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PREFACE 

In November, 1978, the Oregon Department of Geology and Mineral Industries (OOGAMI) 
contracted Economic Consultants Oregon, Ltd. (ECO) to conduct dll ecunumic analysis of 

Oregon's demand for rock materials and to forecast future demand. We analyzed the demand 
for the state as a whole and for four substate areas: the Portland metropolitan area; 
Jackson County; Lincoln County; and Umatilla county. For each area, we forecast the 
demand in 1985, 1990 , and 2030. This report presents the complete results of our study. 

In conducting the study, we received extensive and valuable assistance from many 
individuals and agencies. John Beaulieu and Jerry Gray of DOGAMI in particular provided 
indispensable information. They also generously offered constructive criticism of various 
interim reports. Tom Maresh, of the Department of Geography at Oregon State University, 
also helped us with his critiques and advice. ECO, of course, assumes full responsibility 
for the views and any remaining errors in thl:! L'l:!l:JUrt. 
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SUMMARY 

General 

In this report, we develop and present a set of economic tools with which planners 

and oLhers can analyze and forecast thl:! demand for :,;and and yravl:!l and for cru:o;hl:!d :,;tone 

in Oregon. Then we use these tools to describe and forecast demand in the state as a 

whole and in four substate areas: the Portland metropolitan area; Jackson County; 

Lincoln County; and Umatilla County. Additionally, we develop descriptive models of the 

statewide demand for lightweight aggregates and of the demand for crushed stone in the 
Willamette National Forest. Appended to the report are the major models we used in 

developing demand forecasts, analytic test statistics for these models, and listings of 

all the original data that are the foundation of the study. 

Our objective is to help planners and others anticipate with greater accuracy the 

likely future growth of the rock-materials industry. Such information should help com

munities, counties, and state and federal agencies make sufficient rock resources avail

able in the future while minimizing land-use and environmental conflicts. 

Understanding thoroughly the probable future characteristics of the rock materials 

industry requires analyzing both the demand and the supply sides of the market. This 
report addresses the demand side only. Here we investigate the economic forces which 

generate the demand for rock materials and provide a methodology for forecasting future 

demand. By combining this methodology with existing and forthcoming studies of rock 

supplies, both private and public participants in the market for rock materials can 

anticipate and plan with greater effectiveness. 

The key findings of the report concern (a) the erratic and the predictable components 

of the demand for rock materials in any market area, (b) the reliability of econometric 

analysis in describing the non-erratic components of demand, (c) the general historic 
absence of statistically adequate trends in the compound growth rates for the demand for 

rock materials in Oregon, and (d) the usefulness of econometric simulation analysis to 

forecast demand when other, more direct forecasting methods are inappropriate. 

Econometric planning tools offer an analytical and empirical description of current 
demand and forecasts of future non-erratic demand such as the demand in well-integrated 

markets. Erratic, even volatile, demand--especially in rural areas--along with cyclical 
fluctuations in the predictable components inhibit the ability of trend analysis to 

account for current and past demand. Of course, no descriptive approach can forecast 

erratic demand directly. However, planners and others may estimate some of the volatile 

elements by anticipating major public works projects. 

In addition to this introduction the Executive Summary contains five other parts. In 

Part II we describe briefly current demand for rock materials in Oregon. In the next two 

parts we present the economic variables underlying demand and describe the production 

areas for which we study demand closely. In the fifth part we explain the econometric 

models which examine demand. The simulation technique we use to forecast future demand is 

presented in the last part of this summary. 

The Demand for Rock Materials in Oregon 

As a measure of historic demand we used estimates of past production of rock 

materials.1 The production data come from the U.S. Bureau of Mines; we refined these data 

with information from the Oregon Department of Geology and Mineral Industries and from 

industry sources. 

1
Demand may exceed actual production if, at current prices, output is lagg

.
ing behind 

orders. 
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With only mjnor exceptions, all the demand in Oregon for sand and gravel and for 
crushtc.l !:ltOnE:! stems from these materials' use in construction and related activities. 
Road construction historically has consumed about 50 percent of the state's total produc

tion of sand and gravel and about 75 percent of the crushed stone. Other major categories 
of use have included building construction and landfills. 

For most uses, consumers of rock products prefer either sand and gravel or crushed 
stone . These preferences stem from differences between the two commodities in their 
physical properties or their price. Because of the strong preferences, we analyzed the 
demand for the two commodities separately. Despite users' preferences related to physical 

properties, for many uses the two commodities can be substitutes. In some areas of Oregon 

the supplies of sand and gravel are very limited and in these areas complete substitution 
occ1rrs. This real scarcity, especially of sand and gravel, likely will increase in the 

future, causing higher prices for the more scarce commodity and a shi ft of demand to the 
less scarce commodity. Users of this report should take such supply effects into account. 

Although construction constitutes the inunediate source of demand for rock materials, 
the level of construction and the demand for rock derive more fundamentally from the size 
and vigor of the overall economy. The geographic distribution of rock production illus
trates this relationship. Between 1970 and 1976, Oregon annually produced averages of 

19,671,000 tons of sand and gravel and 16,648,000 tons of crushed stone, according to data 
from the u.s. Bureau of Mines.2 For 5 percent of the sand and gravel and 21 percent of 
the crushed stone--primarily rock used on roads in the national forests--the Bureau cannot 
identify the county of origin. But the ten counties in the Willamette Valley produced the 

bulk of the remaining production. The Willamette Valley, with most of Oregon's population 
and economic activity, produced about 71 percent of the state's sand and gravel and 43 
percent of its crushed stone. 

Economic Variables 

The historic relationships between specific characteristics of Oregon's economy and 

its rock production form the basis for analyzing and forecasting the demand for rock 
materials. Accurately measuring these relationships reveals the extent to which various 
economic variables individually and jointly influence the level of demand for rock 
materials. 

In developing our analytical techniques and our forecasting methodology, we relied 
on regularly collected and readily available data. Thus, planners and other users can 
update our results and apply our techniques to areas throughout Oregon using these same 

data. Two data series are likely to be more useful in the future than they have been in 
the past. The Bureau of Mines' data for rock-materials production are increasingly 
accurate and comprehensive in recent years, and the Department of Revenue compiles 
adjusted gross income data by county. In the future, when these agencies have accumulated 

long-term series of accurate production and income statistics, the revision and applica
tion of the tools derived in this report will yield even more reliable analyses and fore
casts. 

Adequate historic records of reliable data exist for only a few economic variables. 

We examined the relationships between the annual production of sand and gravel and of 
crushed stone and four economic variables: 

1. the estimated average price of the commodity ; 
2. total population; 
3. total employment; and 

4 .  total state and federal expenditures for highway construction. 

Total personal income likely also influences the market, but lack of data permitted only a 
cursory analysis of income's influence on rock production. 

2These averages underestimate actual production because of incomplete reporting by 
some producers to the Bureau of Mines. 
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Using various techniques, we developed econometric models of the relationships. The 

models show the strength of the relationship between production and each economic vari

able. The models also show the ability of the economic variables jointly to explain 

variation in the level of production for each rock commodity. 

Study Areas 

We developed econometric models for five areas: 

1. the Portland metropolitan area (Clackamuo, Columbia, Multnomah, and Washing-

ton Counties); 

2. Jackson County; 

3. Lincoln County; 

4. Umatilla County; and 

5. the state as a whole. 

We chose the four substate areas to represent an expected range of demand characteristics 

related to, respectively, major urbanized, urbanizing, coastal and eastern Oregon 

economies. 

In principle, the analycial techniques we developed apply primarily to local market 

areas, where a single set of demand, supply, and economic considerations interact. How

ever, the availability of critical data only on a countywide basis dictated our use of 

counties or groups of counties to approximat� local market areas. These approximations 
do not hamper the techniques substantially because each study area encompasses virtually 

all the characteristics of its local markets. For Lincoln County, some rock moves across 

the study area's boundaries, but we acknowledge this activity in the analysis. When 

adapting our techniques to other areas, one must continue to define study areas which are 
reasonably consistent with the boundaries of local markets. 

Econometric Models of Demand 

Theoretically, the relationships between the production of each rock commodity and 

the four economic variables should be strong and systematic. The econometric models for 

the Portland metropolitan area support the theory. The economic variables explain 93 per

cent of the historic variation in the area's annual production of sand and gravel. They 

explain 70 percent of the variation in the area's production of cruRhed stone. By nearly 

all indicators, the econometric models for this area, given reliable forecasts of the 
area's future economy, should yield highly reliable forecasts of the future demand for 

rock materials. 

The econometric models perform substantially less well for the other areas. The 

economic variables explain less of the variation in rock production. Furthermore, in most 

instances the models indicate a nonsensical relationship between production and at least 

one economic variable. 

Three factors seem to cause the econometric models to perform less well in the areas 

other than Portland. One factor is the erratic or lumpy nature of the demand for rock 

materials in the smaller economies. This erratic behavior obscures and distorts the rela

tionships between rock production and the economic variables in areas like Jackson, 

Lincoln and Umatilla Counties. Because production in rural areas contributes to the 

statewide totals, the effects of the erratic behavior also exists, but to a lesser extent, 

in the statewide data. 

The other two factors causing problems for the model stem from statistical complica

tions. In the production data, which producers supply to the Bureau of Mines voluntarily, 

inconsistencies and underreporting seem to exacerbate the fundamentally erratic nature of 

rock production in the smaller economies. This problem likely will diminish over time as 

producers learn the value of reporting comprehensively and accurately. The other compli

cating facLorlnvolvescomplex relationships among the economic variables, especially be

tween population and employment. These relationships, reflecting what is called multi

collinearity, are especially troublesome for areas other than Portland, and they com
pound the problems caused by the other factors. 
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By inhibiting the models' ability to describe accurately the forces which determine 

demand in smaller markets, these factors cause the models for areas outside Portland to 

yield unreliable forecasts of future demand. In the Portland metropolitan area, demand for 

rock materials derives from the area's general economic forces and the econometric models 
explain variation in demand satisfactorily. In the other areas, the erratic component of 

demand is relatively more prevalent (in some areas it prevails almost exclusively) and the 
econometric models establish the relationships between produ<.:tiun and the e<.:onomi<.: vaL.i
ables less c onclusively. Consequently, in all areas other than Portland, the econometric 
models offer i nsights into the demand for sand and gravel and for stone but they cannot 

s upport demand forecastinq adequately. Inconsistencies i n  the data for rock produc tion 
appear to compound the difficulties with the econometric models and produce artificially 

high (and, usually, statistically inadequate) rates of growth in production. In general, 
the demand for crushed stone is more erratic and unpredictable than the demand for sand 
and gravel. 

Simulating Future Demand 

In the absence of local-area forecasting models, and becaus e Portland's econometric 

models most clearly identify the well-behaved relationships between production and general 
economic characteristics, we use these models to forecast future demand for the Portland 
area and also to simulate the predictable component of demand elsewhere. Adapting the 
Portland-area models to simulate demand in the other areas requi res careful c onsideration 

of the models' applicability to market conditions elsewhere. This technique treats only 
the component of demand deriving from general economic forecasts. In the absence of 
better data, forecasting the erratic components of demand for a particular production area 
must rely on anticipating the public construction of highways, power facilities, dams, 
jetties, and the like. 

Using the simulation techniques derived from the Portland-area's econometric 

modelling, we forcca�t high, medium, and low estimates of the level of predictable annual 
demand statewide and in the four substate areas for 1985 and for 1990. These demand fore
casts likely have a downward bias, of unknown magnitude, arising from producers' incom

plete reporting of production to the Bureau of Mines. Since historical production has 
been underreported, the econometric simulations derived from these production data also 

are likely to underestimate production. 

Forecasting demand fifty years hence is a very tenuous task. Fifty years ago, for 
example, few highways were paved and the proportions of rock materials consumed in 
building c o nstruction varied from those in 1979. Thus, projecting the current demand 
structur� onto an economy a half century away is at best questionable. However, the 

simulation model still offers the best estimate of what we have called the predictable 
elements in demand. To give a range of estimates of demQnd in 2030, we used the simula
tion procedure to derive a growth rate of demand in the several markets and projected 

demand based on these qrowth rates. 
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ANALYSIS and FORECASTS of the 

DEMAND for ROCK MATERIALS OREGON 

CHAPTER 1 

IN1'ROOUCTION 

Construction activities, including road building and landfills, are fundamental 
characteristics of a growing economy. Oregon's economy has been growing at an exception
ally rapid pace. Statewide population and employment grew more rapidly in the 1960s than 

they did in the 1950s, and both have grown more rapidly in the 1970s than they did in the 
1960s. Since 1970, the compound annual growth rate of employment in the Willamettc Valley, 
for example, has been about 4 percent and the Valley contains over 70 percent of Oregon's 
employment and population. The accompanying expansion in construction activity has in
creased the demand for rock materials--sand and gravt!l, <..:rusheu stone, <md lightweight 
aggregates such as cinders.

1 
This increase causes special and serious problems for the 

rock material industries, for the construction industries, and for state and local land
use and economic planners. 

Construction of roads, houses, and other facilities requires large amounts of rock 
materials, primarily sand and gravel and crushed stone. Because these materials have a 
low value relative to their bulk and weight, transportation costs constitute an unusually 
larqe portion--typically about 35-50 percent--of their total costs. Thus, producers of 

rock materials invariably sPek to minimjze transportation costs by locating their facili
ties near those rock resources that are closest to the consumption areas. 

However, the basic characteristics of rock mining are not compatible with most urban 
land uses and with many state and local planning goals. Growing urban areas create a 

planning paradox: they require larger amounts of rock materials, yet they typically have 
surrounded previously established mjning operations with residential and other land uses 
that threaten to force the operations further from the urban center. Furthermore, moving 
the mining operations to other resource deposits may be precluded either because the 
alternative deposits themselves are surrounded by incompatible land uses or because such 
movements would conflict with state and local goals to preserve open spaces, scenic areas 
or water quality. 

The comprehensive planning requirements under the provisions of Oreqon's 1973 Land 
Use Act (ORS, Chapter 197) focus attention on the need to balance these land-useconflicts 
with the demand for rock materials. Specifically, Oregon's Statewide Planning Goals, as 
adopted by the Land Conservation and Development Commission (LCDC), require local govern
ments to inventory their resources and assess their economic needs before preparing their 
t:umpLehensive plans for sat.isfying the goals. 

To help local and state officials evaluate future requirements for rock materials, 
this report presents a methodology for estimating the future demand for sand and gravel 
and for crushed stone. The report describes the state's major markets for these 

1 
The term, sand and gravel refers to water-worn rock deposited by flowing water. The 

term crushed stone refers to rock material taken from bed rock in a quarry or natural out
crop. 
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commodities, develops economic models of demand and uses these models to forecast the de

mand in 1985, 1990, and 2030 for the state as a whole and for four substate areas. The 
substate areas are: The Portland Metropolitan Area (Clackamas, Columbia, Multnomah, and 
Washington Counties); the Medford-Ashland area (Jackson County); Lincoln County; and uma
tilla County. These areas are representative of most local markets in the stat e, and 
analysts c an adap t the basic methodology and the resu lts for these areas to estimate the 
future demand in oLher areas. we also examine the demand statewide for lighLweighL 
aggregates and the demand within the Willamette National Forest for crushed stone. 

In addi tio n to this int roductor y chapter, this report contains five chapters 

(Chapter s 2-6) and an Appendix. CHAPTER 2: METHODOLOGICAL SUMMARY pr esents an over vie w 
of Oregon's rock-material markets and outlines the structure and logic of the analytical 
models. It also describes the data underlying the analysi s and explains how uncertainties 
in the data affect the ana lytic al results. CHAPTER 3: THE STATEWIDE ANALYSIS analyzes 
the statewide historical productio n of sand and gravel and of stone and introduces the 
models for explaining the demand for th es e commodities. CHAPTER 4: THE SUBSTATE MARKETS 
descri bes the historical demand for sand and gravel and for stone in each of the four sub
sLat� ar�as: til� Portland ared; Jdt:kson County; Lincoln C ounty; and Urndtilla County. 

CHAPTER 5: FORECASTS OF DEMAND extends the contents of the previous two chapters and 

forecasts the 1985, 1990, and 2030 demand for sand and gravel and for stone in the state 
as a whole and in each of the four substate areas. 

The demand characteristics discussed in Chapters 3-5 differ considerably from the de
mand for li ghtweight aggregates and for rock used for construction related to timber 

harvests. Although only limited data exist for these two commodities , CHAPTER 6: DEMAND 

FOR LIGHTWEIGHT AGGREGATES AND DEMAND IN THE WILLAMETTE NATIONAL FOREST examines the de
mand for them briefly. 

Using This Report 

.!._n.....!_��-study areas 

Planners and other persons interested in the demand for sand and gra ve l and for stone 

in the areas we studied can use this report di rectly. For each area, we forecast the 
future levels of the p redic table component of the demand for each commodity. These fore
t:asLs have Lilr�� dimensions: 

1. th ey represent the po rtion of demand identified by the Bur eau of Mines ' pro
ductio n data ; 

2. they explain only the s egment of demand which is determined di rectly by each 
area's economic characteristics; and 

3 .  they derive from the particular estimates we used for the future values of the 
economic variables . 

Users in the study areas can either adopt our forecasts as they stand or develop al

ternative forecasts . Developin g alternatives will require alte ring one or more of the 
three dimensions of our forecasts. If one anticipates components of demand not incor
porated by th e first two dimensions, developing new forecasts will require adding these 
co mponen t s  to our forecasts. Possible additional components include, for example, the 
rock required for a new dam and the production missed by the Bure au' s d ata . l 

Altering our forecasts along the third dimension, changing the estimation parameters, 
will require repeating parts of our analysis. Speci fic ally, one will ha ve to retrace the 
steps outlined in Ch apt er 5 using alternative estimates for the future values of the 
e conomic variables. 

On a larger scale, we encourage users in the study areas to repeat the entire analy
sis as additional data become available in the corning years. As we explain throughout the 

report, the data for production and some of the economic variables likely will become more 

reliable and useful in t he futu re. Th ese improved data undoubtedly will lead to a g reater 

1DOGAMI estimates for this component that Bureau of Mines statistics report 80 percent 

of production. 
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understanding of the demand for rock materials and, hence, improved forecasts. 

In other areas 

We based our forecasts of the demand for rock materials in the study areas on the 
underlying economic forces which determine the demand. These forces are not identical 
for all areas in Oregon, but they probably show considerable similarities. For the Port

land area, we modelled the determinants of demand quite precisely and, consequently, fore
cast future demand directly from the models. For the other study areas, several diffi
culties explained in Chapter 5 prevented our developing a full set of forecasts directly. 

Instead, we developed forecasts for these areas through simulations using the Portland

area's models. 

users of this report can forecast the demand in areas outside the study areas by fol
lowing similar procedures. In areas very similar to the Portland area--Lane County, for 

example--there is a high likelihood that the data for these areas will produce acceptable 
models. Users in these areas should test this possibility by gathering the data we de
s�rlbe ln Chapter 2 and then following the analytical steps we used in Chapters 4 and 5 

for the Portland area. 

Users in an area where the data will not support adequate models should follow the 
process we used to develop the forecasts for Jackson, Lincoln, and Umatilla Counties. In 
summary, this process involves the following steps: 

1. determine the appropriate boundaries of the market area; 

2. acquire the data for the area's historic levels of production of each type 

of rock material (from the Appendix of this report or from DOGAMI); 

3. determine the historical long- and short-term growth rates for production, 
as we do in Chapter 4; 

4 .  analyze the availability of rock supplies to determine if supply constraints 
will alter future market conditions and preclude the continuation of any of the 
historical growth rates; 

5. project the appropriate historical growth rates to estimate future levels of 

annual rock production, as we do in Chapter 5; 

6. acquire data for the historical values and estimates of the future values of 
the explanatory variables (real price, population, total employment, and 

state highway expenditures) for the area; 

7. follow the procedures outlined in Chapter 5 to simulate and forecast the 
area's demand; and 

8. compare the forecasts from steps 5 and 7 with anticipated market conditions 
to determine a reasonable range of estimates for future demand. 

By following this procedure, one can develop and evaluate forecasts of demand for 
virtually any market area in Oregon. For many, perhaps most, of these areas this process 
will provide the most feasible forecasts of demand given the constraints posed by data and 
unforeseen events. 
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CHAPTER 2 

METHODOLOGICAL SUMMARY 

Abstract 

This study's primary objective was to develop the best possible models for explaining 

and forecasting the demand for Oregon's rock materials, particularly for sand and gravel 

and for crushed stone. We analyzed two types of models, econometric models and growth

rate models, for the state as a whole, and for four substate areas. The demand in any 

area for rock resources derives directly from construction, and related projects. In

directly, the demand stems from the strength of the area's overall economy. The econo

metric models estimate the direct and indirect influences on demand by examining the 

relationships between the levels of annual rock production in each area and four explana

tory variables: the average price of the rock; the area's population; its total employ

ment; and the level of state and federal expenditures for highway construction in the 

area. The growth-rate models determine trends in each area's level of production and 

thereby summarize the effects of all influences on demand. 

Production Areas for Rock Materials 

A preliminary objective of this project was to identify and analyze the various major 

characteristics of the different rock-material markets in the state. An obvious, but not 

straightforward, step toward this objective involved analyzing the spectrum of market 

activities in the state and delineating the major market areas that encompass these 

characteristics. We then selected five specific areas, representing a range of market 

characteristics, for in-depth study. 

Fundamentally, a market area for a rock product is the geographic area in which a 

producer sells the output from a production site (e.g., a gravel pit). Consequently, the 

number of market areas in the state, using this fundamental definition, would equal the 

number of rock-material mining sites. 

With the vast number of mining sites in the state, this fundamental definition is 

neither manageable nor analytically useful. To facilitate the analysis of public policies 

that affect the rock-material industry, it is more meaningful to take a broader per

spective. We used a perspective that defines a market area as a geographic area where a 

group of producers sells a relatively large amount of rock-material to a concentrated, 

common group of consumers.
2 

Because of the extremely wide distribution of rock supplies throughout the state, 

supply constraints generally have not been absolute. Thus, supply characteristics, except 

for their impacts on transportation costs, generally have been secondary to demand charac

teristics as determinants of a market area's character. Consequently, in delineating 

existing market areas, we focused first on concentrations of demand. 

Except for large construction projects in rural areas, the state's major urban areas 

comprise the major centers of demand for sand and gravel and for crushed stone. In 

general, the urban-services boundary around each of these areas encompasses most of the 

local demand for rock materials and thus, this boundary generally approximates the bound

ary of the market area quite closely. However, in many instances, major production sites 

serving the urban area lie nearby but outside the urban-services boundary. Hence, estab

lishing a boundary satisfying the definition of a market area and encompassing both major 

2
A "group" may consist of only one producer or consumer if it sells or buys a suf

ficiently large volume. 
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producers and major consumers frequently requires extending beyond the urban-services 

boundary outward. 

Unfortunately , the pr imary data on rock production ( described in detail below) exist 

only for counties and for the state as a whole. Consequently ,  rather than focus our 

analysis directly on delineated urban markets , we were restri cted by the data to county

wide approxi mations. 

The data in Table 1 show the mean annual level of production during 1 9 7 0 - 1 9 7 6  of 

sand and gravel and of crushed stone in each of Oregon's 3 6  counties. The data illustrate 

the w ide disparity in production levels among the counties , with the greatest production-

espec i ally for sand and gravel--occ urring in counties contain ing the largest urban areas. 

The 1 7  counties listed in Table 2 form the foundation for identify ing the ma j or markets. 

These counties have the largest levels of production and clearly enclose the vast bulk of 

the state's produc tion allocable to counties. 

In selecting sub-state areas for in-depth analysis , we chose areas that are economi

cally important and representative of the range of major market characteristics. These 

characteristics include : 

1. the general geographical/politic al/economic reg ion ( e.g. , Eastern Oregon , 

Willamette Valley , Coast ) ;  

2 .  the extent to which demand stems from a single industry or from a diverse economy ; 

3 .  the siz e of the urban area; 

4 .  the mode o f  transportation used t o  move rock materials from producers t o  con

sumers; and 

5. the potent ial for future land use controversy over rock-mater ial production. 

Based on these character isti cs , we selected f our urban i z ed areas (seven counties ) to 

illustrate markets for sand and gravel and for crushed stone. Clackamas , Colu mb ia , Mult

nomah , and Washington Counties represent the Portland metropolitan area , Oregon's larges t  

and most diverse urban center. This market area contains considerable potential for 

future land-use conflict. It shares most of the characteristics exhibited by other urban 

market areas in the Willamette Valley. However , i ts s i z e  and proximity to the Columb ia 

River g i ve it some un i que characteristics , such as the extensive use of barges to trans

port roc k  materials long distances. Although Clark County , Washington , is part of the 

metropolitan economy , we excluded it from the analysis because the study focused on the 

demand for Oregon's rock resources and because Clark County consumers have demanded and 

probably w i ll continue to demand little rock from Oregon. 

The Medford-Ashland metropolitan area represents smaller , rapidly grow ing metro

politan areas in the western valleys. It differs from market conditions in the Willamette 

Valley , in the greater usage of crushed stone , relative to sand and gravel. The data in 

Table 2 show that , during 1 9 7 0 - 1 9 7 6 , Jackson County produced nearly three times as much 

crushed stone as sand and gravel. The ten counties in the Willamette Valley produc ed 

consi derable amounts of crushed stone-- 5 , 7 1 4 , 0 0 0  tons per year , or 4 3 . 2  percent of the 

statewide total allocable to counties. However , they produced more than twice as much 

sand and gravel , 1 3 , 2 5 1 , 0 0 0  tons per year , or 7 0 . 7  percent of the statewide amount al

locable to counties. 

Umatilla County is representative of market conditions in Eastern Oregon and in 

small urban areas ( mainly Pendleton and Umatilla ) . It also has the potential for pro j e ct

related growth due to the proposed nuclear power generators in a nearby county . 

L incoln County represents coastal-zone market s ,  which generally have un ique supply 

and demand characteristics. Very little market analysis exists for the coastal markets , 

pri marily because supply patterns are very disorderly. For examp l e , Lincoln County con

tai ns little exploitable sand and gravel and must import this commodity from other 

counties. However , because the markets on the coast are so unusual , it was important to 

include a representative county in the study. 

Besi des rock consumption in uses related to urban economi c ac tivities , substantial 

amounts of roc k  material , espec i ally crushed stone , are used in roads on private and pub

l i c  t i mberlan d s .  Little is known about the fore st-re late d de mand for rock. D ifferences 

in ownership , manage me nt , geology , and climate for Oregon ' s  t i mberlands mu s t  c reate diverse 
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Table 1 .  Average annual production of sand and gravel and stone , 

by county : 1970-1976 

Sand 
and Gravel Stone 

Count::::: ( 1 ,000 S/Ton) ( 11000 S/Ton) 

Baker 355 6 7 3  
Benton 333 142 
Clackamas 2 , 6ll 610 
Clatsop 1 3 6  359 
Columbia 1 , 161 307 

Coos lll 316 
Crook 32 66 
Curry 95 165 
Deschutes 1 38 18 
Douglas 1 , 347 547 

Gilliam 56 53 
Grant 96 168 
Harney 42 1 3 5  
Hood River 22 233 
Jackson 596 1 , 670 

Jefferson 42 92 
Josephine 650 109 
Klamath 336 420 
Lake 46 200 
Lane 2 , 531 1 , 287 

Lincoln 223 361 
Linn 744 4 1 3  
Malheur 2 2 1  1 9 3  
�!arion 1 , 326 82 
Morrow 31 98 

11ultnomah 3 , 37 1  6 3 2  
Polk 326 161 
Sherman 2 205 
Tillamook 286 203 
Umatilla 233 448 

Union 188 257 
Wallowa 73 106 
Wasco 94 107 
Washington 593 1 , 695 
Wheeler 45 4 5  
Yamhill 2 5 5  385 

Subtotal Allocated 
to Counties 18, 7 3 1  1 3 , 204 

Various Countiesa 940 3 , 444 

State Total 19 , 671 1 6 , 648 

SOURCE : u . s .  Bureau of Mines , unpubl ished annual production statistics, 
provided by DOGAMI . See page 15 for explanation. 

a
includcs production , primarily by the U . S .  ForeGt Service , which is 
reported only on a statewide basis, and not allocated to individual 
counties. 
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Table 2 .  Average annual rock resource production in 7 major counties : 1970-1976 

Sand and Gravel Stone 
Production \ of State Production \ of State 

Count;t ( 1, 000 S[Ton) Total a ( 11000 S/Ton) Total a 

Metropolitan 
PurLldnd 

Clackamas 2,611 1 3 . 9  610 4 . 6  
Columbia 1, 161 6.2 307 2.3 
l4ultnomah 3 ,  371 1 8 . 0  6 3 2  4 . 8  
Washington 593 3.2 1 , 695 1 2 . 9  

Total 7, 736 41.3 3, 244 24.6 

�1etropoli tan 
Salem 

Marion 1, 326 7.1 82 0 . 6  
Polk 326 1.7 161 1 . 2  

Total 1 , 652 8 . 8  243 1.8 

Albany/ 
Corvallis 

Linn 744 4 . 0  4 1 3  3 . 1  
Benton 333 1 . 8  142 1 . 1  

Total 1, 077 5.7 5 5 5  4 . 2  

Lane 2 , 531 13 . 5  1 ' 297 9 . 7  

Jackson 596 3.2 1,670 12.6 

Douglas 1, 347 7 . 2  547 4 . 1  

Baker 355 1 . 9  673 5. 1 

Klamath 336 1 . 8  420 3.2 

Josephine 650 3 . 5  109 0 . 8  

Umatilla 233 1.2 448 3 . 4  

Yamhill 255 ) . 4 385 2.9 

Lincoln 2 3 3  1. 2 361 2 . 7  

Total 17,004 90 . 8  9,942 7 5 . 3  

DATA SOURCE : U . S. Bureau of Nines, unpublished annual production statistics, provided 
by DOGAMI. See page 15 for explanation. 

a
Refers to percent of total statewide production allocated to counties. 
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patterns in this demand. As a starting point for learning more about the timber-related 

demand for rock , we used the Willamette National Forest (WNF} as our fifth substate pro

duction area ,  because some data exist for the Forest Service ' s  production of crushed 
stone in the Fores t .  Road construction or reconstruction accompanying timber sales to 
private harvesters accounts for almost all the demand for rock in the WNF . This usage 
technically does not indicate demand operating through a marke t .  However ,  this situation 
characterizes most of the public and private timber-related demand for rock and, thu s ,  the 

WNF is representative of this segment of the industr y .  

The s i x  analyses mentioned above (statewide , four urbanized markets, and WNF) examine 
the demand for sand and gravel and/or crushed stone . In addition to these commodities, 
producers also mine l i ghtweight aggregates--cinders , pumice and shale. Only scant data 

exist regarding the markets for these commodities. Consequently, we analyzed only the 
historical trends in the production levels of the lightweight aggregates .  

The Mode l s  

In general , changes i n  the level of demand for rock materials occur because of pre
vious or concurrent changes in characteristics of the overal l  economy. For example , a 
growing economy entails land-development activities with land f i l l s ,  building construction 
and road construction--all major consumers of rock materials. Thus , one would expect to 

find relationships between trends in the level of rock production and various indicators 

of general economic activity . 

However ,  levels of rock production can vary quite erratically over time , especially 
in nonintegrated local economies or integrated economies of small size. This unpre
dictability arises from three sources .  First, many projects using rock materials are so 
large they cre ate lumpiness in the demand for rock. Consequently , demand1 jumps during 
the project and then falls upon its completion . The pattern of total annual statewide 
production shown in Figure 1 provides dramatic evidence of lumpy demand stemming from 
large projects . Several dam construction projects during the mid-1960s , especially the 
John Day Dam, pushed the production of both sand and gravel and crushed stone rapidly up

ward , but when the projects finished , production fell sharply. For substate areas, even 
projects much smaller than dams can be substantial enough to distort local production 

patterns . 

Second, even small local economies are complex .  Any given set of economic conditions 

creates variable impacts on different economic sectors and, hence , variable impacts on the 
demand for rock material s .  For example , the housing construction sector exhibits dis
tinctively dif ferent patterns o f  behavior over time than do the services and manufacturing 
sectors , creating a mixture of underlying trends within the overall demand for rock 
mater i a l s .  A s  one consequence , these different trends reduce the likelihood of finding 
systematic, strong relationships between total demand and any single industrial sector . 

Third, some of the demand for rock materials comes from construction projects, pri
marily governmental public work s ,  which occur for reasons bearing little or no relation

ship to local economic conditions . Instead, the scheduling of these projects depends on 
such diverse and unpredictable factors as politics and the weathe r .  These projects can 
constitute major components of the overall demand for rock, especially in rural counties .  

For example , according to the analysis i n  Chapter 3 ,  uses related to road construction 
have accounted for about 50 percent of the statewide demand for sand and gravel and about 
75 percent o f  the statewide stone production . This construction occurs on two types of 

road , interurban and intraurban . In most case s ,  decisions to build, expand or rehabili
tate the interurban roads in a county rest primarily on statewide , or even national ,  con
cerns, rather than on the characteristics of the county ' s  cities and their local 

1
Techn�cally, the level of rock produced in a year is not the same as the demand for 

rock . The demand for rock during any given year is not a single number, but a continuous 

range of values that are price-specific; the quantity which consumers demand is less at 
higher prices than at lower price s .  The amount o f  rock produced i n  a given year i s  the 
unique level of demand at the prevailing prices during the year plus any adjustments due 
to changes in inventories .  
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�conomies .  The development of intraurban roads generally stems more from local conditions 
and, consequently, parallels the development of local economies to a greater degree . One 
can expect highly urbanized counties to have a high proportion of intraurban roads . Con
sequently, the demand for rock stemming from road construction in highly urbanized coun
ties should show a close relationship with the counties ' economic conditions. The 
typically high proportion of interurban roads in rural counties ,  though , makes the road
related demand for rock in these counties only loosely related to local economic condi
tions . 

Two types of models 

Because several forces tend to make demand errat i c ,  and bPcau�e of substant i a l  i n 
adequac ies i n  the available data, we have developed two types of mode l s .  A summary mode l ,  
t:dllt!u Lht! y.towLh-.tdLe model ,  uescr il.Jes historic trends in total rock production within a 
ma.rke t ,  but provides little explanation of why the trends have occurred. It summarizes 
the patterns of growth (positive or negative ) in historic production leve l s  and determines 
the apparent trends (to the extent that trends have occurred) in the mean compound annual 
growth rate. To app ly the growth-rate model as a p l anning too l ,  we evaluate the general 
economic forces behind the trends in production growth and predict which forces and 
trends likely will continue . We amend the growth rate mode l s ,  through a simulation pro
cedure, to adjust for changes in general economic force s .  Then we forecast future produc
tion leve l s  based on the amended growth-rate trend s .  

The second mode l ,  termed the econometric mode l ,  i s  a n  explanatory mode l .  I t  first 
determines the historic relationships between the levels o f  rock production and specific 
characteristics o f  the general economy . Then it predicts future values for these explana
tory characteristics and combines these values with the historic relationships to forecast 
the corresponding future production leve l s  for rock materials . 

The combination of the two models yields the most compreh�nsiv� cUidly!:ils of uemaud 

possible , given the data limitations described below. Theoretically, i f  sufficient valid 
in formation about production leve l s  and economic conditions were available , the econo
metric model would identify the economic forces determining demand and would predict 
future demand. However ,  for most marke t s ,  insufficient data exist. Consequently, we 
used the econometric model as extensively as the data a llowed to explain and forecast de
mand , but relied on the growth-rate model to give an overview of past and anticipated 
production trends. 

The Growth-Rate �tode l 

When an economy grows , the trends of many economic characteristics, such as an indus
try ' s  total production, approximate the straightforward trend of compound growth, similar 
to the growth of monetary principal under a compound rate of interes t .  I n  a given year, 
new activity in a sector , from new firms and the expansion of existing firms, enlarges 
the sector ' s  total size . In the following year, this expanded base generates even more 
growth and an even larger base for the succeeding yea r .  O f  course , a s  general economic 
conditions change , the size of the compound growth rate can change also. 

We l l - integrated economies typically exhibit fairly smooth growth over time . A lthough 
total output may vary cyclically, one firm ' s  successes and failures generally offset the 
failures and successes o f  other firms , causing the overa l l  growth rate to vary only 
moderately from one year to the next. 

Smaller , less diverse economie s ,  such as most substate economies in Oregon , 
generally do not behave nearly so smoothly, because they do not contain enough firms to 
have an overall balance . Consequently, growth rates in any industry such as the rock
materials industry can vary widely from year to year. Except for the Portland metropoli
tan area, a l l  of the markets for sand and gravel and for crushed stone which we examined 
are insufficiently large and diverse to have smooth, balanced growth in production. The 
small substate marke ts exhibit large , irregular fluctuations in rock production. Only the 
Portland area (Clackamas , Columbia , Multnomah and Washington Counties) exhibits smooth 
growth resulting from its large , integrated, urban economy . Statewide production trends , 
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being composites of all the local trends , lie between the two extremes.  

Forecasting future leve l s  of production for substate markets using growth rates is an 
inexact process.  Experience has shown that past trends generally will continue , aL leasL 
briefly , into the future. Forecasting using past growth rates consequently involves first 
identifying an area ' s  fundamental , long-range historical trends in demand. We based the 
long-range trends on the period, 1950-1976. Data for years previous or subsequent to this 
period either do not exist or they are inappropriate because of the unusual economic per
turbations of World War I I .  

The second step in using growth rates to forecast an area ' s  future levels of demand 
involves identifying any recent , short-term trends in production which differ from the 
long-term trends. Growth rates can change because of changes in economic , political and 
other factor s .  But , most changes in the rate of growth which persist for more than a few 
years likely stem from underlying changes in the structure of the area ' s  total economy. 
In most of the areas we examined, only one noticeable shift in production trends seems to 
have occurred , in 196 4 .  The 1964-1976 growth rates generally were lower than the growth 
rates for 1950-1976. 

The third step in forecasting involves projecting the long-term and the short-term 
historical growth rates into the future and interpreting the reasonableness of the re
sulting forecasts. To judge the forecasts ' reasonableness,  we examined the extent to 
which they were consistent with general expectations for the area ' s  total economy . In 
general , one can expect most of Oregon ' s  local economies to experience overall growth in , 
say, employment at average annual rates of between 2 . 5  and 4 . 5  percent through the end of 
this centur y .  The rate of growth in the demand for rock materials may differ substan
tially from these rates over periods of rapid expansion in the local economy , but not 
indefinitely. For most of the areas we examined, the production data show short- or long
term growth rate s ,  or both, greater than 4 . 5  percent . To develop growth rates more con
sistent with expectations for these areas ' general economies, we used the econometric 
models to simulate the growth rates for the component of demand related directly and pre
dictably to general economic conditions. The n ,  for each commodity in each are a ,  we used 
the simulated growth rate and the short-term or the long-term rates , or both,  in fore
casting upper and lower bounds for Lhe futute demand in 198 5 ,  1990 and 2030 . 

The Econometric Model 

As the graph (Figure 1) of annual , statewide rock production i l lustrate s ,  the demand 
for sand and gravel and for crushed stone fluctuates considerably. Most characteristics 
of the economy as a whole also f luctuate . This variation is the key for developing 
econometric models that explain the demand for each type of rock material . By comparing 
the fluctuations in rock production with the fluctuations in various economic charac
teristic s ,  we can qualify the extent to which the economic characteristics explain, or 
determine , rock production. 

In developing the econometric models one first must identify all the measurable 
economic variables which theoretically determine the level of demand for each rock 
mater i a l .  These economic variables include , for example,  the price of the rock material 
and the miles of roadway constructed annual l y .  

I n  the second step , one then compares the rock-materials' historic production levels 
with the values of the economic variables to determine the extent to which each variable 
has fluctuated in conjunction with production. Completing this step requires using a 
computerized technique called multiple regression . 2 The degree of correspondence in the 
joint variation of production and the economic variables indicates the extent to which 
each economic variable actually explains the level of rock production. Making these 
determinations produces the econometric models--mathematical equations which show the 
relationships between rock production and the explanatory variables. 

2
For further discussion of multiple regression techniques , see any econometric text, 

for example , Ralph E. Bea l s ,  STATISTICS FOR ECONOMISTS : AN INTRODUCTION (Chicago: Rand 
McNally & Co. , 1972) . 

11 



The econometric models have the followi ng, generalized form : 

Y = b
0 I b

l
X

l I b2x2 I . . .  I b
n

X
n ; 

where Y = the depende nt variable (the variable to be expl ained , e . g . , annual production o f  
crushed stone ) ; b0 = the intercept term ( a  constant ) ;  X1 , X2 , X0 = explanatory vari
ables; and b1 , b2, bn = the coefficients of X1 , X2, and Xn · 

The intercept , b0 , shows the estimated base value of the dependent variabl e .  The 
value of Y would equal b0 if all the explanatory variables equalled zero. If the ex
planatory variables were not zero , then the estimated average value of Y would equal the 
sum of b0 plus the products of each expl anatory variable time s its coefficient. Each co
e f f icient estimates the average relat ionship between the respective explanatory variable 
ynd the dependent variable. The coefficient shows the amount Y will change , on average , 

given a one-unit change in the value of the explanatory variable, assumi ng that a l l  other 
explanatory variables remain constant . 

For each mode l ,  we provide the following information: a de f inition of the dependent 

and the explana tory variable ; the value of the intercept ; and the value of the coeffi
cient for each explanatory variable . In addition, we report several statistics de
scribing the model ' s  strength and reliability. 

The first of these statistics is the coefficient of determinat ion, conunonly called R2 
( R-squared) . It measures the proportion of the total historical variation in the de

pendent variable explained jointly by all the explanatory variables. For examp l e ,  in a 
model with stone production as the dependent variable and an R2 of 0 . 60 ,  the exp lanatory 
variables joint ly expl ain sixty percent of the total variation in the historical produc
tion of stone . All other considerations remaining equa l ,  a model which explain s  a 
gr eater proportion of the dependent variable ' s  variation is general ly preferred to a 
model which exp lain s  a lesser proportion. 

Each mndel really on ly estimates the true re lationships between the dependent and the 
explanatory variables. Because the model is a n  e st imate , i t  is always possible that the 
exp lanatory var iables rea l l y  do not explc1in any or Lhe uepemlenL vc1.r. ic�l>le ' � vc�.r. ic�tiuu, 

even though the model has a positive R
2

. To indicate the l ikel ihood of this occurrence, 
we report the F-ratio for each model .  By comparing the F-ratio with a n  F-distri bution 
table ( found i n  most econometrics texts and in compilations of standard statistical 
t ables) one can determine the statistical probability that the model actually exp lai ns 
none of the variation in the dependent variable . Models where this probabi l ity is 
low --that i s ,  mode l s  with large F-ratios--are desirable . 

Besides uncertainties about the model as a whole, similar uncer tainty also exists for 
the estimated values of the intercept and of the coefficient for each explanatory vari

able . Multip le regression analyses almost always yield a non-zero value for each of these 

parYmeters. However ,  these values are only estimates of the true values .  For each para
meter , iL is ne�essary to determine the probability that the true value is zero . Con

sequentl y ,  in addition to reporting the estimated value of the intercept and each coeffi

cient , we also report the t-statistic for each parameter. These statistics, together w ith 
a t-distribution table ( found in most econometrics texts and in compilations of standard 
statistical table s ) , indicate the probabi lity of error in the mode l ' s  estimated values for 

the intercept and each coe fficient. 

To forecast the future demand for rock materials us ing the econome tric models re
quires first forecasti ng likely values of the explanatory values, then inserting the se 
values into the model and calculating the consequent value of the dependent variable. 

Several uncertainties obvious ly are inherent in such fore casts . One cannot know for cer
tain if relationships based on past data wil l  apply in the future . Also, the forecast 
future values of the explanatory variables contain some u ncertainty . However, if an 
e conometr ic model has identified strong, systematic relationships between the dependent 
and expl anatory variables, and if drastic changes in these relationships are not foreseen, 
then the model should yie ld the most reliable forecasts possible. 

The Data 

Developing sound growth-rate and econometric models of the demand for rock materials 
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requires accurate data , over a long period of time, for past rock production and for the 
economic variables which affect demand. Although the analysis and models presented in the 
subsequent chapters clearly demonstrate the fundamental forces which determine the demand 
for rock materials, some inadequacies are present in the data upon which the models rest. 
Interpreting the models requires understanding these inadequacies . 

Explanatory variables 

Our search for meaningful econometric model s  revolved around four explanatory vari
ables .  They were : the estimated average annual price of each rock commodity in an area; 
the area ' s  estimated annual population; its estimated annual total employment; and the 
annual expenditures for road construction and maintenance in the area by the Oregon De
partment of Transportation (ODOT) . These are the only appropriate variables for which 
sufficient, accurate , historical data are readily available and for which annual updates 
are available in a timely manner. However, auditional explanatory variabl!!S should becomE! 
useful to the analysis as data on their values accrue over the next few year s .  

Price : Theoretically, a commodity ' s  price and the prices of substitutes should have 
considerable influence on the demand for the commodity . Price data for rock materials are 
not d i rectly available. Consequently, we estimated the average annual price of each com
modity in each area from data collected by the U . S .  Bureau of Mines. The Bureau annually 
asks producers to report the tonnage and the value of each commodity they either sold or 
used themselves. The Bureau then summarizes the producers ' reports for each county and 
for the state as a whole. We calculated the average prices by dividing the values by the 
corresponding tonnage figures . 

Because of reporting errors in the data for tonnages and values, the accuracy of the 
price estimates is uncertain . Many producers . especially in distant years , did not re
spond to the Bureau ' s  requests for production data. Furthermore ,  some producers have re
ported their tonnage figures , but not the value of their production. Nevertheless, cal
culating prices from the Bureau ' s  data yields the best estimates availabl e .  The estimates 
seem more valid for large metropolitan areas. Also, in recent years, producers have been 
reporting to the Bureau more comprehensively; a continuation of this trend should improve 
the a��uracy of price calculations in future years . 

Each commodity ' s  price includes the effects of inflation, which interferes with the 
ability of price to explain demand. Accordingly, we converted all prices to "real" 
prices, U1at i s ,  prices in constant dollars, by dividing the actual prices by the national 
wholesale price index (1967 = 100) for sand , gravel and crushed stone as reported by the 
U . S .  Department of Commerce. 3 This index is readily available back to 1956. The real 
prices give a better indication of the effects of changes in market conditions, and thus 
give a better measure of how these changes affect demand . 

In Chapter 4 we analyze the competitive relationships between the price of sand and 
gravel and the price o f  crushed stone. In Chapter 6 we discuss forecasting future levels 
of the real price for each commodity. 

Population : Increases in an area ' s  population should stimulate greater economic 
activity, more construction, and increased demand for rock materials . Estimates of past 
total population for the state and for counties came from the U . S .  Census for decennial 
years and from Portland State University ' s  Center for Population Research and Census for 
the intervening year s .  Each year the Center publishes estimates of the previous year ' s  
population in the state and in local areas , thus making current data readily available . 
The Center also has published4estimates of future population by county, and it updates 
these forecasts periodically. 

3u . s .  Department of Commerce, Domestic and International Business Administration/ 
Bureau of Domestic Commerce, CONSTRUCTION REVIEW (Washington, D . C . : u . s .  Government 
Printinq Office , various years ) . 

4center for Population Research and Censu s ,  Portland State University, STATE OF 
OREGON : POPULATION PROJECTIONS FOR OREGON AND ITS COUNTIES 1975-2000 (February , 1976 ) . 
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Employment : The demand for rock materials in an area should rise or fall along 
with the level of employment. An increase in employment usually signifies growth in the 
economy and economic growth usually entails a greater use of rock for construction and 
r elated activities. Conversely, when an economy slows down, both the level of employment 
and the demand for rock should drop. 

The State Employment Division estimates annual total employment. by county of resi
dence, through periodic surveys. These data include employees not covered by unemploy
ment insurance. Although estimates of employment by industrial sector perhaps could have 
refined the econometric models, such data based on consistent definitions do not extend 
back many years. Cons equently, we relied on the data for total employment. We derived 

our proj ections of future employment from forecasts prepared in 1976 by The Bonneville 
Power Administration. 5 

Population and employment are the only appropriate indicators of general economic 

conditions for which adequate data exist. Each of these variables theoretically should 
explain a substantial, unique portion of the variation i n  the demand for rock materials. 
Demand should increase i f  an area ' s  population grows, even if its total employment does 
not, and vice versa. Population and employment, though, also are closely related. This 
interaction, termed multicollinearity, sometimes reduces the econometric models ' ability 
to isolate each variable ' s  unique impact on demand. But, we retained both variables in 
the models for a l l  areas because the models for areas where multicollinearity is small 
confirm their theoretical importanc e .  

Highway expenditure s :  Road construction and maintenance account for most o f  the rock 
consumed in Oregon. Consequently, highway construction and maintenance activities should 

bear a close positive relationship to the demand for rock materials. As an indicator of 
the level of these activities , we used ODOT ' s  total direct expenditures (in constant dol
lars) for road construction and maintenance. The data for this variab l e  for the years 
1963-1976 came from the Policy and Program Development Section of ooo·r . They include 
ODO'r ' s  direct expenditure of state and federal funds on state and federal highways. They 
do not include funds ODOT passed through to cities and counties. 

To rid the expenditure data of the e f fects of inflation, we adjusted the data to con
stant dollars. we used a road-construction cost index (1967 = 100) provided by ODOT ' s  

Policy and Program Development section. 

The Section also provided forecasts of future expenditures, by county, for 1979-

1984. 6 we extended thes e forecasts to estimate the levels o f  expenditures in 1985 and 

1990. For our lower-bound estimates, we extended the Transportation Commission ' s  average 
annual e)Cpenditures for 1979-1984 under the "Basic Program. " For our upper-bound esti
mates , we extended the average expenditures under the "Program with Additional Revenues . "  

Other explanatory variables: Sufficient, appropriate data for other explanatory 

variables do not exist. One potentially useful variable is the level of personal income. 

We hypothesize that the demand for rock materials in a market depends partially on the 
level of affluence ( income) in the market. A limited amount of data on income do exist, 
and as we show in Chapter 4 ,  they support this hypothesis, especially in Jackson and 
Umatilla Counties. The data are for the total , adjusted gross income, by county, as pub
l i shed by the Oregon Department of Revenue. ? Unfortunately, the data exist only for the 
years 1969-1976, an insufficient amount of time for this variable to contribute fully to 
the analysis. However, we have reported a limited analysis because this variable may be
come an important explanatory variable in the future as the Department extends the series. 

5
u.s. Department of the Interior, Bonneville Power Administration, OREGON POPULATION, 

EMPLOYMENT AND HOUSING UNITS PROJECTED TO 1995 (Portland, Oregon : 1976 ) . 

6
oregor. Transportation Commission , HIGHWAY IMPROVE!-1ENT PROGRAM :  1979-1984 (Salem: 

Oregon D epartment of Transportation, 1978 ) . 

7 
Oregon Department of Revenue, PERSONAL INCOME TAX ANALYSIS, various years. 
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The demand for rock materia l s  

Data dire�tly measuring the demand for rock materials do not exist, s o  we relied on 

data for the levels of production. The level o f  production for a year approx imates the 

level of demand, at the prevailing prices , except for any changes in produce rs ' or con
sumers '  inven tor ies. Inventories change only s l ightly from year to year , except when they 
build up in advance of very large construction projects such as major dam s .  Consequently , 

data for production levels provide a reasonable estimate for the levels of demand. 

Production dat a :  The mo s t  comprehensive s e t  o f  production data i s  the Bureau o f  

Mines ' estimates o f  annual production, by county , from 1940 t o  1976 . The Bureau acquires 

these statistics annually by mailing a questionnaire to producers .  This procedure creates 
two gaps in the resulting data. First, the Bureau has requested data on a s ite-specific 

basis and the list of specific sites , especially in earlier year s ,  has been incomplete. 

Second , producers have complied with the Bureau ' s  questionnaire on a voluntary basis , and 

their compliance has been neither comprehensive nor consistent. Thus , the Bureau ' s  data 

unavoidably underestimate actual production. 

Errors o f  measurement :  We attempted to determine the extent o f  the error in the 

Bureau ' s  data by exami ning three other sources of production data , but these data gave 

only a rough notion of the size of the error. We first asked producers in the seven coun

ties we studied to complete a mail-questionnaire and report their past levels of produc
tion . Despite our e f forts and the efforts of industry representative s ,  however , too few 

producers responded to yield meaningful results. we next looked at the data DOGAMI col

lects under the provisions o f  the 1971 Mined Land Reclamation Act. These data roughly 

indicate the amount of rock sold or used by the producers covered by the Act, and in 

future years they may provide an independent assessment of the Bureau ' s  data . At present, 

however ,  they are insufficient. Finally, we relied on the results of DOGAMI ' s  surveys of 

mining sites. For mining sites in the four Portland-area counties, Curry County and for 

Benton County, DOGAMI has compared the total reported production with the size of the 

excavation.
8 

The results indicate that the Bureau ' s  data underestimate total production 

by about 20 percent. 

Although this figure gives the rough order of magnitude of the error , it does not 

provide some detail which would be very useful ( for example, the extent to which the error 

appl ies to different counties; the extent to which the degree of error is consistent from 

one year to the next; and whether the error has been increasing, decreasing , or remaining 

steady ) . 

These aspects o f  the error in the Bureau ' s  data are important to any attempts to use 

them for understanding and forecasting the demand for rock produc ts . We suspect the 

errors are greater in rural counties , fluctuating from year to year but generally de

creasing recently .  These characteristics interfere with the performance o f  both the 

growth-rate and the econometric model s .  The decreasing error in measurement in recent 

years causes production to appear to have grown faster than it actually has. The large , 

very erratic variation in reported production for the rural counties interferes substan

tially with tl1e ability of the econome tric models to explain the variation in actual pro

duction. 

Neverthel ess , the Bureau ' s  data are the best available , and in some areas , especially 

the Fortland area, they are quite good. Through the use of simulations and other tech

nique s ,  they yield reasonable forecasts of demand . Producers likely will improve their 

reports to the Bureau in future year s ,  and as this occurs ,  the data will provide even 

better resul ts . 

8 
Gray , J .  J . ,  G. R. Allen, and G .  S .  Mac k ,  ROCK MATERIAL RESOURCES OF CLACKAMAS , 

COLUMBIA, MULTNOMAH , AND WASHINGTON COUNTIES, OREGON , Special Paper 3 ,  in cooperation with 

the Columbia Region Association of Governments , 1979;  Ramp , L . , Schlicke r ,  H .  G . , and 

Gray , J. J. , GEOLOGY , MINERAL RESOURCES, AND ROCK MATERIAL OF CURRY COUNTY , OREGON , Bul

letin 9 3 ,  197 7 ;  and Schlicke r ,  H. G . , Gray , J. J . , and Bela, J .  L .  ROCK MATERIAL RE

SOURCES OF BENTON COUNTY, OREGON ,  Short Paper 2 7 ,  in cooperation with Benton County Board 

of County Commissioners ,  197 9 ,  ( Portland : Oregon Department of Geology and Mineral 

Industries) . 
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CHAPTER 3 

THE STATEWIDE ANALYSIS 

Abstract 

There i s  no statewide market for rock materials. Rather ,  there are many diverse 
markets throughout the state and the statewide data for rock producti.on constitute a 

weighted average of the characteristics of a l l  these markets . Consequently ,  analyzing 
the demand for rock materials from the statewide perspective summarizes and offers in

sight to a l l  the substate markets . Road construction has been the largest single use of 

sand and gravel and of crushed stone . Although the current price for each commodity has 
increased over time, real prices have been erratic and they generally have decreased since 
1965. Sand and gravel have exhibited lower prices and higher levels of production than 

crushed stone . However, these differences have been decreasing and the production of 

crushed stone has grown much more rapidly than the production of sand and grave l .  The 
econometric models for the state as a whole show promise , but currently the erratic nature 
of demand in non-metropol itan areas and problems with the existing data confound the 
models. Better data over the coming years should improve the models ' performance . 

Overview of Statewide Characteristics 

Production characteristics 

Although the data in Figure 1 show considerable fluctuation in production over the 

period 1940-1976, a long-term trend of ris�ng production emerges for each category of re
source . With two exceptions , these trends apparently stern directly from the state ' s  
general economic and population growth rather than from any particular governmental or 
industrial activity. The two exceptions are production arising from the construction of 

several major dams and from the construction and maintenance of roads in the state ' s  na
tional forests. 

The construction of Green Peter, Foster and John Day dams , especially the latter , 
caused the unusually large bulge in the production of sand and gravel and of crushed 
stone from 1960 through 1966. Since this production bears only distant, indirect rela
tionships with the postulated explanatory variables for demand, we removed it from the 

statewide production statistics. Using estimates provided by DOGAMI and the U . S .  Army 
Corps o f  Engineers, we adjusted the statewide statistics by subtracting the amount and 
the value of the sand and gravel and of the crushed stone used in these darn projects. 

The Bureau of Mines compiles most of its production data on a countywide basis. The 

u . s .  Forest Service , however , reports the amount of rock extracted from the mining sites 
within the national forests on a statewide basis rather than by county . These a.mounts 
account for virtually all the production shown for the Various Counties category in Table 

1 .  Almost all the rock from the national forests , mostly crushed stone , is used in con
structing the roads that support timber-harvest activities. Harvest levels in the 
national forests have derived more from national economic conditions and from declining 
supplies on other timberlands than from state and local economic conditions . Consequently, 
the production levels of rock in the Various Counties category have been quite unrelated 
to the economic variables we used to explain production , and we subtracted this category 
from the statewide totals for a l l  years. 

The adj ustments for the dams and the national forests yield the production patterns 
illustrated in Figure 2 .  For the remainder of the report, the terms statewide production 
and demand will refer to the adjusted statistics. 

In general , the production of sand and gravel has exceeded and has been less erratic 
than the production of crushed stone . In addition, price, population, employment and 
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expenditure:; on highways--the indicators of general economic conditions--perform much 
better as explanatory variables for sand and gravel production than for crushed stone pro
duction . 

Not incidentally , the production o f  sand and gravel has been more concentrated than 
stone production in the counties which are highly urbanized and have widely integrated 
economies. The data in Table 2 show Clackamas , Columbia, Multnomah, Washington , Marion, 
Polk, Yamhill , Linn, Benton , and Lane Counties--the Willamette Valley--together account for 
70 . 7  percent of Oregon ' s  annual average sand and gravel production between 1970 and 1976 . 
The same counties account for only 43 . 2  percent of the state ' s  stone production. The 
Willamette Valley, o f  course , also contains the bulk o f  Oregon ' s  population, employment, 
and urbanized area. By all indications , the demand for rock materials is more regular and 
more closely related to economic variables in large, divers e ,  urban areas . 

Characteristics of use 

Road construction has been the larges t ,  single use of the state ' s  sand and gravel and 
stone . Tables 3 and 4 show the rough distribution by use of the state ' s  annual consump
tion o f  sand and gravel and o f  stone , respectively , from 1960 through 1974 . The data come 
from publications of the U . S .  Bureau of Mines and, unfortunately , the classifications of 
consumption are neither precise nor consistent . The data in Table 3 show that for the 
years between 1960 and 1 9 7 3 ,  Road Material or Paving averaged about 58 percent of the 
state ' s  total use of sand and grave l .  The more detailed data for 1974 show that more than 
half of the road-related use o f  sand and gravel was for roadbase and subbase. The only 
other consistently major use of sand and gravel has been the construction of concrete 
buildings and products. Throughout all the years for which data are shown , usage for 
buildings has averaged about one-quarter of the tota l .  

The data i n  Table 4 show similar, but more exaggerated, consumption patterns for 
crushed stone. For the years 1971-1974 , the data clearly identify the extent to which 
stone has been used for road construction and maintenanc e .  In previous years the single 
category, Concrete & Roadstone , contains all road-related consumption . However ,  virtually 
all the consumption in this category probably was road-related since crushed stone 
generally is not preferred for making concrete. Thu s ,  according to the data for this 
category during 1960-1968 and the disaggregated data for 1971-1974, road construction and 
maintenance used about 71 percent, on average , o f  total statewide stone production. The 
second largest general use o f  stone has been for riprap and f i l l .  

Prices 

The prices of sand and gravel and of stone in Oregon generally have increased. How
ever , price inflation accounts for much of the increasing trend. When the effects of in
flation are removed through the use of a wholesale price index, the resulting real prices 
vary considerably from year-to-year, but exhibit no strong long-term trends. 

Nominal (or unadjusted) prices: Figure 3 shows the estimate d ,  mean annual prices 
(unadjusted for inflation) for sand and gravel and for crushed stone from 1950 to 1976. 

Throughout this period, the estimated price o f  crushed stone generally exceeded the esti
mated price of sand and gravel .  The price of sand and gravel was larger only in 1964 and 
1965 , and we could discern no reliable justification for the reversal of the general pat
tern during these two years . Although the price of each commodity varies, their overall 
trends have been upward, especially in the latter years . 

Real prices: The graphs in Figure 4 of the real prices, look quite different, how
ever . Removing the e ffects of inflation seems to take away the upward movement present 
in actual prices. Indeed , since the mid-1960s, the real price of each commodity , though 
very erratic, generally has declined. 

Figure 4 also compares the estimated real prices in Oregon to the estimated average 
real prices for the entire u . s .  The national prices clearly behaved much differently, 
declining steadily until about 1970, then moving upward. The u . s .  price for crushed stone 
has exceeded the price of sand and gravel throughout the period. 

Fluctuation in prices: As the graphs in Figures 3 and 4 illustrate, the statewide 
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Table 3 .  Sand and gravel sold or used statewide by produce r s ,  by class of operations or 

( thousand short tons and percent of total) 

1960 1961 1962 1963 1964 1965 1966 1967 

Use \ ' ' \ ' 'II 'I; 'I; 

Building 6 , 047 ( 34 )  2 , 760 ( 2 2 )  2 , 992 ( 2 0 )  3 , 37 1 ( 2 1 )  3 , 47 8 ( 1 9 )  3 , 761 ( 17 )  3 , 174 (9) 3 , 862 ( 2 0 )  

Road Material 8 , 4 34 ( 4 8 )  8 , 8ll ( 7 2 )  9 , 98 9 ( 6 7 )  l l , l9 9 ( 7 1 )  1 3 , 50 2 ( 7 4 )  16 , l l8 ( 74 ) 1 2 , 757 ( 36 )  ll , 6 7 5 ( 59) 

Fill 1 , 027 ( 5 )  18 , 4 76 ( 52 )  965 ( 5 )  

Rai lroad 
Ballast 5 1 ( -- )  ll7 ( 1 )  80 ( - - )  14 5 ( --) 

Other Uses 
b 

3 , 191 ( 18 )  727 ( 6 )  1 , 888 ( 1 3 )  1 , 0 9 5  ( 7 )  1 , 1 56 ( 6 )  8 1 4  ( 4 )  7 7 5  ( 2 )  3 , 12 8 ( 16 )  

'l'otal c 17 ,673 12 , 299 1 4 , 869 1 5 , 7 1 5  1 8 , 2 5 3  2 1 , 800 3 5 , 32 7  1 9 , 630 

1970 1971 1972 1973 
Use \ ' ' ' Use 

Building 4 , 31 9 ( 2 5 )  6 , 938 ( 3 4 )  8 , 612 ( 35 )  6 , 089 ( 27 )  Construction Aggregate 

Paving 10 , 76 5 ( 6 1 )  1 0 , 726 ( 53) 12 , 520 ( 5 1 )  l l , 607 ( 5 1 )  
Nonresident & Resident Const . 
Highway & Bridge Const . 

Fill 1 , 286 ( 7 )  1 , 796 ( 9 )  2 , 393 ( 10 )  3 , 22 3 ( 1 4 )  Other (Dams , Airports, etc . )  
Railroad 

Concrete Products (Blocks , etc . )  

Ballast 159 ( 1 )  1 7 ( - - )  
Bituminous �aving 

Roadl.Ja�e clllll Sul.JI.Jasl:! 

Miscel laneous 90 ( 1 )  246 ( 1 )  337 ( 1 )  707 ( 3 )  Unprocessed Aggregate 

Other Uses ( 6 )  525 ( 3)  ( 2 )  1 , 158 ( 5 )  
F i l l  

1 , 1 2 1  4 1 7  
Other Uses 

Total
c 

1 7 , 581 20 , 2 3 1  2 4 , 478 2 2 , 801 Totalc 

DATA SOURCE : U . S .  Bureau of Mine s ,  THE MINERAL INDUSTRIES OF OREGON , various years .  

a
includes commercial and publicly funded projects. 

b
includes miscel laneous uses and, in some year s ,  uses for fill and/or railroad ballast . 

c
Data may not add to equal the totals due to rounding. 

a 
usc 

1968 1969 
\ r 0 

4 , 66 3 ( 2 6 )  4 , 658 ( 30 )  

9 , 203 (50) 8 , 78 5 ( 56 )  

1 , 303 ( 7 )  l , llO ( 7 )  

3 , 09 1 ( 1 7 )  1 , 187 ( 8 )  

1 8 , 260 1 5 , 740 

1974 

' 

3 , 4 10 ( 18 )  
1 , 251 ( 7 )  

313 ( 2 )  

813 ( 4 )  

3 , b!:IJ ( :.!U )  
5 , 317 ( 2 9 )  

2 , 497 ( 1 4 )  

917 ( 5 )  

357 ( 2 )  

1 8 , 558 
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Table 4 .  Stone sold or used statewide by producers , by a ( thousand short tons and l:J€rcenl of Lutdl) use 

1960 1961 1962 1963 1964 1965 1966 
use \ \ \ \ ' \ \ 

Dimension 
Stone 4 ( - - )  3 ( --) 2 ( - - )  3 ( - - )  1 ( -- )  

concrete & 
noadstone 1 2 , 102 ( 7 2 )  1 1 , 183 ( 6 4 )  9 , 40 3 ( 52 )  1 3 , 656 ( 69) 1 1 ,882 ( 7 4 )  1 3 , 29 3 ( 6 2 )  14 , 277 ( 4 3 )  

Railroad 
Ballast 309 ( 2 )  446 ( 2 )  

Riprap 2 , 879 ( 17 )  4 , 7 1 7 ( 2 7 )  7 , 737 ( 42 )  4 , 661 ( 2 4 )  

220 ( 1 )  

2 ,  550 ( 16)  

263 ( 1 )  

2 , 364 ( 1 1 )  

244 ( 1 )  

1 , 380 ( 4 )  
Other Uses b 

1 , 61 9 ( 10 )  1 , 552 ( 9 )  1 , 116 ( 6 )  927 ( 5 )  1 , 527 ( 9 )  5 , 292 ( 2 5 )  1 7 , 387 ( 5 2 )  

Totalc 
1 6 , 9 1 2  1 7 , 4 5 5  1 8 , 258 1 9 , 692 1 6 , 120 2 1 , 2 1 2  

1969 1970 1971 

use \ ' \ 

Bituminous Aggregate 500 ( 4 )  1 ,  290 ( 10 )  1 , 185 ( 9 )  

Concrete Aggregate 688 ( 5 )  l , b58 ( 1 :.! )  

Dense Graded Road Base Stone 2 , 625 ( 2 3 )  3 , 794 ( 28 )  4 , 529 ( 33) 

Macadam Aggregate 366 ( 3 )  381 ( 3 )  4 3 9  ( 3 )  

Surface Treatment Aggregate 3 , 597 ( 3 1 )  3 , 820 ( 28 )  1 , 402 ( 10 )  

unspecified Aggregate & Roadstone 2 , 56 9 ( 2 2 )  2 , 472 ( 18 )  2 , 992 ( 2 2 )  

F i l l  26 ( - - )  2 3 ( --) 94 ( 1 )  

Rai lroad Ballast 2 5 ( - - )  10 ( -- )  375 ( 3 )  

Riprap & Jetty Stone 574 ( 5 )  307 ( 2 )  500 ( 4 )  

Other Usesb 1 ,  380 ( 1 2 )  655 ( 5 )  6 2 1  ( 5 )  

Totalc 
1 1 , 662 1 3 , 439 1 3 , 794 

DATA SOURCE : U . S .  Bureau of Mines ,  THE MINERAL INDUSTRIES OF OREGON , various years .  
aincludes commercial and publicly funded projects . 
bMisce llaneous uses, including dam embankment, and industrial stone . 
cData may not add to the totals due to rounding. 

33 ,288 

1972 
' 

1 , 2 7 3 ( 1 2 )  

3 , 328 ( 30 )  

57 ( 1 )  

1 , 350 ( 12 )  

2 , 0 1 5 ( 18 )  

1 2 0  ( 1 )  

432 ( 4 )  
973 ( 9 )  

1 , 36 7 ( 1 3 )  

10 , 9 1 5  

1967 
\ 

10 , 992 ( 8 3 )  

237 ( 2 )  

1 , 234 ( 9 )  

737 ( 6 )  

1 3 , 201 

1973 
\ 

1 , 40 6 ( 10 )  

675 ( 5 )  

4 , 31 1 ( 32 )  

369 ( 3 )  

1 , 22 1  ( 9 )  

2 , 58 5 ( 19 )  

3 6 3  ( 3 )  

5 2 5  ( 4 )  

1 , 037 ( 8 )  

918 ( 7 )  

1 3 , 410 

1968 
\ 

1 2 ,434 ( 8 7 )  

174 ( 1) 

8 1 3  ( 6 )  

891 ( 6 )  

14 , 312 

1974 
\ 

1 , 554 ( 7 )  
1 , 395 ( 6 )  

7 , 586 ( 3 2 )  

288 ( 1 )  

1 , 152 ( 5 )  

4 , 727 ( 20 )  

6 2 ( - - )  

820 ( 4 )  

4 , 805 ( 2 1 )  

692 ( 4 )  

2 3 , 351 
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prices of sand and gravel and of crushed stone have fluctuated quite erratically . The ex
tent to which the fluctuation reflects actual market conditions instead of errors in the 
Bureau of Mine s '  process for collecting data is unknown . We believe both factors con
tribute substantially. 

We calculated the mean annual price of each type of commodity for each year by 
dividing the amount of production reported to the Bureau into the value of the production. 
The reported data for the value and level of production seem to be less consistent from 
year-to-year for rural counties and more consistent for urbanized countie s .  Similarly, 
the greatest fluctuations in prices occur in the rural counties . Reporting errors cer
tainly have caused part of the fluctuation . Rural counties generally contain fewer pro
ducers than urbanized counties and non- or rnis-reporting by a few producers consequently 
could have a greater effect on the Burea u ' s production data for the rural counties. 

However , part of the fluctuation also may stern from lumpiness in the demand for rock 
materials. Most demand comes from construction-related projects of considerable size . I n  
large urban areas and integrated economies , a s  one project finishes another begins , thus 
producing a fairly consistent total demand . In smaller economies, though, projects occur 
less frequently. The resulting irregular demand could create variation in the price esti
mates e i ther by periodically straining productive capacity or by requiring irregular pro
duction of rock materials having d i f ferent price s .  

Whatever the cause o f  the greater fluctuation i n  rural prices , the statewide prices 
constitute a weighted average of the prices calculated for all areas from the Bureau ' s  
data. Consequently, the f luctuations also show up in the statewide data. 

Components of price: The prices derived from the Bureau of Mines' data constitute 
only part of the total delivered cost of rock products . The total delivered price is the 
sum of the value of the rock at the point of production plus the transportation costs for 
deliver ing the material to the point of consumption . The prices derived from the 
Bureau ' s  data represent essentially the productionvalue of the rock . The Bureau asks pro
ducers to report only production value, but evidence suggests they also include some--less 
than 10 percent--of their transportation costs. 9 

Ideally, an analysis of demand should consider the total delivered price of rock 
material s ,  since this is the price facing consumer s .  However ,  i f  the relative sizes of 
the two components of total cost remain fairly constan t ,  then one can use the production 
prices derived from the Bureau ' s  data as analytic proxies for total prices. In 1968 the 
Bureau estimated that transportation costs constituted about 45 percent of the delivered 
price of rock materials in the Pacific Northwest . lO Producers informally estimate that 
transportation costs average between one-third and one-half of the total price currently . 
Apparently , transportation cost s ,  on average , have remained a fairly constant proportion 
of total cost. 

However , as producers deplete resource deposits near centers of demand ,  they must re
locate to more distant deposits . Such relocations likely will occur more frequently in 
the future than they have in the pas t .  In some places, these moves will increase trans
portation costs dramatically. To forecast demand in these places ,  analysts should adjust 
upward the anticipated prices corresponding to the Bureau ' s  data, to reflect anticipated 
market prices more accurately . 

Growth Rates 

On averag e ,  the statewide demand for crushed stone grew more rapidly during the 
per iod , 1950-1976 ,  than did the demand for sand and gravel . As the data in Table 5 show, 
stone production grew an estimated mean annual rate of 5 . 2  perce n t ,  while the production 
of sand and gravel grew about 3 . 7  percent per year. The total demand for all rock 

9 Jerry J .  Gray , N .  S .  Pe tersen , and G. A .  Kingston, MINERAL TRANSPORTATION COSTS IN 
THE PACIFIC NORTHWEST, Bureau of Mines Information Circular 8381 (Washington , D . C . : U . S .  
Government Printing Office, 1968) , pp. 14-17 . 

10Ibid . , pp . 16-1 7 .  
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Time Period 

1950 - 1976 

1964 - 1976 

1967 - 1976 

Table 5 .  Es timated historical statewide growth rates 

Sand & Gravel 

3.74% 

( O . OOOl)
a 

- 0 . 15% 
( 0 . 8742)

a 

0 . 17\ 

( 0 . 9049)
a 

Mean Annual Growth Rate 

Crushed Stone 

5 . 24\ 
( O . OOOl)

a 

1 . 34\ 

( 0 .  4526) 
a 

6 . 08\ 

( 0 . 0080) 
a 

All Rock 

4 . 18% 
( 0 . 000l ) a 

0 . 53\ 

( 0 . 6022)
a 

1 . 53\ 

( 0 . 2095)
a 

a
Probabili ty that, within the production data, the mean growth rate 
actually equals zero. 

( sand and gravel plus crushed stone) grew at an intermediate rate, 4 . 1 8  percent , com
pounded annually. 

The growth rates in Table 5 are only estimate s ,  based on the Bureau ' s  data , of the 
true rates of growth in demand. There is some probability that the estimated rate incor

rectly measures the true rate. One possible source of this error is that the variation 
in the data, if severe , can cloud the actual rate and produce an incorrect estimate . In 
Tabl�:! 5 WI:! rl:!purt ci t:onunon indicator of Lhe likelihood of this type of error : the proba
bil ity that the true growth rate within the data could equal zero. A high probability 

means the data contain much variation and the estimate i s  unreliable; a low probability 
shows little variation and high reliability. 

Another possible source of error is that the reporting or recording of the data 
changed systematically over time. If each year the degree of underreporting by producers 

has dimini shed, then the Bureau ' s  data will reflect not only the actual growth in demand, 
but also the increasing completeness of the data . Measuring the extent of this type of 

error is not possible without a statistically reliable survey of producers ' past 
production . 

In most instances , the growth rates for production in the substate areas seemed to 
change about 1964, and therefore we examined the 1964-1976 statewide rates . Both com
moditicz zhow slower rates of growth for this period than for 1950-1976; sand and gravel 
even shows a negative rate. Howeve r ,  the tests of the model s ,  especially for sand and 
gravel ,  indicate rather high probabilities that the true rates equal zero. Thus , we can 
be quite certain that the growth rates for 1964-1976 are lower than for 1950-1976, but 
we can ' t  measure them precisely. The situation changes somewhat for the 1967-1976 period. 

Crushed stone had a mean qrowth rate of 6 . 08 percent durinq this period , hiqher than the 
long-term rate and with a high level of statis tical reliability. The growth rate for sand 

and gravel ,  however ,  effectively equalled zero . 

r:conometric Nodels of Statewide Demand 

The econometric mode l s  offer an overview of the various markets in Oregon for sand 

and grave l and for crushed stone . They reveal the major characteristics of the historic 

demand statewide for these rock materials, and they provide the basis for a more detailed 
examination of these characteristics in Chapter 4. However , some difficulties arise in 
the statewide models , apparently caused by the erratic production data from the rural 
counties . 'l'hese dif ficul ties reduce the models ' applicability for forecasting changes in 

demand over long time pe riods . 

Models for sand and gravel 

The econometric models of the statewide demand for sand and gravel confirm the 
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importance of the influence which price , population, employment and highway expenditures 
have on the demand for rock materials. These variables jointly explain most of the his
toric variation in annual production. But , some characteristics of the state ' s  local 
markets and some statistical problems in the data prevent the models from specifying each 
explanatory variab l e ' s  under l y i ng ,  long-term effect on demand . 

The mode l s :  Table 6 summarizes five econometric models of the annual statewide pro
duction of sand and grave l .  The explanatory variables in each model are : 

Model 1 :  real pric e ,  population, employment, state highway expcndi tures ; 
Model 2 : real price , population , employment; 
Model 3 :  real price , population ; 
Model 4 :  real price , employment; and 
Hodel 5 :  real income . 

The data in the table show the years for which each model applies , the value of the inter
cept (b0) , the value of the coefficient (bl-4) for each explanatory variable, and the 
mode l ' s  coefficient of determination (R2 ) . As an indicator of each mode l ' s  statistical 
reliability, the table also lists the probability that there really is no relationship in 
the data between the dependent variable and the explanatory variables. 

The Appendix presents additional information about these five models and discusses 
other models which we developed but decided were not important to the central arguments of 
this study. 

��del 1 :  Model l is the theoretically preferred model because it contains all four 
explanatory variables . Thus , i L  slloultl itlenLi[y the independent relationship between each 
explanatory variable and the dependent variable . However ,  data for state highway expendi
tures, the fourth explanatory variable in Model 1 ,  extend back only to 196 3 ,  thus con
straining the model ' s  ability to explain production . Consequently , for a longer term per
spective it is important to begin by considering all the models jointly. 

For the statewide production of sand and grave l ,  Model 1 performs reasonably well by 
some measures , but less well by others . The model explains 75 percent of the variation 
in the data for historical , annual production. This figure is quite respectable . How
ever , the intercept term and the coefficients for price and population have signs dif
ferent than expected. Each of these results affects the model ' s  usefulness. 

The intercept : At first glance , the model ' s  intercept indicates that the Bureau ' s  
data for the statewide production of sand and gravel would be - 8 , 28 2 , 846 tons if the 
values of all the explanatory variables equalled zero. Of course , such an implication is 
meaninqless. Thus , the negative intercept indicates that the model is not valid when thP 
explanatory variables have low value s .  Howeve r ,  it does not impair the mode l ' s  validity 
when the explanatory variables have values similar to tho�e experienced during 1963-1976. 

Price and poiJulc�.tiun : The coefficients for price and population present more dif
ficult problems for interpreting the mode l .  The coefficient for price implies tha t ,  
during 1963-1976 , the quantity of sand and gravel demanded would have risen by over 4 mil
l ion tons if the real price had increased by $ 1 . 00 per ton . The coefficient for popula
tion shows that the quantity demanded would have fallen by about 12 ton s ,  if the other 
variables remained unchanged, for each increase of one person in the state ' s  population . 
Clearly, these coefficients are incon5istcnt with general notions of how price and popula
tion affect demand . 

Effect of erratic demand : There are three potential explanations for the wrong
signed estimates of the coefficients. One is the erratic nature of the production data, 
especially for rural counties. We suspect the erratic data contribute to the incor.-Pct 
coefficients either simply by obscuring the true relationships between production and the 
variables or by containing some unknown systematic relationship between errors in the data 
and the explanatory variables. 

Price and demand : A second possible explanation, applying directly to the coeffi
cient for price, stems from producers ' general inability to respond quickly to changes in 
demand. Typically, producers maintain enough productive capacity to accommodate the 
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Table 6 .  Statewide econometric mode l s  of annual production o f  sand and gravela 

Coe fficients of Explanatory Variables 
Model Dependent Highway 
No . Variablec Intercept Price Population Employment Expenditures 

( 1 )  Production -8 , 282 , 846 4 , 146 , 13 1  - 11 . 99 4 5 . 39 0 . 086 

( 196 3-1976) 

( 2 )  Production 3 , 17 4 , 190 4 , 32 8 , 572 - 1 7 . 4 4  54 . 58 

( 1956-1976) 

( 3) Production -8 , 97 3 , 7 5 5  3 , 8 56 , 32 1  10 . 52 

( 1956-1966) 

( 4 )  Production - 5 , 240 , 266 3 , 80 5 , 6 3 1  2 1 . 95 

( 1956-1966) 

( 5 )  Production 1 5 , 6 70 , 5 5 3  

( 1969-1976) 

a 
For a complete description of the mode l s ,  inc luding additional test statistics, see the Appendix. 

b
See texL for the definition of the variable s .  

c
Production i s  measured i n  short tons per year . 

Income 

d
Probability that the model actually explains none of the variation in the data for the dependent variable . 

R
2 

d 
(Prob . )  

0 . 7 5 

( . 0090 ) 

0 . �� 
( . 0 0 3 1 )  

0 . 44 

( . 00 5 4 )  

0 . 51 

( . 00 1 7 )  

0 . 2 3  

( . 2 32 6 )  



average level of demand plus a small increment. In small local markets , though, demand 
can surge dramatically and exceed producers' capacities. When producers respond by 
raising their prices, they create a positive relationship between price and demand. This 
relationship applies only as a short-term phenomenon, however .  Over time periods long 
enough for producers to adjust their capacities, the norma l ,  negative relationship applies. 

The Bureau of Mine s '  data for sand and gravel (and for crushed stone) apparently con
tain the short-term, positive relationship between price and production. The analysis in 
Chapter 4 shows the effect is more prevalent in the data for the rural counties . In an 
attempt to avoid the phenomenon ' s  presence in the annual statewide data, we studied the 
relationsh ips between production �nd the three-year , moving-average values of the explana
tory variables. The results of Lhis procedure , i llustrated in the Appendix, generally 
were unsuccessful. (They also were unsuccessful for the rural substate areas . )  

Multicollinearity: The third possible explanation stems from complex relationships 
among the explanatory variables themselves. The correlation statistics in the Appendix 
show that the data for price , population , and employment are closely related . These rela
tionships , called multicollinearity, are statistical ,  as opposed to causative , and they 
reduce the model ' s  ability to estimate the actual relationships between the explanatory 
variables and demand. 

Population and employment are closely and directly related. Factors such as in
creasing participation in the labor force , though, make the relationship complex . In 
addition , the short-term positive response of price to increases in demand tend to confuse 
the relationships between production and the three explanatory variables even further . 

Comparing Model 1 with Models 2 , 3 ,  and 4 offers a better understanding of multi
collinearity. Model 2 differs from Model 1 by excluding highway expenditures as an 
explanatory variable and extending the time period of observation . Although the magni
tudes of the coefficients for the remaining variables are a little different, their signs 
are unchanged. However ,  the coefficients change considerably in Models 3 and 4. In Model 
3, with only price and population as explanatory variables, population has a positive co
efficient. In Model 4 ,  with only price and employment as explanatory variables, the 
coefficient for employment is much smaller than in Models l and 2 .  Clearly, the data for 
population and employment are related in some complex way with production. As a conse
quence, when both explanatory variables are included in the model the complex relation
ship forces the employment coefficient to increase and gives population a negative co
e f ficient. 

Multicoll inearity among the explanatory variables dirn.inishes the utility of Model l 
and the other models somewhat, but , by i tsel f ,  it does not render them invalid . Rathe r ,  
it makes identifying production ' s  unique relationship with population o r  with employment 
impossible. Neverthele s s ,  in most instance s ,  the models identify production ' s  joint 
relat ionship with the two variables . These distinctions are important because the study ' s  
basic focus was to quantify the joint theoretical effects of several explanatory variables 
on the demand for each category of rock materials. To this end, the compensating effects 
of a negative coefficient for population and an inflated positive coefficient for employ
ment are not impediments. 

Using Model 1 :  The problems with the coefficients interfere primarily with the 
model ' s  usefulness for forecasting future levels of demand. By its very nature , and be
cause of its relatively high R2 ( 0 . 75) , Mode l 1 provides a reasonably good explanation of 
the interactions between the explanatory variables and annual changes in demand. However ,  
the effects o f  erratic demand , the short-term relationship of price and production, and of 
multicollinearity reduce the model ' s  validity for predicting changes in demand over 
several year s .  I n  Chapter 5 ,  on forecasting demand, we i llustrate how to compensate for 
these problems . 

Production and income : We explained earlier that i t  would have been desirable to use 
an indicator of income as an additional explanatory variable , but no existing data extend 
back far enough to be truly useful . Howeve r ,  we used the available 1969-1976 data for 
aggregate adjusted gross income to determine if sufficient meaningful relationships exist 
between this variable and production to warrant future analysis after more data are pro
duced. For Jackson and Umatilla Counties we found some very significant relationships , 
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and we report them in Chapter 4 .  The relationsh ips within the statewide data are not as 
noticeable .  Nevertheless, we include Model 5 in Table 6 for comparison . 

Interpreting the coefficients : One should be certain to interpret cautiously the co
efficients of the explanatory variab les . For example , in Model 3 ,  the coefficient for 
population suggests that, during 1963-1976, as Oregon ' s population increased by one per
son, the statewide production of sand and gravel--as measured by the Bureau ' s  data-
increased on average 10 . 52 tons , if the other explanatory variables remained constant. The 
coefficient does not imply an average statewide production per person of 10 . 5 2  ton s .  The 
coefficient only indicates how much production is associated with just changes in popula
tion, independent of changes in other variables .  

Models for crushed stone 

In gene�al , tlte �tdtewide econometric models for crushed stone , presented in Table 7 ,  
resemble the models for sand and grave l .  However, because the demand for stone is less 
regular and more erratic than the demand for sand and gravel , the models explain less of the 
annual variation in the demand for stone . Nevertheless, the models provide useful in
sights into Oregon ' s  markets for stone . 

The mode l s :  Model l has a positive intercept and correct signs on the coefficients 
for price and population , but incorrect signs for employment and highway expenditures. 

According to the coefficient of determination (R2 ) ,  the model explains only 2 5  percent of 
the variation in production between 1963 and 1976 . The probability that the model, in 
fact , explains none of the variation is 0 . 59 .  

Model 2 , without highway expenditures but with more years o f  observation , explains a 
greater percentage of the variation in production. However ,  it includes a negative co
efficient for population. The other models , including Model 5 with income as the only 
explanatory variable, have very little explanatory power . 

The models ' characteristics indicate that the problems present in the data for sand 
and gravel also exist in the data for crushed stone . Their effects are more severe with 
the models for crushed stone , however , primarily because the demand for crushed stone 
varies more erratically than the demand for sand and grave l .  Most crushed stone i s  pro
duced and used outside the Willamette Valley in areas where markets typically are too 
small to provide smooth, balanced demand . Consequently, the sLaLewide demcUtd for �tone 

bears weaker relat ionships with the explanatory variables than does the demand for sand 
and grave l .  

Using the mode l s :  Although the models directly explain only little of the variation 
in demand for crushed stone, they indirectly reveal important characteristics of Oregon ' s  
markets for stone. On a year-to-year basis , the erratic variation in the demand for stone 
obscures the influence of the general economic characteristics ( i . e . ,  the underlying de
terminants of demand) .  Planners and other interested persons should anticipate unpre
dictable surges in the demand for stone , rather than expect smooth growth patterns , when 
planning for the future. 

Total Statewide Demand for Rock Materials 

For most uses, consumers of rock ma Lerials prefer e ither sand and gravel or crushed 
stone . These preferences come from differences between the two commodities either in 
their physical properties or in their price . These strong preferences prevail in most of 
Oregon and, consequently, we analyzed the demand for the two commodities separately. Some 
areas , though , do not contain readily available supplies of one or the other commodity . 
Additional areas likely will experience shortages in the future as they exhaust readily 
accessible resource deposits.  

For market areas which are facing or will face scarcity in one of the commodities, 
one should analyze the total demand for the two commodities combined as well as separately. 
In Chapter 4, we analyze the total demand for rock materials in several substate areas, 
especially Jackson and Lincoln Counties. 
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"-> 
1.0 

Model Dependen5 
No . Variable 

( 1 )  Production 
( 1963-1976) 

( 2 )  Production 
( 1956-1976) 

( 3 )  Production 
( 1956-1976) 

( 4 )  Production 
(1956-1976) 

(5) Production 
( 1969-1976) 

Table 7 .  Statewide econometric models of annual production of crushed stone
a 

Coefficients of ExJ2lanator:t variables 
b 

Highway 
Intercept Price Population EmElo�ent Ex12enditures 

:.!'::I , B3b , 530 -9 , 33 5 , 489 2 . 20 -7 . 34 -0 . 02 3  

1 3 , 60 3 , 374 -9 , 161 , 208 - 2 . 0 5  6 . 53 

14 , 15 1 , 846 -9, 249 , 957 5 . 51 

1 7 , 350 , 597 -9 , 600,645 10 . 47 

9 , 862 , 784 

a
For a complete description of the model s ,  including additional test statistics, see the Appendi x .  

b
see text for the definition o f  variables .  

c
Production i s  measured in short tons per year. 

d
Probability that the model actually explains none of the variation in the dependent variab l e .  

R
2 

d 
Income ( Prob . )  

0 . 2 5  
( . 5883) 

0 . 56 
( . 21-13)  

0 . 2 3  
( .0998) 

0 . 2 2  
( . 1069) 

0 . 22 0 . 1 5  
( . 3458) 



Shortages of one of the commodities have not typified conditions for the state as a 
whole . Hence , we focused on the separate statewide demand each commodity . However , to 
compare statewide results with substate results, we also examined growth-rate and econo
metric models of the total demand statewide . These models explain little of the variation 
in statewide production and have high probabilities tha t ,  in fact, they explain none or 
the variation . We present the results in the Appendix. 
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CHAPTER 4 

THE SUBSTATE MARKETS 

Abstract 

In any market area, two components comprise the demand for rock material s .  One com
ponent arises from the area ' s  general econom�c forces in a well-behave d ,  straightforward 
manner . The other component also stems from overall economic conditions, but in an 
erratic, unpredictable manner .  In Lhe PorLland metropolitan area, the first component 
predominates and, consequently, the econome tric mode l s  explain variation in demand satis
factori ly. In the other areas , the second component is more prevalent and the econometric 
models establish the relationships between productionand the economic variables less con
clusively. Inconsistencies in the data for rock production appear to compound the d i f
ficulties with the econome tric models and produce artificially high rates of growth in 
production. In general , the demand for crushed stone is more erratic and unpredictable 
than the demand for sand and grave l .  

The Portland Metropol i tan Area 

The four counties compr ising this area--Clackama s ,  Columbia, Multnomah and Washing
ton--contain Oregon ' s  largest and most complex market for rock materials. According to 
Table 2 in Chapter 2 ,  these counties produced an average of 7 , 736 , 000 tons of sand and 
gravel and 3 , 244 , 000 tons of crushed stone per year during the period 1970-1976. These 
amounts represented 4 1 . 3 percent and 24 . 6  percent of the respective statewide demand . 
The size of this market and the diversity and strength of the economy which supports i t  
combine to make the demand for each type of rock commodity grow rapidly and with well
defined past trend s .  The se combined factors also clearly define the relationships between 
the demand for sand and gravel and the underlying economic forces which help determine the 
demand. The relationships for the demand for crushed stone , while reasonably strong , are 
not so apparent as for sand and grave l .  

Growth rates 

The Bureau of Mines ' production data indicate that the demand for rock materials in 
the Portland area has grown very steadily and very rapidly. Each of these characteris
tics , in general , coincides with theoretical expectations for such a large , integrated , 
metropolitan mar ket. However, the growth rates apparent from the data are so large, they 
raise questions about the data ' s  reliability. 

Long- term rates : Table 8 contains the estimated average growth rates during 1950-

1976 for the Portland area as well as for the other three substate areas . Over the period, 
1950-1976, stone production in the four counties grew with a mean rate of 9 . 1  percent per 
year , almost three times the mean growth rate for sand and gravel , 3 . 2 percent per year . 
The total demand for all rock grew at 4 . 4  percent. All three rates have very low proba
bilities for statistical error , based on the amount of variation in the data . 

In the context of general economic behavior , the long-term growth in the demand for 
sand and gravel is quite large; the rate for crusheu stune is phenomena l .  At this rate, 
the production of stone doubled every seven years . Few rel iably determined economic indi
cators , if any, have ever sustained a mean growth rate of this magnitude for over 2 1  years .  
Thus , the size o f  the growth rate for stone raises the possibility o f  distortions i n  the 
production data . For example, some of this huge growth rate may reflect severe under
reporting in 1950, and gradually less severe underreporting during the 1951-1976 period . 

Short-term rate s :  I n  most o f  the substate area s ,  production activity seemed to 
change about 1964. In the Portland area , the production of sand and gravel accelerated , 

31 



Table 8 .  Estimated historical growth rates for demand in substate areas 

Time Period 

Portland Resion 

1950-1976 

1964-1976 

Jackson County 

1950-1976 

1964-1976 

Lincoln County 

1950-1976 

1964-1976 

Umatilla County 

1950-1976 

1964-1976 

Sand and Gravel 

3 . 23\ 
( 0 - 0DOl )

a 

6 . 4 H. 
( 0 . 0007)

a 

2 . 85\ 
( 0 . 0534)

a 

3 . 2 1 %  
( 0 . 3923)

a 

0 . 74\ 
C 0 - 640l)

a 

0 . 46\ 
( 0 . 0376}

a 

Mean Annual Growth 
Crushed Ston� 

9 . 11\ 
( O . OOOl)

a 

5 . 66\ 
(O . Ol09)

a 

7 . 49\ 
( 0 . 0012}

a 

1 3 . 68\ 
(0 . 089l )

a 

5 .  27\ 
( O . OOOl)

a 

1 . 83 \  
( 0 .  541 5 )  

a 

2 . 96\ 
( 0 . 0528)

a 

2 _ 01\ 
( 0 . 6014)

a 

Rate 
All Rock 

4 . 36\ 
(O . OOOl )

a 

6 . 15\ 
( 0 . 000!>) 8 

5 . 88\ 
(0 . 0009)

a 

1 1 . 24\ 
( 0 . 0485)

a 

5 . 27 \  
( O . OOOl)

a 

1 . 83\ 
( 0 _  541 5) 

a 

1. 79\ 
( O . l863)

a 

1 . 15\ 
( 0 . 7999}

a 

a
Probabil ity that, within the production data , the mean growth rate actually 
equals zero. 

while the production of stone slowed. From 1964 until 1976, the p�oduction of sand and 
gravel grew at an average rate of 6 . 4  percent per year, and stone production grew at 5 . 7  
percent per year. These rates indicate a doubling in the annual production of each com
modity during the 1964-1976 period. 

Although these rates are significantly less than the estimated long-term growth rate 
for stone , they too seem inflated. They arc especially excessive for use in long-term 
forecasting. Given the rapid ,  general expansion of the Portland area during 1964-1976, 
the build-up of metropolitan infrastructure may explain such large growth rates in rock 
production. However ,  even a rapidly growing area eventually slows its development of 
roads , bridge s ,  and buildings. As a consequence , the high rates of qrowth in the demand 
for rock materials also subside. 

Econometric models of demand 

The econometric models of the demand for rock materials in the Portland area confirm 
the theoretical expectations ot the underlying, predictable relationships between demand 
and the explanatory variables.  The fundamental model of the demand for sand and gravel has 
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very high explanatory power and all of the coefficients have the expected sign. The 
models of the demand for crushed stone and for a l l  rock materials also perform very wel l ,  
though not to the same degree a s  the model s  for sand and grave l .  This result shows that 
the demand for stone is more erratic than the demand for sand and gravel , even in a 
metropolitan area. 

Sand and grave l :  Table 9 summarizes the mode l s .  The most preferred model i s  Model 
1 ,  which includes all the explanatory variable s :  real price, population , employment , and 
state highway expenditure s .  Model 1 explains 93 percent of the variation in the area ' s  
production of sand and gravel between 1963 and 1976 . Each of the coefficients for the 
explanatory variables has its anticipated sign. 

Each coefficient explains the direction and the magnitude of the relationship be
tween the demand for sand and gravel in the area and the respective explanatory variable 
during 1963-1976. Price and production are negatively related . Increases in the real 
price of sand and gravel ,  independent of changes in the other variables, are related to 
decreases in demand. This relationship does not imply that a price increase causes a 
drop in total rock production , lhough,  because demand could shift between sand and gravel 
and crushed stone . The other explanatory variables are related positively to demand . 

To interpret the magnitudes of the coefficients, one should consider simultaneously 
the values of both the coefficients and the explanatory variables , themselves. The 
absolute magnitude of the coefficient for price in Model 1 is very large, indicating a 
drop in production of 4 , 6 1 6 , 0 27 tons for a price increase of $ 1  per ton . Independent 
increases of one unit in population , employment, and highway expenditures ,  were associ
ated, respectively , with production increases of only 5 . 50 ,  8 . 6 1  and 0 . 03 tons per year. 
One shoul d  not conclude from the vast differences in these magnitudes ,  though, that price 
had a greater impact than the other variables on production. The data in the Appendix for 
the variables show that the real price of sand and gravel was small and very steady during 
1963-1976, while the values of the other variables were large and they changed con
siderably during the period . Overall ,  population , employment, and highway expenditures 
had more impact than price on production. 

Al though Model 1 is the preferred econometric model for sand and gravel ,  we also in
clude other models having fewer explanatory variables in Table 9 .  Models, 2 ,  3 and 4 
examine production during the period , 1956-1976. They all have quite high coefficients of 
determination ( R2 ) and the anticipated signs on the coefficients for the explanatory vari
ables . In contrast,  Model 5 ,  which relates production to income , basically indicates only 
the absence of any true relationship. All the model s  are presented in greater detail in 
the Appendix. 

Crushed stone: The econometric models of the demand for crushed stone in the Port
land metropolitan area, shown in Table 1 0 ,  perform quite wel l ,  but not as favorably as th
models for sand and grave l .  Model 1 explains 70 percent of the l963-1976 variation in pro
duction , much higher than the comparative statewide model. The coefficient for population 
has a theoretically incorrect sign, however. All the coefficients in Models 2 ,  3 ,  and 4 
have the correct sign, but they account only for about one-ha l f ,  or less , of the variation 
in production . In Model 5 ,  the level of income coincides very little with the variation 
in stone production ; in this integrated economy , total income apparently does not drive 
the demand for stone . 

The characteristics of the models for stone stem from the nature of the market for 
this commodity in the Portland area and from the characteristics of the data incorporated 
in the models.  Of all the areas we studied, the Portland area had the smoothest pattern 
of stone production. But, even here , the production of stone was more erratic than the 
production of sand and gravel .  This greater volatility apparently caused Model s  1-4 for 
stone production to have lower explanatory power than did the corresponding models for 
sand and gravel .  The unexpected sign on the coefficient for population and the unusually 
large coefficient for employment in Model 1 reveal multicollinearity within the dQtQ for 
these two variables. The relatively high R2 for Model 1 ,  though , suggests that multi
collinearity does not seriously hamper the mode l ' s  explanatory power.  
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Table 9 .  Econometric models of the annual production of sand and gravel in the Portland Metropo litan Area
a 

Coe f f icients ot Explanator:r: Variables 
b 

Model Dependent Highway 
No . Variable

c 
Intercept Price Population Employment Expenditures 

( 1 )  Production 3 , 572 , 790 -4 , 616 ,027 5 . 50 8 . 61 0 . 0 3  
{1963-1976) 

( 2 )  Production -4 , 187 , 1 4 5  - 2 , 133 , 24 1  1 3 . 60 3 . 82 
{1956-1976) 

( 3 )  Production - 6 , 0 26 , 188 -1 , 34 8 , 390 16 . 17 
( 1956-1976) 

( 4 )  Production 7 , 6 7 3 , 086 - 5 , 4 67 , 529 14 . 70 
( 1956-1976) 

( 5) Production 7 , 006 , 6 9 3  
( 1969-1976) 

a
For a complete description of the mode l s ,  including additional test statistics, see the Appendix. 

b
See text for the definition of variables .  

c
Production is measured in short tons per year . 

Income 

0 . 08 

d
Probability that the model actually explains none of the variation in the data for the dependent variable . 

2 
R d 

(Prob . )  

0 . 93 
( . 0001) 

0 . 85 
( .0001) 

0 . 84 
( . 0001) 

0 . 6 3  
( .0003 )  

0 . 0 1  
( . 8248) 
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Table 10 . Econometric models of the annual production of crushed stone in the Portland Metropolitan Area
a 

coe fficients of ExElanator::r: 
b 

Variables 
Mode l Dependent Highway 

No . Variablec Intercept Price Population Employment Expenditures 

( 1 )  Production 1 , 601 , 970 -2 , 50 2 , 933 -5 . 52 3 1 . 9  0 . 0144 
( 1963-1976) 

( 2 )  Production -898 , 184 - 1 , 4 55 , 246 5 . 52 2 . 16 
( 1956-1976) 

( 3 )  Production - 2 , 374 , 0 16 - 1 , 26 9 , 100 7 . 75 
( 1 9 56-1976) 

( 4 )  Production 3 , 2 3 1 , 120 - 2 , 2 56 , 4 24 6 . 20 
( 1956-1976) 

( 5 )  Production 1 , 3 3 7 , 536 
( 1969-1976) 

a
For a complete description of the models , including additional test statistics, see the Appendix. 

b
See text for the definition of the variables. 

c
Production is measured in short tons per year . 

d
Probability that the model actually explains none of the variation in the dependent variabl e .  

Income 

0 . 29 

d 
(Prob . )  

0 . 70 
( . 0180) 

0 . 53 
( . 0088) 

0 . 51 
( . 0016) 

0 . 36 
( . 02 8 3 )  

0 . 2 3 
( . 2269) 



Responsiveness of demand 

The demand for sand and gravel in the Portland area has dominated the demand for 
crushed stone. The historically greater production levels for sand and gravel summarize 
consumers' preference for this commodity . The speed with which the demand for each com
modity has responded to changes in the explanatory variables also indicates this pre
ference . 

According to the theory underlying the econometric models, changes in the explanatory 
variables stimulate change in the demand for rock material s .  These events usually do not 
occur simultaneously , however; changes in demand follow the changes in the explanatory 
variables. 

The models previously described used annual data, for concurrent years , for a l l  vari
ables. Thus they measured the extent to which the demand for each commodity responded 
w i thin the same year to changes in the explanatory variables . Clearly , the demand for 

sand and gravel responded better on an annual basis. 

We also tested the responsiveness over longer time periods. For each commodity , we 
deve loped an econometric model with annual values for production and three-year, moving

average values for the explanatory variable$ .  These models compared the average values o f  
the explanatory variables during each three-year period with the level of demand during 
the third year of each period . For example, we compared the production in 1976 with each 
explanatory variable ' s  average value for 1 9 7 4 ,  197 5 ,  and 1 97 6 .  

The three-year averages reduce the number o f  observations in the data , leaving too 
few observations--only 12--when we applied the technique to Model 1 .  So, we applied it to 
Model 2 ,  which has price, population , and employment as explanatory variables over the 
period, 1956-1976. 

The resulting model ( Model 7) for each commodity i s  described fully in the Appendix . 

Model 7 for sand and gravel performs much worse than the corresponding Model 2 .  'l'h is re
s u l t  impl ies that the demand for sand and gravel responds essential ly just to recent 
economic events, as described previously, but not to more distant events. 

Conversely, Model 7 for crushed stone is an improvement over the corresponding Model 
2 .  Both models explain about 6 5  percent o f  the variation in annual stone produc tion. 

However, Model 7 is free of some of the problems of multicollinearity found in Model 2; 
the coefficients of al l three explanatory variables have the anticipated sig n .  This out
come indicates that the demand for stone responds in both an immediate and in a delayed 
manner to changes in the econometric variables. Each type of response, by itself , appears 
weaker than the very strong , almost immediate response by the demand for sand and gravel 

to economic changes. However, the two types of response by the demand for stone appear to 
have an impressive , combined effect which is greater. This combined e f fect seems to 
explain why the demand for stone in the Portland area has been growing more rapidly than 
the demand for sand and gravel . 

Planning for anticipated supply constraints 

Anticipated market conditions : The Portland area is one of Oregon's markets which 
soon may experience a major curtailment in readily available supplies of sand and grave l .  

More distant supplies exist, but transporting them to the area ' s  centers o f  demand likely 
will increase the average delivered price . 

Because the model ling results of the demand for each rock commodity in the Portland 
area are so consistent with theoretical expectations, one can use the models to estimate 
the effects of the supply constraint. Several extensions of the models will enhance their 

utility . 

The econometric model (Model 1 )  o f the demand for sand and gravel shows how demand 

will respond, based on historical relationships ,  to future price increases for this com

modity. However , the model does not address all the factors which will determine how the 

market will adjust to reduced supplies of sand and gravel. For example, it does not show 
how readily demand will shift to crushed stone i f  the price o f  sand and gravel rises sub

stan tial ly . Clearly, this shift will depend not just on the rise in the price for sand 
and gravel, but also whether or not producers also raise the price of stone . 
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Total demand for roc k :  To provide some additional insight to what may occur , we 
examined the historical total demand for all rock materials in the Portland area. The re
sulting growth rates and econometric model are shown in the Appendix. In general , the 
all-rock results are weighted averages of the growth rates and models for each commodity . 
One can use them to describe and forecast future levels of demand for rock, regardless of 
the proportional split in demand between the two commodities. These forecasts--combined 
with the forecasts from the separate models for each commodity and supplemented with in
formation about consumers ' preferences and producers ' likely reactions--should provide a 
sound foundation for planning . 

Relative-price relationships : To provide further insight ,  we also analyzed how 
changes in the price of one commodity historically affected the demand for the other com
modity. The complete analytical results are described in the Appendix ( " Econometric Model 
8 :  Ln Production ( 1956-1976 ) " ) . In summary, the results suggest that the demand for sand 
and gravel is less sensitive than the demand for stone to changes in the relative prices 
of the two commodities . For example ,  the model indicates that a 10 percent increase in 
the price of sand and gravel relative to the price of stone , occurring in the absence of 
changes in the other explanatory variables , would produce a 3 percent decrease in the 
quantity of sand and gravel demanded and an 1 1  percent increase in the quantity of stone 
demanded. This result apparently stems from consumers ' preference for sand and gravel .  

I t  i s  important to remember that this mode l ,  like all the other models, is based on 
historical data. During the period , 1956-1976, the prices of sand and gravel and of stone 
were quite steady and usually nearly equal in the Portland area. I f  these characteristics 
apply in the future, then one can expect stone producers Lo raise their prices to match 
any future increases in the delivered price of sand and gravel caused by greater trans
portation costs . In this case, the two commodities will maintain approximately equal 
relative prices, and the results of Model 8 will continue to apply . If the relative 
prices differ markedly in the future , then one should reevaluate Model 8 ' s  applicabi lity . 

The Other Substate Areas 

The analytical results for the remaining three substate areas we examined--Jackson, 
Lincol n ,  and Umatilla Counties--are not as conclusive as the results for the Portland 
area. The historic production of rock materials in these counties has been generally too 
erratic for the models to identify trends and relationships precisely . Nevertheless, the 
analysis provides useful information about the market characteristics of these areas. 

Jackson County 

Growth rates: The data in Table 8 show the estimated, historical growth rates in 
Jackson County. From 1956 to 1976, the production of sand and gravel grew with a mean 
annual rate of 2 . 85 percent. The production of crushed stone grew at a mean rate of 7 . 49 
percent per year. During the period, 1964-1976, both rates increase d :  to 3 . 21 and 1 3 . 68 
percent per year , respectively . 

As was the case for the Portland area, the estimated growth rates for crushed stone 
seem unreasonably high. Without additional information about the accuracy of producers ' 
reports to the Bureau of Mines, one cannot measure the extent to which these rates re
flect actual historical market conditions or reporting errors. However , one can conclude 
that the rate!; implied by the historical data probably will not represent long-term futu.re 
growth in demand . At 1 3 . 68 percent per year, for example , demand would double in less 
than 5 year s ,  and Jackson County ' s  economy is unlikely to increase fast enough to support 
such growth for long . 

Econometric model s :  Table 1 1  outlines the most important econometric models for 
Jackson , Lincol n ,  and Umatilla Counties .  In particular , Table 1 1  reports the results for 
Model 1 in each county . The Appendix contains a more detailed analysis of the models. 

For Jackson County, Model 1 explains 72 percent of the variation in the production of 
crushed stone between 1963 andl976. Although this model has a high e xplanatory power ,  
some of the coefficients of the explanatory variables cast doubt onthc model ' s  validity. 
The coefficients for population and employment are excessively large, and the latter is 
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Table 1 1 .  Econometric model s  for Jackson , Lincoln and Umatilla Counties 
a 

Coe fficients of Ex,elanator:t Variables 
Mode l Dependent Highway 

No. Variablec Intercept Price Population Employment Expenditures 

Jackson Count:t 

( 1 )  S&G Production - 1 , 1 3 0 , 726 1 , 004 , 4 74 - 14 . 12 39 . 17 0 . 054 
( 1963- 1976) 

( 1 )  Stone Production -12 , 089 , 33 2  -94 3 , 763 269 . 6 1  -315 . 54 -0 . 014 
( 1963-1976) 

( 5 )  S&G Production 171 , 490 
( 1969-1976) 

( 5 )  Stone Production - 1 , 36 3 , 166 
( 1969-1976) 

Lincoln Count:t 

( 1 )  Stone Production 3 , 65 8 , 68 3  -154 , 77 6  -212 . 6  269 . 2  -0 . 008 
(1963-1976) 

Umatilla Count:t 

( 1 )  S&G Production 2 , 841 ,029 727, 544 -180 . 29 247 . 12 -0 . 006 
( 1963-1976) 

( 1 )  Stone Production 668 , 788 9 3 , 564 -14 . 72 16 . 96 -0 . 008 
( 1963-1976) 

( 5 )  S&G Production 9 1 , 152 
( 1969-1976) 

( 5 )  Stone Production 295 , 722 
( 1969-1976) 

a
For a complete description of the mode l s ,  including additional test statistic s ,  see the Appendi x .  

b
see text for the definition of variables .  

c
Production i s  measured i n  short tons per year. 

d
Prol>dbility that the model actually explains none of the variation in the dependent variabl e .  

R
2 

d 
Income ( Prob . )  

0 . 35 
( . 3 7 4 1 )  

0 . 72 
( . 0) 31) 

0 . 8 5  0 . 34 
( . 0967) 

6 . 36 0 . 15 
( .0469) 

0 . 40 
( . 2878) 

0 . 52 
( . 1260) 

0 . 04 
( . 9824)  

0 . 62 0 . 51 
( . 0 568) 

0 . 58 0 . 05 
( . 5947) 



negative. The coefficient for highway expenditures also is negative. These results indi
cate extreme multicollinearity within the data for these variables, which confuses their 
relationships with the levels of production. 

Model 1 explains only 3 5  percent of the variation in the production of sand and 
gravel during the 1963-1976 period . It has rather large probabilities that any single 
coefficient, or all coefficients, may actually be zero. Thus , there i s substantial 
uncertainty about the model ' s  having any meaningful descriptive . power s .  

All-rock model : The all-rock model i s  described in the Appendix. It has a high co

efficient of determination ( R2 ) , but, like the explanatory model for crushed stone , it 

exhibits the effects of severe multicollinearity. If future data can reduce these 
effect s ,  this model appears to hold substantial explanatory potential . 

Production and income : Table 11 also shows the short-term historical relationship 
between the production of each commodity and income (Model 5 ) . The suggested relation
ship ,  especially in the case of stone , imply that production and income move together in a 
less diversi fied economy . Income , thus , potentially wil l  be useful as an explanatory 
var iable for demand in rural areas when data for longer time periods become available. 

Lincoln County 

Production data : As Tables 1 and 2 showed, the Bureau of Mines '  data report his
toric production in Lincoln County of substantial quantities of both sand and gravel and 
crushed stone. However ,  Lincoln County--and much of the coastal area--contains very 
limited deposits of usable sand and grave l .  Producers of sand and gravel in Lincoln 
County produce only small amounts . According to estimates by DOGAMI , producers in other 

countie s ,  especially Benton and--just recently--Douglas Counties . have transoorted about 
2 0 , 000 tons of sand and gravel into Lincoln County each year to meet demand. Apparently, 
the Bureau misclassif ies some of the stone produced in Lincoln County as sand and gravel . 

Although we cannot measure the extent of misclassification precisely, it appears 
that virtually a l l  the reported amounts of sand and gravel actually are stone. Conse
quently, we incorporated all the county ' s  production data for sand and gravel with the 
data for crushed stone . Using these combined data, we then analyzed the h istorical total 
demand for stone which essentially has equalled the demand for a l l  rock. 

Growth rates : Table 8 shows a 1950-1976 estimated annual growth rate of 5 . 27 percent 
for the combined data . As in the cases of the Portland area and Jackson County, this 
long-term rate seems exaggerated and likely reflects a greater incidence of underreporting 
in early years than in later ones . The estimated growth rate for 1964 to 1976 is lower 
but it has a high probability of being zero. 

Econometric model : Table 11 shows only one econometric model ,  Model 1 ,  for the com
bined Lincoln County data. This model explains only 40 percent of the variation in pro
ducLion. The coefficients for population, employment, and highway expenditures either 

have incorrect signs or they are unreasonably large. Thus , this model ,  which is the best 
possible model given the available data , provides few descriptive insights into the 
characteristics of demand and is invalid for forecasting future demand . 

Umati lla County 

The daLa for Umatilla County exhibit many characteri stics already made familiar by 
Jackson and Lincoln Countie s .  Both commodities show long-term ( 0 . 7  percent for sand and 
gravel and 3 . 0  percent for stone) and short-term ( 0 . 5  percent and 2 . 0  percent, respec
tively) estimated growth rates which have very high probabil ities of actually being zero. 
Thus , reported production has not grown in any technical sense of the term; it has simply 
varied. Variation in the data is too great to enable determination of a valid mean growth 
rate. 

Applying the econometric model, Model 1 ,  to Umatilla County ' s  data produces indeci

sive results . For each commodity, the model contains coefficients for the explanatory 
variables which have perverse signs and high probabilit ies of actually being zero. 
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Model 5 suggests a strong correlation between the reported levels of production o f  

sand and gravel and total income . The R2 for this model is 0 . 51 .  Given the small number 

of observations upon which this model is base d ,  this result is encouraging. With bette r ,  
long-term income data , one perhaps will b e  able t o  use income t o  explain more of the 
demand for rock in Umatilla and other rural counties. 
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CHAPTER 5 

FORECASTS OF FUTURE DEMAND 

Abstract 

Of all the model s ,  the econometric models for the Portland metropolitan area yield 
the most reliable forecasts for future demand. These models most clearly identify the 
predictable, well-behaved relationships between production and general economic charac
teristics. The Portland-area ' s  estimated demand in 1990 for sand and gravel and for 
stone--10 . 8 ,  and 8 . 0 million short tons , respectively--are about one and one-half times 
their respective levels of production in 1976. These expected increases in demand result 
from expected growth in the area ' s  population , employment ,  and real highway expenditures , 
while real prices remain constant. 

While the econometric and growth-rate models offer insights into the demand charac
teristics of the other areas ,  the models are inadequate to support demand forecasting. 
Consequently,  we used the Portland-area models to simulate the predictable components of 
the demand in these areas . Adapting the Portland-area models and performing the simula
tions require careful consideration of the model s ' applicability to market conditions in 
other areas. 

Using simulation techniques , we forecast high, medium, and low estimates of the level 
of annual demand statewide and in the substate areas for 1985 and for 1990. Forecasting 
demand fifty years hence is a much more formidable task. To estimate a range of demand in 
2030 , we extended the simulations and projected the historical growth rates. For the 
state as a whol e ,  moderate projections show the demand for sand and gravel growing by 
about 2 . 0  percent annually and the demand for stone increasing at 3 . 6  percent annually.  
These rates imply statewide production levels in 2030 of 63 and 114 million short tons per 
year for the two commodities, respectivel y .  

The forecasts we present address only the predictable components o f  the demand for 
rock material s .  We based the proj ections on the Bureau of Mines ' data , from which we re
moved some highly erratic components of production. These " cleaned" data underreport 
actual historical production levels and probably underestimate future levels . One should 
account for the exc luded components of demand in developing forecasts of total demand . 

Forecasts o f  Demand in 1985 and 1990 

Forecasting future level s  of the annual demand for rock materials requires focusing 
on the predictable components of demand. These components , as we demonstrated in the pre
vious chapters ,  stem from the underlying influence of general economic characteristics. 
The fundamental econometric mode l ,  Model l, provides the most valid and widespread measure
ments of the historical relationships between economic variables and levels of demand . 
Consequently, we relied on Model 1 to forecast demand in 1985 and in 1990. 

Model l estimates the level of the predictable component of demand , based on his
torical rela tionships with a given set of particular values for the explanatory variables. 
Consequently , to forecast future levels of production with this model , one must have two 
thing s :  

1 .  the expected future values of the explanatory variables ; and 

2 .  sound reasons to expect that the historical relationships between the 
explanatory variable, and production will continue to apply in the future . 

We address each of these points below. 
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Estimated future values of the explanatory variables 

Table 12 presents the high, medium, and low estimated values of the explanatory vari
ables in 1985 and in 1990 for each area. The population estimates , by county ,  were de
veloped by the Portland State University Center for Population Research and Census. The 
Center has determined a basic population es timate by a standard cohort-survival demo
graphic mode l .  The range then depends upon additional assumptions about the net rate of 
in-migration . 

we derived the employment estimates from the Bonneville Power Administration ' s  fore
casts of household employment by county. The BPA derived these forecasts by applying 
employment/population ratios to its population forecasts. The resulting employment fore
casts are low and currently under revision by BPA. We revised the BPA estimates upward 
by applying the BPA ' s  employment/popu lation ratios to PSU ' s  somewhat greater population 
forecast s .  

The estimates of expenditures by the state on highway construction and maintenance 
are derived from the Transportation Commission ' s  Highway Improvement Program for 1979 
through 1984. The low estimates of annual expenditures are one-sixth of the anticipated , 
total "Basic Program" expenditures for fiscal years 1979 to 1984 on Maintenance , 1-\inor 
Betterment , Non-Interstate and Interstate Improvements. Where maintenance expenditures 
are not reported, we assumed them to be 50 percent of other expenditure s .  The high esti
mates of future annual expend itures are one-sixth of the total expenditures anticipated 
under the "Program with Additional Revenues . "  This program includes substantially more 
expenditures on non-interstate highway improvements than the "Basic Program . " We adjusted 
all expenditure levels to "real" levels ( 1967 = 100) by adjusting for anticipated infla
tion in construction costs . 

We derived estimates of the future real prices of the two rock commodities from the 
price trends in the Portland area from 1958 to 1976. The real price of each type of rock 
in this area varied only slightly during this period, reflecting the stable developed 
market for rock materials in an active diversified economy . When we projected the trends 
forward, the real price of sand and gravel declined from an average of $ 1 . 30 in 1963-1976 
to $1 . 28 in 1990. For the same years, the real price of stone fell from $ 1 . 30 to $ 1 . 2 7 .  

These prices reflect essentially just production costs, not transportation costs . 
Consequently, they underestimate delivered prices. However , they are consistent with the 
data used to develop the econometric models and, hence, valid for forecasting , unless 
changing market conditions radically alter the relationship between production cost and 
delivered price. The impending scarcity of sand and gravel in Portland may effect such 
changes, but at this time the continuation of past trends seems reasonabl e .  

Price levels i n  the other markets and i n  the state a s  a whole have been more erratic, 
and price forecasts based on them show substantial growth rates ( some positive and others 
negative ) . But, they are not very reliable. As the several markets grow, pricing 
activity should converge toward the Portland-area ' s  experience of the last twenty years . 
Hence , forecasting in other areas with Portland ' s  prices is not unreasonable . 

Forecasts for the Portland metropol itan area 

Table 12 shows the estimated demand for all areas in 1985 and in 1990. With the mid
range value of the explanatory variables , Model 1 predicts that the demand for sand and 
gravel in the Portland area will equal 9 . 5  million tons per year in 1985 and 1 0 . 8  million 
tons per year in 1990. These values imply the area ' s  demand for sand and gravel will grow 
at a mean annual rate of 2 . 0  percent per year between 1963 and 1990. 

For crushed stone , the mid-range values yield estimates of 6 . 6  ( 1985 ) , and 8 . 0  
(1990) million tons per year . These values indicate the demand for this commod ity will 

grow about 6 . 0  percent per year . 

These forecasts for demand are quite reasonable , given anticipated market condition s .  
A l l  of the area ' s  explanatory variables are expected essentially t o  continue their his
toric trend s .  During the 1963-1990 period, popu lation and employment are expected to grow 
with mean annual rates of 1 . 9  and 2 . 3 ,  respective ly; annual real highway expenditures will 
approximately doubl e .  These three variables will drive demand, since we assume real 
prices will remain essentially unchanged . As in the past, the demand for sand and gravel 
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Table 12 . High, medium and low estimates for 1985 and 1990 

Annual Production 
Highway (mill ion tons/;t:ear) 

Population Employment Expenditures Sand and 
Area (mi llions) (mi l l ion!;) ($ millions) Gravel Stone 

PORTLAND: 
1985 : 

High 1 . 17 . 555 3 5 . 2 1 0 . 0  7 . 0  
Mid 1 . 13 . 53 9  3 1 . 7 9 . 5  6 . 6  
Low 1 . 1 1 . 52 7  3 1 . 7  9 . 3  6 . 4  

1990: 
High 1 . 3 1 . 634 4 0 . 4  1 1 . 7  8 . 8  
ltid 1 .  2 4  . 598 36 . 4  10 . 8  8 . 0  
Low 1 . 19 . 575 3 6 . 4 10 . 4  7 . 5  

STATEWIDE
a 

1985 : 
lligh 2 . 82 1 .  28 8 7 . 9  2 5 . 4  21 . 3  
Mid 2 . 74 1 .  2 4  67 . 7 2 4 . 0  2 0 . 2  
Low 2 . 70 1 .  22 67. 7 2 3 . 6 1 9 . 7 

1990: 
High 3 . 13 1 . 45 101 . 0  2 6 . 1  2 3 . 9  
Mid 2 . 95 1 .  37 77 . 7  26 . 6  2 3 . 1  
Low 2 . 84 1 .  3 1  7 7 . 7 2 5 . 5 2 2 . 0  

JACKSON
a 

198 5 :  
High . 142 . 06 5 0 . 79 . 98 1 . 81 
Mid . 1 39 . 06 3  0 . 45 . 94 1 .  7 6  
Low . 1 36 . 062 0 . 45 . 91 l .  74 

1990: 
High . 1 58 . 07 3  0 . 91 1 . 19 1 . 98 
11id . 149 . 069 0 . 52 1 . 09 1 . 90 
Low . 14 3  . 066 0 . 52 1 . 0 3  1 .  83 

LINCOLN
a 

All Rock 
1985 : 

High . 0 3 3  . 015 1 . 1 7  . 7 4  
Mid . 0 3 2  . 015 0 . 56 . 7 3 
Low . 0 3 1  . 014 0 . 56 . 7 2  

1990: 
High . 03 6  . 017 1.  34 . 79 
Mid .039 . 016 0 . 65 . 75 
Low . 03 3  . 0 15 0 . 65 . 74 

UMATILLA 
a 

198 5 :  
High . 057 . 02 6  1 . 99 . 4 2  . 68 
Mid . 055 . 0 2 5  0 . 90 . 40 . 6 4  
Low . 054 . 02 4  0 . 90 . 38 . 6 2  

1990: 
High . 06 2  .02Q 2 . 25 . 56 . 75 
Mid . 059 . 02 7  1 . 04 . 4 9  . 69 
Low . 05 7  . 026 1 . 04 . 47 . 67 

a
Est imates of future production derive from a simulation using Portland-area econometric 
models with appropriately adjusted intercepts . 

Note : These projections are based on Bureau of Mines data and also represent only the 
predictable component of total demand . Refer to pages 15 and 1 6 .  
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will grow with the explanatory 
will 5how the larger , combined 
in the explanatory variables . 

Statewide forecasts 

variable s .  The growth in the demand for stone, meanwhile , 
effect of immediate and delayed responsiveness to changes 
(See the discussion in Chapter 4 . )  

Using the s tatewide models:  The statewide econometric models lack sufficient 
explanatory power and theoretical consistency to yield acceptable forecasts of future 
statewide demand. Applying Lhese models Lo the expe<;ted future values of statewide prices, 
population, employment, and highway expenditures gives forecasts that contradict Oregon ' s  
present and expected economic characteristics . For example , the statewide Model 1 for 
crushed stone forecasts the level of demand statewide for stone in 1990 will equal 14 . 6  

million tons per year--less than the average annual production during 1970-1976. Given 
the anticipated growth in the state ' s  economy, this result seems unlikely. Because of 
this and similar incongruities, the statewide models are unsuitable for forecasting, and 
we did not use them to develop any of Lhe fore<;dst5 we repor t .  

The problems within the statewide models stem from the general characteristics of the 
demand for roc k .  The total demand for each rock commodity in the �tate as a whole , as 
well as in each substate area, consists of a predictable component and an erratic com
ponent. The predictable component, related directly to an area ' s  economic characteris
tics, forms the fundamenta l ,  long-term behavior of total demand. The erratic component 
primarily determines the short-term characteristics . Unfortunately, in areas where the 
erratic component i s  sizable, even though not prevalent, i t  can conceal the predictable 
component. As a consequenc e ,  the erratic component can prevent the econometric model s  
from measuring and forecasting the predictable componen t .  

This type o f  s ituation exists within the statewide demand for sand and gravel and for 
stone. It also exists in Jackson , L i ncoln, and Umatilla Counties. In each of these areas, 
the models based on the area ' s  historical production data fail to provide acceptable fore
casts. 

The predictable component of demand: In all rock-material markets, economic condi
tions influence the predictable component of the demand for rock in essentially the same 
ways. For example, an increase in population in any area will lead to the use of rock in 
the construction of new houses , schools , and road s .  Consequently, thP rPlatinnships be
tween economic conditions and rock production in one area should be similar to the rela
tionships in other areas . 

This similarity persuaded us to usc the Portland area ' s  econometric models as a tool 
for estimating future demand, not just in the Portland area, but also in other areas . 
From the analysis in previous chapters ,  i t  is clear that the predictable component domi
nates the demand for sand and gravel and for stone in the Portland area. The econometric 
model (Model 1) of the demand for each commodity in this area measures the economic torces 
which determine the predictable component of demand quite clearly. The model for sand and 
gravel measures the forces especially well .  In the absence of more direct alternatives, 
one therefore can use the measurements for the Portland area to simulate the predictable 
component elsewhere . 

Simulating demand: Simulating the predictable component of demand in another area 
essentially involves combining the area ' s values for the explanatory variables with the 
coefficients from the Portland-area ' s  models. However, before doing this , one must per
form two preliminary steps . First, one must determine if the area ' s  market conditions 
impair the validity of the simulation . Completing this step involves examining demand and 
supply factors to ascertain if the forces determining the predictable component of demand 
in the area differ radically from the forces present in the Portland area. 

Using the simulation technique to forecast statewide demand seems very reasonable . 
The Portland area and the rest of the Willamette Valley, which has similar economic 
characteristics, comprise the bulk of the statewide demand for sand and gravel and for 
stone. Consequently, the predictable componen Ls of demand faL Uu:! state should re5emble 
those for the Portland area. 

The second step is to a l ter the intercept in the model so it fits the area. An 
essential element of each econometric equation is the value of the intercept. In the 
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simulations, the value of the intercept will be unique for each area and each type of rock 
material. One cannot merely transfer the Portland-area intercepts to the other areas in 
the same manner as one transfers the coefficients. 

Calculating the appropriate intercept for an area requires first multiplying the 
Portland-area coefficients by the mean historical values of the explanatory variables-
population, employment and highway expenditures--for the area during 1963-1976. After 
adding all the results to the mean price effect calculated for the Portland area, the 
total is subtracted from the area ' s  mean level of production during 1963-1976. The dif
ference is the value of the area ' s  intercept. 

For example, the average values of the explanatory variables and of production for 
the statewide stone market during 1963-1976 are: 

real price 
production 
population 
employment 
highway expenditures 

$ 1 . 3 0  per ton; 
1 3  million ton s ;  
2 . 1  million ton s ;  
395, 300; and 
$94 , 440 , 00 0 .  

The intercept term i s  estimated t o  be -2 , 000 , 000 tons so that the simulation equation 
becomes : 

stone -2 , 000 , 000 - ( 2 , 502 , 93 3  price) - ( 5 . 52 population) 

+ ( 3 1 . 9  employment) + ( 0 .  014 highway) . 

The intercept for the comparable simulation model for statewide sand and gravel produc
tion, using the Portland area ' s  estimated coefficients , is 2 , 000 , 000 . The estimated 
future levels of rock production in 1985 and 1 990 are reported in Table 12 for the high, 
medium, and low estimated values of future statewide population, employment , and highway 
expenditures . 

The simulation model also can be used to estimate an area ' s  underlying growth rate of 
demand. This is accomplished by using the model ,  and an area ' s values--both historic and 
expected--for the explanatory variables to simulate the fundamental characteristics of the 
area ' s  demand for a type of rock material . This process involves developing consistent 
estimates of production for several years , past and future , for example 1963 and 1990 . 
Then we can derive the estimated underlying compound annual growth rate of the model 
directly from the 1963 and 1990 estimated values. For these years and the mid-level 
simulations of statewide demand , these rates are 2 . 0 percent and 3 . 6  percent for sand and 
gravel and for stone, respectively . Given the state ' s  anticipated population and general 
economic growth , these rates seem plausible . 

Forecasts for Jackson County 

We also used the Portland-area model s  to simulate and forecast the demand in Jackson 
County for sand and gravel and for stone . Even in a moderately short period of time , 
Jackson County ' s  economy likely will acquire more diversified characteristics. As it 
evolves, the predictable component of the demand for sand and gravel and for stone should 
become i ncreasingly similar to the comparable components in the Portland area. 

Using the same technique described for the statewide simulations we derived new 
intercepts for the simulation models. The new intercepts are 5 , 600 , 000 for sand and 
gravel , and 3 , 700 , 000 for crushed stone. 

The high, medium, and low values of the estimated future demand for rock materials 
in Jackson County are reported in Table 1 2 .  The mid-level , long-term, s imulated growth 
rates for 1963-1990 implied by these equations are 2 . 4  percent per year for sand and 
gravel and 2 . 6  percent per year for stone . 

Forecasts for Lincoln County 

Like Jackson County, Lincoln County likely will experience substantial economic 
growth and diversification during coming years. This development likely will not be as 
extensive as in Jackson County or in the Portland area. But the fundamental economic 
forces determining the predictable component of demand in Lincoln County should approxi
mate the forces in the Portland area. There fore , simulating the future predictable 

4 5  



demand for rock materials using a model derived from the large urban market in the Port
land area is not unreasonable .  Only one set o f  forecasts i s  required for Lincoln County 
since the county produces virtually no sand and gravel .  

we forecast the demand in 1985 and i n  1990 for rock materials i n  Lincoln County 
through a simulation using the Portland area ' s  model of stone production. Applying the 
model to the mean values of production and the explanatory variables produced an inter
c ept of 3 , 600 , 000 tons per year. The model simulated predictable production levels of 
440, 000 tons in 1963 and 640 , 000 tons in 1976 as compared to actual production of 530 , 000 
and 600 , 000 in the respective years . It estimated medium-range future production levels of 
730 , 000 tons in 1985 and 7 50 , 000 tons in 1990. These figures indicate a mean annual 
growth rate between 1963 and 1990 of 1 . 9  percent. This rate seems in line with the ex
pected growth in population of 1 . 1  percent per year and in employment of 1 . 8  percent per 
year. 

Forecasts for Um�tilla County 

We use the Portland-based simulation model to forecast demand in Umatilla County, but 
we do so with reservations . The Umatilla economy bears little resemblance to the Portland 
area and using a simulation model derived from Portland suggests that demand will become 
more orderly and more urban-oriented than i s ,  in fac t ,  likely. However ,  to the extent 
that orderly expansion will occur , the subsequent demand is reflected in these simulations 
and, especially , in the growth rates estimated from the simulation s .  

The simulation models for sand and gravel and for stone have intercepts o f  5 , 800 , 000 
and 3 , 300, 000 tons , respectively . The model estimates a predictable demand for sand and 
gravel in 1963 and 1976 of 2 5 5 , 000 tons and 363 , 000 tons , respectively, as compared to 
reported levels of 3 3 3 , 000 tons and 248, 000 tons . The forecasts from the simulation for 
1985 and 1990 are 397 , 000 tons and 487 , 000 ton s ,  respectively, with a consequent 1963-1990 
growth rate of 2 . 3  percent .  For stone , the 1963 and 1976 simulated values are 346 , 000 
tons and 558 , 000 tons , compared with respective actual values of 712 , 000 tons and 294 ,000 
tons . The projected demands of 644 , 000 tons and 687 , 000 tons for 1985 and 1990 reflect a 
1963-1990 annual growth rate of 2 . 5  percen t .  These growth rates seem somewhat large com
pared to the corresponding expected growth rates of 1 . 1  percent for population and 1 . 8  
percent for employment. However, the erratic component of the demand for rock in Umatilla 
County so obscures the predictable component that it is difficult to compare the actual 
and the simulated rates. 

Forecasts of Demand in 2030 

Projecting the demand for rock materials, or any other economic event, fifty years 
into the future is inexact at best and fraught with the likelihood of large errors .  In 
general , one can forecast demand this far ahead only by simplified techniques such as pro
jecting growth rates. The forecast should project a range of values which will bound the 
most probable levels of demand. 

We forecast the demand for sand and gravel and for crushed stone by projecting the 
growth rates arising both from the Bureau of Mines' production data and from the forecasts 
for 1985 and 1990. The growth rates coming from the data tend to be larger than the 
growth rates indicated by the forecasts based on the Portland-area model s .  The two sets 
of growth rates generally seem to encompass the likely long-term trends and patterns 
expected for Oregon ' s  fundamental economic characteristics . 

Some compound growth arithmetic is useful . At a 1 percent annual rate, the level of 
production o f  rock in 2030 will be 71 percent greater than the level o f  production in 1976. 
With a 3 . 5  percent rate, production will be 641 percent larger in 2030 than 1976 . A 
6 percent annual rate implies 2 , 326 percent more production in 2030 than in 1976. Six 
percent annual rates of growth in real value are extremely unlikely to occur across a 50-
year period. 

The forecast levels of annual demand in 2030 for sand and gravel and for crushed 
stone are presented in Table 1 3 .  One should regard these forecasts a s  only rough indi
cators of the expected long-term trends in demand for each area. 
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Table 1 3 .  Proj ections o f  annual demand for 2030 

Model 

STATEWIDE 
Growth Rate 

(1950-1976) 
Si.mulationb 

( 1963-1990) 

PORTLAND 
Growth Rate 

(1950-1976) 
Growth Rate 

(1964-1976) 
Simulationb 

(1963-1990) 

JACKSON 
Growth Rate 

( 1950-1976) 
Simulationb 

( 1963-1990) 

UMATILLA 
Growth Rate 

( 1950-1676) 
Simulation 

( 1963-1990) 

LINCOLN 
Growth Rate 

( 1950-1676) 
Simulation 

( 1963-1990) 

Growth Rate 
Sand/Gravel 

3 . 7\ 

2 . 0\ 

3 . 2\ 

6 . 4\ 

2 . 0\ 

2 . 9\ 

2 . 4% 

c 

2 . 3\ 

All Rock 
5 . 3\ 

1 .  9\ 

a
Millions of short tons per year in 2030.  

Stone 

5 . 2% 

3 . 6\ 

9 . 1% 

5 . 7% 

6 . 0% 

7 . 5% 

2 . 6 %  

3 . 0\ 

2 . 5\ 

b
Based on mid-range values of the explanatory variable s .  

c
Estimated coefficient has no statistical validity . 

Annual Production
a 

Sand/Gravel Stone 

1 57 . 4  

62 . 8  

38 . 9  

48. 7 

20 . 9 

2 . 9  

2 . 5  

c 

1 . 3  

All Rock 
1 0 . 6  

1 . 7  

2 69 . 1  

ll4 . 4  

4 39 . 0  

83 . 8  

9 6 . 8  

5 1 . 7  

6 . 3  

2 . 4  

2 . 0  

Note: These projections are based on Bureau of Mines data and also represent only the 
predictable component of total demand . Refer to pages 15 and 1 6 .  
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The projected demand for stone in Portland exemplifies the hazardous complexities in 

very long range forecasts . Using production data growth trends to forecast, the suggested 
demand for stone in Portland in 2030 is 439 million short tons , more than one and one
half times the statewide demand for stone ( 2 69 . 1  million short tons) predicted with the 

comparable statewide production data. Early-year reporting errors in the data, along 
with other factors , have so inflated the estimated growth rate for stone in the Portland 
area that very long term projections become nonsensical. 
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CHAPTER 6 

DEMAND FOR LIGHTWEIGHT AGGREGATES AND DEMAND 

IN THE WILLAMETTE NATIONAL FOREST 

Abstract 

In the other chapters our analysis focused on the demand for sand and gravel and for 
crushed stone arising from general economic forces. The analysis excluded l iyhtweight 
aggregates--c inders , pumic e ,  and shal� us�d for concrete--and the u . s .  Forest Service ' s  
use o f  sand and gravel and crushed stone on roads in the state ' s  national forests. Our 
analysis o f  the statewide production of l ightweight aggregates and of the Willamette 
National Forest ' s  use of crushed stone found insufficient information readily available 
to support meaningful mode l s .  

Lightweight Aggregates 

Basically, three speci f i c  commodities--cinders, expanded shale and pumice--comprise 

the category broadly labelled lightweight aggregates. They are used as the rock material 

in concrete. Except for expanded shale, which was produced until 1977 in Washington 
County , these commodities have come primarily from counties in eastern Oregon. The total 

quantity of l ightweight aggregates produced in Oregon is small .  The Bureau ' s  data show 
only about 298 , 000 tons per year between 1970 and 1976 . 

Essentially no quantitative analysis exists regarding the small and dispersed demand 

for lightweight aggregate s .  Further, the demand for these materials likely is highly 
dependent upon the market conditions for substitute building materials , as well as on 
general economic conditions . Thus complex analysis o f  the demand for l ightweight 
materials would require extensive analys is of the markets for many construction materials 

and the expected util ity of this analysis is quite low. Consequently, our analysis of the 
demand for the lightweight materials is based only on a simpl e ,  growth-rate mode l .  

For the period 1957-1976, the combined production o f  these materials grew with a mean 
annual rate of 2 . 67 percent. This rate is quite reliable; the probability that the true 

rate of growth equals zero is 0 . 0001 . The mean level of annual production for this period 
was 2 5 0 , 000 tons . Extending the growth rate into the future indicates production o f  
400 , 000 tons i n  1985 and 460, 000 tons in 1990. 

'l'he Willamette National Forest 

Large amounts of rock material , especially crushed stone , are used for road construc

tion and maintenance on forested lands .  Almost totally , these roads serve to give logging 
veh icles access to timber stands . The mining sites producing the rock for logging roads 
generally are away from populated areas and use of the material seldom requires market 
transactions. For example , on national forest lands logging companies undertake most road 
building as incidental requirements within timber-sales contracts . As a consequence, very 

little is known about the amount o f  rock used on timberlands or about the forces deter
mining demand. 

To begin expanding the knowledge in these areas , we examined the production of rock 
(crushed stone ) in the Wil lamette National Forest (WNF) . The u . s .  Forest Service does not 

maintain records on the amounts of rock extracted from the WNF, except in only the past 

few years . However , the Forest Service ' s  records do show the miles of road constructed 
and reconstructed from 1956 through 1 97 7 .  Also, the Forest Service estimates that road 

construction consumes 4 , 800 tons of rock per mile while reconstruction uses 1 , 800 tons per 

mile. Finally, the Forest Service estimates that maintenance efforts presently cover 
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about 4 , 000 miles of road per year and use a fairly constant amount of rock--about 
1 5 0 , 000 tons annually. By combining all these figure s ,  one can estimate the amount of 

rock produced in the WNF annually. 

Historically, the number of miles of new construction generally has decreased over 

time , but in an erratic pattern. The miles of reconstruction , though , have increased at a 

fairly constant rate of about 16 . 8  percent per year . For the future , the Forest Service 
estimates it will build 3 , 000 miles of new road over the next 30 years. 12 Reconstruction 
efforts should continue a t  about 250 miles per year . 

We tried two approaches to analyze the demand for rock in the WNF. First, we looked 

at the historical trends in growth rates. Although the amount of rock used in reconstruc
tion grew quite s teadily at 16 . 8  percent annually , the amount used for new construction 

was very erratic and no c lear trend was identifiable for total production . ln the second 

approach, we reasoned that a primary determinant of rock production in the WNF would be 

the amount of timber harvested . Thus , we examined an econometric model using the amount 

of harvest as the explanatory variabl e .  Again, however, the model showed n o  relationship. 

In an attempt to gain some insight into the problem, we repeated the analysis using 

the Bureau ' s  data for "various counties , "  comprised almost entirely of production from all 

the state ' s  national forest land s .  Neither sand and gravel nor crushed stone showed any 

consi stent growth trends between 1950 and 1976. However, when we modelled production 

against total timber harvest from all national fores t s ,  we found results expla ining 40 to 
46 percent of the variation in rock usage . The stone model showed that production in

creased 3 . 4 3 tons as total harvest increased by one million board feet. The intercept for 

this model was - 5 , 09 3 , 741 tons and the R2 was 0 . 46 .  For sand and grave l ,  the model ' s  
parameters were : intercept, 3 , 36 1 , 701 tons ; coefficient for harvest, -1. 0 7  tons per mil

lion board feet; and R2 , 0. 40. 

By themselves, these results do not explain timber-related demand for rock with any 

reliability. However, they do indicate possible explanatory relationships between produc

tion and harvest which might be identified with more reliable data or alternative 
model l ing technique!'>, or hoth. 

12 . . . . 
h 

. . 1 Interv�ew w�th B�ll v�sc er , W�llamette Nat�ona Fore s t .  
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APPENDIX 

The purpose of this technical appendix is to provide supplementary data analysis to 
complement and more fully substantiate the arguments in the main report . All the informa
tion reported in this appendix adds supporting evidence to the choice of models for de
scribing and forecasting demand. We examined many models which are nol reported either 
here or elsewhere . While these other models were constructed from sound theoretical 
premise s ,  problems such as the available data and/or the choice of modelling technique 
interferred with the derivation of useful information. Thus , only the models which we 
feel add insight to the major models ( those used in the argument of the main report) are 
inc luded in the tables of this appendix. 

The tables record test statistics which are not included in the main report. The t
statistic for each intercept and estimated coefficient is contained in the appended 
tables along with the F-ratio and the standard error for each regression equation. In 
the spirit of maintaining readability for a general audience, these statistics were 
intentionally omitted in the main document. Some information interpretive o f  these 
test statistics--for example a statement of the probability that an estimated coefficient 
is zero--is contained in the body of the report . 

Specifically, Tables 14 through 24 report statistical modelling results of growth
rate and econometric analyses in the statewide and the four substate market areas . The 
growth-rate analyses reported include those for historic data from 1950-1976, 1964-1976, 
and 1967-1976 ( in only the statewide market) . 

The tables of econometric results list 8 different models for the state and Portland. 
The first 6 of these include the full model (price, population, employment, and highway 
expenditures) for 1963-1976 which is used in the main report. A model without highway 
expenditures developed with the 1963-1976 data is presented (this model indicates most 
d irectly the explanatory power lost by excluding highways from the analysis) along with 
the comparable model derived from 1956-1976 . Also the regressions of production against 
only price and population , price and employment, and income are included. 

The econometric models reported for Jackson, Lincoln, and Uma t illa Counties cor
respond to the first six modelling forms for the state and Portland areas . Many regres
s ions for the smaller areas had no descriptive power ;  these are omitted from the appended 
tables.  

The f i n a l  two econometric model s  reported for the state and Portland evaluate 
specific additional relationships related to the major arguments of the study . These 
models are numbers 7 and 8 in the tables of econometric models for sand and gravel and 
for stone in the Portland and statewide market areas . Model 7 is a three-year moving 
average regression which hypothesizes that demand in year 3 results from price in year 3 
and the cumulative average effects in employment and population over the past 3 years . 
The purpose in using a moving average model is to account for the time lags between inde
pendent events--like increases in service related employment--and the direct impact on 
rock material demand . Also these models may sometimes reduce time correlation between 
independent variables by accounting for lags in their co-relationship. Employment and 
population are highly correlated ; the moving average model was neither able to reduce 
that correlation nor to improve the t-statistic on these two variables . The variation in 
production is better explained with a moving average model only in the case of stone pro
duction in Portland . Hodel 7 verifies a time lag from the year of measurement of economic 
indicators , which affect sand and gravel demand irnmediately, and the subsequent impact on 
stone demand. 

Econometric Model 8 for Portland and the statewide market estimates the natural 
logarithm, or percentage growth , in demand as a function of the natural logarithms of 
employment, population , and the ratio of the price of sand and gravel to the price of 
stone . The model corresponds to an hypothesis that the variation in growth of deman d for 
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rock materials over time i s  explained by the growth in population, employment , and the 
price ratio. 

Our objective in formulating Model 8 was to test the historic responsiveness of the 
demand for sand and gravel or for stone to changes in the relative prices of the two 
good s .  The statewide result for sand and gravel i s  a nearly zero cot:!fficit:!nt for the 

price ratio--0 . 0 09--with a nearly zero t-statistic of 0 . 0 3 .  Relative prices have 

virtually no effect on the demand for sand and grave l .  For the statewide demand for 
stone , the logarithmic coefficient of the relative price is 0 . 904 which is significant at 

the 5 percent leve l .  Model 8 estimates that i f  the price ratio increases by 10 percent 
then the statewide demand for stone will increase by about 9 percen t  while the demand for 

s and and gravel will not change. The change in relat ive prices may occur , for instance , 

because population and employment grow and increase the demand for and the price of sand 

and gravel . The increased price of sand and gravel relative to stone does not affect 
demand for sand and gravel but does increase the demand for the substitute good , stone . 

For the Portland area, Model 8 demonstrates that in a developed economy the sub
s titution of the cheaper good for the more expensive one is more likely to take place. 

The coeffic ients on the price ratio terms suggest that a 10 percent increase in the ratio 
of the price of sand and gravel to the price of stone, occurring in isolation, will pro
duce : ( 1 )  a three percent decrease in the demand for sand and grave l ;  and ( 2 ) an ll per
cent increase in the demand for stone. The market for both commodities is tested to be 
much more responsive to relative price effects than the statewide market. 

One conclusion from Models 7 and 8 is that the sand and gravel market is more highly 

deve loped and more fully integrated into the overall economy . Model 7 verifies that 
especially in the well developed urban economy where public works projects do not weigh 

so heavily in demand, the demand for stone occurs through a lagged process, likely as a 
result of changing relative prices due to excess demand for sand and gravel . The demand 

for sand and grave l ,  on the other hand , is better explained by the value of same-year 

variables. 

In addition to the full descriptions o f  the models , this appendix also contains other 

information. Table 25 shows , for the major econometric mode l s ,  the correlation coeffi
cients for the "b values" of the explanatory variables . The correlation coefficients 
measure the degree of multicollinearity within the data for the variables . 

The subsequent tables provide the data for the explanatory variables we used and 
production data for the state as a whole and for groupings of all the counties in the 

state. Grouping the data was necessary to protect producer s '  confidential information. 
One can replicate our mode l s  for the Portland area using the production data from Table 3 2 .  

Reproducing the production data we used to develop the statewide mode ls will require sub
tracting [rom the total statewide production (Table 3 1 )  both the production unallotted to 
counties (Table 45) and the production used in major dam projects (Table 46) . 

52 



Tab le 14 . Growth-rate mode ls for sand and gravel 

Model Coefficient 
a 

R
2 

Se
b 

No . DeEendent Variable InterceEt (t-statistic) of time (t-statistic) F-Ratio 

Statewide 

( 1 )  1950-76 Ln Production 1 5 . 91 ( 185 . 8 1 )  . 0374 ( 6 . 98 )  0 . 66 48 . 7 5  0 . 216 
( 2 )  1964-76 Ln Production 16 . 74 ( 230 . 9 8 )  - . 0015 ( -0 . 16 )  0 . 00 0 . 0 3  0 . 1 2 3  
( 3 )  1967-76 Ln Production 16 . 71 ( 194 . 28 )  . 00 1 7  ( 0 . 1 2 )  0 . 00 0 . 02 0 . 126 

Portland 

( 4 )  1950-76 Ln Production 1 4 . 9 3  ( 1 5 3 . 4 1 )  . 0 32 ( 5 . 31 )  0 . 53 28 . 20 0 . 248 
V1 ( 5 )  1964-76 Ln Production 1 5 . 18 ( 1 38 . 37 )  . 064 ( 4 . 6 4 )  0 . 66 2 1 . 49 0 . 186 w 

Jackson 

( 6 )  1950-76 Ln Production 1 2 . 63 56 . 0 1 )  . 029 ( 2 . 0 3 )  0 . 14 4 . 1 1 0 . 570 
( 7 )  1964-76 Ln Production 1 2 . 84 4 4 . 84 )  . 0 32 ( 0 . 89 )  0 . 0 7  0 . 79 0 . 487 

Umatilla 

(B)  1950-76 Ln Production 1 2 . 2 7  49 . 19 )  . 00 7  <0 . 4 7 )  0 . 22 0 . 2 2  0 . 630 
( 9 )  1964-76 Ln Production 1 2 . 34 26 . 9 5 )  . 0 0 5  ( 0 . 08 )  0 . 00 0 . 0 1  0 .  777 

a
Coe fficient of time is the growth rate . 

b
standard error. 



Table 1 5 .  Growth-rate models for crushed stone 

Model Coefficient 
a 

R
2 

Se
b 

No . Dependent Variable Interce12t ( t -statistic) of Time ( t - statistic) F-Ratio 

Statewide 

( 1 )  1950-76 Ln Production 1 5 . 32 ( 8 8 .  79) . 0 52 4 . 87)  0 . 49 2 3 . 69 0 . 436 
( 2 )  1964-76 Ln Production 16 . 3 7  ( 119 . 22 )  . 0 1 3  0 . 78 )  0 . 0 5  0 . 6 1  0 .  232 
( 3 )  1967-76 Ln Production 1 5 . 96 ( 148 . 35) . 061 3 . 51 )  0 . 61 1 2 . 32 0 . 157 

Portland 

( 4 )  1950-76 Ln Production 1 2 . 93 6 5 . 49) .091 7 . 40) 0 . 69 54 . 70 0 . 499 
( 5 )  1964-76 Ln Production 14 . 4 4  98 . 3 5 )  . 057 3 . 06 )  0 . 46 9 . 36 0 . 250 

U1 Jackson 
� 

(6)  1950-76 Ln Production 1 1 . 98 3 6 .  3 5 )  . 07 5  3 . 64 )  0 . 35 1 3 . 26 0 . 83 3  
( 7 )  1964-76 Ln Production 1 2 . 4 1 2 1 .  3 1 )  . 137 1 . 86 )  0 . 24 3 . 48 0 . 990 

Umati l la 

(8)  1950-76 Ln Production 12 . 36 5 3 . 01 )  . 030 2 . 0 3 )  0 . 14 4 . 13 0 . 589 
( 9 )  1964-76 Ln Production 1 2 . 72 42 . 91 )  . 020 0 . 54 )  0 . 0 3  0 . 29 0 . 504 

Lincoln 

( 10 )  1950-76 Ln A l l  Rock
e 

1 2 . 0 7  6 9 . 65 )  . 052 4 . 8 7 )  0 . 49 2 3 . 71 0 . 438 
( 1 1 )  1964-76 Ln All Rocke 1 2 . 75 2 2 . 57 )  . 0 18 0 . 63 )  0 . 04 0 . 40 0 . 392 

a
Coefficient of time is the growth rate . 

bstandard error . 
c

All rock material production in Lincoln County is stone . 



Table 1 6 .  Growth-rate mode ls for all rock material 

Model Coe fficient
a 

R
2 

Se
b 

No . Dependent variable Intercept (t-statistic) of Time (t-statistic) F-Ratio 

Statewide 

1950-76 Ln Production 1 6 . 41 (168.81) . 0418 (6.89) 0 . 65 47 . 42 0 . 25 

1964-76 Ln Production 17. 21 ( 2 1 9 . 40 )  . 0053 (0.54) 0 . 03 0 . 2 9  0 . 1 3 

1967-76 Ln Production 17.15 (223. 76) . 0 153 ( 1 . 35) 0. 17 1 . 83 0 . 12 

Portland 

1950 -76 Ln Produclion 15.08 ( 175. 82) . 0436 (8.14) o .  72 66 . 25 0 . 22 

1964-76 Ln Production 17.58 ( 156 . 65 )  . 0615 (4. 91) 0 . 69 24.07 0 . 17 

V1 
V1 

Jackson 

1950-76 Ln Production 12 . 99 52.10) . 0 588 (3. 78) 0 . 36 14.26 0 . 62 

1964-76 Ln Production 13 . 24 32 . 9 2 )  . 1124 (2. 22) 0.31 4.92 0 . 68 

Lincoln 

1950-76 Ln Production 12. 0 7  69 . 65 ) . 0 527 ( 4 . 8 7 )  0 . 49 2 3 . 7 1  0. 138 

1964-76 Ln Production 1 2 . 75 22 . 5 7 )  . 0 183 (0. 63) 0 . 04 0 . 40 0 . 39'-

Umatilla 

1950-76 Ln Production 13. 09 62 . 0 2 )  . 0 179 ( 1 .  36) 0 . 07 1.85 0 . 53 

1964-76 Ln Production 1 3 . 28 37 . 78) . 0115 (0 . 26 )  0.01 0 . 0 7  0 . 60 

a
Coefficient of time is the growth rate . 

b
standard error . 
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Table 1 7 .  Econometric models o f  the statewide demand for sand and gravel 

Coefficients of Explanatory Variables 
(t-statistic) 

Model Dependent Highway 
2 

No . Variable Intercept Price Population Employment Expenditures Income R 

( l )
b 

Production - 8 , 282 , 846 4 , 146 , 1 31 - 1 1 . 99 4 5 . 39 0 . 086 0 . 7 5  
( 1 963-1976) ( -0 . 77 )  ( 0 . 96 )  (-1 . 41 )  ( 2 . 55 )  ( 4  . 0 3 )  

( 2 )  Production 16 , 2 2 1  8 , 2 17 , 281 - 1 5 . 73 4 8 . 4 6  0 . 2 9  
( 1963-1976) ( 0 . 00) ( 1 .  2 3 )  ( -1 . 18 )  ( 1 .  7 2 )  

( 3 )  Production 3 , 17 4 , 190 4 , 328, 572 -17 . 4 4  5 4 . 58 0 . 55 
( 1956-1976) ( 0 .  35) ( 1 . 05)  ( - 1 .  2 3 )  ( 2 . 0 1 )  

( 4 )  Production -8 , 97 3 , 755 3 , 856 , 321 10 . 52 0 . 44 
( 1956-1976 ( - 1 .  24) ( 0 . 86 )  ( 3 . 36 )  

( 5 )  Production - 5 , 240 , 266 3 , 80 5 , 631 2 9 . 9 5  0 . 5 1  
( 1956-1976) (-0 . 88 )  ( 0 . 91 )  ( 3 . 9 1 )  

( 6 )  Production 1 5 , 670 , 553 0 . 21 0 . 23 
( 1969-1976) ( 7 . 22 )  ( 1 . 33 )  

( 7 )  Productionc , d -20 , 66 3 , 7 36 1 1 , 830 , 94 1
d 

30 . 78
e 

-47 . 84
e 

0 . 59 
( 1956-1976) ( - 1 . 5 5 )  ( 3 . 19) ( 1 . 36 )  ( - 1 . 11 )  

( 8 )  Ln Production 9 . 697 0 . 009
f 

- 2 .092
g 

2 . 745
g 

0 . 56 
( 1956-1976) 1 . 03 )  0 . 03 )  ( - 1 . 06 )  1 . 85 

a 
b

standard error . 
For correlation coefficients on this model see Table 2 5 .  �This i s  a moving-average mode l .  
Production and price in the third year of each three-year period . �Coefficient for the three-year average value of the variable . 
Coefficient for ln (price of sand and gravel + price of stone) . 

g
coefficient for ln of the variable . 

F-Ratio se 
a 

6 . 6  1 , 4 51 , 100 

1 . 34 2 , 306 , 600 

6 . 8 5  2 , 537 , 61 7  

7 . 1  2 , 74 3 , 046 

9 . 26 2 , 572 , 897 

1 . 76 2 , 372 , 700 

6 . 15 2 , 17 3 , 600 

7 . 07 0 . 160 
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Table 1 8 .  Econometric models for the statewide demand for stone 

Coefficients of Explanatory Variables 
(t-statistic) 

Model Dependent 
No . Variable Interce2t Price POJ2Ulation EmJ2lO:t!!!ent 

( l )
b 

Production 2 9 , 83 6 , 530 - 9 , 33 5 , 489 2 . 2  -7 . 34 
( 1963-1976} ( 1 . 48 )  ( - 1 .  5 4 )  0 . 1 1 )  ( -0 . 19 )  

( 2 )  Production 2 5 , 490 , 651 - 9 , 384 , 795 2 . 92 -6. 49 
( 1963-1976) ( 1 . 45) ( - 1 . 6 1 )  0 . 16 )  ( -0 . 18 )  

( 3 )  Production 1 3 , 60 3 , 374 -9 , 16 1 , 208 - 2 . 05 6 . 53 
( 1956-1976) ( 1 . 10 )  ( -1 . 89) ( - 0 . 0 6 )  0 . 36 )  

( 4 )  Production 14 , 15 1 ,846 -9 , 2 4 7 , 957 5 . 51 
( 1956-1976) ( 1 . 8 3 )  ( - 2 . 07 )  1 .  56 ) 

( 5 )  Production 1 7 , 350 , 597 -9 ,600 , 645 1 0 . 4 7  
( 1956-1976) ( 2 . 6 2 )  ( -2 . 10 )  ( 1 .  5 1 )  

( 6 )  Production 9 , 86 2 , 784 
( 1969-1976) ( 3 . 28) 

( 7 )  Production
c , d  

1 8 , 0 1 2 ,809 - 10 , 67 3 , 088
d 

10 . 18
e 

- 1 3 . 25
e 

( 1956-1976) ( 1 . 04) ( - 1 . 97 )  ( 0 . 34 )  ( -0 . 2 3 )  

( 8 )  L n  Production 4 , 552 0 . 904
c 

1 . 1 1 7
g 

-0 . 31 9
g 

( 1956-1976) 0 .  30) 2 . 13 )  0 .  35)  ( -0 . 1 3 2 )  

a bstandard error. 
For correlation coefficients on this mode l ,  see Table 2 5 .  �This i s  a moving-average mode l .  
Production and price in the third year o f  each three-year period . �Coefficient for the three-year average value of the variable . 
Coefficient for ln (price of sand and gravel � price of stone) . 

9coefficient for ln of the variable . 

Highway 
Exeenditures 

- 0 . 0 2 3  
(-0 . 49 )  

Income 

0 . 22 
( 1 . 02 )  

R
2 

F-Ratio Se
a 

0 . 2 5  0 . 74 3 , 22 9 , 900 

0 . 23 0 . 98 3 , 106 , 000 

0 . 56 7 . 0 7  3 , 10 9 , 276 

0 . 23 2 . 6 3  3 , 0 2 1 , 986 

0 . 22 2 . 54 3 , 033 , 480 

0 . 15 1 . 05 3 , 286 , 200 

0 . 28 1 . 7 1  2 , 76 4 , 700 

0 . 28 2 . 15 0 . 259 
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Table 1 9 .  Econometric mode ls o f  the demand for sand and gravel in the Portland Metropolitan Area 

Coef f icients of Explanatory Variables 
( t-statistic) 

Model Dependent 
No . Variable Intercept Price Population Employment 

( l )
b 

Production 3 , 572 , 790 -4 , 616,027 5 . 50 8 . 61 
( 1963-1976) ( 0 0 7 3 )  (-2 . 8 3 )  ( 1 . 44 )  ( 0 . 93)  

( 2 )  Production 7 , 92 8 , 651 - 5 , 95 4 , 574 6 . 17 2 . 82 
( 1963-1976) ( 1 .  72)  ( - 3 . 78 )  ( 1 . 48 )  (0 . 30 )  

( 3 )  Production -4 , 18 7 , 14 5  - 2 , 13 3 , 241 1 3 . 60 3 . 8 2  
( 1956-1976) ( - 1 . 4 1 )  ( - 1 . 67 )  ( 4 .  57) ( 1 . 18 )  

( 4 )  Production - 6 , 0 2 6 , 188 - 1 , 34 8 , 390 16 . 17 
( 1956-1976) ( - 2 .  7 2 )  ( -1 . 36 )  ( 8 . 8 4 )  

( 5 )  Production 7 , 673 ,086 - 5 , 46 7 , 529 14 . 70 
( 1956-1976) ( 3 . 54 )  ( - 3 . 47 )  ( 4  0 50) 

( 6 )  Production 7 , 006 , 693 
( 1956-1976) ( 3 . 20 )  

( 7 )  Production
c , d  

-14 ,036 , 142 2 , 869 , 535 
d 

2 3 . 9l
e 

- 10 . 4 5e 

( 1956-1976) ( - 3 . 73)  ( 1 . 68) (4 . 19) ( - 1 . 07 )  

( 8 )  L n  Production - 17 . 66 - . 304
f 

2 . 4l
g 

.027
g 

( 1956-1976) ( - 3 . 96 )  ( - 1 . 135)  ( 7 . 0 3 )  ( 0 . 60 )  

a 
b

Standard error . 
For correlation coefficients on this model ,  see Table 2 5 .  �This is a moving-average model .  
Production and pr�ce in the th�rd year of each three-year period . �Coefficient for the three-year average value of Lhe variable . 
Coefficient for ln (price of sand and gravel 7 price of stone ) . 

g
Coefficient for ln of the variable . 

Highway 
Expenditures 

0 . 033 
( 1 .  7 3 )  

Income R
2 

F-Ratio 

0 . 93 30 . 52 

0 . 91 3 3 . 0 3  

0 . 8 5  2 7 . 39 

0 . 84 46 . 16 

0 . 63 1 3 . 68 

0 . 08 0 . 01 0 . 05 
(0 . 23) 

0 . 79 16 . 51 

0 . 83 2 3 . 89 

Se
a 

597 , 240 

654 , 740 

848, 400 

809, 790 

1 , 270 , 181 

1 , 29 5 , 400 

1 , 013 , 900 

0 . 16 1  
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Table 2 0 .  Econometric models of the demand for stone in the Portland Metropolitan Area 

Coefficients of Explanatory Variables 
( t-statistic) 

Model Dependent 
No. variable Intercept Price Population Employment 

( l )
b 

Production - 1 , 60 1 , 970 - 2 , 50 2 , 933 - 5 . 52 3 1 . 9  
( 1963-1976) ( -0 . 53 )  ( - 1 . 69) ( - 1 . 42 )  ( 3 . 1 3 )  

( 2 )  Production - 1 , 2 5 3 , 424 - 2 , 51 3 , 233 -4 . 34 29 . 37 
( 1963-1976) ( -0 . 4 3 )  ( - 1 .  74) ( - 1 . 25 )  { 3 . 1 1 )  

( 3 )  Production -898 , 184 - 1 , 4 55 , 246 5 . 52 2 . 16 
{ 1956-1976) ( -0 . 36 )  { - 1 . 12 )  2 . 32 )  0 . 8 1 )  

( 4 )  Production - 2 , 3 7 4 , 016 - 1 , 26 9 , 100 7 . 75 
(1956-1976) { -0 . 94 )  (-0 . 94) 4 . 07 )  

( 5 )  Production 3 , 2 3 1 , 120 - 2 , 2 56 , 424 6 . 20 
{ 1956-1976) ( 1 .  7 1 )  ( - 1 . 59 )  2 . 71 )  

( 6 )  Production 1 , 3 3 7 , 536 
( 1969-1976) { 0. 95)  

( 7 )  Production
c , d  

- 5 , 74 7 , 212 
d 

1 , 94 4 , 956 4 . 70
e 

5 . 5l
e 

{ 1956-1976) ( - 2 .  72) ( 1 .  7 2 )  1 . 58) 1 . 07 )  

( 8 )  L n  Production -25 . 30 1 . 11 
f 

3 . 0 19 -o .o89 

( 1956-1976) { - 3 . 40) 2 . 49 )  5 . 26 )  { - 1 . 0 5 )  

a 
b

standard error. 
For correlation coefficients on this model ,  see Table 2 5 .  �This is a moving-average model .  
Production and price in the third year of each three-year period. �Coe fficient for the three-year average value of the variable. 
Coe fficient for ln {price of sand and gravel � price of stone ) . 

9coe fficient for 1n of the variable . 

Highway 
R

2 
Expenditures Income F-Ratio 

. 014 0. 70 5 . 29 
( . 076) 

0 . 68 7 . 15 

0 . 53 5 . 2 5  

0 . 51 9 . 4 1  

0 .  36 4 . 49 

0 . 2 9  0 . 23 1 . 81 
( 1 . 35 )  

0 . 62 7 . 22 

0 . 67 10 . 2 1  

Se
a 

658 , 7 10 

644 , 980 

795 , 560 

864 , 2 34 

897 , 870 

832 , 470 

697 ,430 

0 . 269 



Table 2 1 .  Econometric mode ls o f  the demand for sand and grave l and for stone in Jackson County 

Coe fficients of Explanatory Variables 
(t-statistic) 

Model Dependent Highway 
R

2 Sea No. Variable Intercept Price Population Emplo;tment Expenditures Income F-Ratio 

( l ) b Production 
Sand & Gravel - 1 , 1 30 , 726 1 , 004 , 474 -14 . 12 39 . 17 . 054 0 . 35 1 . 20 3 10 , 5 50 
( 1963-1976) (-0 . 68 )  ( 0 . 99 )  ( -0 . 36 )  ( 0 . 6 5) ( 1 . 6 5 )  

( 2 )  Production 
Sand & Gravel - 7 1 6 , 881 1 , 2 18 , 495 -4 . 10 -0 . 07 0 . 16 0 . 62 3 3 5 , 260 
( 196301976) (-0 . 40 )  ( 1 . 12 )  ( -0 . 10 ) ( -0 . 00 )  

( 3 )  Production 
Sand & Gravel 422 , 147 -256 , 956 30 . 86 -67 . 2 2  0 . 16 0 . 94 4 1 3 , 870 
( 1956-1976) ( 0 .  36) (-0. 33) ( 1 . 15 )  ( - 1 . 4 4 )  

0'1 
0 

( 4 )  Production 
Sand & Gravel 1 7 1 , 490 0 . 85 0 . 34 3 . 87 224 , 880 
( 1969-1976) ( 0 . 82 )  ( 1 . 97 )  

( S ) b Production 
Stone - 1 2 , 089, 322 -94 3 , 763 269 . 6 1  -31 5 . 54 - . 0 14 0 . 72 5 . 86 878,070 
( 1963-1976) ( - 2 .  32) ( - 2 . 09) ( 2 . 90 )  ( - 2 . 06 )  ( -0 . 14 )  

(6)  Production 
Stone -12 , 261 , 980 -934 , 903 266 . 09 - 30 3 . 60 0 .  72 8 . 65 834. 420 
( 1963-1976) ( -2 . 54 )  ( -2 . 20 )  ( 3 . 12 )  ( -2 . 47 )  

( 7 )  Production 
Stone - 1 , 971 , 398 -1 , 249 , 999 102 . 90 - 1 3 1 . 13 0 . 56 6 . 4 5  873 , 570 
( 1956-1976) (-0 . 92 ) ( -3 . 38 )  ( 1 . 82 )  ( - 1 . 28 )  

( 8 )  Production 
Stone - 1 , 36 3 , 166 6 . 36 0 . 5 1 6 . 22 1 , 3 30 , 700 
(1969-1976) ( -1 . 10) ( 2 . 49 )  

;standard rrQr. 
For correiat�on coefficients on this mode l ,  see Table 2 5 .  



Table 2 2 .  Econometric models o f  the demand for sand and gravel and for stone in Umatilla County 

Coe fficients of Explanatory variables 
(t-statistic) 

Mode l Dependent Highway 
R

2 No. Variable Interce2t Price PoEulation EmElo�ent Ex2enditures Income F-Ratio Sea 

( l ) b Production 
Sand & Gravel 2 , 84 1 ,029 727 , 54 5  -180 . 29 247 . 12 - . 006 0 . 52 2 . 4 1  3 1 9 , 370 
( 1963-1976) ( 0 . 60 )  ( 2 . 39 )  ( - 1 . 07 )  ( l .  38) ( -0 . 12 )  

( 2 )  Production 
Sand & Gravel 3 , 137 , 92 5  7 1 5 , 417 -191 . 32 2 57 . 87 0 . 52 3 . 5 5  30 3 , 320 
( 1963-1976) ( 0 . 8 1 )  ( 2 . 6 1 )  ( - 1 . 40 )  ( l .  73)  

( 3 )  Production 
Sand & Gravel -427 , 006 577 , 833 - 19 . 30 4 2 . 60 0 . 33 2 . 34 303 , 4 30 
( 1956-1976) ( -0 . 1 3 )  ( 2 . 18 )  ( -0 . 21 )  ( 0 . 5 3) 

( 4 )  Production 
0'1 Sand & Gravel 9 1 , 1 5 2  0 . 62 0 . 51 6 . 2 3  62 , 798 I-' 

( 1969-1976) ( 1 . 6 1 )  ( 2 .  49)  

( 5 )
b Production 

Stone 688 , 788 93 , 564 -14 . 72 16 . 96 - . 008 0 . 04 0 . 09 307 , 2 50 
( 1963-1976 ( 0 . 15 )  ( 0 . 4 2 )  ( -0 . 09 )  ( 0 . 09 ) ( -0 . 18) 

( 6 )  Production 
Stone 1 ,009, 928 9 1 , 247 -28 . 32 3 1 . 5 3  0 . 04 0 . 13 292 , 060 
( 1956-1976) ( 0. 2 5 )  ( 0 . 4 3 )  ( -0 . 20 )  ( 0 . 20 ) 

( 7 )  Production 
Stone 2 3 5 , 022 72 , 619 1 5 . 7 5  - 3 1 . 5 7  0 . 0 3 0 . 13 276 , 960 
( 1956-1976) ( 0 . 09 )  ( 0 . 38 )  ( 0 . 19 )  ( -0 . 4 1 )  

(8)  Production 
Stone 295 , 722 0 . 58 0 . 0 5  0 . 32 2 6 3 , 400 
( 1969-1976) ( l .  2 5 )  (0 . 56 )  

aStandard error . 
bFor correlation coe fficients on this mode l , see Table 2 5 .  
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Table 2 3 .  Econometric models of the demand for rock in Lincoln County 

Coe f ficients of Explanatory Variables 
{t-statistic) 

Model Dependent Highway 
No. variable Intercept Price Population Employment Expenditures Income 

{ l ) b Total Rock 
Production 3 , 658, 683 -154 , 776 -212 . 6  269 . 2  - . 008 
{1963-1976) { 1 .  97) { -1 . 10 )  { - 1 .  7 1 )  { 1 . 84 )  { -0 . 10 )  

{ 2 )  Total Rock 
Production 3 , 556 , 203 -157,021 -206 . 6 2  263 . 15 
{1963-1976) { 2 .  3 8 )  ( -1 . 19) { - 1 .  99) ( 2 . 0 7 )  

( 3 )  Total Rock 
Production 91 , 753 5 3 , 637 4 . 93 2 2 . 16 
( 1956-1976) ( 1 .  7 5 )  ( 0 . 94 )  1 .  5 4 )  ( 2  . 19) 

astandard error . 
b . . For correlat�on coeffic1ents on this model ,  see Table 2 5 .  

R2 F-Ratio Sea 

0 . 40 1 . 48 170 , 950 

0 . 40 2 . 18 162 , 170 

0 . 61 17 . 2  149 , 3 30 
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Model 
No. 

Dependent 
Variable 

Statewide 
1963-76 
Production 

Portland 

Jackson 

Umati l la 

1963-76 
Production 

1963-76 
Production 

1963-76 
Production 

astandard error . 

Table 2 4 .  Econometric mode ls of the demand for a l l  rock material in 
statewide , Portland, Jackson Count y ,  and Umatilla County areas 

Coe f ficients of Explanatory Variables 
(t-statistic) 

Highway 
Intercept Price Population Employment Expenditures Income 

1 , 272 , 446 5 , 4 7 3 ,  334 -0 . 80 2 1 . 93 0 . 064 
( 0 . 03 )  ( 0 . 3 3 )  ( -0 . 0 3 )  ( 0 . 4 5) ( 1 . 04 )  

1 , 44 0 , 6 5 1  -6 , 66 7 , 195 0 . 39 39 . 54 0 . 046 
( 0 .  20) ( - 2 . 41 )  0 . 06) ( 2 . 70 )  ( 1 .  52) 

-7 , 88 9 , 165 -2 , 82 6 , 8 62 259 .09 -326 . 19 0 . 063 
( - 1 . 64 )  ( -3 . 50 )  ( 3 . 32 )  ( - 2 . 55) ( 0 . 81) 

3 , 724 , 365 6 1 2 , 8 1 7  - 1 6 5 . 57 193 . 0 5  0 . 008 
( 0 .  35) ( 0 . 96 )  ( - 0 . 4 4 )  ( 0 . 49) ( 0 . 09) 

the 

R2 F-Ratio se a 

0 . 17 0 . 45 4 , 2 2 1 ,800 

0 . 91 22 . 12 961 , 120 

0 . 82 10 . 36 7 3 5 , 390 

0 . 20 0 . 57 636, 080 



Tab le 2 5 .  C orr e la t ion of b values f or maj or e con ometric models 

Dependent 
Variable 

(Table N o. )  • 

Corr e la t i on C oe f f ici e n t  
Model 

No. 

Statewide 
( 1 )  

S t atewide 
( 1 )  

Portland 
(1)  

Portland 
( 1 )  

J ackson 
( l )  

Jackson 
( 5 )  

Umatilla 
( 1 )  

U mat illa 

Explan a t ory 
Variable 

Product ion Price 
Sand & Gravel H i ghway Exp enditure s  
( 1963-76) Popula t i on 
(Table 16) * 

Produc t i on 
Stone 
( 1963-76) 
(Table 17) * 

Production 
Sand & Grave l 
( 1963-76) 
(Table 18) * 

Production 
S t one 
( 1963-76) 
( T ab l e  19) * 

Product ion 
Sand & Grav e l  
( 1963-76) 
( T ab l e  20) * 

Production 
Stone 
( 1963-76) 
(Table 20)  * 

Employment 

Price 
H i ghway Exp e n di tures 
P opulation 
Employ m e n t  

Price 
Highway Expendit ur es 
Population 
Employment 

Pr ice 
Highway Expen ditur e s  
Populati on 
E mployment 

Price 
Highway Exp enditures 
Population 
Employment 

Price 
Highway Expe ndi tures 
Popula t i on 
Employ me n t  

Producti on Price 
Sand & Gravel Hi ghway Exp e ndi t ures 
(1963-76) Popula t i on 
(Table 2 1 ) * Employment 

( 5 )  Product ion Price 

Lincoln 

Stone 
(1963-76) 
( T able 2 1 ) * 

Product ion 
All Rock 
( 1963-76) 
( T able 2 2 ) * 

Hi ghway Exp e nditures 
Population 
Employment 

Price 
H i ghwa y Exp e nditures 
P opula ti on 
Employ m e n t  

I n t e rcept 

- . 73 
- . 19 
- . 32 
- . 05 

- . 57 
- . 43 
- . 63 

. 38 

- . 93 
- . 51 
- . 39 
- . 37 

- . 76 
- . 1 5  
- . 12 
- . 27 

- . 2 1  
- . 15 
- . 58 

. 39 

- . 4 7  
- . 2 3  
- . 78 

. 42 

- . 49 
. 50 

- . 96 
. 84 

- . so 
. 39 

- . 98 
. 90 

. 00 
- . 54 
- . 97 

. 91 

*The table containing the parame ters of the model. 

64 

H ighwa y 
Price Expe ndi t ure 

- . 23 
- . 13 
- . 35 

- . 02 
. 25 

- . 22 

. 4 7  

. 4 7  

. 16 

. 0 1  

. 30 
- . 17 

- . 1 3  
- . 54 

. 4 5  

. 1 3 

. 09 

. 15 

- . 32 
. 3 3 

- . 18 

- . 06 
. 4 3  

- . 41 

- . 16 
- . 15 

. 18 

. 11 
- . 04 

. 0 7  

. 05 

- . 10 
. 36 

- . 40 
. 32 

- . 16 
. 40 

- . 26 
. 53 

- . 52 
. 48 

- . 4 5  
. 44 

. 4 7  
- . 40 

Popul at ion 
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Tabl e  26. Estimated average population for each study area: 
1950-1976 

Portland Jackson Lincoln Umatilla 
Year On•son Area Count:t: Count:t: Count:t: 

1950 1 , 52 1 , 341 2 7 1 , 478 5 8 , 510 2 1 , 308 4 1 , 703 
1951 1 , 56 8 , 000 275, 200 61 , 300 2 3 , 200 4 3 , 300 
1952 1 , 60 2 , 100 282 , 200 63 , 000 2 3 , 200 47 , 500 
1953 1 , 636 , 800 294 , 600 6 3 , 000 2 3 , 200 47 , 600 
1954 1 , 66 2 , 680 30 3 , 840 64 , 740 2 3 , 390 4 3 , 320 
1955 1 , 690,840 3 1 4 , 930 6 5 , 790 2 3 , 440 4 3 , 550 
1956 1 , 7 3 4 , 650 7 3 6 , 590 7 0 , 840 2 4 , 000 4 5 , 320 
1957 1 , 7 3 7 , 470 750, 450 7 1 , 750 2 5 , 300 43 ,840 
1958 1, 726, 630 7 1 6 , 960 6 8 , 660 2 4 , 480 4 2 , 350 
1959 1 , 77 7 , 000 7 2 0 , 950 7 1 , 300 24 , 900 4 4 , 750 
1960 1 , 768 , 687 750, 467 7 3 , 962 24 , 63 5  44 , 352 
1961 1 , 816 , 34 5  762, 567 7 6 , 523 2 4 , 252 44, 726 
1962 1 , 82 5 , 138 7 1 1 , 424 8 0 , 346 2 3 , 2 75 4 3 , 64 3  
1963 1 , 851 , 690 720 , 902 83 , 647 22 , 487 43 , 19 3  
1964 1 , 906 , 000 7 3 3 , 840 87 , 47 3  22 , 425 4 2 ,917 
1965 1 , 97 2 , 150 756, 400 92 , 100 2 3 , 200 4 3 , 100 
1966 1 , 999 , 780 765, 200 95 , 000 2 3 , 400 43 , 500 
1967 2 , 006 , 360 766, 500 9 5 , 000 2 3 , 550 4 3 , 800 
1968 2 , 050 , 900 788 , 74 5  95 , 000 25 ,065 4 4 , 590 
1969 2 , 081 , 640 799 , 810 9 3 , 700 2 5 , 130 4 5 , 370 
1970 2 , 09 1 , 385 909,465 94 , 53 3  2 5 , 755 44 , 92 3  
1 9 7 1  2 , 1 4 3 , 010 934 , 1 30 9 7 , 620 25 , 840 4 5 , 120 
1972 2 , 183 , 270 955 , 770 100 , 100 26 , 100 4 5 , 450 
1973 2 , 224 , 900 954 , 300 105 , 000 2 7 , 000 4 6 , 400 
1974 2 , 266 , 000 962 , 360 108 , 100 2 7 , 300 4 7 , 250 
1975 2 , 299 , 000 973 , 500 110, 700 2 7 , 650 48, 200 
1976 2 , 34 1 , 750 987 , 200 1 1 3 , 000 2 8 , 100 5 0 , 000 

SOURCE : Center for Population Research and Census , Portland Stale University. 
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Table 27 . Estimated average total employment for each 
study area: 1950-1976 

Portland Jackson Lincoln UmaLi11a 
Year Ore51on Area Count:i Count;t Count;t 

1950 607, 500 
1951 629 , 100 
1952 631 , 100 
1953 6 3 1 , 500 
1954 623 , 700 
1955 644 , 900 
1956 662, 000 
1957 646 , 500 
1958 644 , 300 6 , 470 24 , 340 7 , 480 
1959 6 7 2 , 200 291 , 250 24 , 530 7 , 320 1 5 , 590 
1960 682 , 300 298 , 120 2 4 , 590 7 , 540 1 5 ,630 
1961 679 , 300 296 , 390 24 , 210 6 , 940 15 , 950 
1962 695 , 000 305, 980 2 5 , 440 7 , 040 16 , 400 
1963 7 1 2 , 700 3 1 5 , 570 2 6 , 290 6 , 960 1 6 , 160 
1964 7 3 8 , 300 326 , 240 2 9 , 500 7 , 320 16 , 550 
1965 7 7 5 , 800 341 , 310 30 , 990 7 , 880 1 6 , 770 
1966 807 , 300 3 55 , 170 32 , 440 7 , 990 1 7 , 350 
1 q«=;7 817 , 500 362 , 850 3 3 , 330 8 , 320 17 , 970 
1968 8 4 3 , 500 378 , 000 34 , 920 8 , 580 1 7 , 820 
1969 87 2 , 200 397 , 710 3 5 , 820 8 , 570 1 7 , 380 
1970 802, 800 364 , 243 34 , 200 9 , 560 17 , 630 
19./l 834 , 600 373 , 590 37 , 960 9 , 850 1 8 , 860 
1972 893 , 700 398 , 593 4 1 , 610 1 0 , 550 1 9 , 600 
1973 939 , 000 4 1 9 , 138 44 , 050 1 1 , 180 19 , 610 
1974 939, 000 4 2 3 , 294 43 , 150 1 0 , 970 1 9 , 890 
1975 929 , 000 416 , 196 42 , 9 10 1 1 , 060 20 , 920 
1976 929 , 000 428, 286 4 4 , 500 1 1 , 770 2 2 , 900 

SOURCE: Oregon Employment Division, Research and Statistics Section . 
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Year 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Table 28. Estimated annual real expenditures for road construction and maintenance 
by the Oregon Department of Transportation in each study area: 

1963-1976 

Jackson Lincoln Umatilla 
Oregon Portland Area Count� Count;t County 

8 3 1 87 6 1 776 17 , 268 , 000 9 , 01 7 1 64 3  901 1 391 2 1 27 6 1 637 
l l O  1 8101 992 2 2 , 7 53 1 184 9 1 8601 800 1 1 456 , 894 1 , 74 2 , 624 
127 1 0041 896 24 , 546 1 224 14 1 1 34 1 07 5  2 1 4 3 3 1 407 1 , 09 7 , 336 
l l 2 , 946, 896 18 , 550 , 848 7 1 997 , 08 1  2 1 089, 2"27 1 1 256 , 760 

98 1 99 6 1 640 2 0 1 751 , 296 3 1 2 69 1 28 1  2 1 80 5 , 529 4 , 2 79 , 91 2  
8 5 1 626 1 880 28 1 494 1 92 8  2 1 690 1 44 7  2 , 154 1 106 8 1 02 5 1 987 
7 5 1 2 3 3 1 248 3 2 1 65 3 1 312 3 , 1 7 6 , 832 1 , 41 6 , 594 8 , 74 9 1 262 
7 7 , 20 9 , 504 3 8 , 448 1 368 2 1 641 , 788 4 5 5 1 004 4 , 1 19 1 92 5  

l l 0 1 5 7 9 1 600 5 1 1 44 9 , 760 2 , 40 5 1 396 1 1 0 5 5 1 754 3 , 101 1 396 
1081895 1 296 361 851 1 840 2 1 1 66 1 26 3  2 , 34 1 1 577 3 1 185 1 78 5  
1 1 3 1 2 9 3 1 392 37 1 138 1 400 3 1 068 1 601 1 1 89 5 1 70 1  4 1 559 1 17 1  

54 , 8 3 3 , 648 1 5 1 1 3 9 1 662 1 1 320 , 764 629 , 2 60 3 , 194 , 749 
7 1 1 30 3 1 3 1 2  1 6 1 980 1 080 1 1 369 1 887 1 1 062 1 208 2 , 5 5 6 , 017 
90, 17 1 , 792 1 9 , 502 , 928 3 , 58 2 , 871 9191 567 2 , 962 , 520 

SOURCE : Oregon Department of Transportation, Policy and Program Development SecLion. 

Table 29.  Estimated average real price of crushed stone for 
each study area : 1956-1976 

Portland Jackson Lincoln Umati l la 
Year Oregon Area Count:z:: Count:z:: COunt:z:: 

1956 1 . 47 l .  26 1 . 77 l .  57 1 . 42 
1957 1 . 15 1 . 40 l .  7 5  1 . 60 1 . 30 
1958 1 . 08 1 . 19 l .  76 l .  56 1 . 01 
1959 1 .  27 1 . 60 1 . 49 1 . 48 1 . 2 6  
1960 l .  2 5  l .  2 2  0 . 85 1 . 46 1 . 33 
1961 l .  29 l .  34 l. 97 1 .  7 2  1 . 31 
1962 1 .  2 1  1 . 05 1 .  64 1 .  52 1 . 20 
1963 1 .  29 1 .  29 1 . 4 7  1 .  3 1  l .  2 7  
1964 1 . 19 1 .  28 l .  69 1 .  52 1 . 4 1  
1965 1 .  31 1 .  2 5  2 . 01 1 . 48 1 . 43 
1966 l .  58 l .  58 2 . 78 2 . 91 1 . 92 
1967 1 . 62 1 . 4 2  2 . 34 1 . 84 1 . 88 
1968 1 . 48 l .  2 6  1 . 62 1 . 71 l .  28 
1969 l .  54 1 . 4 7  2 . 01 1 . 9 3  1 . 44 
1970 1 . 42 l .  2 6  1 . 87 l .  79 1 . 47 
1971 1 . 6 5  1 . 44 2 . 79 1 . 96 2 . 85 
1972 1 .  38 1 . 19 l . ll 1 . 46 1 . 54 
1973 l .  27 1 . 09 l .  2 2  1 . 81 l .  2 1  
1974 1 .  38 1 . 45 0 . 9 7  1 . 60 1 . 3 7  
1975 1 . 2 1  l .  2 5  0 . 7 1  l .  7 5  l .  34 
1976 l. 27 1 . 2 2  0 . 9 6  l .  70 l .  3 7  
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Table 30 . Estimated average real price of sand and gravel for 
each study area : 1956-1976 

Portland Jackson Lincoln Umatilla 
Year Oregon Area Count� Count� Count� 

1956 1 . 14 1 . 11 1 .  33 0 . 00 1 . 14 
1957 1 . 1 5  1 .  30 1. 22 1 . 82 1 . 2 1  
1958 1 . 07 1 . 09 1 . 40 1 .  34 1 . 12 
1959 0 . 92 1 . 12 1 . 37 1 .  51 1 . 06 
1960 1 . 02 1 . 12 1 . 08 1 .  2 5  1 . 46 
1961 1 .  22 1 .  23 1 .  29 1 . 09 1 .  33 
1962 1 . 13 1 .  22 1 . 03 1 . 10 1 . 58 
1963 1. 26 1 . 49 1 .  45 1 . 41 1 . 45 
1964 1 .  45 1 .  54 1 .  37 1 . 3 3  1 .  38 
1965 1 .  57 1 . 67 1. 47 1.  54 1 .  53 
1966 1. 33 1 . 65 1 .  33 1 . 43 2 . 12 
1967 1 .  29 1 .  50 1. 5 7  2 . 11 2 . 19 
1968 1 . 13 l .  36 1 .  39 4 . 82 1 .  74 
1969 1 .  2 1  1 .  36 1 .  32 1.  20 1 . 61 
1970 1. 34 1.  30 1 .  30 1 . 50 1 .  70 
1971 1.  20 1. 24 1 . 32 1 .  36 0 . 87 
1972 1 . 14 0 . 97 1 .  3 1  1 .  OS 1 . 42 
1973 1 . 16 1 . 18 1. 32 1 . 45 1 .  39 
1974 1 .  2 6  1 .  4 0  1 . 40 1 .  38 1 .  33 
1975 1 . 19 1 .  2 3  1 .  3 4  1 . 21 1 . 18 
1976 1 . 18 1 . 18 1 . 64 1 . 2 5  1 . 18 
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Table 3 1 .  Annual production and value ,  1940-1976, for sand and grave l , and crushed 
stone ( including road metal cinders) : Oregon 

Sand and Gravel Crushed Stone Total 
Production Value Production Value Production Value 

Year (tons) ( $ )  (tons) ( $ )  (tons) ( $ )  

1 940 2 , 93 9 , 132 1 , 3 37 , 389 2 , 787 , 140 2 , 2 4 9 , 365 5 , 726 , 2 72 3 , 586, 754 
1941 3 , 968 , 395 2 , 15 9 . 470 2 , 836 , 390 2 , 4 36 , 783 6 , 804 , 785 4 , 596 , 2 53 
1942 6 , 660 , 311 4 , 497 , 514 2 , 596 , 0 30 2 , 635 , 0 86 9 , 2 5 6 , 341 7 , 1 32 , 600 
1943 6 ,063 ,028 5 , 42 5 ,814 1 , 535, 490 1 , 8 34 , 2 7 1  7 , 598 , 518 7 , 260 ,085 
1944 4 , 60 1 , 163 3 , 752 , 6 7 1  1 , 94 7 , 2 30 2 , 3 78 , 142 6 , 548 , 393 6 , 130 , 813 
1945 4 , 4 76 , 504 3 , 681 , 2 55 1 ,  54 7 , 960 1 , 924 ,873 6 , 024 , 464 5 , 606 , 128 
1946 5 , 419 , 183 4 , 578 , 67 2  1 , 47 4 , 570 2 , 022 , 4 34 6 , 893 , 7 5 3  6 , 601 , 106 
1947 6 ,0 20 , 440 5 , 541 , 37 3  3 , 002 ,000 4 , 4 2 5 ,847 9 , 022 , 4 40 9 , 96 7 , 220 
1948 8 , 384 , 7 55 10 ,628 ,889 3 , 682 , 4 20 5 ,  7 3 3 , 6 58 12 ,067 , 17 5  16 , 362 , 547 
1949 7 , 134 , 7 5 1  7 , 682 , 27 2  4 , 397 ,420 6 , 4 8 3 , 8 39 1 1 , 532 , 171 14 , 166 , 111 
Total 5 5 , 667 ,662 4 9 , 2 8 5 , 319 2 5 , 80 6 , 650 3 2 , 124 , 298 8 1 , 474 , 31 2  8 1 , 40 9 , 617 

1950 8 , 1 99 , 900 8 , 168 , 293 3 , 84 1 , 840 5 , 59 3 , 4 3 5  1 2 ,041 , 740 1 3 , 76 1 , 728 
1951 10 , 504 , 3 39 9 , 1 1 7 , 343 8 , 72 1 , 799 10 , 8 31 ,483 19 , 226 , 138 1 9 , 948 , 826 
1952 1 2 , 2 19 ,486 8 , 556 , 2 18 6 , 2 50 , 849 8 , 893 , 368 18 ,470 , 3 35 17 ,449 , 586 
1953 8 , 76 3 , 078 8 , 6 2 9 , 632 4 , 94 1 , 460 6 , 346, 989 1 3 , 70 4 , 538 14 , 97 6 , 6 2 1  
1954 1 3 , 157 , 2 39 14 , 14 9 , 380 5 , 87 2 , 353 8 , 617 , 79 5  19 ,029 , 592 2 2 , 767 , 17 5  
1955 1 1 , 953 , 878 1 1 , 832 , 344 7 , 74 1 , 93 7  9 , 4 1 7 , 834 1 9 , 6 9 5 , 8 1 5  2 1 , 250 , 178 
1956 1 1 , 6 37 , 183 1 1 , 6 46 , 36 7  6 , 097 , 96 5  7 , 890 , 197 1 7 , 7 3 5 , 1 48 1 9 , 536 , 564 
1957 1 2 ,842 , 941 1 3 , 4 8 1 , 26 3  10 , 60 1 , 664 1 1 , 76 3 , 564 2 3 ,444 ,605 2 5 , 24 4 , 827 
1958 10 , 46 3 , 884 10 , 264 , 933 1 5 , 10 3 , 87 2  1 5 , 644 , 26 3  2 5 , 56 7 , 756 2 5 , 90 9 , 196 
1959 18 ,086 , 6 51 1 5 , 506 , 37 9  1 3 , 3 5 5 , 5 3 2  16 , 138 , 870 3 1 , 442 , 183 3 1 , 64 5 , 249 
Total 1 1 7 , 828 , 579 1 1 1 , 352 , 152 82 , 52 9 , 2 7 1  101 , 13 7 , 798 200 , 357 , 850 2 1 2 , 48 9 , 950 

1 960 1 7 , 6 7 3 , 0 52 16 , 170 ,083 16 , 92 4 , 554 1 9 , 7 3 1 , 392 34 , 597 , 606 3 5 , 90 1 , 495 
1961 1 2 , 298 , 5 7 3  1 3 , 6 7 9 , 8 7 2  1 7 , 537 , 869 2 1 , 338 , 557 2 9 , 8 36 , 442 3 5 , 0 1 8 , 4 2 9  
1962 1 4 , 868,629 14 , 556 , 382 18 , 271 ,466 2 1 ,006 , 935 33 , 140 , 095 3 5 , 56 3 , 317 
1963 1 5 , 7 1 5 , 2 30 18 , 84 9 , 779 1 9 , 98 7 , 64 3  2 4 , 52 2 , 34 1  3 5 , 70 2 ,873 4 3 , 37 2 , 120 
1964 1 8 , 2 5 3 , 000 2 5 , 15 8 , 000 16 , 542 , 22 3  1 9 , 7 2 1 , 4 30 34 , 795 , 2 2 3  4 4 , 8 7 9 , 4 30 
1965 2 1 , 80 0 , 000 3 2 , 8 4 9 , 000 2 1 , 680 , 634 2 7 , 768 , 830 43 ,480 ,634 60 , 6 1 7 , 830 
1966 3 5 , 327 ,000 34 , 986 , 000 3 3 , 82 2 , 881 48 , 9 1 5 , 1 1 5  6 9 , 149 ,881 8 3 , 90 1 , 1 1 5  
1967 1 9 , 6 30 , 000 2 5 , 250 ,000 1 3 , 858 , 981 20 , 960 , 582 33 ,488 , 981 46 , 210 , 582 
1968 18 , 260 , 000 2 1 , 4 5 7 , 000 1 4 , 8 3 5 ,489 2 1 , 597 , 180 3 3 , 095 ,489 4 3 , 0 54 , 180 
1969 1 5 , 740 , 000 2 0 , 491 , 000 1 2 , 32 7 , 559 1 9 , 45 7 , 4 3 1  28 ,067 , 559 3 9 , 948, 4 3 1  
Total 189 , 56 5 , 484 2 2 3 , 447 , 116 185 , 789, 299 2 4 5 , 0 1 9 , 793 3 7 5 , 354 , 783 468 , 466 , 909 

1970 1 7 , 532 ,000 2 5 , 978 ,000 14 , 299, 449 21 ,648 , 283 3 1 ,831 , 449 47 , 626 , 28 3  
1971 20 , 2 30 , 000 28 , 70 7 , 000 14 , 40 1 , 739 27 , 240 ,675 34 ,631 , 739 5 5 , 947 , 6 75 
1972 2 4 , 4 8 9 , 000 3 4 , 9 8 1 , 000 1 1 , 536 , 389 1 9 , 0 50 , 919 36 , 0 2 5 , 389 54 , 0 31 , 919 
1973 2 2 ,802 , 000 3 2 , 7 51 , 000 14 , 10 4 , 751 2 2 , 555 , 285 36 , 90 6 , 751 5 5 , 306 , 285 
1974 1 8 , 557 , 755 30 , 94 7 , 585 2 3 , 92 7 , 83 1  4 4 , 0 2 9 '  7 2 2  42 ,485 , 586 7 4 , 97 7 , 30 7  
1 9 7 5  16 , 52 7 , 524 2 9 , 59 5 , 90 2  2 2 , 46 8 , 793 4 3 , 199, 163 38, 996 , 3 1 7  72 , 795 ,065 
1976 1 7 , 556, 455 3 3 , 474 , 91 2  2 1 , 16 5 , 3 3 7  4 4 , 0 10 , 518 38 , 72 1 , 792 77 , 4 8 5 , 430 
Total 1 3 7 , 694 , 7 34 2 16 , 4 3 5 , 399 1 21 , 904 , 289 2 21 , 734 , 565 2 59 , 599 , 0 2 3  4 38 , 16 9 , 964 

DATA SOURCE : u . s. Bureau o f  Mine s ,  unpublished data , provided by DOGAMI . 
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Table 32 - Annual production and value , 1940-1976 , for sand and grave l ,  and crushed 
stone (including road metal cinders ) : Clackarnils , 

Columbia, Multnomah and Washington Counties 

Sand and Gravel Crushed Stone Total 
Production Value Production Value Production Value 

Yeilr (tons) ( $ )  (tons) ( $ )  (tons) ( $ )  

1940 859 , 457 4 4 5 , 7 3 1  196 , 930 182 , 828 1 , 056 , 387 6 2 8 , 559 
1941 1 , 355 , 162 776 , 11 1  32� , 708 3 1 2 , 060 1 , 680 , 870 1 , 088 , 171 
1942 1 , 659 , 374 1 , 016 , 664 3 7 2 , 910 409 , 57 1  2 , 0 32 , 284 1 , 426 , 235 
1943 1 , 889 ,848 1 , 79 1 , 791 2 51 , 267 2 7 2 , 089 2 '  14 1 '  115 2 , 06 3 , 880 
1944 1 , 626 , 318 1 , 2 74 , 584 227 , 648 273 , 151 1 , R53 , 966 1 , 54 7 , 935 
1945 1 , 36 3 , 485 1 , 2 4 7 , 007 265 , 1 32 571, 952 1 , 628 , 6 1 7  1 , 818 , 959 
1946 1 , 941 , 82 9  1 , 90 5 , 944 1 6 5 , 688 2 2 6 , 101 2 , 10 7 , 517 2 , 132 ,045 
1947 1 , 90 9 , 684 2 '  103 , 1 35 195 , 90 3  268 , 254 2 , 10 5 , 587 2 , 37 1 , 389 
1948 2 , 8 7 4 , 210 3 , 068 ,681 2 5 3 , 82 3  348 , 277 3 , 128 , 03 3  3 , 4 16 , 958 
1949 2 , 6 7 3 , 399 2 , 958, 226 384 , 353 508 , 514 3 , 057 , 752 3 , 466 , 740 
Total 18 , 152 , 766 1 6 , 587 , 874 2 , 6 39 , 362 3 , 3 7 2 , 997 20 , 792 , 128 1 9 , 96 0 , 8 7 1  

1950 2 , 873 , 526 3 , 16 7 , 28 3  374 , 858 482 , 578 3 , 248 , 384 3 , 64 9 , 861 
1951 3 , 42 8 , 37 3  3 , 456,073 366, 907 373 , 550 3 , 795 , 280 3 , 8 2 9 , 6 2 3  
1952 6 , 958,099 3 , 852 , 840 1 , 462 , 832 1 , 86 1 , 974 8 , 420 , 931 5, 7 14 , 814 
1953 3 , 2 3 1 , 0 4 5  3 , 1 30 , 361 J:.!Y,Y:.!U 397, 530 3 , 560 , 965 3 , 52 7 , 89 1  
1954 3 , 7 2 1 , 84 1  3 , 85 9 , 696 288 , 330 389 , 128 4 , 01 0 , 171 4 , 248, 824 
1955 3 , 643 , 67 3  3 , 986 , 479 1 , 809 , 92 7  1 , 84 4 , 457 5, 453 '600 5 , 830 , 936 
1956 4 , 4 10 , 939 4 , 28 5 , 927 64 3 , 685 710 , 585 5 , 054 , 624 4 , 996, 512 
1957 4 , 382 , 006 5 , 20 5 , 217 3 1 6 , 228 4 0 3 , 491 4 , 698, 234 5 , 608 , 708 
1958 3 , 57 1 , 224 3 , 595 , 905 1 , 976, 173 2 , 168, 179 5 , 54 7 , 397 5 , 764 , 084 
1%9 4 , 4 5 9 , 9 3 1  4 , 617 , 546 8 3 1 , 61 3  1 , 2 3 3 , 970 5 , 29 1 , 544 5 , 85 1 , 516 
Total 40 , 680 , 657 39 , 157 , 327 8 , 400 , 47 3  9 , 86 5 , 44 2  4 9 , 081 , 130 4 9 , 0 2 2 , 769 

1960 4 , 562 , 976 4 , 772 , 210 1 , 528 , 74 1  1 , 7 3 4 , 84 2  6 , 091 , 7 1 7  6 , 50 7 , 052 
1961 3 , 34 8 , 84 3  3 , 854 , 708 1 , 77 3 , 116 2 , 225 , 16 3  5 , 1 2 1 , 959 6 , 079 , A71 
1962 2 , 959 , 804 3 , 427 , 537 1 , 212 ,087 1 , 50 9 , 559 4 , 171 , 891 4 , 93 7 , 096 
1963 3 , 814 , 258 5 , 460 ,828 1 ,696 , 284 2 , 106,056 5 , 510 , 54 2  7 , 56 6 , 884 
1964 4 , 208 ,000 6 , 2 1 3 ,000 1 , 68 3 , 380 2 ,061 , 012 5 , 89 1 , 380 8 , 274 , 01 2  
1965 4 , 290,000 6 , 918 , 000 1 , 766 , 747 2 , 1 36 , 692 6 , 0 56 , 747 9 ,054 , 692 
19Gb 3 , 454 ,000 5 , 580 ,000 2 , 26 1 , 87 1  3 , 486, 648 5 ,  7 1 5 , 8 7 1  9 ,066 ,648 
1967 4 t 727 , 000 7 , 105 , 000 2 , 4 18 , 295 3 , 437 , 706 7 , 14 5 , 295 10 , 542 , 706 
1968 6 , 00 8 , 000 8 , 48 3 ,000 4 , 36 0 , 577 5, 712 , 653 10 , 368 , 577 1 4 , 195, 653 
1969 5 , 85 9 , 000 8 , 570 , 000 2 , 535, 488 4 , 022 , 494 8 , 394,488 12 , 592 , 494 
Total 4 3 , 2 3 1 , 88 1  60 , 38 4 , 283 2 1 , 2 3 6 , 586 28 , 4 32 , 825 64 ,468 , 467 88 ,817 , 108 

1970 6 , 70 9 , 000 9 , 868 , 000 2 , 4 96 , 793 3 , 576 , 3 5 1  9 , 20 5 , 793 1 3 , 444 , 351 
1971 7 ,  72 7 , 000 1 1 , 39 3 , 000 2 , 386,054 4 , 090 , 206 10 , 11 3 , 054 1 5 , 4 8 3 , 206 
1972 9 , 834 ,000 1 4 , 26 2 , 000 2 , 96 7 , 4 7 1  4 , 396 , 098 1 2 , 801 , 471 1 8 , 658,098 
1973 8 , 264 , 000 1 2 , 175 , 000 5 , 024 , 4 32 6 '  854 , 4 51 1 3 , 288 , 4 32 1 9 , 0 2 9 , 451 
1974 7 , 56 0 , 459 1 4 , 0 1 1 , 2 1 0  3 , 746 , 589 7 , 20 4 , 816 1 1 , 30 7 , 048 2 1 , 2 16 , 026 
1975 6 , 634 , 916 1 2 , 344 , 393 2 , 9 7 1 , 60 2  5 , 623 , 306 9 , 60 6 , 518 1 7 , 967 , 699 
1976 7 , 42 4 , 03 3  1 4 , 10 3 , 319 3 , 439, 347 6 , 764 , 554 10 ,863 , 380 20 , 867 , 87 3  
Total 54 , 1 5 3 , 408 88 , 156 , 922 2 3 ,032 , 288 38 , 50 9 , 782 7 7 , 18 5 , 696 126 ,666 , 704 

DATA SOURCE : u . s .  Bureau of Mine s ,  unpublished data, provided by DOGAMI . 
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Table 3 3 .  Annual production and value , 1940-1976 , for sand and grave l ,  and crushed 
stone { including road metal cinders) : Coo s ,  Curry , Douglas , 

Jackson , and Josephine Counties 

Sand and Gravel Crushed Stone Tolal 
Production Value Production Value Production Value 

Year {tons) { $ )  {tons) !$ )  {tons) ( $� 
1940 161 , 70 5  9 7 , 017 89 , 748 81 , 76 1  2 5 1 , 4 5 3  178 , 778 
1941 197 , 739 1 5 2 , 86 5  189 , 51 5  2 3 1 , 515 387 , 2 54 384 , 380 
1 942 944,884 9 1 7. , 739 1 5 2 , 6 1 3  160 ,846 1 , 097, 497 1 , 0 73 , 585 
1943 303 , 641 2 39 , 20 3  197 , 969 290 , 98 5  501 , 610 530 , 188 
1944 209,664 1 7 9 , 86 2  360 ,846 388 , 80 2  !;70 ' 510 568 , 664 
1945 179 , 28 5  149 , 6 57 6 5 , 849 92 , 316 2 4 5 , 134 2 4 1 , 973 
1946 1 3 8 , 069 120 , 108 173 , 642 210 ,800 311 , 7 1 1  330 , 908 
1947 3 2 3 ,093 3 1 1 , 787 264 , 1 1 3  337 , 291 587 , 206 649,078 
1948 3 5 5 , 608 381 , 1 2 7  507 , 931 563 , 73 5  863 , 539 944 , 86 2  
1949 691 , 162 622 , 4 96 572 , 793 782 , 189 1 , 26 3 , 955 1 , 404 , 685 
Total 3 ' 504 , 850 3 , 166 ,861 2 , 57 5 , 019 3 , 140 , 240 6 , 0 7 9 , 869 6 , 307 , 10 1  

1950 704 , 086 781 , 306 212 , 214 2 76 , 6 30 916 , 300 1 , 50 7 , 936 
1951 879 , 634 983 , 4 7:.! 4 4 7 , 451 557 ,068 1 , 327 , 08 5  1 , 540 , 540 
1952 1 , 0 18 , 139 988, 904 406,849 511' 337 1 , 42 4 , 988 1 , 500 , 241 
1953 1 , 120 , 620 1 , 20 2 , 826 476,095 559 ,005 1 , 596 , 7 1 5  1 , 76 1 ,831 
1954 1 , 2 7 3 , 985 1 , 480 , 72 3  1 , 2 36 , 80 1  1 , 688 , 376 2 , 510 , 786 3 '  169,099 
1955 1 , 4 50 , 397 1 , 70 2 , 14 1  972 , 998 1 , 492 , 026 2 , 4 2 3 , 395 3 , 194 , 167 
1956 1 , 649 , 0 37 1 , 90 7 , 966 975, 791 1 , 34 1 , 230 2 , 624 ,828 3 , 249 , 196 
19!;7 2 ,019, 842 2 , 192 , 832 1 , 64 5 , 92 9  2 ,091 , 92 1  3 , 66 5 ,  7 7 1  4 , 284 , 7 5 3  
1958 1 , 81 2 , 341 2 ,0 89 , 965 1 , 40 2 , 379 1 , 92 9 , 138 3 , 214 1 720 4 ,0 19 , 10 3  
1959 2 , 21 7 , 27 5  2 , 346 , 790 1 ,  963 ,010 2 , 539 , 595 4 , 180 , 28 5  4 , 886 , 38 5  
Total 1 4 , 14 5 , 356 1 5 , 676 , 92 5  9 , 73 9 , 517 1 2 , 986 , 326 2 3 ,884 , 87 3  2 8 , 66 3 , 2 51 

1960 1 , 887 ,604 2 , 31 3 , 316 2 , 4 1 9 , 361 2 , 796 , 2 38 4 , 296 , 96 5  5 , 10 9 , 554 
1961 3 , 247 , 933 4 , 10 5 ,  745 1 , 36 5 , 4 1 9  2 , 1 5 5 , 932 4 , 6 1 3 , 352 6 , 261 , 67 7  
1962 2 , 77 1 , 2 5 5  3 , 116, 958 2 , 111 , 944 3 , 12 1 , 0 2 7  4 , 88 3 , 199 6 , 237 , 98 5  
1963 2 , 80 3 ,  745 3 , 894 , 069 2 , 717 , 34 2  4 , 11 1 , 5 1 2  5 , 52 1 , 087 8 ,005 , 581 
1964 3 , 196 , 000 4 , 820 ,000 1 , 20 9 , 318 1 , 76 5 , 689 4 , 40 5 , 318 6 , 585 , 689 
1965 4 ,0 3 1 ,000 6 , 360,000 3 , 0 4 9 , 964 5 , 298 ,482 7 ,080 , 964 1 1 , 658 , 482 
1966 2 , 175 ,000 2 , 92 5 , 000 2 , 651 , 310 4 , 22 8 , 880 4 , 826 , 310 7 , 1 5 3 , 880 
1967 2 , 649 , 000 3 , 493 ,000 1 , 339 , 92 3  2 ,686, 104 3 , 988 , 92 3  6 , 17 9 , 101 
1968 1 , 88 6 , 000 2 , 592 , 000 1 , 50 2 , 532 3 , 50 4 , 894 3 , 38 8 , 532 6 , 096 , 894 
1969 1 , 852 , 000 2 , 580 ,000 1 , 51 4 , 844 2 , 748 , 152 3 , 366 ,844 5 , 328 , 152 
Total 26 , 48 9 , 537 36 , 200 ,088 1 9 , 881 , 957 32 , 4 16 , 910 46 , 37 1 , 4 94 68 , 616 , 998 

1970 1 , 8 1 9 , 000 2 , 830 ,000 1 , 449,917 2 , 42 4 , 218 3 , 26 8 , 917 5, 254 ' 218 
1971 2 , 446 ,000 3 ,643 ,000 1 , 950 , 47 9  3 , 792 , 824 4 , 396 , 479 7 , 435 ,924 
1972 2 , 850 , 000 4 ,018 ,000 1 , 14 7 , 868 2 , 24 7 , 130 3 , 997 , 868 6 , 26 5 , 130 
1973 3 , 56 8 , 000 5 , 554 ,000 2 , 674 , 278 4 , 551 , 60 1  6 , 24 2 , 278 10 , 10 5 , 60 1  
1974 1 , 971 , 580 3 ,6 4 5 , 644 6 , 172 , 0 50 9 , 996 , 598 8 , 14 3 , 630 1 3 , 64 2 , 242 
1975 2 , 98 5 , 92 7  5 , 8 3 5 , 430 6 ,  20 3 , 266 9 , 38 6 , 295 9 , 18 9 , 193 1 5 , 2 2 1 , 72 5  
197& 2 , 84 6 , 0 50 5 , 653 , 90 2  3 , 482 , 4 7 7  6 , 744 , 62 7  6 , 328 , 527 12 , 398 , 529 
Total 1 8 , 486 , 557 3 1 , 17 9 , 976 2 3 ,080 , 335 39 , 14 3 , 293 41 , 566 ,892 70 , 32 3 , 269 

DATA SOURCE : u . s .  Bureau o f  Mine s ,  unpublished data , provided by DOGAMI . 
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Table 3 4 .  Annual production and value, 1940-1976, for sand and grave l ,  and crushed 
stone ( including road metal cinders) :  Clatsop , 

Year 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 

Total 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 
1958 
1959 
Total 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 

1968 
1969 

Total 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
Total 

Lincoln , and Tillamook Counties 

Sand and Gravel 
Production 

(tons) 

6 3 , 924 
7 3 , 897 
9 1 , 753 

633, 961 
151 , 885 

5 8 , 6 1 5  
149 , 77 2  
130 , 295 
147 , 072 

2 2 , 2 95 
1 , 52 3 , 469 

5 , 056 
127 , 396 

2 6 , 818 
102 , 600 
1 7 7 , 7 7 2  

114 , 086 
37 7 , 885 
328 , 6 1 5  
17 5 , 933 
1 4 0 , 709 

1 , 57 6 , 8 70 

1 1 1 , 824 

189 , 328 
3 3 7 , 840 
4 8 5 , 250 
20 3 , 000 

276 , 000 
194 , 000 
124 , 000 

20 7 , 000 

260 , 000 

2 ,  388, 242 

1 30 , 000 
267 , 000 

1 , 054 ,000 
1 , 1 1 9 , 000 

1 , 1 1 9 , 6 1 5  
408 , 606 
4 1 1 , 316 

4 ,  509, 537 

Value 
( $ )  

3 2 , 44 5  
5 4 , 4 3 2  
62 , 284 

54 6 ,0 28 
1 2 1 , 787 

6 3 , 04 7 
174 , 12 3  

90 , 412 
47 , 997 
2 1 , 136 

1 , 21 3 , 691 

4 , 868 
152 , 485 

3 5 , 638 
7 7 , 500 

2 2 8 , 90 1  

1 3 8 , 94 1  

389 , 51 3 
349 , 358 
196 , 356 
1 2 9 , 016 

1 , 702 , 576 

117 177 
184 , 977 
409 , 87 3  
604 , 434 
2 5 2 , 000 

388 , 000 

193 , 000 

92 , 000 

12 7 , 000 

402 , 000 

2 ,  770 , 461 

2 2 4 , 000 

391 , 000 
1 , 26 1 , 000 
1 , 596 , 000 

1 , 54 9 , 009 
952 , 374 
848 , 528 

6 , 821 , 91 1  

Crushed Stone 
Production 

(tons) 

1 5 1 , 726 
1 7 3 , 35 3  
285 , 723 
304 , 657 
176 , 243 
144 , 28 1 

4 8 , 37 5  
64 , 604 

150 , 904 
2 50 , 429 

1 , 750 , 295 

208 , 114 
204 , 4 18 
2 1 1 , 231 
1 9 1 , 030 
331 , 878 
64 2 , 646 
545, 432 
714 , 019 
760, 306 
479, 116 

4 , 288 , 1 90 

912 , 86 1  
509 , 910 

1 , 1 18 , 549 
637 , 567 
840 , 944 

1 , 001 , 55 3  
1 , 3 15 , 364 

369 , 76 1  
583, 667 
894 , 894 

8 , 18 5 , 070 

893 , 016 
692 , 532 
858 , 467 
7 4 5 , 230 

1 , 00 3 , 268 
1 , 14 5 , 91 3  
1 ,  125 , 416 
6 , 463 , 842 

Value 
( $ )  

1 18 , 14 1  
1 3 4 , 26 1  
300 , 137 
248 , 82 7  
229 , 000 
1 3 2 , 954 

6 5 , 400 
78, 610 

2 7 4 , 180 
298 , 03 5  

1 , 87 9 , 545 

2 5 2 , 120 
261 , 114 
296 , 244 
2 1 8 , 365 
4 7 1 , 317 
786 , 452 
674 , 340 
965 , 985 
913 , 724 
625 , 2 7 7  

5 , 464 , 938 

1 , 70 5 , 193 
7 3 9 , 0 50 

1 , 60 6 , 582 
820, 396 

1 , 174 , 60 1  

1 , 37 5 , 710 
3 , 02 4 , 109 

6 7 3 , 589 
956 , 042 

1 , 56 5 , 706 
1 3 , 64 0 , 978 

1 , 39 1 , 1 2 5  
1 , 24 8 , 60 7  
1 , 330 , 843 
1 , 3 19 , 8 1 2  
2 , 06 3 , 849 
2 , 74 5 , 288 
2 , 666, 778 

12 , 766 , 30 2  

Total 
Production 

(tons) 

2 1 5 , 650 
247 , 250 
377 , 4 76 
938 , 618 
328 , 128 
202 , 896 
198 , 14 7  
194 , 899 
297 , 976 
2 7 2 '  724 

3 , 273 , 764 

2 1 3 , 170 

3 3 1 , 814 
2 3 8 , 0 4 9  

2 9 3 , 630 

50 9 , 650 

756 , 7 3 2  

923 , 317 
1 , 042 , 634 

936 , 2 3 9  

619 , 82 5  

5 , 86 5 , 060 

1 , 024 , 685 
699 , 2 38 

1 , 456 , 389 
1 , 122 , 8 1 7  
1 , 043 , 944 
1 , 27 7 , 55 3  
1 , 50 9 , 364 

493 , 76 1  
790 , 667 

1 , 154 , 894 
10 , 5 7 3 , 3 1 2  

1 , 023 , 016 
959 , 5 32 

1 , 91 2 , 467 
1 , 864 , 230 
2 , 12 2 , 883 
1 , 55 4 , 519 
1 , 5 36 , 732 

10 , 97 3 , 37 9 

DATA SOURC E :  U . S .  Bureau o f  M�ne s ,  unpublished data , provided b y  DOGAMI . 
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Value 
( $ )  

1 50 , 586 
188 , 6 9 3  

362 , 4 2 1  
794 , 8 55 
350 , 787 
196 ,001 
2 39 , 52 3  
169 , 0 2 2  
322 , 177 
3 19 , 1 7 1  

3 , 093 , 236 

256 , 988 
4 1 3 , 599 
33 1 , 882 
2 95 , 865 

700 , 2 18 

925 , 393 

1 , 06 3 , 8 5 3  
1 , 315 , 34 3  
1 , 1 10 , 080 

7 54 , 293 
7 , 167 , 514 

1 , 822 , 370 
924 ,027 

2 , 0 1 6 , 4 5 5  
1 , 424 , 830 
1 , 426 ,601 
1 , 763 , 7 10 
3 , 2 17 , 109 

765 , 589 
1 , 083 , 042 
1 , 967 , 706 

16 , 4 1 1 , 439 

1 , 6 15 , 12 5  
1 , 639 , 607 
2 , 59 1 ,843 
2 , 9 1 5 , 8 12 
3 , 6 12 , 858 
3 , 697 ,662 
3 , 515 , 306 

1 9 , 588 , 2 1 3  



Table 3 5 .  Annual production and value , 1940-1976, for sand and gravel ,  and crushed 
stone ( including road metal cinders) : Gilliam , 

Year 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
Total 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
Total 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
Total 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
Total 

Morrow , and Umatilla Counties 

Sand and Gravel 
Production Value 

(tons) ( $ )  

140 , 2 39 
87 , 822 
8 4 , 737 
17 , 107 
5 9 , 940 
50 , 7 36 
4 7 , 50 2  

201 , 207 
2 28 , 981 
1 1 3 , 598 

1 ,0 3 1 , 869 

1 4 3 , 430 
294 ,061 
3 1 5 , 703 
2 0 5 , 5 1 5  
305 , 617 
3 2 9 , 164 

707 , 0 4 5  
289 , 4 38 
2 9 8 , 857 
3 4 5 , 150 

3 , 2 3 3 , 980 

1 , 3 1 3 , 66 5  
552 , 681 

1 , 8 1 1 , 4 3 3  
692 , 34 5  

2 ,  507 ,000 
583 , 000 

18, 1 7 9 , 000 
1 , 603 ,000 

148 ,000 
189,000 

2 7 , 579 , 124 

394 ,000 
310 ,000 
2 3 1 , 000 
320 ,000 
391 , 97 5  
3 1 9 , 90 3  
2 7 1 , 280 

2 , 2 3 8 , 158 

63 , 300 
32 , 514 
3 8 , 4 1 2  

6 , 336 
44 ,400 
20 , 786 
2 8 , 6 1 4  

181 , 24 3  
233 , 919 
109 , 179 
7 5 8 , 703 

1 4 7 , 406 
2 7 8 , 365 
3 1 3 , 999 
209 , 4 2 5  
422 , 389 
335, 930 

7 4 1 , 091 
319 , 74 5  
3 3 8 , 963 
338, 494 

3 , 4 4 5 , 807 

692 , 908 
680 ,000 
9 50 , 17 5  
767 , 148 

3 , 623 ,000 
789 , 000 

1 1 , 774 ,000 
3 , 51 4 , 000 

241 ,000 
330 ,000 

2 3 , 36 1 , 231 

1 , 623 ,000 
303 ,000 
382 , 000 
602 , 000 
7 4 1 , 034 
623 , 967 
566 , 790 

4 , 84 1 , 791 

Crushed Stone 
Production Value 

(tons) ( $ )  
76 , 601 
54 , 000 
69 , 804 
88, 480 

2 2 4 , 166 
239 , 04 1  
167 , 248 

7 5 , 000 

4 7 , 877 
1 , 042 , 217 

82 , 5 5 1  
5 4 3 , 791 
2 17 , 29 1  
309 , 0 1 5  
2 48 , 4 59 
442 , 792 
2 2 5 ,026 
536, 490 

1 , 2 10 , 387 
854 , 300 

4 , 670 , 102 

1 , 372 , 370 
609 , 260 
9 7 1 , 488 

1 , 4 2 9 , 728 
1 , 824 , 191 
1 , 34 6 , 4 37 

16 , 001 , 375 
1 , 194 , 308 

420 , 31 5  
2 6 2 , 6 2 4  

2 5 , 4 3 2 ,096 

3 0 2 , 976 
698 , 429 
307 , 181 
4 3 5 , 886 

1 , 129 , 4 70 
866 , 5 14 
393 , 777 

4 , 1 54 , 2 3 3  

5 9 , 040 
4 0 , 000 
4 8 , 247 
9 6 , 406 

2 7 5 , 1 7 3  
3 2 2 , 140 
201 , 670 
100 , 000 

4 2 , 747 
1 , 18 5 , 4 2 3  

106 , 810 
452 , 64 3  
225 , 36 5  
286 , 160 
209, 299 
485 , 615 
301 , 236 
616, 758 

1 , 220 , 6 54 
982 , 927 

4 , 88 7 , 467 

1 , 638 , 852 
862 , 7 5 5  

1 , 154 , 283 
1 , 78 8 , 048 
2 , 87 9 , 278 
2 , 016 , 408 

2 3 , 4 59 , 677 
2 , 096 , 662 

556 , 374 
391 , 4 54 

36 , 84 3 , 791 

496, 900 
2 , 208 , 600 

576 , 596 
666 , 837 

2 , 036 ,084 
1 , 92 8 , 780 

877 , 590 
8 , 79 1 , 387 

Total 
Production 

(tons) 

2 1 6 , 840 
141 , 8 2 2  
154 , 541 
105 , 587 
284 , 106 
289 , 777 
2 14 , 750 
2 7 6 , 207 
228 , 98 1  
161 , 47 5  

2 , 0 7 4 , 086 

225 , 981 
837 , 852 
5 3 2 , 991 
514 , 530 
554 , 076 
7 7 1 , 956 
9 3 2 , 071 
825 , 928 

1 ,  1)09, ?44 

1 , 199 , 4 50 
7 , 904 ,082 

2 , 68 6 , 0 3 5  
1 , 161 , 94 1  
2 , 782 , 92 1  
2 , 1 2 2 , 0 7 3  

4 , 3 31 , 19 1  
1 , 92 9 , 437 

34 , 180 , 375 
2 , 797 , 308 

568 , 31 5  
4 5 1 , 624 

5 3 , 011 , 220 

696 , 976 
1 , 008 , 42 9  

538 , 181 
7 5 5 , 886 

1 , 5 2 1 , 4 4 5  
1 ,  206 ,4 17 

665 , 057 
6 , 392 , 39 1  

DATA SOURCE : u . s .  Bureau of Mine s ,  unpublished data, provided by DOGAMI. 
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Value 
( $ )  

122 , 340 
72 , 514 
86 , 6 59 

102 , 742 
3 19 , 57 3  
342 , 926 
230 , 284 
281 , 2 4 3  
233 , 919 
151 , 926 

1 , 94 4 , 126 

2 5 4 , 216 
731 , 008 
5 3 9 , 364 
4 9 5 , 58 5  
6 3 1 , 688 
8 2 1 , 54 5  

1 , 042 , 327 
936 , 50 3  

1 , 559 , 617 
1 , 32 1 , 4 2 1  
8 , 3 3 3 , 274 

2 , 331, 760 
1 , 54 2 , 75 5  
2 , 104 , 458 
2 , 55 5 , 196 
6 , 50 2 , 278 
2 , 80 5 , 408 

3 5 , 2 3 3 ,677 
5 , bl0, 662 

7 9 7 , 374 
7 2 1 , 4 5 4  

60 , 20 5 , 022 

2 , 11 9 , 900 
2 , 511 , 600 

958 , 596 
1 , 268 , 837 
2 ,  777 , 1 1 8  
2 , 552 , 747 
1 , 444 , 380 

1 3 , 6 3 3 , 178 



Table 36 : Annual production and value , 1940-1976 , for sand and gravel and crushed 
stone ( including road metal cinders ) :  Benton and Linn Counties 

Sand and Gravel Crushed Stone Total 
Production Value Production Value Produce ion Value 

Year (tons) ( $ )  (tons) ( $ )  (tons) ( $ )  

1940 186 , 979 82 , 996 4 , 73) 4 , 381 191 , 710 8 7 , 377 
1941 2 35 , 1 15 1 46 , 14 1 2 3 5 ' 115 146 , 141 
1942 464 , 098 3 12 , 784 89 , 700 72 , 810 553 , 798 394 , 594 
1943 368 ,621 289 , 4 39 91 , 100 102 , 1 47 459 , 721 391 , 586 
1944 319, 370 231 ,095 98 , 94 9  9 2 , 505 418, 319 323 , 600 
1945 333 , 513 218 , 869 10 3 , 32 2  96, 514 4 3 6 , 8 3 5  315 , 383 
1946 678 , 591 473 , 964 85 , 757 177 , 989 764 , 348 651 , 953 
1947 3 7 5 , 687 26 1 , 125 1 4 2 , 685 21 3 , 707 518 , 372 474 , 832 
1948 50 5 , 946 485 , 1 19 42 , 690 3 0 , 49 3  548 ,636 51 5 , 6 12 
1949 527 , 408 4 1 1 , 532 108 , 375 107 , 624 635 , 78 3 519, 156 
Total 3 , 995 , 328 2 , 922 ,064 767 , 309 898 , 170 4 , 762 , 63 7 3 , 820 , 234 

1950 3 2 2 , 817 276 , 351 83 ' 372 91 , 754 406 , 189 368 , 105 
1951 1 3 9 , 064 1 4 1 ,854 5 1 , 500 5 1 , 500 190 , 564 193 , 354 
1952 138, 299 1 4 3 , 050 10 5 , 805 1 7 9 , 653 244 ' 104 322 , 70 3  
1953 498 , 900 32 5 , 290 6 7 , 500 75 ,000 566,400 400 , 290 

1954 62 3 ,059 588 , 014 1 2 7 , 182 136 , 936 750 , 24 1 724 , 950 
1955 876, 00 9 7 50 , 14 3 9 1 , 210 8 3 , 361 96 7 , 2 1 9  83 3 , 504 

1956 b7 l ,  !:r/9 !::>l:ll:l , l79 311 , l:l2b 391 , 545 983 , 70!::> 979 , 724 
1957 888 , 298 768,882 226, 7 17 244 ' 7 1 5  l ,  115 ,015 1 , 0 1 3 , 597 

1958 509 , 70 5  SOB , 7 3 5  2 1 7 , 0 9 3  175 , 667 726 , 798 684 , 402 
1959 2 , 006 , 10 5  2 , 32 3 , 517 889, 662 698 , 380 2 , 89 5 , 767 3 , 021 ,897 
Total 6 , 674 , 135 6 , 4 14 , 0 15 2 , 1 71 ,867 2 , 128 , 51 1 8 , 84 6 , 002 8 , 54 2 , 526 

1960 6 1 7 , 402 574 , 126 3 54 , 412 254 , 0 2 5  97 1 , 814 828 , 151 
1 961 488 , 246 488, 887 6 57 , 429 579 , 083 1 , 14 5 , 67 5  1 ,067 , 970 
1962 846 , 340 7 2 8 , 64 4  1 , 063 , 101 642 , 278 1 , 90 9 , 441 1 , 370 , 922 
1963 1 , 076 , 204 1 , 148 , 889 891 , 592 7 2 2  t 160 1 , 967 , 796 1 , 87 1 ,049 
1964 1 , 10 9 , 000 1 , 2 31 ,000 559 , 612 484 , 698 1 , 668 , 6 12 1 , 7 15 , 698 
1965 2 , 583 , 000 3 , 46 5 ,000 971 , 046 1 , 099 , 099 3 , 554 ,046 4 , 564 , 099 

1966 1 , 7 7 2 , 000 1 , 873 ,000 2 , 027 , 254 2 , 45 6 , 066 3 , 79 9 , 254 4 , 32 9 , 066 

1967 594 , 000 546,000 136, 491 192 , 578 730 , 4 9 1  7 3 8 , 578 
1968 840,000 987 , 000 392 , 776 524,022 1 , 2 32 , 776 1 , 51 1 , 022 
1969 1 , 049 , 000 1 , 34 1 ,000 3 1 3 , 868 367 , 974 1 , 362 , 868 1 , 708 , 974 
Total 10 , 97 5 , 192 12 , 38 3 , 546 7 , 36 7 , 581 7 , 32 1 , 983 18 , 3 4 2 , 7 7 3  1 9 , 70 5 , 529 

1970 1 , 170 , 000 1 , 944 ,000 24 3 , 531 311 ' 968 1 , 413 , 53 1  2 , 25 5 , 968 

197 1 953 , 000 1 , 167 , 000 119 , 804 88 , 209 1 ,07 2 '804 1 , 255 , 20 9  
1972 1 , 382 , 000 1 , 781 ,000 269 , 986 4 5 4 , 482 1 , 6 5 1 , 986 2 , 2 35 , 4 82 
1973 1 ,  211 , 000 1 , 88 3 , 000 183 , 069 2 2 5 , 272 1 , 394 ,069 2 , 10 8 , 2 7 2  
1974 853 ,447 1 , 42 4 , 451 1 , 781 , 484 3 , 168, 319 2 , 634 , 93 1  4 , 59 2 , 770 
1975 843, 366 1 , 57 9 ,681 914 , 7 1 2  1 , 94 3 , 34 1  1 , 758 ,0 78 3 , 52 3 ,022 
1976 1 , 116, 436 1 , 91 2 , 754 529 ,074 897 , 799 1 ,6 4 5 , 510 2 , 8 1 0 , 553 
Total 7 , 52 9 , 24 9  1 1 ,691 , 886 4 , 0 4 1 , 660 7 ,041 , 660 1 1 , 570,090 1 8 , 781 , 2 76 

DATA SOURCE : u . s .  Bureau o f  Mines ,  unpublished data, provided bo DOGAMI . 
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Table 37 : Annual production and value , 1940-1976, for sand and grave l ,  and crushed 
stone ( including road metal cinders) : Mario n ,  Polk , and Yamhill Counties 

Sand and Gravel Crushed Stone Total 
Production Value Production Value Production Value 

Year (tons) ( $ )  (tons) ( $ )  ( tons) ( $ )  

1940 298 , 4 1 5 1 3 9 , 0 2 3  244 , 70 5  160 , 880 543 , 1 20 299 , 90 3  
1941 1 8 5 , 204 96 , 754 107 , 51 3 78 , 320 292 , 7 17 1 7 5 , 074 

1942 8 5 1 , 436 419 , 859 144 , 809 127 , 839 996 , 24 5  547 , 698 
1943 3 4 6 , 160 270 , 8 5 1  5 2 , 691 6 7 , 03 2  398 , 857 337 , 883 
1944 449 , 84 5  336 , 607 2 17 , 97 9  247 , 91 8  667 , 824 584 , 52 5  
1945 585 , 6 19 369 , 152 1 7 8 , 376 202 , 198 76 3 , 99 5  571 , 350 
1946 6 17 , 472 4 46 , 791 123 , 08 5  127 , 714 740 , 557 574 , 50 5  
1947 6 5 1 , 104 519 , 72 9  350 , 02 9  4 0 1 , 940 1 , 00 1 , 133 92 1 , 669 
1948 697 , 00 5 4 78 , 2 58 308 , 363 367 , 0 3 1  1 , 005 , 368 8 4 5 , 289 

1949 666 , 0 2 5  547 , 657 745 , 760 810, 567 1 , 411 , 78 5  1 , 358 , 22 4  
Total 5 , 348 , 285 3 , 624 , 681 2 , 4 7 3 , 310 2 , 59 1 , 439 7 , 82 1 , 595 6 , 216 , 120 

1950 426 , 882 401 , 255 3 17 , 844 3 5 3 , 970 744 , 726 7 55 , 2 2 5  
19 51 322 ,089 344 , 244 122 , 89 5  145 , 72 1  444 , 984 489 , 965 
1952 2 , 268, 938 1 , 659 , 4 36 7 1 , 02 5  87 , 473 2 , 339 , 96 3  1 , 746 , 909 

1 95 3  30 3 1 900 3 2 8 , 730 93 , 655 9 4 , 461 397 , 555 4 2 3 , 191 
1954 961 , 102 906 , 565 2 4 5 , 950 372 , 20 3 1 , 20 7 , 0 52 1 , 2 78 , 768 
1955 749 , 160 640 , 18 5  21 9 , 644 34 4 , 870 968, 804 985 , 055 
1956 1 , 243 , 91 1 1 , 045 , 314 3 50 , 499 491 , 76 4  1 , 594 , 410 1 , 53 7 , 078 
1957 1 , 50 2 , 456 1 , 557 , 87 5  346 , 580 602 , 39 5  1 , 849 , 036 2 , 160 , 270 
1958 1 , 55 1 , 82 1  1 , 30 3 , 2 5 1  329, 124 627 , 600 1 , 880 , 94 5  1 , 930 , 851 
1959 706 , 068 749, 996 2 6 6 , 995 279 , 747 97 3 , 06 3 1 , 029 , 74 3 

Total 1 0 , 0 3 6 , 327 8 , 936 , 8 5 1  2 , 364 , 2 1 1  3 , 400 , 204 12 , 400 , 538 1 2 , 337 , 0 5 5  

1960 1 ,029 , 798 1 , 065 ,020 2 56 , 067 282 , 8 4 3  1 , 28 5 , 86 5  1 , 347 , 863 
1961 582 ,039 581 , 940 2 30 , 087 2 5 5 , 30 1  812 , 126 837 , 24 1  
1962 974 , 599 947 , 066 365 , 271 456 , 67 3  1 , 339, 870 1 , 403 , 739 
1963 884 , 540 995 ,078 627 , 616 869 , 64 3  1 , 512 , 1 56 1 , 864 , 72 1  
1964 1 , 2 14 ,000 l ,  508 ,000 292 , 287 3 1 6 , 522 1 , 506 , 28 7  1 , 82 4 , 52 2  

1965 1 , 4 3 6 , 000 1 , 986,000 473 , 362 559 , 68 5  1 , 90 9 , 36 2  2 , 54 5 , 685 
1966 1 , 297 , 000 1 ,  4 77 , 000 450 , 949 501 , 077 1 , 747 , 949 1 , 97 8 , 0 7 7  
1967 1 , 377 ,000 1 , 493 , 000 4 8 5 , 828 869 , 378 1 , 862 , 828 2 , 36 2 , 378 
1968 1 , 2 1 3 , 000 1 ,083 , 000 1 9 5 , 533 2 1 9 , 164 1 , 40 8 , 533 1 , 30 2 , 164 
1969 1 , 318 ,000 1 , 383 , 000 158 , 87 5  222 , 189 1 , 47 6 , 875 1 , 60 5 , 189 
Total 1 1 , 32 5 , 976 12 , 519 , 104 3 , 5 3 5 , 87 5  4 , 55 2 , 47 5 14 , 86 1 , 8 51 1 7 , 071 , 579 

1970 1 , 267 ,000 1 , 397 , 000 310 , 848 432 , 097 1 , 577 , 848 1 , 829 ,097 
1971 1 , 6 34 ,000 1 , 700 , 000 2 16 , 088 287 1 132 1 , 850 , 0 88 1 , 987 , 132 
1972 2 , 18 5 , 000 3 , 1 1 9 , 000 2 1 9 , 980 2 9 3 , 728 2 , 404 , 980 3 , 4 1 2 , 72 8  
1973 3 , 00 7 , 000 4 , 806 ,000 6 3 5 , 620 978 , 866 3 , 642 , 62 0  5 , 784 , 866 

1974 2 , 20 1 , 919 2 , 546 , 93 1  1 , 12 7 , 986 1 , 951 , 977 3 , 329 , 90 5  4 , 498 , 908 

1975 1 , 785 ,060 2 , 122 , 591 8 7 1 , 579 l ,  501 , 745 2 , 656, 639 3 , 62 4 , 336 
1976 1 , 198, 77 1 2 , 363 , 4 46 1 ,0 1 3 , 87 9  1 , 80 9 , 108 2 , 2 12 , 650 4 , 172 , 554 
Total 1 3 , 27 8 , 750 1 8 , 054 , 968 4 , 39 5 , 980 7 , 254 , 653 1 7 , 6 7 4 , 730 2 5 , 309 , 6 2 1  

DATA SOURCE : U . S .  Bureau of Mine s ,  unpublished data, provided by DOGAMI . 
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Table 38. Annual production and value, 1940-1976 , for sand and gravel ,  and crushed 
stone ( including road metal cinders) :  Baker , Union, 

Year 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
Total 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
Total 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
Total 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
Total 

Sand and Gravel 
Production 

(tons) 

2 , 500 
157 , 638 

8 1 , 2 59 
6 2 , 882 
2 7 , 5 3 5  
4 2 , 387 
38,00 1  
1 6 , 394 

4 , 67 3  
6 1 , 934 

495 , 20 3  

108 , 97 5  
10 1 , 062 

8 1 , 888 
1 3 3 , 090 
285 , 8 3 5  
3 3 1 , 9 17 
157 , 72 5  
449, 108 
169 , 870 
136 , 409 

1 , 95 5 , 879 

240 , 529 
191 , 360 
391 , 276 
184 , 2 5 3  
277 , 000 
5 5 1 ,000 
252 ,000 
70 7 , 000 
674 , 000 
521 ,000 

3 , 989, 418 

1 , 092 , 000 
970 ,000 
942 , 000 
2 54 , 000 
3 1 7 , 87 4  
283 , 846 
448 , 855 

4 , 308 , 575 

Value 
( $ )  

1 , 500 
20 , 11 1  
2 1 , 099 
40 , 019 

8 , 26 3  
16 , 088 
26 , 089 
1 0 , 66 3  

5 , 61 2  
19, 2 7 7  

168 , 72 1  

7 1 , 610 
6 2 , 052 
3 3 , 8 58 
97 , 200 

2 3 5 , 064 
325 , 593 
1 5 6 , 790 
503 , 4 5 2  
1 9 5 , 6 5 3  
109, 307 

1 , 790 , 57 9  

182 , 6 3 5  
174 , 97 3  
368 , 700 
168 , 077 
2 7 6 , 000 
887 , 000 
341 , 000 

1 , 13 7 , 000 
517 , 000 
528 , 000 

4 , 580 , 38 5  

2 , 3 2 8 , 000 
1 , 70 8 , 000 
1 , 355 , 000 

507 , 000 
546 , 596 
563 , 346 

1 , 0 38 , 930 
8 , 046 , 872 

and Wal lowa Counties 

Crushed Stone 
Production 

( tons) 

89, 292 
54 , 962 
2 5 , 880 
5 7 , 200 
1 3 , 969 
2 4 , 120 

1 1 3 , 252 
93 , 882 
96 , 833 
89 , 964 

6 5 9 , 354 

106 , 165 
296 , 023 
187 , 272 
494 , 930 
593 , 774 
7 2 5 , 864 
84 5 , 88 2  
804 , 454 

1 , 4 5 5 , 11 5  
1 , 47 1 , 0 16 
6 , 980 , 495 

1 , 877 , 789 
1, 7 1 6 , 983 
1 , 067 , 990 
1 , 1 1 7 , 931 

993 , 1 30 
1 , 3 56 , 128 
1 , 40 3 , 804 

962 , 719 
1 , 104 , 463 

934 ,028 
12 , 534 , 965 

942 , 60 3  
2 , 16 3 , 908 
1 , 4 34 , 5 1 5  

549 , 858 
693 , 765 
706 , 162 
716 , 336 

7 , 20 7 , 147 

Value 
( $ )  
4 1 , 8 16 
1 3 , 740 
20 , 704 
3 7 ,000 
1 2 , 92 1  
20 ,085 

220 , 113 
5 7 , 200 
5 6 , 6 2 1  
83 , 51 5  

563 , 7 1 5  

1 14 , 84 1  
366 , 600 
2 2 3 , 393 
6 1 5 , 4 3 5  

1 , 1 3 5 ,498 
1 , 13 3 , 720 
1 ,  3 7 1 ,846 

841 , 633 
1 , 49 5 , 864 
2 , 083 , 947 
9 , 382 , 777 

2 , 5 2 5 , 643 
2 , 392 , 2 2 5  
1 , 520 , 37 5  
1 , 590 , 547 
1 ,  271 , 89 1  
2 , 07 8 , 387 
1 , 567 , 477 
1 , 3 5 9 , 494 
2 , 164 , 667 
1 , 374 , 397 

1 7 , 84 5 , 103 

1 , 73 4 , 2 16 
4 , 896,668 
2 , 730 ,016 

874 , 0 32 
1 , 477 , 170 
1 ,4 7 2 , 369 
1 ,  715 , 295 

1 4 , 899, 766 

Total 
Production 

( tons) 

9 1 , 792 
212 , 600 
107 , 13 9  
120 , 08 2  

4 1 , 504 
66, 507 

1 5 1 , 2 5 3  
1 10 , 276 
10 1 , 506 
151 , 898 

1 , 154 , 557 

2 1 5 , 140 
397 , 08 5  
269, 160 
6 2 8 , 020 
879 , 609 

1 , 0 5 7 , 78 1  
1 ,00 3 ,  607 
1 , 25 3 , 56 2  
1 , 6 2 4 , 98 5  
1 , 60 7 , 4 2 5  
8 , 936 , 37 4  

2 , 1 18,  3 18 
1 , 908 , 34 3  
1 , 4 5 9 , 266 
1 , 30 2 , 184 
1 ,  270 , 1 30 
1 , 90 7 , 128 
1 , 65 5 , 804 
1 , 66 9 , 7 1 9  
1 , 778 , 46 3  
1 , 4 5 5 , 028 

16, 524 , 383 

2 , 03 4 , 60 3  
3 , 1 3 3 ,  908 
2 , 376 , 51 5  

80 3 , 858 
1 , 0 1 1 , 639 

990 , 008 
1 , 16 5 , 191 

1 1 , 5 1 5 , 722 

DATA SOURCE : U . S .  Bureau of Mine s ,  unpublished data, provided by DOGAMI . 
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Value 
( $ )  

4 3 , 31 6  
3 3 , 85 1  
4 1 , 80 3  
7 7 , 019 
2 1 , 184 
3 6 , 17 3  

246 , 20 2  
67 , 86 3  
62 , 2 3 3  

102 , 792 
732 , 436 

186 , 4 51 
428 , 6 52 
2 5 7 , 2 51 
7 1 2 , 6 35 

1 , 370 , 562 
1 , 4 59 , 3 1 3  
1 , 528 , 636 
1 , 34 5 , 8 5 5  
1 , 69 1 , 5 1 7  
2 , 193 , 254 

1 1 , 17 3 , 356 

2 ,  708 , 27 8  
2 , 56 7 , 198 
1 , 889, 075 
1 , 7 58 , 62 4  
1 , 54 7 , 89 1  
2 , 96 5 , 387 
1 , 90 8 , 477 
2 , 496 , 494 
2 , 681 , 667 
1 , 90 2 , 397 

2 2 , 4 2 5 , 488 

4 , 06 2 , 216 
6 , 604 , 668 
4 , 085 , 016 
1 , 38 1 , 03 2  
2 , 0 2 3 , 766 
2 , 0 3 5 , 7 1 5  
2 , 75 4 , 22 5  

2 2 , 946 , 638 



Table 39 . Annual production and value, 1940-197b, for sand and grave l ,  and crushed 
stone ( including road metal cinder s ) : Grant and Wheeler Counties 

Sand and Gravel Crushed Stone Total 
Production Value Production Value Production Value 

Year (tons) ( $ )  ( tons) ( $ ) (tons) ( $ )  
1940 1 3 2 , 026 9 9 , 859 132 , 026 99 , 859 
1941 
1942 2 2 , 100 1 3 , 600 2 2 , 100 1 3 , 600 
1943 
1944 
1945 
1946 
1947 67 1 72 6  6 6 , 281 67 , 726 6 6 , 281 
1948 
1949 
Total 2 2 1 , 852 1 7 9 , 740 221 , 852 1 7 9 , 740 

1950 
1951 10 1 790 16 , 600 10 1 7 90 16 , 600 
1952 
1953 8 , 420 1 2 , 955 8 , 420 12 , 95 5  
1954 10 , 274 1 4 , 3 1 3  1 8 , 400 3 9 , 4 50 28, 674 5 3 , 76 3  
1955 45 ,643 6 9 , 40 7  45 ,643 6 9 , 407 
1956 8 2 , 92 5  1 1 9 , 1 2 5  8 2 , ') 2 5  1 19 , 1 2 5  
1957 20 , 2 50 4 5 , 000 114 ,040 10 7 , 974 134 , 290 152 , 974 
1958 35 , 381 4 6 , 044 352 , 928 3 7 5 , 287 388 , 309 4 2 1 , 3 3 1  
1959 4 3 , 310 4 3 , 826 152 , 4 2 5  2 2 6 , 537 195 , 735 270, 363 
Total "2.37 , 783 337 , 71 5  657 , 003 7 78 , 80 3  894 , 786 1 , 1 1 6 ,  518 

1960 745 596 107 , 794 130 , 408 108 , 539 13 1 , 004 
1961 6 6 , 4 4 6  40 , 066 1 1 3 , 976 157 , 450 180 ,422 197 , 516 
1962 102 , 062 114 1985 64 , 090 1 2 7 , 24 1  166 , 152 2 4 2 , 226 
1963 90 , 768 1 4 1 , 580 2 6 5 , 724 371 , 806 356, 492 5 1 3 , 38b 
19b4 81 ,000 1 1 7 , 000 238 ,614 2 6 5 , 319 3 1 9 , 614 382 , 319 
1965 9 7 , 000 186 , 000 69, 6 1 5  5 4 , 010 166 , 6 1 5  240 , 0 10 
1966 123 ,000 157 , 000 387 , 173 4 5 1 , 54 5  5101 1 7 3  608 , 545 
1967 441 , 000 608, 000 207 , 984 2 78 , 91 1  648 , 984 886 , 911 
1968 2 2 6 , 000 295 , 000 1 2 9 , 036 1 3 1 , 081 3 5 5 , 036 426 ,081 
1969 384 , 000 479 , 000 396 , 604 620 , 990 780,604 1 , 099 , 990 
Total 1 , 6 1 2 , 0 2 1  2 , 1 3 9 , 227 1 , 980 , 6 10 2 , 588 , 761 3 , 592 , 63 1  4 , 7 2 7 , 988 

1970 2 1 7 ,000 2 39 , 000 248 , 136 404 , 200 465, 136 64 3 , 200 
1971 186 , 000 2 3 2 , 000 4 10 , 15 3  839 , 3 54 596 , 153 1 ,071 , 354 
1972 190,000 257 ,000 167 ,000 2 7 2 , 500 357 ,000 5 2 9 , 500 
1973 7 9 , 000 132 ,000 245 , 897 504 , 30 4  324 , 897 6 36 , 304 
1974 163 , 084 426 , 0 3 3  1 3 5 , 384 2 5 1 , 334 298 , 468 677 , 367 
1975 5 3 , 573 124 , 4 50 64 , 16 3  148 , 329 1 1 7 , 736 2 7 2 1 779 
1976 1 5 3 , 270 304 , 264 8 8 , 200 1 2 5 , 000 241 , 470 429, 264 
Total 1 ,041 , 927 1 , 7 14 , 747 1 , 3 58 , 93 3  2 , 545 , 0 2 1  2 , 400 , 860 4 , 259 , 768 

DATA SOURCE : U . S .  Bureau of Mines , unpublished data , provided by DOGAMI . 
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Table 4 0 .  Annual production and value , 1940-1976 , for sand and grave l ,  and crushed 
stone ( including road metal cinders) :  Hood River , Sherman , 

Year 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
Total 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
Total 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
Total 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
Total 

Sand and Gravel 
Production 

(tons) 

10 , 198 
3 0 , 388 
8 1 , 90 5  
7 0 , 1 5 4  
4 9 , 034 
7 0 , 534 
5 3 , 426 
3 8 , 438 
1 1 , 1 3 1  
2 9 , 684 

4 4 4 , 892 

8 4 , 5 1 1  
3 1 , 52 1  

142 , 855 
1 7 8 , 200 
643 , 734 

1 , 67 2 , 722 
102 , 479 

2 0 , 371 
7 4 , 329 

1 6 4 , 538 
3 , 11 5 , 260 

470 , 08 5  
222 , 97 3  
182, 377 

1 , 28 4 , 67 5  
1 , 184 , 000 
3 , 05 9 , 000 
1 , 613 , 000 

203 , 000 
130 , 000 

7 5 , 000 
8 1 424 1 110 

2 36 , 000 
167 , 000 

68 ,000 
1 1 7 , 000 
101 , 230 

5 4 , 20 3  
6 5 , 090 

808 , 52 3  

Value 

( $ )  
1 1 , 656 
32 , 052 
37 , 371 
3 3 , 967 
2 4 , 70 3  
6 3 , 096 
38 ,040 
3 2 , 206 

6 , 822 
2 5 , 781 

305 , 694 

5 1 , 828 
38,096 
68, 345 
84 ,465 

385 , 7 17 
978 , 897 
129, 385 

2 0 , 206 
4 5 , 648 

1 3 9 , 848 
1 , 94 2 , 4 3 5  

196 , 256 
261 , 894 
199 , 934 
766 , 556 

1 , 82 1 , 000 
5 , 148 , 000 
2 , 78 2 , 000 

340 , 000 
2 0 1 , 000 

9 5 , 000 
1 1 , 811 , 640 

850 , 000 
288 , 000 
114 , 000 
128 , 000 
1 2 9 , 396 

3 9 , 6 7 5  
172 , 269 

1 , 72 1 , 340 

and Wasco Counties 

Crushed Stone 
Production 

( tons) 

98 , 873 
62 , 280 
2 1 , 264 
30 1 22 5  
20 , 85 5  
20 ' 315 

104 ' 7 19 
28 , 889 
1 2 , 800 
7 2 '  737 

472 , 957 

6 5 , 0 5 5  
93 ,095 
7 3 , 486 

1 2 1 , 260 
2 39 , 5 39 
616 , 344 
4 0 9 , 6 2 3  

2 , 4 19 , 634 
6 5 9 , 437 

1 , 007 , 276 
5 , 704 , 749 

771 , 0 14 
8 36 , 30 5  
7 5 6 , 565 

2 , 6 37 , 100 
1 , 87 3 , 618 

8 1 9 , 791 
3 10 , 990 
305 , 628 
1 78 , 532 
4 2 7 , 1 8 1  

8 , 916 , 7 2 4  

4 2 9 , 192 
754 , 984 
793 , 2 35 
2 7 1 , 0 33 
288 , 297 
742 ,957 
2 76 , 377 

3 , 556 ,075 

Value 
( $ )  

7 1 , 0 35 
30 , 356 
2 1 , 070 
2 3 , 000 
2 5 , 300 
2 6 , 37 5  
8 9 , 580 
30 , 953 
1 3 , 700 
5 1 , 432 

382 , 80 1  

8 3 , 749 
76, 630 
5 7 , 934 

1 5 3 , 960 
244 , 85 2  
650 , 4 10 
4 1 6 , 4 1 9  

1 , 4 9 1 , 019 
686 , 118 

1 , 2 16 , 76 3  
5 , 077 , 8 54 

967 , 314 
963 , 990 

1 , 02 6 , 88 3  
3 , 264, 702 
2 , 077 , 697 
1 , 494 , 177 

480 , 824 
405 , 478 
275 , 586 
822 , 608 

1 1 , 779, 259 

796 , 6 56 
1 , 52 1 , 194 
1 , 5 2 8 , 262 

412 , 4 11 
4 7 7 , 086 

1 , 5 1 8 , 139 
482 , 2 7 1  

6 ,  7 3 6 , 0 1 9  

Total 
Production 

( tons) 

109 , 071 
92 , 668 

10 3 , 169 
100 ' 379 

69, 889 
90 , 849 

158 , 14 5  
67 , 3 2 7  
23 , 9 3 1  

102 , 4 2 1  
917 , 849 

149, 566 
1 2 4 , 616 
2 16 , 34 1  
299 , 460 
883 , 2 7 3  

2 , 289,066 
512 , 102 

2 , 440 , 00 5  
733 , 766 

1 , 17 1 , 814 
8 , 82 0 , 009 

1 , 2 4 1 , 099 
1 , 0 5 9 , 278 

938 , 94 2  
3 , 92 1 , 77 5  
3 ,057 , 618 
3 , 878 , 791 
1 , 923 , 990 

508 , 6 28 
308 , 532 
502 ' 181 

17 , 340 , 834 

665 , 192 
921 , 984 
861 , 235 

388 , 0 3 3  
389 ' 527 
797 , 160 
341 , 46 7  

4 , 364 , 598 

DATA SOURCE : U . S .  Bureau of Mines, unpublished data, provided by DOGAMI . 

78 

Value 
( $ )  

82 , 69 1  
62 , 408 
58 , 44 1  
56 , 967 
50 , 00 3  
8 9 , 4 7 1  

127 , 620 
6 3 , 159 
20 ' 522 
77 ' 2 1 3  

688 , 495 

1 3 5 , 577 
114 , 726 
126 , 279 
2 3 8 , 4 2 5  
630 , 569 

1 , 629 , 307 
545 , 804 

1 , 51 1 , 22 5  
7 3 1 , 766 

1 ,  356 , 61 1  
7 , 020 , 289 

1 , 163 , 570 
1 , 2 2 5 , 884 
1 , 2 26 , 817 
4 , 0 3 1 , 258 
3 , 898, 697 
6 , 64 2 , 177 
3 , 262 , 824 

745 , 478 
476 , 586 
917 , 608 

2 3 , 590,899 

1 , 646 , 6 56 
1 , 80 9 , 194 
1 , 642 , 262 

540 , 4 1 1  
606 , 482 

1 , 557 , 8 14 
654 , 540 

8 , 457 , 359 



Table 4 1 . Annual production and value, 1940-1976, for sand and gravel ,  and crushed 
stone ( including road metal cinders) :  Crook , 

Deschutes ,  and Jefferson Counties 

Sand and Gravel Crushed Stone Total 
Production Value Production Value Production Value 

Year (tons) �$) (tons) ( $ )  ( tons) ( $ )  

1940 52 , 686 3 1 , 738 2 , 000 2 , 500 5 4 , 686 34 , 238 
1941 30 , 387 1 7 , 616 30 , 387 1 7 , 616 
1942 3 3 , 376 16 , 80 3  1 , 890 1 , 890 3 5 , 266 18 , 693 
1943 7 5 , 83 5  84 , 62 5  4 , 000 3 , 400 7 9 , 835 88 , 025 
1944 12 , 600 20 1 750 3 1 , 200 70 , 000 4 3 , 800 90 ' 750 
1945 4 7 , 517 3 9 , 327 47 , 250 32 , 0 50 94 ' 767 7 1 ' 377 
1946 5 6 , 120 5 6 , 0 70 120 , 600 202 ,000 1 7 6 , 720 258 , 0 70 
1947 78 , 92 7  8 5 , 092 94 , 268 1 1 4 , 092 173 , 19 5  199 , 184 
1948 2 5 , 000 1 1 , 250 26 , 000 40 ,000 5 1 , 000 5 1 , 250 
1949 3 3 , 750 50 , 000 162 , 683 229 , 67 2  196 , 4 3 3  279 , 672 
Total 446, 198 4 1 3 , 271 489 , 891 6 9 5 , 604 936 , 089 1 , 108 , 87 5  

1950 3 1 '  7 2 5  4 7 , 000 5 9 , 7 2 5  87 , 000 9 1 , 450 134 , 000 
1951 3 7 , 445 4 8 , 318 42 , 674 5 5 , 380 80 , 119 103 , 698 
1952 40 , 950 6 7 , 125 7 3 , 63 1  102 , 54 5  114 , 581 169 , 670 
1953 2 9 , 700 50 , 87 5  4 , 240 26 , 98 5  3 3 , 940 7 7 , 860 
1954 8 1 , 2 15 105 , 593 4 7 , 7 1 7  106 , 636 128 , 932 2 1 2 , 229 
1955 130 ' 110 1 8 3 , 565 2 3 6 , 767 344 , 537 366 , 87 7  528, 102 
1956 132 , 789 2 3 9 , 4 2 7  208 , 197 289 , 5 2 5  340 , 986 528 , 952 
1957 289 , 046 359 , 154 5 7 5 , 224 443 , 93 1  864 , 270 803 , 085 
1958 2 50 , 1 16 172 , 974 3 3 4 , 3 7 3  3 38 , 190 584 , 489 5 1 1 , 164 
1959 269 , 104 2 8 3 , 279 152 , 4 90 2 3 1 , 64 5  421 , 594 514 , 924 
Total 1 , 292 , 200 1 , 5 5 7 , 310 1 , 7 3 5 , 0 38 2 , 026 , 374 3 ,027 , 238 3 , 583 , 684 

1960 2 5 4 , 2 14 3 50 , 650 6 19 , 80 3  797 , 951 874 , 0 17 1 , 148 ,601 
1961 2 3 7 , 720 1 5 1 , 296 612 ' 716 7 5 1 , 92 1  850 , 4 36 903 , 2 17 
1962 2 7 2 , 488 261 , 909 140 , 492 2 1 8 , 000 412 , 980 479 , 909 
1963 3 9 5 , 793 563 , 653 853 , 366 898 , 168 1 , 24 9 , 159 1 , 4 6 1 , 8 2 1  
1964 2 70 , 000 330 , 000 1 , 022 , 126 1 , 298 ,820 1 , 292 , 126 1 , 628 , 820 
1965 322 ,000 320 , 000 193 , 4 10 789 , 631 815 , 410 1 , 10 9 , 6 3 1  
1966 414 , 000 485 , 000 3 50 , 07 7  566 , 4 78 764 , 07 7  1 , 0 5 1 , 478 
1967 4 1 7 , 000 555 , 000 3 1 7 , 086 3 8 5 , 0 5 1  734 , 086 940 , 0 5 1  
1968 336 , 000 332 , 000 3 7 3 , 220 409 , 4 99 709, 220 741 , 499 
1969 2 6 1 , 000 307 , 000 274 , 062 3 39 , 979 535 ,062 646 , 979 
Total 3 , 180 , 2 15 3 , 6 56 , 508 5 , 056 , 358 6 , 455 ,498 8 , 236 , 57 3  1 0 , 1 1 2 , 006 

1970 177 , 000 265 ,000 168 , 2 53 169 , 000 345 , 2 5 3  434 , 000 
1971 118 , 000 1 9 3 , 000 2 3 5 , 136 514 , 513 353 , 1 36 707 ' 513 
1972 439 , 000 559 ,000 153 , 08 5  386 , 580 592 ,085 945 , 580 
1973 2 79 , 000 2 2 5 , 000 2 98 , 8 1 7  5 34 , 27 3  5 7 7 , 81 7  7 59 , 2 7 3  
1974 241 , 32 5  564 ' 913 2 72 , 102 596 , 643 513 , 427 1 , 161 , 556 
1975 207 , 906 548 , 126 260 , 690 483 , 693 468 , 596 1 , 0 3 1 , 819 
1976 3 3 8 , 8 34 990 , 0 7 9  300 , 24 1  606 , 738 639 , 07 5  1 , 596 , 81 7  
Total 1 , 80 1 ,065 3 , 34 5 , 118 1 , 688 , 324 3 , �91 ,440 3 , 489 ' 389 6 , 6 36 , 558 

DATA SOURCE : U . S .  Bureau of Mines, unpublished data, provided by DOGAMI . 
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Table 4 2 . Annual production and value , 1940-1976, for sand and gravel ,  and crushed 
stone (inc luding road metal cinders) : Harney and Malheur Counties 

Year 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
Total 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
Total 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
Total 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
Total 

Sand and Gravel 
Production 

(tons) 

1 , 53 3  
2 1 ,000 

5 11 , 14 3  
194 

7 3 , 791 

4 ,  7 2 5  
3 9 , 3 7 5  

6 5 1 , 76 1  

8 7 , 750 

1 3 , 1 34 
140 , 368 
5 3 0 , 964 
595 , 2 90 
470 , 2 3 7  
7 2 7 , 1 2 5  

2 , 56 4 , 868 

93 , 107 
179, 207 
150 , 968 
282 , 100 
2 8 3 , 000 
60 3 , 000 
2 7 5 , 000 
2 5 3 ,000 
236 , 000 
497 , 000 

2 , 8 52 , 38 2  

409, 000 
208 , 000 
287 , 000 
286 , 000 
194 , 092 
2 7 2 , 46 3  
180 , 37 2  

1 , 836 , 92 7  

Value 
( $ )  

1 , 368 
750 

4 3 9 , 739 
28 

2 4 , 597 

875 
8 , 500 

4 7 5 , 85 7  

1 3 ,000 

10 , 2 5 1  
1 5 3 , 6 7 5  
510 , 707 
556 , 094 
3 5 7 , 44 1  
7 7 6 , 6 1 2  

2 , 377 , 780 

92 , 624 
1 7 3 , 58 5  
192 , 374 
3 26 , 267 
458 , 000 

1 , 00 5 , 000 
2 6 5 , 000 
340 , 000 
262 , 000 
767 , 000 

3 , 88 1 , 850 

674 , 000 
354 , 000 
385 ,000 
454 ,000 
3 5 5 , 0 7 1  
4 8 1 , 6 5 5  
419 , 642 

3 , 12 3 , 368 

Crushed Stone 
Production Value 

(tons) ( $ )  

3 1 , 2 50 

94 , 500 

1 3 , 6 3 5  

1 39 , 38 5  

3 7 , 63 5  

1 , 6 1 3  
8 1 2 , 5 7 1  
1 1 2 , 32 5  

1 , 196 
3 30 , 388 
1 4 1 , 0 16 

1 , 4 36 , 744 

292 , 993 
187 , 192 
302 , 820 
1 2 5 , 336 
137 ,008 

34 , 636 
220 , 62 4  

59 , 245 
66 , 188 
7 7 , 050 

1 , 50 3 ,092 

1 50 , 21 3  
3 58 ,068 
757 , 105 
138 , 796 
130 , 950 
397 ,095 
1 7 1 , 4 12 

2 , 10 3 , 639 

37 , 500 

1 1 9 , 000 

2 5 , 000 

181 , 500 

5 7 , 900 

3 , 630 
934 , 449 
124 , 4 5 7  

1 , 270 
2 67 , 449 
2 3 0 , 890 

1 , 620 , 04 5  

364 , 397 
3 1 5 , 314 
486 , 38 1  
2 0 2 , 706 
187 , 73 7  

8 9 , 014 
54 3 , 430 
1 4 4 , 017 
106 , 0 1 5  
1 6 6 , 800 

2 , 60 5 , 81 1  

2 1 8 , 626 
809 , 22 3  

1 , 0 2 2 , 902 
462 , 384 
293 , 592 
883 , 895 
362 , 57 7  

4 , 0 5 3 , 199 

Total 
Production Value 

(tons) ( $ )  
1 , 53 3  

2 1 , 000 
542 , 39 3  

194 
168 , 2 9 1  

1 3 , 6 3 5  

4 , 7 2 5  
39, 3 7 5  

791 , 14 6  

8 7 , 750 
3 7 , 63 5  

1 4 , 74 7  
952 , 939 
64 3 , 289 
5 9 6 , 4 86 
800 , 6 2 5  
868 , 14 1  

4 , 001 , 6 1 2  

3 8 6 , 100 
366, 399 
453 , 788 
407 , 4 36 
420 , 008 
637 , 636 
4 9 5 , 6 2 4  
3 12 , 24 5  
302 , 188 
5 7 4 , 050 

4 , 3 5 5 , 474 

5 59 , 2 1 3  
566 ,068 

1 ,044 , 10 5  
424 , 796 
3 2 5 , 04 2  
669 , 5 5 8  
351 , 78 4  

3 , 940 , 566 

1 , 368 
750 

477 , 2 3 9  
28 

1 4 3 , 597 

2 5 ,000 

8 7 5  
8 , 500 

6 5 7 , 3 5 7  

1 3 ,000 
5 7 , 900 

1 3 , 88 1  
1 , 088 , 12 4  

6 3 5 , 164 
5 5 7 , 364 
624 , 890 

1 , 007 , 502 
3 , 997 , 8 2 5  

4 57 , 0 2 1  
488 , 899 
678 , 75 5  
528 , 97 3  
645 , 73 7  

l ,094 , 0 14 
808 , 4 30 
484 ,017 
368 , 0 1 5  
9 3 3 , 800 

6 , 487 , 66 1  

892 , 62 6  
1 , 16 3 , 2 23 
1 , 407 , 902 

916 , 384 
648 , 66 3  

1 , 36 5 , 550 
782 , 2 19 

7 , 176 , 567 

DATA SOURCE : U . S .  Bureau of Mine s ,  unpublished data , provided by DOGAMI . 
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Table 4 3 .  Annual production and value , 1940-1976, for sand and gravel ,  and crushed 
stone (including road metal cinders) : Klamath and Lake Counties 

Sand and Gravel Crushed Stone Total 
Production Value Production Value Production Value 

Year ( tons) ( $ )  ( tons) ( $ )  (tons} ( $ )  

1940 7 4 , 4 10 13 , 550 1 7 1 , 002 161 , 322 245 , 41 2  174 , 872 
1941 3 , 900 3 , 000 19 , 14 3  28 , 860 2 3 ,043 3 1 , 860 
1942 2 3 9 , 687 2 1 5 , 422 1 3 , 750 19 , 250 253 , 437 2 3 4 , 67 2  
1943 39 , 000 4 5 , 000 3 9 , 000 4 5 , 000 
1944 7 8 , 645 1 1 3 , 100 2 2 5 , 500 367 , 500 304 , 145 480 , 600 
1945 10 5 , 064 114 , 48 3  42 , 204 69, 917 147 , 268 Hl4 , 400 
1946 6 9 , 0 3 5  2 4 , 250 90 , 744 163 , 69 2  1 5 9 , 779 187 , 942 
1947 7 7 , 991 8 3 , 31 3  2 7 9 , 480 342 , 62 5  357 , 471 4 2 5 , 938 
1948 160 , 562 174 , 938 160 , 56 2  174 , 938 
1949 1 74 , 209 1 2 5 , 341 1 1 6 , 908 130, 092 291 , 1 1 7 2 55 , 4 3 3  
Total 983 , 503 867 , 397 997 , 731 1 , 32 8 , 258 1 , 981 , 2 34 2 , 19 5 , 655 

1950 1 2 1 , 123 82 , 508 6 3 , 614 98 , 956 184 , 73 7  181 , 464 
1951 4 3 , 84 5  40 , 97 2  315 , 976 370 ,082 359 , 8 2 1  4 1 1 , 054 
1952 10 1 , 93 5  58 , 78 1  157 , 077 149 , 36 1  259 ,012 208 , 142 
1953 1 5 2 , 540 137 , 950 44 , 000 6 1 , 000 196 , 540 198 , 950 
1954 257 , 147 2 3 5 , 7 3 7  24 , 000 4 2 , 000 281 , 147 277 , 73 7  
1955 167 , 192 144 , 2 98 4 1 5 , 180 412 , 552 582 , 372 556, 850 
1956 2 2 5 , 086 202 , 357 388 , 978 416 , 990 614 ,064 6 1 9 , 347 
1957 368 ,081 200 , 529 2 4 1 , 202 32 1 , 124 609 , 28 3  52 1 , 653 
1958 243 , 601 2 31 , 62 1  4 1 7 , 495 468 , 4 14 661 ,096 700 , 0 3 5 
1959 5 7 ,8 4 1  82 , 935 118, 842 190 , 785 176 , 68 3  2 7 3 , 720 
Total 1 , 738 , 391 1 , 4 1 7 , 688 2 , 186 , 364 2 , 531 , 264 3 , 924 , 755 3 , 948 , 952 

1960 84 , 785 9 5 , 92 1  432 , 156 427 ,.814 516 , 94 1  523 , 735 
1961 4 1 , 655 2 9 , 247 842 , 919 1 , 187 , 782 884 , 574 1 , 2 1 7 , 02 9  
1962 96 , 7 14 94 , 22 1  557 , 244 763 , 396 6 5 3 , 958 857 , 617 
1963 203 , 814 251 , 954 791 , 2 57 1 , 16 5 , 073 995 , 071 1 , 417 , 02 7  
1964 284 , 000 486 , 000 665 , 0 1 3  958 , 4 7 8  949 , 013 1 , 444 , 478 
1965 600 , 000 1 , 186 ,000 6 1 3 , 192 880 , 7 1 3  1 , 213 , 192 2 , 066 , 7 13 
1966 860,000 1 , 279 , 000 1 , 0 5 3 , 182 1 , 852 , 066 1 , 9 1 3 , 182 3 , 131 , 066 
1967 502, 000 670 , 000 1 , 056 , 856 1 , 683 , 387 1 , 558, 856 2 , 35 3 , 387 
1968 643 , 000 773 , 000 922 , 204 949 , 40 1  1 , 56 5 , 204 1 , 722 , 40 1  
1969 536 , 000 657 , 000 1 , 314 , 9 39 1 , 97 3 , 241 1 , 850 , 939 2 , 630 , 24 1  
Total 3 , 851 , 968 5 , 52 2 , 343 8 , 248 , 962 1 1 , 8 4 1 , 3 5 1  1 2 , 100 , 930 1 7 ,. 3 6 3 , 694 

1970 55 1 , 000 7 2 8 , 000 1 , 68 7 , 783 2 , 44 5 , 409 2 , 2 38 , 78 3  3 , 17 3 , 409 
1971 4 59 , 000 625 ,000 l ,  443 , 891 2 , 25 5 , 324 1 , 90 2 , 891 2 , 880 , 324 
1972 2 8 9 , 000 534 , 000 1 , 1 2 2 , 913 2 , 034 , 084 1 , 411 , 913 2 , 568 ,084 

1973 384 , 000 548 , 000 1 , 30 7 , 160 2 , 332 , 961 1 , 691 , 160 2 , 880 , 96 1  
1974 357 , 55 3  7 2 9 , 527 96 1 , 5 3 1  1 , 44 7 , 208 1 , 319 , 084 2 , 176 , 7 35 
1975 327 , 30 3  927 , 421 1 , 136 , 940 1 , 731 , 302 1 , 464 , 243 2 , 658 , 72 3  
1976 302 , 4 2 5  974 , 642 1 ,001 , 6 56 1 , 577 , 272 1 , 304 , 081 2 , 551 , 914 
Total 2 , 670 , 281 5 ,066 , 590 8 , 661 , 874 1 3 , 82 3 , 560 1 1 , 332 , 155 1 8 , 890 , 150 

DATA SOURCE : u.s. Bureau of Mine s ,  unpublished data, provided by DOGMH . 
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Table 4 4 .  Annual produclion and value , 1940-1976, for sand and gravel and crushed 
stone (including road metal cinders) : Lane County 

Year 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
Total 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
Total 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
Total 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
Total 

Sand and Gravel 
Production Value 

(tons) ( $ )  
24 3 , 398 
2 10 , 880 
225 , 880 
487 , 4 51 
505, 974 
846 , 309 
956 , 702 
878, 186 
757 , 360 
793 , 464 

5 , 90 5 , 604 

772 ' 4 54 
740 , 1 30 
891 , 30 3  

1 , 55 2 , 463 
2 , 209 , 360 
2 , 009 , 002 
1 , 22 5 , 179 
1 , 645 , 618 
1 , 16 3 , 724 
6 , 641 , 176 

18 , 850 , 409 

6 , 276, 397 
2 , 000 , 935 
3 , 27 3 , 935 
2 , 687 , 088 
2 , 67 2 , 000 
3 , 2 14 , 000 
4 ' 7 1 9 , 000 
6 , 0 15 , 000 
5 ,  7 1 3 , 000 
2 , 720 , 000 

39 , 291 , 355 

2 , 16 5 , 000 
2 , 58 3 , 000 
1 , 778 , 000 
2 , 959 , 000 
3 , 083 , 602 
2 , 350 , 452 
2 ,  799 , 7 2 3  

1 7 , 7 1 8 , 777 

136 , 69 3  
142 , 120 
138, 506 
3 7 3 , 389 
361 , 449 
500 , 896 
6 7 7 , 157 
791 , 239 
7 5 9 , 80 1  
826 , 516 

4 , 707 , 766 

760 , 41 7  
815 , 539 

1 ,009 , 91 3  
2 ,036 , 710 
2 , 1 1 8 , 967 
2 , 012 , 990 
1 , 24 6 , 486 
1 , 387 , 858 
1 , 041 , 257 
3 , 36 0 , 6 3 1  

1 5 , 7 90 , 768 

5 ,  1 1 4 , 306 
2 , 240 , 93 5  
3 , 28 1 , 4 5 1  
2 , 85 3 , 0 19 
3 , 40 3 , 000 
4 , 034 ,000 
5 , 85 5 , 000 
5 , 346,000 
5 , 564 , 000 
2 , 78 4 , 000 

40 , 4 7 5 , 7 1 1  

1 , 8 56 , 000 
3 , 690 , 000 
2 , 11 3 ,000 
3 , 1 2 4 , 000 
4 , 277 , 770 
3 , 452 , 793 
4 , 126 , 347 

22 , 6 3 9 , 910 

Crushed Stone 
Production Value 

( tons) ( $ )  
30 , 287 
70 , 702 
97 , 39 3  
8 6 , 737 

166 , 394 
66 , 00 3  

104 , 617 
186 , 910 
172 , 777 
176 , 260 

1 , 158, 080 

250 , 576 
898,290 
308 ,b83 
880 , 825 
1 2 3 , 047 
488 , 538 
64 1 , 451 

1 , 199 , 286 
3 , 936 , 323 
2 , 335 , 40 5  

1 1 ,062 , 4 24 

3 , 1 12 , 475 
5 , 340 , 89 3  
7 ,088 , 175 
4 , 26 9 , 776 
2 , 998 , 602 
6 , 67 9 , 793 
1 , 88 6 , 153 
1 , 53 3 , 162 

893 , 096 
737 , 344 

34 , 5 39 , 469 

779 , 067 
1 , 196 , 402 
1 , 1 95 , 7 38 
1 , 594 , 675 
1 , 668 ,045 
1 , 2 1 3 ,663 
1 , 470 , 395 
9 , 11 7 , 985 

2 9 , 1 2 3  
64 , 600 

140 , 604 
152 , 17 3  
179 , 955 

7 8 , 860 
1 3 8 , 887 
2 1 5 , 4 7 5  
225 , 710 
232 , 594 

1 , 457 , 981 

341 , 2 1 7  
965 , 292 
4 1 9 , 7 3 1  
920 , 90 3  
183 , 460 
588 , 115 
7 7 1 , 725 

1 , 466 , 643 
2 , 61 9 , 837 
2 , 066 , 698 

10 , 34 3 , 62 1  

2 , 729 ,975 
5 , 54 8 , 531 
6 , 764 , 887 
4 , 456, 536 
2 , 292 , 581 
5 , 66 1 , 158 
2 , 405 , 955 
2 , 277 , 885 
1 , 176 , 806 
1 , 168, 694 

34 , 482 , 708 

1 , 189 , 749 
1 , 59 5 , 902 
1 , 53 1 , 824 
2 , 8 38 , 08 1  
3 , 4 3 1 , 226 
3 , 267 , 61 3  
3 , 636 , 063 

1 7 , 490 , 4 58 

Total 
Production 

( tons) 

273 , 685 
281 , 582 
323 , 273 
574 , 188 
672 , 368 
912 , 312 

1 , 06 1 , 319 
1 ,065 , 096 

930 ' 1 3 7  
969 , 724 

7 , 06 3 , 684 

1 , 023 ,030 
1 , 63 8 , 420 
1 , 199 , 986 
2 , 433 , 288 
2 , 332 , 407 
2 , 497 , 540 
1 , 866 , 630 
2 , 844 , 904 
5 , 100 , 047 
8 , 97 6 , 58 1  

29 , 91 2 , 8 3 3  

9 , 388 , 872 
7 , 34 1 , 828 

10 , 362 , llO 
6 , 9!;6 , 864 
5 , 670 , 602 
9 , 893 , 793 
6 , 60 5 , 15 3  
7 , 548 , 162 
6 , 606,096 
3 , 457 , 344 

7 3 , 830 , 824 

2 , 944 , 0b7 
3 , 779 ,402 
2 , 97 3 , 7 38 
4 , 553 , 675 
4 , 751 , 647 
3 ,  564 , ll5 
4 , 270 , 1 18 

2 6 , 8 36 , 762 

DATA SOURCE : u . s .  Bureau of Mine s ,  unpublished data, provided by DOGAMI . 
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Value 
( $ )  

165 , 816 
206, 720 
279, 110 
525 , 562 
5 4 1 , 404 
579, 756 
816 , 044 

1 , 006 , 7 14 
985 , 51 1  

1 , 059,  llO 
6 , 165 , 747 

1 , 10 1 , 634 
1 , 780 , 8 3 1  
1 , 4 2 9 , 644 
2 , 957 , 61 3  
2 , 30 2 , 42 7  
2 , 60 1 , 105 
2 , 0 18 ,  2 1 1  
2 , 851 , 50 1  
3 , 661 , 094 
5 , 427 , 329 

26 , 1 34 , 389 

7 , 84 3 , 981 
7 , 78 9 , 466 

10 , 046 , 338 
7 , 30 9 , 555 
5 , 69 5 , 581 
9 , 69 5 , 158 
8 , 260 , 955 
7 , 62 3 , 885 
6 , 740 ,806 
3 , 952 , 694 

74 , 958 , 419 

3 , 045, 749 
5 , 28 5 , 902 
3 , 644 , 824 
5 , 962 , 08 1  
7 , 708 , 996 
6 ,  720 , 406 
7 , 762 , 4 10 

40 , 1 30 , 368 



Table 4 5 .  Annual production and value , 1940-1976, for sand and grave l ,  and crushed 
stone (including road metal cinders) : Various Counties 

Sand and Gravel Crushed Stone Total 
Production Value Production Value Production Value 

Year (tons) ( $ )  (tons) ( $ )  (tons) ( $ )  
1940 84 3 , 688 280 , 372 1 , 499 , 2 1 9  1 , 236 , 679 2 , 34 2 , 907 1 , 517 ,051 
1941 1 , 379 , 26 3  685,004 1 ,  779 , 214 1 , 50 3 , 071 3 , 158 , 477 2 , 188 ,075 
1942 1 , 390 , 779 856 , 832 1 , 266 , 944 1 , 26 1 , 0 18 2 , 65 7 , 72 3  2 , 11 7 , 850 
1943 1 , 807 , 174 1 , 750 , 138 332 , 164 4 96 , 2 1 2  2 , 1 3 9 , 338 2 , 246 , 350 
1944 1 ,0 36 , 56 2  1 ,0 1 1 , 474 88 , 981 96 , 717 1 , 12 5 , 543 1 , 108 , 191 
1945 793 , 440 878 , 847 352 , 067 279 , 51 2  1 , 145 , 507 1 , 1 5 8 , 359 
1946 672 , 664 607 , 52 2  163 . 208 1 7 3 , 488 8 3 5 , 872 781 , 0 10 
1947 1 , 339 , 434 1 ,07 1 , 429 1 , 1 58 , 5 1 1  2 , 199 , 4 1 9  2 , 497 , 94 5  3 , 270 , 848 
1948 2 , 6 1 2 , 482 4 ,  974 , 4 90 2 , 110 , 299 3 , 81 3 , 91 1  4 , 722 , 78 1  8 , 78 8 , 40 1  
1949 1 , 308 ,448 1 , 95 6 , 6 3 1  1 , 669, 281 3 , 206 , 858 2 , 977 , 72 9  5 , 16 3 , 489 
Total 1 3 , 1 8 3 , 934 14 ,072 , 73 9  10 , 4 1 9 , 888 1 4 , 266 , 885 2 3 , 60 3 , 822 2 8 , 339, 624 

1950 2 , 517 , 56 5  2 , 36 3 , 4 6 1  2 ,0 1 7 , 7 5 2  3 , 30 3 , 810 4 , 53 5 , 3 1 7  5 , 66 7 , 271 
1951 4 , 359 , 719 2 , 755 , 78 3  5 , 2 90 , 354 7 ,081 , 40 3  9 , 650 ,073 9 , 837 , 276 
1952 2 34 , 559 324 , 329 2 , 975 ,667 4 , 778 , 358 3 , 210 , 226 5 , 102 , 687 
1953 1 ,  2 54 . 50 5  948 , 300 1 , 920 , 570 2 , 925 , 230 3 , 17 5 , 075 3 , 87 3 , 530 
1954 2 , 59 3 , 164 3 , 557 , 4 50 2 , 345 , 66 3  3 , 595 , 010 4 , 93 8 , 827 7 , 152 , 460 
1955 2 94 , 4 35 41q , 100 267 , 4 56 317 , 270 561 , 891 727 , 370 
1956 1 1 9 , 340 84 , 100 439 , 2 50 588 , 53 5  558 , 590 672 , 6 3 5  
1957 44 , 52 2  1 5 ,061 1 , 460 , 66 5  2 , 164 , 705 1 , 50 5 , 187 2 , 1 7 9 , 766 
1958 1 36 , 745 141 , 120 1 , 722 , 3 51 2 , 3 58 , 142 1 , 859 , 096 2 , 4 99, 262 
1959 1 7 1 , 910 204 , 582 2 , 692 , 366 3 , 53 1 , 709 2 , 864 , 276 3 , 7 36 , 291 
Total 1 1 , 726 , 464 10 , 80 4 , 376 2 1 , 132 ,094 30 ,644 , 17 2  32 , 85 8 , 558 4 1 , 448 , 548 

1960 7 39 , 92 1  602 . 338 2 , 866 , 718 3 , 376 , 197 3 , 606 , 639 3 , 978 , 53 5  
1961 949 , 207 7 1 1 ,619 2 , 74 1 , 664 3 , 204 , 060 3 , 690 , 87 1  3 , 91 5 , 679 
1962 697 , 538 462 , 555 1 , 4 5 1 , 650 1 , 609, 370 2 , 14 9 , 188 2 , 071 , 92 5  
1963 830 , 397 908 . 227 1 , 92 7 , 0 2 4  2 , 1 54 , 988 2 , 757 , 4 2 1  3 , 063 , 2 1 5  
1964 7 6 5 , 000 620 , 000 2 , 204 , 380 2 , 687 , 10 7  2 , 96 9 , 380 3 , 307 , 107 
1965 1 5 5 , 000 177 ,000 3 , 004 , 960 4 , 235 , 664 3 , 1 59 , 960 4 , 412 , 6.64 
1966 3 , 50 2 , 7 55 3 , 890 , 88 3  3 ,  502 , 7 55 3 , 890 , 8 8 3  
1967 18 ,000 1 1 ,000 3 , 471 , 695 4 , 4 70 , 342 3 , 48 9 , 695 4 , 48 1 , 342 
1968 3 ,  713 , 350 4 , 910 , 976 3 ,  7 1 3 , 350 4 , 910 , 976 
1969 2 1 9 , 000 268 , 000 2 , 48 5 , 7 58 3 , 67 2 ,  753 2 ,  704 , 758 3 , 940 , 75 3  
Total 4 , 37 4 , 06 3  3 , 760 , 7 39 2 7 , 36 9 , 954 34 , 21 2 , 340 31 , 744 ,017 37 , 97 3 ,079 

1 970 1 , 196 , 000 1 , 152 ,000 4 , 197 , 12 1  6 , 0 57 , 768 5 , 393 , 12 1  7 , 20 9 , 768 
1961 2 , 20 2 , 000 3 ,020 , 000 1 , 77 5 , 8 1 1  3 , 092 , 919 3 , 97 7 , 81 1  6 , 11 2 , 919 
1972 2 , 960 ,000 4 , 841 ,000 14 1 , 84 5  245 , 874 3 , 10 1 ,  845 5 , 086 , 874 
1973 955 , 000 1 ,017 ,000 955 ,000 1 , 017 ,000 
1974 4 , 816 , 910 9 , 633 , 820 4 , 81 6 , 910 9 , 6 3 3 , 820 
1975 4 , 953 , 53 7  10 , 56 5 ,068 4 , 95 3 , 537 10 , 56 5 ,068 
1976 7 , 156 , 750 1 5 , 744 , 846 7 , 1 5 6 , 750 1 5 , 744 , 846 
Total 7 , 3 1 3 ,000 10 , 030 ,000 2 3 , 0 4 1 , 974 4 5 , 340 , 295 30 , 354 , 974 5 5 , 370 , 295 

DATA SOURCE : u . s .  Bureau of Mines ,  unpublished data , provided by DOGAMl .  
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Table 46. Estimated annual production and value , 1960-1966 , of sand and 
grave l ,  and of crushed stone used in John Day Dam, Foster Dam, and 

Green Peter Dam and in related projects . 

Sand and Gravel Crushed S Lone Total 
Production Value Production Value Production 

Year (tons) ( $ )  (tons) ($ )  (tons) 

1960 1 , 128 , 878 1 , 52 3 , 578 458 , 188 1 , 53 1 , 579 1 , 587 , 066 

1960 350 ,825 1 , 666 , 764 350 , 82 5  

1962 1 , 5 37 , 565 1 , 207 , 631 177 ,094 1 , 2 56 , 999 1 , 714 , 659 

1963 329, 190 911 , 4 50 94 5 , 995 2 , 000 , 951 1 , 275 , 185 

1964 1 ,049 , 008 2 , 50 9 , 751 1 , 902 , 354 3 , 479 ,651 2 , 951 , 362 

1965 2 1 1 , 000 1 , 16 4 , 0 20 2 , 000 ' 115 3 , 0 2 2 , 2 2 9  2 , 21 1 , 11 5  

1966 1 5 , 650 ,000 9 , 996 , 2 2 1  16 , 47 9 , 678 2 3 , 986 , 752 32 , 12 9 , 678 

DATA SOURCE : U . S .  Bureau of Mines ,  unpublished data , provided by DOGAMI. 
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Value 
( $ )  

3 , 055 , 157 

1 , 66 6 , 764 

2 , 464 , 6 30 

2 , 912 , 40 1  

5 , 98 8 , 40 2  

4 , 186 , 249 

3 3 , 982 , 97 3  



ANALY S I S  AND FORECASTS OF THE 
DEMAND FOR ROCK MATERIALS IN OREGON 

ADDENDUM 

Each o f  the proj ections o f  demand in 2 0 3 0 (Table 1 3 )  was 
computed by compoun ding annua l l y  a base leve l of production 
from a given year to 2 0 3 0  using the annua l growth rate shown 
in the table . For the project ions stemming from the h i s to r i c  
growth rate s , t h e  ba se leve l o f  production was the anti logarithm 
of the intercept shown for the appropriate growth model i n  Table 
1 4  or 1 5 .  The annual growth rate was the mode l ' s  coe f f ic ie n t  o f  
time , a n d  t h e  base year w a s  the f i r s t  year o f  t h e  model ( 1 9 5 0  o r  
1 9 6 4 ) . Using the rounded f i gures i n  Tab les 1 4  a n d  1 5  may y i e l d  
p r o j e c t i o n s  which d i f f e r  s l i ghtly from those i n  Table 1 3 .  

For the projec tions stemming from the simulation s , the 
annual growth rate was the rate indicated by the simulated pro
duction leve l s  for 1 9 6 3  and 1 9 9 0 . The base level of production 
was the mean value o f  production dur ing 1 9 6 3-1 9 7 6  ( the period 
for which the data for the simula tions are ava i l abl e ) . The base 
year wa s 1 9 6 9  ( i . e . , the middle year of the period ) . 

For the reasons expressed on pages 4 6  and 4 8 ,  a l l  the pro
j e c t ions to such a d i s tant year must be considered as extremely 
tenuous . 

ERRATA 

The proj ected annual demand in 2 0 3 0  i n  the Portland area 
based on the 1 9 6 4 - 1 9 7 6  growth rates should read 2 3 3 . 8  m i l l ion tons 
per year for sand and gravel and 7 0 . 8  mi l l ion tons per year for 
c rushed ston e .  

State Departmmt of Geology and Mineral Industries Special Paper 5 ,  Analysis 
and Forecasts of the Demand for Rock Materials in Oregon, 1979 , Table 13. 


