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CHAPTER 1 

INTRODUCTION 

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 

researchers 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 Powder River Basin study area consists of eight counties in 

northeastern Wyoming: Sheridan, Campbell, Crook, Johnson, Weston, 

Natrona, Converse, and Niobrara. These counties comprise an area of 

28,989 square miles, or approximately 30 percent of Wyoming's total 

area. Within the Powder River Basin, federal government holdings 

account for 22.9 percent of the acreage, private holdings account for 

68.5 percent and state holdings amount to 8.6 percent. 1 The region's 

1980 population was 157,378 inhabitants, or 33.4 percent of the 

1Wyoming Department of Economic Planning and Development, Coal and 
Uranium Development of the Powder River Basin-An Impact Analysis, 1974, 
p. 18. 
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state total. Total person~l income for the region was approximately 

$2.4 million which was almost 38 percent of the state total. 3 

The Powder River Basin's economy has historically depended on 
(\ 

three sectors: agriculture, tourism and mining. Agricultural production 

is predominantly based on livestock; the eight county region contains 

30 percent of the land in Wyoming that is suitable for year-round 

grazing. Approximately half of Wyoming's sheep and almost 40 percent 

of Wyoming's cattle can be found in the Powder River Basin. The major 

cash crop grown in the area is wheat; the basin accounts for nearly 20 percent 

of Wyoming's wheat production. Campbell and Crook counties have most of the 

region's wheat land. Approximately 26 percent of Wyoming's aqricultural em

ployment occurs ;n the eight county area. 

Natural features like Crook County's Devil's Tower National 

Monument, the Big Horn Mountains in Sheridan and Johnson Counties, 

and the Black Hills, which are partially located in eastern Crook and 

Weston Counties, draw large numbers of tourists to the area. It is 

difficult to quantify the employment due to tourism because many of 

the services supplied to tourists also serve the local economy_ 

The Powder River Basin region is rich in mineral resources including 

oil, gas, coal, uranium and bentonite. The 1979 production figures for 

the eight counties are listed below. 

2U. S. Bureau of the Census, Census Retrieval and Information 
Service Report #2H, 1981, pp. 4-6. 

3Wyoming Department of Administration and Fiscal Control, Wyoming 
Income Report, 1980, p. 11. 
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1979 MINERAL PRODUCTION4 

Oil Gas Coal Uranium Bentonite 
Count,}' {Bbls.} (MCF) (Tons) (Tons} {Tons} 

Campbell 24,689,520 19,731,572 39,322,640 
Converse 7,002,401 13,791,617 3,004,854 1,898,391 
Crook 2,573,420 103,235 1,822,662 
Johnson 3,219,622 1,038,896 98,891 341,796 
Natrona 7,538,813 8,199,305 474,255 50,898 
Niobrara 1,250,981 190,577 
Sheridan 187,804 3,536,608 
Weston 1,931,340 995,482 333,752 

Total Powder 
River Basin 
Prod. 48,393,901 44,050,684 45,864,102 2,471,537 2,549,108 

Total Wyoming 
Prod. 115,678,022 333,322,180 68,792,573 5,512,345 4,479,242 

% Wyoming Prod. 41.8% 13.2% 66.7% . 44.8% 56.9% 

Due to the large amount of natural resources available, mineral 

production has been a significant factor in the area's economy since the 

late 1800s. About 67.6 percent of Wyoming's mining employment occurs in 

the eight county area. 

Northeastern Wyoming topography consists of two main features, high 

plains and mountains. The Powder River Basin is bounded on the east by 

the Black Hills, and on the west by the Big Horn Mountains. Cloud's Peak, 

the highest mountain in the Big Horn Mountain Range with an elevation of 

13,165 feet, is located on the western border of Johnson County. The 

high plains generally vary in elevation from 4,500 to 5,000 feet; their 

4Mineral Division of the Wyoming Department of Economic Planning and 
Development, 1980 W,}'oming Mineral Yearbook, 1981, p. 89. 
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low point is 3,125 feet, which occurs in the northeastern corner of the 

region where the Belle Fourche River leaves the state. Devil's Tower, a 

unique topographic feature, is also located along the Belle Fourche River 

in the northeastern corner of the study area. Oevil's Tower is 1,200 

feet high and 1,700 feet in diameter; it is composed of vertical columns 

of phonolite, a volcanic rock. 

The climate of the Powder River Basin can be classified as semi-arid 

due to its moderately low, unevenly distributed rainfall. Areas that 

receive less than 8 inches of rain are classified as semi-desert and have 

sparse vegetation; areas that receive 8 to 16 inches of rainfall can support 

some trees. Temperatures vary between extreme cold in winter and extreme 

heat in the summer. The mean monthly temperature for Gillette is 20.50 F 

in January and 71.70 F in August; it also receives an average of 14 inches 

of precipitation per year. The prevailing winds are westerlies, however, 

mountain structures often change the general weather patterns. Localized 

weather is frequently the result of their influence. Windy days are common 

on the high plains; wind speeds can often exceed 40 miles per hour. 

Thunderstorms, cloudbursts and hailstorms frequently occu~ during the 

summer. 

The vegetation of the high plains is characterized by extensive grassy 

plains and sagebrush flats. Plants that are common in this semi-arid 

region include cactus, buffalo grass and sagebrush. Along the Powder 

River, bluegrass is the staple range plant; its high nutritive value allows 

cattle to be restricted in range area without any loss in weight. When 

irrigated, the Powder River Basin will produce crops, predominantly wheat. 

Where there is enough water for trees to grow, along stream banks and in 

the mountains, the most common conifer is the ponderosa pine. Cottonwood 



: 
5 

trees are also frequently found on the lower slopes and along stream 

beds • 

. Substantial coal resources are found within the Powder River Basin; 

it ;s estimated that 89.8 percent of the strippable coal resources found 

in Wyoming (21.262 billion short tons) lie within the eight county area. 5 

The coal in the Powder River Basin is the lowest ranked coal mined in 

Wyoming. Heat values for the Basin coals average only 8,200 BTU/lb., 

compared to the 9,000 to 11,000 BTU/lb. found in southern Wyoming coal 

mines. 6 

The Powder River Basin is a gentle, assymetrical anticline bounded 

by mountain ranges on its eastern and western margins. It has the least 

complex structure of any of the Wyoming coal fields; the beds dip less 

than two degrees on the ea~tern margin of the basin. The dip of the beds 

gradually increases as its western edge is approached. The thickest and 

most continuous coals in the Basin occur in the Tertiany Fort Union and 

Wasatch Formations, although some subbituminous coals occur in the 

Cretaceous Mesav.erole and Lance Formations. The Fort Union Formation coals 

are best developed on the northern and eastern sides of the basin; they 

consist of eight to twelve thick, subbituminous coal beds. One of the 

most persistant beds, the Wyodak-Anderson bed, ranges between 25 and 125 

feet thick, and probably averages 70 feet thick. The Wasatch Formation 

contains up to eight persistant coals; the thickest Wasatch coal occurs' 

on the western side of the Basin in the Healy coal bed. The Healy coal 

SCoal and Uranium Development of the Powder River Basin-An Impact 
Analysis~ Ope cit., p. 18. 

6Gary B. Glass, Wyoming Coal and Their Uses, Geological Survey of 
Wyoming, 1975, p. 4. 
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bed is the thickest coal bed in t4ybming, and probably in the U. S. At 

Lake De Smet the Healy coal bed exceeds 220 feet in thickness. 

The original estimated in-place coal resources of the Powder River 

Basin lying between zero and 3,000 feet of overburden is 110,218~95 mi.l1ton 

short tons. 7 The remaining strippable subbituminous coal reserves found 

in the Powder River Basin as of January 1, 1968, can'be seen below. 

STRIPPABLE 'COAL RESERVES WITHIN THE POWDER RIVER BASIN8 

Strippable Reserves 
Stri~ Mine DeQosit (short tons) 

Acme~Kleenburn 32,000,000 
Clear Creek 184,900,000 
Dave Johnston 135,700,000 
Dry Cheyenne 179,500,000 
Lake De Smet 1,000,000,000 
Spotted Horse 717,000,000 
Sussex 13,600,000 
Wyodak 19,000,000,000 

TOTAL 21,262,700,000 

The presence of oil and natural gas in Wyoming is closely tied to 

the location at large structural basins, like the Powder River Basin. 

Although Wyoming's oil and gas concentrations occur in both structural 

and stratigraphic traps, most of the recent discoveries have been in 

stratigraphic traps. This is because structural traps generally have 

7Coal and Uranium Development of the Powder River Basin-An Impact 
Analysis, Ope cit., p. 18. 

8Gary B. Glass, Review of Wyoming Coal Fields, 1976, Public Information 
Circular No.4, Geological Survey of Wyoming, p. 20. 
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recognizable surface expressions, like the crest of an upwarped antieline; 

all of these obvious geologic features have previously been drilled. 

Stratigraphic traps, however, are usually located in the central, undis

turbed portion of a basin which makes them more difficult to locate. It 

has only been with the advent of more sophisticated geophysical equipment 

that these large stratigraphic traps have been found in the western U. S.; 

including those located within the Powder River Basin. 

The Powder River Basin was the most active area for exploratory 

drilling during 1977; it accounted for 52.5 percent of all the wells 

drilled in Wyoming. 9 Drilling activity was concentrated in the central 

portion of the basin due to the discovery of large oil reserves in 

stratigraphic traps like the Hartzog Draw. A summary of the drilling 

activity for the years 1971 to 1977 can be seen below. 

DRILLING ACTIVITY IN THE POWDER RIVER BASIN10 

* Year Total Wells New Field Wildcats 

1977 681 - 52.5% 13 oil, o gas 
1976 602 - 63% 12 oil, 1 gas 
1975 864 - 69% 26 oil, 1 gas 
1974 598 - 61% 20 011, o gas 
1973 557 - 63% 11 0; 1 , o gas 
1972 595 - 62% 17 oil, o gas 
1971 571 - 64% 22 oil, o gas 

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

9Barlow & Haun, Inc., Oil and Gas Production, Reserves and Resources 
in Wyoming, 1978, p. 13. 

10Ibid , p. 14. 
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Total (current and future) oil production from the Powder River 

Basin is estimated to be 3.559 billion BBl which would amount to 34 

percent of the state's total; total current and future gas production 

is estimated to be 3.349 billion MCF which would be 4 percent of 

Wyoming's total. 11 A summary of cumulative production, remaining reserves 

and estimated resources for the Powder River Basin can be seen below. 

Oil BBl 

Gas MCF 

PRODUCTION, RESERVES AND RESOURCES FOR OIL AND GAS 

IN THE POWDER RIVER BASIN12 

Estimated Cumu1ative* 
Production .to 1/78 

1,700,066,419 
38.4% 

1,715,318,602 
23.7% 

Estimated Remaining 
Reserves 

685,900,000 
37.6% 

430,200,000 
4.4% 

Estimated Undiscovered 
Resources 

528,000,000 to 
2,935,000,000 (range) 

1,174,000,000 (most likely) 

541,000,000 to 
3,010,000,000 (range) 

1,204,000,000 (most likely) 

* % is the percentage of the total Wyoming base figure. 

The Powder River Basin has abundant low grade uranium deposits; the 

majority of these deposits are found within the Tertiany Fort Union Formation. 

These low grade deposits were formed by migrating uranium-bearing solutions 

that altered the original host rock (sandstone); they are termed "roll 

front" deposits because the uranium is concentrated along the C-shaped 

interface between the oxidized and reduced portions of the sandstone. 

11 Ibid , p. 4. 

12I~id. 
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The iron-oxide staining associated with the oxidation of the sandstone 

by the uranium-bearing solutions is particularly well developed in the 

Powder River Basin area. 

Although Wyoming is second only to New Mexico in uranium production 

and reserves, the uncertain future of the nuclear industry in the U. s. 

has caused cutbacks in production and development. Until a definite 

nuclear energy policy is developed in the U. S., the uranium industry in 

Wyoming will be in a state of flux. It is estimated that there are 62,600 

tons of 'uranium resources (U3 08) within the Powder River Basin. 13 

Along with the fossil fuels, bentonite is of major economic importance 

to the Powder River Basin. Bentonite is a sedimentary mineral which 

contains at least 75 percent of the clay minerals montmorillonite and 

beidellite. When wet, Wyoming bentonite can swell to as much as fifteen 

times its original volume. This particular property places the min~ral 

in high demand by the oil industry where it is used as a component in 

drilling mud to seal wells and to carry well cuttings to the surface. 

The steel industry also uses bentonite in pelletizing taconite iron ore 

prior to its shipment to a steal mill. 

The study area produced 56.9 percent of Wyoming's 1979 bentonite 

producti on; Crook County ; tse 1 f accounted for 40.5 percent of ~Jyomi ng I s 

production. Due to expanding markets, the Wyoming bentonite industry 
14 is expected to grow at a rate of 10 - 15 percent per year through 1985. 

A great deal of the gro\'1th in northeastern Wyomi ng has been caused by 

the rapid development of the mining sector. The expansion of the mining 

1 aU". S. Energy Research and Development Administration, National 
Uranium Resource Evaluation, Preliminary Report, 1976, p. 47. 

141980 Wyoming Mineral Yearbook, Ope cit., p. 13. 
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industry is reflected in the employment figures for the eight counties. 

EMPLOYMENT IN THE MINING INDUSTRY 

Year 

Countt 72* 75* 78* 78** 80** 81** 82** 

Campbell 957 1,433 3,010 2,809 3,532 4,033 4,522 
Converse 242 672 1,456 1,445 1,523 1,724 1,837 
Crook 0 175 364 321 366 370 374 

Johnson 141 190 285 428 453 462 478 
Natrona 2,911 4,728 6,746 6,316 6,398 6,642 6,853 
Niobrara 0 88 30 30 30 30 30 
Sheridan 166 140 299 801 897 1,097 1,134 
Weston 381 482 554 658 726 746 773 

*Wloming EmQloyment ReQort, 1980. 
**W~oming POQulation and EmQlotment Forecast ReQort, 1980. 

The mining sector1s expansion has had a significant effect on the 

population of the eight county area. 

POPULATION 

Year 
CountoY 1970* 1975* 1980** 

Campbell 12,957 13,090 24,367 
Converse 5,938 8,048 14,069 
Crook 4,535 4,883 5,308 
Johnson 5,587 5,728 6,700 
Natrona 51,264 55,087 71,856 
Niobrara 2,924 2,895 2,924 

Sheridan 17,852 19,924 25,048 

Weston 6,307 6,245 7,106 

*Wyoming Handbook, 1977. 
**Census Retrieval and Information Service, Report #2H, April 1981. 
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STATEMENT OF THE PROBLEM 

The natural resource base in the region, while relatively abundant 

in terms of the capability to satisfy local pemands, is nonetheless the 

focal 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 but of state. Water 

use is governed by state water law, interstate compacts, and international 

treaty. Thus, from a regional 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 economy 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 

economy 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 cOrTponents are 

accomodated through the collection of. extensive primary data, from firms 

within the region, and subsequent tabulation of the data in a form consistent 

with the interindustry framework. The analytical phase consists of the 
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impact analysis, 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 

economy., which .is the concern of Chapter 3, and the analysis of water use 

in Chapter 4. 

In addition to the main text of the report, there are several appendices. 

These contain the input-output tables, the sector identification used in the 

analysis, 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 Powder River Basin region of 

eastern Wyoming. The exploration, development, and extraction activities 

associated with these natural resources have generally been viewed as 

isolated from, or independent of, the remainder of the economic environ

ment. 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 continued resource developments. 

The interindustry model identifies the interdependent structure of 

an economy. No producing sector is autonomous (independent of the other 

sectors); 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 identifi

cation 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. l Final demands 

(as opposed to intermediate demands) reflect the demand for goods and 

lSee Chapter 3 for a more complete explanation of the interindustry 
model. 
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and services in final form. Thus, final demand sectors use or consume a 

finished good. Intermediate demands, on the other hand, reflect the de

mand for goods and services which are processed before becoming available 

for final consumption. Thus, changes in final demands result in changes 

in the processing (or intermediate) sectors of the economy. The primary 

purpose of the interindustry model is to trace these impacts throughout 

the economy. Tracing these direct and indirect impacts allows the deri

vation 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 several categories including: the definition 

of the region, delineation of economic sectors, the data collection ef

fort, selection of the base year, and data processing. Each is discussed, 

as briefly'as possible, in the following pages. 

DEFINITION OF THE REGION 

The Powder River Basin region of eastern Wyoming, for purposes of 

this study, was defined as Campbell, Converse, Crook, Johnson, Natrona, 

Niobrara, Sheridan and Weston counties. This regional definition allows 

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. 



15 

for an analysis of an area most immediately impacted by actual and 

potential coal, oil and other mining development. 

SECTOR DELINEATIONS 

The interindustry model requires the separation of the economy into 

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

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 inter

industry structural dependence that prevails. The model structures 

economic activity into two major components, suppliers (or sellers) and 

purchasers (or users). Each of these is further subdivided according to 

the following scheme. Suppliers include: 1) intermediate or processing 

suppliers who are producers 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 ;s not directly dependent on pur

chased inputs. This latter category includes non-local suppliers (or' 

imports). Purchasers include: 1) intermediate 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 pur

chasers, and its composition, are determined outside the processing 

sector. Production to meet the exogenously determined final demands 

generates intermediate purchases and sales. Primary suppliers and final 
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purchasers mayor 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 sup

pliers, which are referred to as the final payments sector. (The sup

pliers are conventionally shown along the left border of an interindustry 

table.) The two major divisions of the purchasers are the intermediate 

purchasers, which are labeled as the processing sector (just as with the 

intermediate suppliers) 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 frame

work that a further sector disaggregation must be accomplished. 

The ideal sector delineation would allow unique recognition of in

dustries 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 lack 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 

3Information 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 em
ployment. Ethical considerations also dictate that the operations of any 
single enterprise can never be divulged. 
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disaggregation in all sectors. Since the purpose here is largely to 

determine the impacts of coal development and other sectors such as oil, 

agriculture, and local government, economic sectors such as trade and 

services do not require detailed disaggregation. -The final delineation 

of the sectoring 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 ac

count and the transfer account. There is also an explanation of the profit 

and depreciation sectors. 

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, intergovern

mental transfers, and fines and forfeitures. All revenues accruing to 

local and county government entities are shown as being paid to this 

account (sector). In turn the account 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 

respective sector in the Powder River Basin 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 activities, and otherwise unallocated bond indenture 

sinking funds. 

Another accounting device employed in the Powder River Basin inter

industry model is the transfer sector. This accounting device allows for 
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TABLE 2-1 

SECTOR IDENTIFICATION 
POWDER RIVER BASIN REGION OF EASTERN WYOMING, 1979 

Sector Sector 1972 
Number Descri~tion SIC Codes 
Processing Sectors 
1 • AG/LIVESTK 01,02,07,08 
2. COAL-MINES 12 
3. MINES-NEC 10,14 (exc1uding144) 
4. OIL/GAS-PR 13 
5. CONSTR 144, 15, 16, 17 
6. ALL-MFG 20-39 
7. TRANS-COMM 40-48 
8. ELEC/GS-UT 491,492,493 
9. WHOLESALE 50, 51 

10. RETAIL 52-59 
11 • FIN/INS/RE 60-67 
12. SERVICES (Other Services) 70-79,81,83-89 
13. MEDICAL 82 
14. SCHOOLS 80 
15. COLLEGES· 80 
16. WAT/SAN 494, 495 
17. LOC-ROADS 
18. LOC-GOV 91-97 
19. LOC-TAXES 
20. HOUSEHOLDS 
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two unique and distinctive characteristics that are not usually found in 

other regional interindustry studies. First, the assumption that transfer 

payments cancel in the net is dropped. Second, the model handles finan

cial 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 referr~d to the gross flows in 

the appendix for the positioning 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 was separated from other revenues. This value equal to loss 

experi ences was then prorated among the vari ous sectors in accordance wi th 

their premium payments and directly charged into the transfer row. Thus, 

the loss experience is not part of the total gross output of the insurance 

and real estate sector. The transfer column in turn is shown as making 

the claim payments to the various sectors, construction, retail trade, 

health medical care services, services N.E.C., households, and imports. 

Second, the State of Wyoming generated revenues in the Powder River 

Basin region of eastern Wyoming that exceeded the value of the state's 

expenditures in the region. This final surplus is shown as an outlay by 

the state sector to the transfer account row. Similarly, the federal 

government generated a surplus in the tri-county region. The accounting 

for this was to have the federal government column charge the surplus to 

the transfer row. Thus, the federal government's financial surplus is 

removed from the region. 
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Second~ transfer payments to households are handled through the 

transfer account. 4 Taxes collected in the region are always shown as 

bei ng paid to the respecti ve. government accounts ~ i. e., 1 oca 1 and county 

tax accounts, State of Wyoming, or federal government. Any intergovern-

mental transfer is shown as a sale by the recipient and a purchase by the 

grantor. In turn, the account that grants the transfer payment(s) to the 

household sector is shown as making a purchase from the transfer account 

row in the amount of the transfer payment(s). The transfer account column 

then makes the payment to the household account. 

Third, financial capital finds its way into the tri-county region by 

means other than local financial institutions. 5 When interest payments 

are made on this outside finance, the dollars involved leave the region. 

To account for this, the total gross output of the regional financial 

institutions was increased so that all interest 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 the increase and the 

transfer column charged the same to the imports from Wyoming other than 

the tri-county region. 

4At the county and state levels these transfer payments are·monies 
distributed 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 ·pensions, federal employee retirement benefits, and medicare 
payments. 

SAn example would be the sale of bonds in an open market by a school 
district. 
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Fourth, interest paid by local financial institutions on savings 

accounts and certificates of deposit was charged against the transfer 

account row. The transfer account column distributed this interest to 

the profit and rents row entry. 

The transfer account was used to close profits, interest, rents and 

the like into the household sector.· To accomplish this, the transfer 

account column was given a credit at the intersection with the profit 

sector. 

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. 

Where enterprise accounting was employed, the profit sector includes 

after-tax profits, charges to reserves for bad debts, capital loss amorti

zation, and outlays for rents and roya1ties. 6 Where gov~rnment fund ac

counting was employed, the profit sector includes surplus of current 

revenues over current7 expendituresB, the value of capital expenditures 

appropriated 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. 

6Except in the case where rents (e.g., agricultural land leases) 
and royalties (e.g., oil and gas) were paid to the Wyoming and federal 
governments. In these instances the amounts are shown as being paid 
directly to the respective governments. 

7Cu~rent in the sense that they occurred in 1979. 

BAn exception to this is in the Wyoming and federal government 
sectors; see the explanation of the transfer sector. 
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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 th~ 

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

represents wages and salaries paid subject to withholding. 

QUESTIONNAIRE DESIGN AND USE 

Previous experience with questionnaires employed to obtain primary 

information 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 arl 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 ~epresents the format 

for the final translation by_ the researcher. A large majority of the 
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primary data were originally collected in field notes that described the 

detail behind 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 as an interview focal point and as an item that could be left with 

an interviewed 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 infonmation on the nature of the firm's product lines, the number 

of employees, water use, and level of capacity utilization. Outlay 

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 Powder 

River Basin interindustry study sector descriptions and regionalized ac

cording to (a) Powder River Basin, (b) Wyoming other than the Powder River 

Basin region, and (c) activity outside Wyoming. A question 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. 
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SELECTION OF THE BASE YEAR 

There is no price index constructed specifically for Wyoming. This 

effectively removes one criterion (relatively stable prices) from con

sideration when selecting a base year for Wyoming economic studies. The 

1979 base was selected for the initial survey for the following two 

reasons. 

Interviewing for the Powder River Basin interindustry study began in 

September, 1980. Calendar 1979 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. 

CONDUCT OF THE SURVEY 

Interview schedules were arranged by telephone between three days and 

a week in advance. Every effort was made to gain an interview with the 

person who would have immediate authority to release information. The 

length of time spent on an individual interview varied from firm to firm. 

Several were conducted in less than an hour; some took place over several 

days. The survey process continued over a three-month period. 
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PROCESSING THE DATA 

Information gathered on the outlay and sales patterns for any given 

enterprise was tabulated to conform to the sector delineations 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 pro

ceeding further. 

The next step was to aggregate questionnaire forms within a sector 

and to expand the information to represent gross flows. An iterative 

process was used to accomplish this so that the relative composition of 

a given sector delineated for the Powder River Basin interindustry model 

would be more truly reflected. 9 The final iteration produced gross flow 

patterns for the respective sectors delineated in the model. 10 The gross 

flows identified in this manner provide the border totals for the initial 

transactions statement. 

9For example: There were three two-digit SIC classifications incorporated 
in the sector delineation for construction. Accordingly, the questionnaire 
forms were first aggregated on the basis of the two-digit categories. Re
gional payroll data from the Wyoming Employment Security Commission were then 
aggregated on the same basis. The payroll values on the aggregated question
naire 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 represent 
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. 

lOThe gross flow patterns were arrived at in either one of two ways. 
First there was a method that used payroll data (described in the preceding 
footnote) '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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Reconciling discrepancies in any given transaction cell is to be 

expected; 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 output 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 dis

crepancies could be isolated and remedied through additional examination. 

Small discrepancies were reconciled by using imports from and exports to 

the world other than Wyoming as residual accounts. 
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DATA SOURCES BY SECTOR 

Agricultural Production and Livestock SIC 01,02,07,08 

Wyoming. Wyoming Crop and Lifestock Reporting Service. Wyoming 
Agricultural Statistics. 1979. 

Coal Production 
Mines N.E.C. 
Oil and Natural Gas Production 

SIC 12 
SIC 10, 14 (except 144) 

SIC 13 

Barlow and Haun, Inc. Oil and Gas Production, Reserves and Resources 
in Wyoming. (Prepared for Minerals Division, Department of 
Economic Planning and Development, State of Wyoming.) September 
1978. 

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. 

Monteith, Bob. Oil and Gas in Wyoming. (Information Circular.) 
Laramie, Wyoming: The Geological Survey of Wyoming, University 
of Wyoming. Circa. 1976. 

Wyoming. Department of Economic Planning and Development. Coal and 
Uranium Development of the Powder River Basin -- An Impact 
Analysis. June 1974. 

Wyoming. Department of Economic Planning and Development. Minerals 
Division. Mineral Deve10 ment Monitorin S stem. Designed and 
implemented by Stuart Nichols Associates. Current. 

Wyoming. Department of Economic Planning and Development. Minerals 
Division. Oil 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. 
Apri 1 1977. 

Wyoming. Department of Labor and Statistics. Wyoming Trona and 
Betonite Industries: A Manpower Survey. April 1977. 
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Wyoming. Department of Labor and Stat; sti cs. Wyomi ng .;,. The Utani urn 
Industry: A Manpower Survey. October 1977. 

Wyoming. Employment Security Commission. Data from Form 202 
Quarterly Reports. 

Construction SIC 144,15,16,17 

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. 

All Manufacturing 

Industry Survey Data. 

SIC 20, 23, 24, 25, 26, 27, 28, 29, 
31,32,33,34,35,38,39 

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

Wyoming. Employment Security Commission. Data from Form 202 Quarterly 
Reports. 

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

Cramer, Curtis A. Pi eline Trans ortation in W omin. (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. 
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Wyoming. Employment Security Commission. Data from Form 202 Quarterly 
Reports. 

Wyoming. State Examiner. Division of Banks. Annual Report. 1979. 

Services 

Industry -Survey Data. 

SIC 70, 72, 73, 75, 76, 78 
79, 81, 84, 86, 88, 89 

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 Medir.al Facilities. 
Licensure year 1975-76. 

Wyoming. Department of Health and Social Services. State Health 
Planning and Development Agency. Wyoming -- Health Profiles. 
1979. 

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 SIC 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 1979. 
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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. 1979. 

Wyoming. Department of Economic Planning and Develorment. 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. 1979. 

Wyoming. Department of Revenue and Taxation. Ad Valorem Tax Division. 
Annual Report. 1979. 

Wyoming. Employment Security Commission. Data from Form 202 Quarterly 
Reports. 

Wyoming. State Examiner. Cost of Maintaining County Government in 
Wyoming. Fiscal 1979. 

Wyoming Taxpayers Association. Wyoming Property Tax Rates. 1979. 
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CHAPTER 3 

ANALYSIS OF THE POWDER RIVER BASIN 
REGION OF EASTERN WYOMING 

INTRODUCTION 

The results of the descriptive analysis of the Powder River Basin 

region's 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 activity and income multipliers; and an 

analysis of employment in the region. 

The description and analysis of the economy hinges on three major 

components of the interindustry model. These are: the gross flows or 

transactions 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 presented in the appendix. 

THE TRANSACTION TABLE 

The first essential component of any interindustry study is the 

collection and tabulation of data which serve to describe the flows of 

commodities from each supplying sector to each purchasing sector. These 

flows are typically expressed in terms of the dollar value of transactions 

occurring in a specific period of time, normally one year. The i'nformation 

is arrayed in tabular form with the suppliers (selling sectors) listed at 
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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 other sectors (thus, the distribution 

of each sector's output), and it identifies the purchases of ingredients 

of production by each sector from each of the other sectors (the distri

bution of purchases). In essence, the material contained ;n the transactions 

table represents a double-entry system of bookkeeping in which every sale 

is simultaneously described as a purchase. Thus, the system deliberately 

double counts. The transacttons table for the Powder River Basin economy 

is found in the appendix. A description of the sector identification 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 1-19 identify 

the processing, or intermediate demand, sectors. Rowand Column 20 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 intermediate demands. Final demands, i.e., demands for goods 

and services that will not be further processed within the region, are 

identified in Columns 21-24 and 26-28. Rows 21-24 and 26-29 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 19 and 25 (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 contain, respectively, 

total outlay (purchases) and total output (sales) for each sector of the 

regional economy. 
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The dist~ibution of total output of each sector, according to 

the sectors in which the output is sold, may be readily discerned by 

reading across the rows of Table 8-1. 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 example, consider Sector 2, COAL-MINES. Reading across Row 2 

of Table 8-1 shows that the total output of COAL-MINES was distributed 

in the following way. $2,066,017 worth of output was sold to MINES-NEC: 

$32,348 to CONSTR; $42,573 to ALL-MFG;' $38,331,242 to ELEC/GS-UT; 

$45,777 to RETAIL; $69,593 to HOUSEHOLDS and $353,729,112 to EXP-WORLD. 

Total sales by COAL-MINES to the local processing part of the economy 

was $40,517,957. Total sales including final demand amounted to $394,316,664. 

The distribution of purchases by COAL-MINES by cost category are 

shown in Column 2 of Table B-1. Purchases by COAL-MINES from CONSTR were 

estimated at $9,716,933; from ALL-MFG at $1,571,757; from TRANS-COMM at 

$1,199,901; and so on, down the column. Total purchases by COAL-MINES from the 

10cal:~p~ocessing sector amounted to $44,236,215. When purchases from final 

payments are included, total purchases by COAL-MINES amount to $394,316,664. 

Total purchases, as required by the accounting format, equal the value of 

output. 

Other information can be obtained directly from the transactions 

table. The household row, with the exception of the sale by households 

to the transfer account represents wages paid subject to withholding. This 

row shows household income. The ten leading contributors to household 

income in descending order are: OIL/GAS-PR, CONSTR, RETAIL, WHOLESALE, 

SERVICES, TRANS-COMM, COAL-MINES, MINES-NEC, SCHOOLS, and ALL-MFG. 

Similarly, sector by sector contributions to taxes may be directly obtained 
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from Table B-1. The ten sectors showing the greatest dollar outlay for 

lOcal and county taxes in descending order are: OIL/GAS-PR, COAL-MINES, 

HOUSEHOLDS, ELEC/GS-UT, AG-LIVESTK, TRANS-COMM, WHOLESALE, RETAIL, MINES-NEC, 

and ALL-MFG. 

Estimates of gross regional income and gross regional product may be 

obtained from the final payments and final demands portion of the table. 

Gross regional product is defined as the sum of deliveries to final demand, 

net of imports. Traditionally, local and county government activities are 

included as part of final demand. Because this model treats these accounts 

as part of the processing sector, an adjustment is required. Also, the 

transfer and tax accounts cannot be counted in final demand, for to do 

so would be double counting. Thus, the sum of SCHOOLS, COLLEGES, WAT/SAN, 

LOC-ROADS, LOC-GOV, HOUSEHOLDS, STATE-ROAD, STATE-GOV, FED-GOV, I NVEST:,1ENT , 

EXP-WVOM, and EXP-WORLD, less IMP-WVOM and IMP-WORLD, yields the estimated 

gross regional product of $5,427,248,311. Gross regional income (which 

must equal gross regional product) is computed as the sum of final payments 

less imports. Again, the local and county tax account and the transfer 

account must be excluded to avoid double counting. 

While these items, obtained directly from the transactions table, are 

used as initial indicators of the relative importance of each sector in 

the regional economy, the important question of interdependence is not 

addressed. In order to do so, it is first necessary to isolate the direct 

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 
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requirements 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 respective column total. The resulting coefficients 

describe the direct purcha'ses necessary from each supplier (at the left 

of the 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 requirements per dollar of output produced 

by each sector. 

As an example consider the COAL-MINES sector, Sector 2 (Column 2 

of the direct requirements table). For every dollar's worth of output 

produced by COAL-MINES in the region, $.024642 worth of inputs are required 

from the CONSTR sector; $.003986 from ALL-MFG; $.003043 from TRANS-CO~1~1; 

and so forth down the column. 

It is clear from the table that the largest direct purchase made 

by the COAL-MINES sector is for IMPORTS with a direct outlay of over 28 

cents per each dollar of output produced. This says that a dollar's 

worth of production by COAL-MINES requires imports valued at 28 cents. 

The largest local purchase by COAL-MINES ;s for labor input. About 14 

cents out of each dollar is spent for labor. Each column of Table B-2 

is interpreted in this manner. 

These direct impacts 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 indirect 

production requirements. 
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DIRECT PLUS INDIRECT IMPACTS 

The concept of interdependence can be 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 

jncrease, inputs must be obtained from sectors such as transportation, 

utilities for power and labor. These are direct ilnpacts. As trans

portation 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. The total impacts are readily 

estimated through the input-output framework and are presented in the 

appendix, in Tables B-3 and B-4. 

Before proceeding to a discussion of the table, a few comments 

regarding 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 includes 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 interdependencies and the subsequent 

business and income multiplier analysis is based upon models which 
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i.nclude households both as a member of the processing 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 generated 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 changes in final demand. 

For purposes of interpretation, consider the COAL-MINES sector. 

Suppose that the export demand for mined coal increased by $1 million. 

What is the estimated impact that this increase will have on the entire 

Powder River Basin region of the eastern Wyoming economy? 'The answer to 

this question may be obtained directly by reading down Column 2 of the 

table and summing the individual sector impacts. Thus, the increase of 

$1 million in the final demand for coal generates a direct plus indirect 

production valued at $800 in AG/LIVESTK; $1,006,300 in COAL-MINES; $10,900 

in OIL/GAS-PR; $31,500 in CONSTR; 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 shows the total production generated locally as a resul t of 

the increase in export demands for COAL-MINES. Thus, the total business 

activity generated per dollar increase in final demand for coal is 1.51, 

or, in our example assuming a $1 million increase, 1.51 million worth of 

business activity results. These column sums are one of the various 

multiplier concepts which are derived from input-output analysis. 
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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 by the LOC-TAXES sector. 

The business multiplier for this sector is 2.97 which indicates that, as 

the "final demand" for local government services increases by $1, a total 

production of $2.97 is generated in the local economy. Other sectors of 

the economy which have relatively large business multipliers are: RETAIL, 

COLLEGES, ELEC/GS-UT, LOC-ROADS, SCHOOLS, WHOLESALE and S~RVICES. These 

sectors show the greatest degree of interdependence with other sectors of the 

regional economy. At the margin, these sectors generate the greatest busi

ness 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. In using the business multipliers, the argument should be 

stated in terms of the impacts of an equal dollar increase in final demands, 

local taxes will generate more business activity in the local economy than 

will any other private sector. However, a large exogenous increase in local 

government services is less likely to occur than is a large increase in coal 

export (which indirectly changes local tax collections). The first column 

of Tab1i 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). 
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TABLE 3-1 

BUSINESS ACTIVITY MULTIPLIERS, POWDER RIVER BASIN 
REGION OF EASTERN WYOMING, BY SECTOR, 1979 

(In dollars of business activity generated in the Powder River Basin 
region of Eastern Wyoming per dollar of output delivered to final demand.) 

BUSINESS MULTIPLIERS 

SECTOR' 'TYPE I TYPE II 

1. AG/LIVESTK 1.49 1.79 

2. COAL-MINES 1.20 1.51 

3. MINES-NEC 1.15 1.41 

4. OIL/GAS-PR 1.33 1.62 

5. CONSTR 1.30 1.88 

6. ALL-f4FG 1.58 1.78 

7. TRANS-COMM 1.28 1.87 

8. ELEC/GS-UT 1.79 2.17 

9. WHOLESALE 1.33 2.11 

10. RETAIL 1.24 2.37 

11. FIN/INS/RE 1.08 1.39 

12. SERVICES 1.16 1.99 

13. MEDICAL 1.15 1.90 

14. SCHOOLS 1.24 2.11 

15. COLLEGES 1.17 2.22 

16. WAT/SAN 1.24 1.51 

17. LOC-ROADS 1.40 2.12 

18. LOC-GOV 1.27 1.88 

19. LOC-TAXES 2.26 2.99 

20. HOUSEHOLDS 1.78 
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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 concerns the 

Type I'and Type II income multipliers which are shown in Table 3-2. 

The Type I and Type II income multipliers are estimated ratios: 

Type I is the ratio of the direct plus indirect income to the direct 

income paid households; Type II 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 income increases 

generated by additional consumer spending. Accordingly, the Type II 

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 ag~icultural sector. The reason for this relatively 

high value ;s straightforward. The Powder River Basin interindustry study 

allocated proprietorship and partnership net incomes to the profit account. 

As a result, labor inputs (household 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 
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TABLE 3-2 

INCOME MULTIPLIERS, POWDER RIVER BASIN 
REGION OF EASTERN WYOMING, BY SECTOR, 1979 

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

INCOME MULTIPLIERS 
SECTOR TYPE I 'TYPE' II 

1. AG/LIVESTK 2.3824 2.8176 
2. COAL-MINES 1.2872 1.5224 
3. MINES-NEC 1.3017 1.5395 
4. OIL/GAS .. PR 1 .4541 1.7197 
5. CONSTR 1.3091 1.5483 
6. ALL-MFG 2.8007 3.3123 
7. TRANS-COMM 1. 1850 1.4015 
8. ELEC/GAS-UT 2.1057 2.4903 
9. WHOLESALE 1.1993 1.4184 

10. RETAIL 1.0977 1.2982 
11. FIN/INS/RE 1.1196 1.3241 
12. SERVICES 1.0874 1.2860 
13. MEDICAL 1. 1106 1.3135 
14. SCHOOLS 1.1024 1.3038 
15. COLLEGES 1.0694 1.2647 
16. WAT/SAN 1.7023 2.0132 
17. LOC-ROADS 1.3227 1.5643 
18. LOC-GOV 1.3010 1.5387 
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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 the ALL-MFG, ELEC/GS-UT, and 

WAT/SAN sectors exist because these sectors exhibit greater interdependence 

in the Powder River Basin economy. 

EMPLOYMENT ANALYSIS 

Direct employment requirements as is the case with direct business 

activity and direct income payments are, by themselves, of limited use for 

assessing the impacts of various changes in economic activity in the 

Powder River Basin region. This limitation arises because direct require

ments differ from total requirements, the difference being indirect ' 

requirements that,emanate from sectoral interdependence. The interindustry 

model provides a framework within 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 delivered 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 

households 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 marginal and the average propensities to consume are assumed 
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to be one and the same. To change this limiting assumptic~, the household 

sector must 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, treating 

the household sector as any other producing sector implies the level of 

employment was dependent only on the level of state and federal government 

expenditures, inv~stment 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 

re.quirements per dollar of delivery to final demand, which are used in the 

employment analysis for the Powder River Basin region of eastern 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, was pre-multiplied by a diagonal matrix of 

direct labor use requirements (where the elements of the diagonal were 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-MINES 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 sectorsresponsibJe for supplying production 
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TABLE 3-3 

TOTAL EMPLOYMENT AND EMPLOYMENT COEFFICIENTS, 
POWDER RIVER BASIN REGION OF EASTERN WYOMING, BY SEClOR, 1979 

(In number of workers in the Powder River Basin region of eastern Wyoming 
and workers per thousand dollars of output.) 

Total Workers Per Thousand $ 
Sector Employment Total Output 

1. AG/LIVESTK 635 .00324 

2. COAL-MINES 2,195 .00557 

3. MINES-NEC 2,831 .00583 

4. OIL/GAS-PR 9,195 .00499 

5. CONSTR 9,159 .01526 

6. ALL-MFG 3,174 .00243 

7. TRANS-COMM 3,563 .01352 

8. ELEC/GS-UT 897 .00487 

9. WHOLESALE 4,792 .02073 

10. RETAIL 12,220 .06587 

11. FIN/INS/RE 2,672 .01177 

12. SERVICES 7,563 .04207 

13. MEDICAL 2,794 .02611 

14. SCHOOLS 3,589 .02935 

15. COLLEGES 696 .06938 

16. WAT/SAN 193 .00559 

17~ LOC-ROADS 430 .02911 

18. ~OC-GOV 1,376 .02005 
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TABLE 3-4 

DIRECT PLUS INDIRECT LABOR REQUIREMENTS PER THOUSAND DOLLARS 
OF OUTPUT DELIVERED TO FINAL DEMAND AND PER ADDED WORKER HIRED, 
POWDER RIVER BASIN REGION OF EASTERN WYOMING, BY SECTOR, 1979 

Direct + Indirect Labor 
Requirement Per Thousand Direct + Indirect Labor 

Sector Dollars of Final Demand Requirement Per Added Worker 

TYPE I TYPE II TYPE I TYPE II 

AG/LIVESTK .01024 .01296 3.16 4.00 

COAL-MINES .00834 .01122 1.50 2.01 

MINES-NES .00823 .01056 1.41 1.81 

OIL/GAS-PR .008]2 .01076 1.6·3 2.16 

CONSTR .02053 .02581 1.35 1.69 

ALL-MFG .00623 .00808 2.56 3.33 

TRANS-COMM .01687 .02220 1.25 1.64 

ELEC/GS-UT .01090 .01433 2.24 2.94 

WHOLESALE .02646 .03350 1.28 1.62 

RETAIL .06986 .08008 1.06 1.22 

FIN/INS/RE .01314 .01597 1.12 1.36 

SERVICES .04488 .05232 1.07 1.24 

MEDICAL .02894 .03577 1.11 1.37 

SCHOOLS .03211 .03996 1.09 1.36 

COLLEGES .07212 .08170 1.04 1.18 

WAT/SAN .01101 .01347 1.97 2.41 

LOC-ROADS .03547 .04206 1.22 1.44 
," 

LOC-GOV .02627 .03114 1.31 1.58 
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i ngredi ents to the coa 1 .mi ni ng sector. The sectors supplying ingredients 

to the coal mining sector will ;'n 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, .01122, 

shows the total employment generated in the entire Powder River Basin 

economy as this single sector, coal mining, increases by $1,000, its 

deliveries to final demand. That is to say that an increase of $1 million 

in the final demands, e.g., exports to other parts of Wyoming or out of 

state, for coal would result in an estimated additional employment of 11.2 

persons in the Powder River Basin region. All remaining entries in Table 3-4 

have analogous interpretations for their respective sectors. Thus, the 

leading sectors in terms of direct and indirect employment generation in 

the region's economy are: COLLEGES, RETAIL, SERVICES, LOC-ROADS, and SCHOOLS. 

Table 3-4 also shows the total employment impact of exogenous changes in 

workers hired. This information is found simply by dividing the direct 

plus indirect labor requirements per thousand dollars of final demand (in 

Table 3-4) by the workers per thousand dollars of final demand shown in 

Table 3-3. The workers added per worker hired column shows that for each 

worker hired by coal mining, 2.01 workers are hired throughout the Powder 

River Basin's economy. Thus, the multiplier for exogenous changes in 

coal mine employment is 2.01. 
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CHAPTER 4 

EXTENSIONS OF THE BASIS ANALYSIS: 
REGIONAL WATER REQUIREMENTS 

INTRODUCTION 

The previous chapter presented what may be appropriately called the 

results of traditional applications of the Leontief interiildustry 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 1-0 technique, because of the detailed analysis of inter

dependence among economic sectors, ;s 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 east~rn 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. 
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Water use by commercial establishments is very small relative to 

agriculture, the extractive industries, electricity generation, and 

manufacturing. Little detailed information is available from secondary 

sources for the commercial sectors and, thus, most coefficients are based 

upon results from our Wyoming survey and past surveys and Water Resources 

Council 1 estimates. The Water Resources Council Report provides no detail 

among commercial establishments. WRC data were also at variance with other 

data in the agricultural and manufacturing sectors. The primary data 

source for the agricultural sector was the Census of Agriculture. 2 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 Unfortunately, 

1The Nation's Water Resources, 1975-2000, Vol. 3: Analytical Data 
Appendix II, Annual Water Supply and Use Analysis, Table 11-4, Annual 
Water Requirements for Offstream Uses, Base Conditions, No/So Platte 
Region, Subregion 1007, Dec. 1978; and as above, Analytical Data Appendix 
I, Social, Economic and Environmental Data, and Table 1-2, Earnings by 
Major Sectors, No/So Platte Region, Subregion 1007, December 1978, Second 
National Water Assessment by the U. S. Water Resources Council. 

21974 Census of Agriculture, Vol. I, Part 50, Wyoming, State and 
County Data, U. S. Department 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. 

31972 Census of Mineral Industries, Subject Series, Water Use in 
Mineral Industries, MIC72(1)-2, September 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 IC, Selected Water Use Statistics for Water Use Regions: 
1972; September 1975. 
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disclosure problems limit the available data to rather large regions ;n 

some cases. Withdrawal and consumptive use figures vary considerably 

among regions and their accuracy for a relatively small region 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 rates by sector are shown 

in Table 4-1. Where more than one data source is available, generally, the 

larger values are shown. In most cases, the larger numbers are derived from 

the source which is considered to be more authoritative for the region. 

Table 4-2 presents the estimated withdrawals and consumptive use for 

each of the processing sectors of the regional economy in millions of 

gallons. Oil and Gas Production, Ag/Livestock and Mines N.E.C. account 

for over 95.9 percent of withdrawals and over 98.6 percent of consumptive 

use in the region. 

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 likely impact of expanding final demand in any or all processing 

41972 Census of Manufacturers, Water Use in Manufacturing, Special 
Report Series, September 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 Untreated Water Discharged, By Point of 
Discharge, For Water Use Regions and Major Industry Groups: 1973. 
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sectors on the regional water requirements. The key element in the 

assessment is the derivation of the direct plus indirect wfl.ter require

ments per dollar of output delivered to final demand. 

The calculation of water multipliers 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 Powder River Basin economy are shown in 

Table 4-3. The importance of considering indirect as well as direct water 

requirements in the planning perspective can be readily seen by comparing 

Table 4-1 and Table 4-3. Consider, for example, the direct withdrawal and 

consumptive use requirements for COAL-MINES in Table 4-1. The direct 

requirements are 15.5 and 1.02 gallons for each dollar of output. However, 

as the final demand for output of the coal sector expands by one dollar, 

there is a total direct plus indirect water requirement of 37 gallons 

(withdrawal) and 8 gallons (consumptive) generated throughout the 

economy. The indirect impacts, because of the significant interdependence 

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 

the understatement of water use. 
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TABLE 4-1 

ESTIMATED WITHDRAWAL AND CONSUMPTIVE USE REQUIREMENTS BY SECTOR, 
POWDER RIVER BASIN REGION OF EASTERN WYOMING 

Sector 

1. AG/LIVESTOCK 
2. COAL-MINES 
3. MINES-NEC 
4. OIL/GAS-PR 
5. CONSlR 
6. ALL-MFG 
7. TRANS-COMM 
8 .. ELEC/GS-UT 
9. WHOLESALE 

10. RETAIL 
11. FIN/INS/RE 
12.. SERVICES 
13. MEDICAL 
14. SCHOOLS 
15. COLLEGES 
16. WAT/SAN 
17. LOC-ROADS 
18. LOC-GOV 
19. LOC~TAXES 
20. HOUSEHOLDS 
21. STATE-ROAD 
22. STATE-GOV 
23. FED-GOV 

(In Gallons Per Dollar of Output) 

. Withdrawal . 

5 1,5503 15.53 306.1 3 1 ,031
6 .42 27.66 2.1
6 26.76 2.3
6 3.96 4.96 3.5
6 5.1
6 1.5
6 1 .5 

o 
o 

1 .0 
o 

3.2 
o 

1.0 
1 .0 

Consumptive Use 

1Water Resources Council, based on ratio of withdrawal to wages and profits. 

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. 

4Water 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 SECTOR, 
POWDER RIVER BASIN REGION OF EASTERN WYOMING, 1979 

(In Millions of Gallons) 

Sector Withdrawal Consumptive Use 

1 . AG/LIVESTK 303,800 119,300 
2. COAL-MINES 6,112 402 
3. MINES-NEC 148,800 14,870 
4. OIL/GAS-PR 1,897,000 973,500 
5. CONSTR 240 240 
6. ALL-MFG. 36,000 11 ,610 

7. TRANS-COMM 554 26 

8. ELEC/GS-UT 49,150 2,504 

9. WHOLESALE 532 139 

10. RETAIL 724 186 

11 . FIN/INS/RE 1 ,112 272 

12. SERVICES 629 162 

13. MEDICAL 546 139 

14. SCHOOLS 183 49 

15. COLLEGES 15 4 

16. WAT/SAN 0 0 

17. LaC-ROADS 0 a 

18. LOC-GOV 69 7 

19. LaC-TAXES 0 0 

20. HOUSEHOLDS 4,035 404 

21. STATE-ROAD 0 0 

22. STATE-GOV 76 8 

23. FED-GOV 254 25 
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TABLE 4-3 

DIRECT PLUS INDIRECT WATER REQUIREMENTS, 
POWDER RIVER BASIN REGION OF EASTERN WYOMING, 1978 

(In Gallons Per Dollar of Output Delivered to Final Demand) 

Sector Withdrawal Consumptive Use 

AG/LIVESTK 1617 635 
COAL-MINES 37 8 

MINES-NEC 355 52 
OIL/GAS-PR 1164 591 
CONSTR 32 14 
ALL-MFG 497 243 
TRANS-COMM 53 20 
ELEC/GS-UT 532 131 
WHOLESALE 58 23 
RETAIL 49 18 
FIN/INS/RE 17 5 
SERVICES 44 16 
MEDICAL 31 10 
SCHOOLS 53 16 
COLLEGES 41 14 
WAT/SAN 16 5 
LOC-ROADS 47 18 

LOC-GOV 27 9 
LOC-TAXES 41 13 
HOUSEHOLDS 44 16 
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APPENDIX A 

SECTOR IDENTIFICATION, 
POWDER RIVER BASIN REGION OF EASTERN WYOMING 

Sector 1972 SIC Codes 

AG/LIVESTK 01,02,07,08 
COAL-MINES 12 
MINES-NEC 10, 14 (excluding 144) 
OIL/GAS-PR 13 
CONSTR 144, 15, 16, 1 7 
ALL-MFG 20-39 
TRANS-COMM 40-48 
ELEC/GAS-UT 491, 192, 493 
WHOLESALE 50, 51 
RETAIL 52-59 
FIN/INS/RE 60-67 
SERVICES 70-79,81,83-89 
MEDICAL 82 
SCHOOLS 80 
COLLEGES 80 
WAT/SAN 494, 495 
LOC-ROADS 
LOC-GOV 91-97 
LOC-TAXES 
HOUSEHOLDS 
STATE-ROAD 
STATE-GOV 
FED-GOV 
TRANSFERS 
PROFITS 
DEPREC 
H4P-WYOM 
IMP-WORLD 
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APPENDIX B 

INPUT-OUTPUT TABLES FOR THE 
POWDER RIVER BASIN REGION OF EASTERN WYOMING, 1979 

B-1 Powder River Basin Region of Eastern Wyoming, Transactions 
Table, 1979 Dollars 

B-2 Powder River Basin Region of Eastern Wyoming, Direct 
Requirements Per Dollar of Output, 1979 

B-3 Powder River Basin Region of Eastern Wyoming, Direct and 
Indirect Requirements Per Dollar of Output Delivered to 
Final Demand (Households in the Processing Sector) 

B-4 Powder River Basin Region of Eastern Wyoming, Direct and 
Indirect Requirements Per Dollar of Output Delivered to 
Final Demand (Households in Final Demand) 

8-5 Powder River Basin Region of Eastern Wyoming, Sales 
Coefficients 
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