Proceedings, Second Horkshop on Home Sewage Disposal in Colorado 9/75 3.00
Proceedings: High Altitude Revegetation Workshop No. 2 B/76 4.00
Implementation of the National Flood Insurance Program in Larimer County, Colorado 9/76 4.00
Inventory of Colorado's Front Range Mountain Reservoirs 5/71 5.00
Factors Affecting Public Acceptance of Flood Insurance in Larimer and Meld Counties, €O 9/77 3.00
Surveillance Data - Plains Segment of the Cache La Poudre River, Colorado 1970-1977 1/78 5.00
Water Use and Management in an Arid Region (Fort Collins, Coloraco and Vicinity) 8/77 5.00
Proceedings, Colorado Drought Yorkshops 11/717 Free
Proceedings: High Altitude Revegetation Yorksncp No. 3 6/78 4.00
Proceedings, Third Workshop on Home Sewage Disposal in Colorado - Community Management 7/78 4.00
The Larimer-Weld Council of Governments 208 Water Quality Plan: An Assessment and

Suggestions for Future Directions 8/78 2.00
The Denves Basin: Its Badrock .quifers 1/79 Free
Snowpack Augmentation by Cloud Seeding in Colorado and Utah 8/79 4.00
The Impacts of Improving Efficiency of Irrigation Systems on bater Availability in the

Lower South Platte River Basin ! ) /79 Free
San Luis Valley Yater Problems: A Legal Perspective 1/79 4.00
Federal Water Storage Projects: Pluses and Minuses 6/79 Free
Cutting City Water Demand : 5/79 Free
Water for the Soutn Platte Basin 3/79 Free
Public Participation Practices of the U. S. Army Corps of Engineers 7/79 3.00
Administration of the Small Watershed Program, 1955-1978 - An Analysis 1gf;3 g-gg

Proceedings of the Workshop on Instream Flow Habitat Criteria and Modeling
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TECHNICAL REPORT SERIES
Title

Surface Rehabilitation of Land Disturbances Resulting From 0il Shale Development

Estimated Average Annual Water Balance for Piceance and Yellow Creek Watersheds

Implementation of the Federal Yater Project Recreation Act in Colorado

Vegetative Stabilization of Spent 0il Shales

Revegetation of Disturbed Surface Soils in Various Vegetation Ecosystems of the
Piceance Basin

Colorado Environmental Data Systems (abridaed)

Manual for Training in the Application of Principles and Standards (Mater Resources Council

Models Desiqgned to Efficiently Allocate Irrigation Water Use Based on Crop Response to
Soil Moisture Stress

The 1972 Federal ‘later Pollution Control Act's Area-Yide Planning Provision: Has
Executive Implementation Met Conaressional Intent?

Efficiency of Wastewater Disposal in Mountain Areas

Federal Water Recreation in Colorado: Comorehensive View and Analysis

Recreation Benefits of later Quality: Rocky Mountain National Park, South Platte
River Basin, Colorado

Impact of Irrigation Efficiency Improvements on Water Availability in the South Platte
River Basin

Economic Value of Benefits from Recreation at High Mountain Reservoirs

Weekly Crop Consumptive Use and Precipitation in the Lower South Platte River Basin
(Fort Morgan, Sterling and Julesburg) 1947-1975

Water Management Model for Front Range River Basins

Land Treatment of Municipal Sewage Effluent at Hayden, Colorado

An Interactive River Basin Water Management Model: Synthesis and Application

An Economic Evaluation of the General Management for Yosemite National Park
Development of Methodalogies for Determining Optimal Water Storage Strategies

WATER STUDIES INVENTORY

Abstracts of Current Water Resources Studies in Colorado - FY1980
Inventory of Water Resources Studies in Colorado - User's Guide

SPECIAL REPORTS

Design of Mater and Wastewater Systems for Rapid Growth Areas (Boom Towns-
Mountain Resorts)

Environment and Colorado - A Handbock

Irrigation Development Petential in Colorado

Piceance Basin Inventory

A Guide to Colorado Water Law
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