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EXECUTIVE SUMMARY

This project was prepared through a grant from the Department of Local
Affairs. The objective of this report is to forecast metal mining activity in
Colorado to the year 2002. Forecasts are presented for seven metals including
gold, silver, lead, zinc, copper, molybdenum, and uranium. Using production
as the basis, projections of employment, wages and the amount of local
purchases are also included.

Trend analysis is used as the forecasting method. It consists of fitting a
curve to the historical data and then using the curve to forecast future
values. This method provides reasonable projections based on project goals,
time, and funding constraints.

The data. for the project came from many sources as noted in Appendix C. The
Colorado Division of Mines and the U.S. Bureau of Mines were the primary
sources. Uranium data are derived from available DOE information. However,
data from 1980 is not available, and will likely not be available in the
future. Hence uranium was dropped from the metals that were forecasted.

Trend analysis was applied to total metal production at the county level, but
gave poor results. Therefore, aggregate state level forecasts were prepared
and then proportioned to each producing county. The resultant state forecasts
and graph are shown in Appendix B. After curve fitting to a power five, a
linear trend was shosen for the forecast. The trend of real dollars uses the
slope of the linear trend calculated on the deflated dollars and the 1983
preliminary estimate from the USBM. This removes the effect of inflation on
the value of metals over the period 1977 to 1981. Employment is projected
using a constant rate that reflects productivity in Colorado over the last
five years. Wages paid are calculated from the Mining Wage Index projected at
a constant 5 percent growth rate. This wage rate is multiplied times the
employment. The local purchases are a percent of production value. The
percentage that is developed comes from a mine model that was developed on the
two molybdenum mines in the state. This reflects the fact that 90 percent of
the total state metal value is produced by the two mines.

Forecasts are usually incorrect and a method of using actual data as it
becomes available each year to correct the forecast is always needed. A
method is included to modify the forecast as data becomes available to measure
the error. There are two points where errors are foreseeable. The forecast
of the state total will be one source of errors and the ratios used to divide
the total to the county level will be the other. The errors can be adjusted
by changing the equation of the curve, and the ratios.



PURPOSE

This project is one of a series funded by the Department of Local Affairs.
Their purpose is to forecast economic and demographic impacts of resource
development at the county level in Colorado. This specific report forecasts
metal production to the year 2002 for seven (7) metals. These metals are
gold(au), silver(ag), copper{cu), lead(pb), molybdenum(mo) and zinc(zn).
Because of the lack of data after 1980, it was decided to exclude uranium from
the metals being forecasted. In addition to the production of these metals,
there are three other related items that are forecasted. They are employment,
wages paid, and local purchases by the companies producing the metals. These
related items are projected using the metal forecasts as a basis for

forecasting. The methodologies and the associated strengths and weaknesses
are also discussed.

Originally the individual metals were to be forecasted on a county by county
basis. After some work with the data it became apparent that using an
aggregrate method was the way the counties could be forecasted with better
results. In carrying out the forecast, several assumptions are made about
metal production in Colorado. These are noted in the Forecast Section.
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REVIEW OF FORECAST OPTIONS

Several forecast methods were evaluated for this project. They were:

Quantitative

° econometric modelling
input-output analysis

resource analysis and modelling
regression analysis

time series analysis

trend analysis

© © o o o

Qualitative

delphi method
technological forecasting

Econometric modelling and Input-Output analysis are ruled out because of the
time and funds required by these complex methods. Resource analysis would
have taken too much time and would have been one or two people's calculation
of available resources. Also, it is a variant of the delphi method and should
be carried out by a team. Regression is rated highly. Time series is
concerned with the annual changes in the data due to the flucuation of seasons
parameters. Trend analysis, a variant of time-series analysis is recommended
for a project of this type.

Trend analysis combines Time Series and Regression. It fits the data to a
line by regression assuming that the independent variable is time. If long
range (2 years +) accuracy is the primary need, the delphi method would have
been recommended. Trend analysis was chosen because it is good for
forecasting from short to medium term with historical data. It also can be
carried out quickly and takes little resources in terms of time and money. It
uses regression techniques to fit to the historical data. The disadvantage
is that the method is poor for long term forecasts because. it is not able to
predict "turning points". These are points where a new idea or technology
changes the way the trends are produced.

The 'delphi method' can be considered as an option; however, it is not a
method that gives good numbers for short range forecasts. The delphi method
on the other hand, is a very good technique for long range forecasts. It is a
qualitative method that uses teams of experts to come to a consensus of the
future for some subject. The resources required for the delphi method are 3-6
months time, and a panel of experts.
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SUMMARY OF HISTORICAL DATA

The data used for the forecast came from several sources. All sources are
noted in Appendix C. The Colorado Division of Mines (CDM) has 95 percent of
the data up to 1980. The 1981 and 1982 data are provided by the U.S. Bureau
of Mines (USBM). The state totals from USBM are divided to the counties using
the percent county ratio to total for the years 1976-80. At the time of the
project, a preliminary estimate for 1985 became available from the USBM.
Uranium data is not easily available. Some is listed in the C.D.M. data, and
the remainder is obtained from historical information provided by W.
Chenoweth. Unfortunately, the uranium data collection activity has been
transferred from the DOE office in Grand Junction to Washington D.C.;
therefore, it appears that data will not be available in the future. For some
years, data on some or all metals in one or more counties has not been
available and had to be estimated.

For most of the forecasting methods, historical data is needed. To carry out
this project, we have collected historical data on the following items for the .
period of 1955 to 1982 (since no production data for 1983 was available):

1. Production data on a county by county basis for individual
metals;

2. Mining employment data for each county on a mine by mine

basis;

Metal prices;

Producer price index;

GNP deflator;

Mine and plant wage index; and

Miscellaneous indexes associated with the mining industry

NOYOV W
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There are several sources of production data for the state including the
Colorado Division of Mines, the U.S. Bureau of Mines and the Department of
Energy. There are two sources of employment data for mining in the state
including the U.S. Mine Safety and Health Administration (MSHA) and the
Colorado Division of Employment and Training. Metal prices are gathered from
mining trade journals at the U.S. Bureau of Mines library at the Federal
Center in Lakewood. Cost deflators are collected from copies of "Survey of
Current Business" published by the Department of Commerce. For mining wages
and the associated indexes of the mining industry, the quickest source is The
Minerals Availability Field.



FORECAST
Assumptions

As noted earlier, trend analysis was the method chosen to carry out the
forecast. Several assumptions are accepted by choosing this method of
forecasting: :

1. Metal value produced is related to general business cycles of
the economy, it is a variable dependent on time.

2. The aggregrate value of all metals is a better forecasting
variable than the individual metal values.

3. Colorado's market share for the metals does not change over
time.

4. There is no substitution for the metals over the forecast
period.

5. There is no depletion of the metal resources in a county over
the period of the forecast. '

Trend analysis fits the data to a curve by minimizing the mean square error by
using the least squares method. The problem is to find and use a curve that
most closely approximates the data. Any curve can be used from linear to
quadratic to a polynomial of some power to a sine wave function. Forecasts
were carried out from linear to a fifth power polynomial equation. The linear
trend forecast was chosen for this report because the data it produced was the
only one that reflected reality. Statistical tests were not used in this
decision (In spite of the absence of a complete body of statistical theory for
forecasting in time series, the venture can still be made). Application of
forecasting methods will depend upon careful formulation and the judgement of
experts. (Chou page 534). This forecast was carried out using linear

trends. First, the data were smoothed using a three year moving average. A
trend line was fitted to the smoothed data. The trend line is the forecast
for the years 1984 to 2003.

Results
The graphs of the forecast and tables of forecast vlaues are in Appendix B.
Equations.
The general form of the forecast equations used in the process is:
Y = A+ BX
Y is the metal value in $000's
A is the line intercept

B is the slope fo the line

The equation for the forecast line is Y = 23797 + 14318 X



Other variables forecasted

a.

b.

C.

d.

Employment

Employment data is available for individual mines in the state for
the last six years for MHSA on a county by county basis. The county
totals are summed to the state level. This data is used to
establish a value for the number of man-years per $000's produced.
Appendix A contains a table showing the employment figures for the
state for the six years that are available from 1978-1983. These
employment numbers are divided by the value produced each year. The
numbers which range from 0.010 to 0.014 averaged to 0.012 over the
five years. This value is considered a productivity ratio for the
state. That is, it took 0.012 man-years to produce $1000 of metal
value in the state. This number is considered a stable amount
unless there is some technological or social change that makes
mining manpower more or less productive. The ratio is multiplied
times the projected value each year to arrive at a total number
employed for the entire state.

Wages

Wages are forecasted using the mining wage index. The index is
inflated at a five percent rate from 1983 to 2002. That hourly
amount is multiplied by 2080 hours to arrive at a yearly figure and
then multiplied times the employment amount to arrive at a total
yearly wage paid.

Local purchases

This variable is forecasted as a percentage of the production
amount. the percent is developed from a mine model. The model is
built using the 'Cost Estimation Handbook' by Clement and published
by the USBM. The model developed is for a large underground mine.
This is used since 90 percent of the total value in Colorado is
produced by the two molybdenum mines. The amount will vary with the
size and type of mine but it is felt that, on the average, it would
be suitable. The total production amount was multiplied by 12
percent and this gives the amount of local purchases for each year.

Production

Future production projections are based on the linear trend,
projection of historical production. As such it is subject to the
shortcomings discussed in the following pages. .



FUTURE MODIFICATION USING FORECASTING ERRORS
There are some basic tenets of forecasting. They are:

1. Forecasts are very rarely correct;

2. Forecasts are more accurate for families of items; and

3 Forecasts are less accurate the farther they are extended into the
future.

It is understood that the forecast will have errors in it. This is especially
true of long range forecasts. The errors in this forecast will be caused by
four conditions:

1. Technological changes;

2. Short-term depletion of a resource in a county or area;
3. Change in the economy; and

4, New mines discovered and brought into operation.

Any of these four conditions will cause a basic structural change between the
data and the fitted trend line. These changes are called "turning points".
They are points where the time series can no longer be forecasted by previous
historical data. Quantitative forecasting methods such as the method used
here can not predict these turning points. Hence, a method must be used to
utilize the errors in the forecast after the turning point occurs and is
recognized. Also, the modification method must be able to adjust for errors
in the basic equation.

Modifications of forecast using errors

As stated above, errors will occur and must be used to modify the forecast for
future years. One method that will show if errors are occurring is to plot
the value ‘

(actual/forecast)*100 versus time

This plot is shown in Figure 1. As shown any cluster of points that
consistently fall above or below the 100 percent line indicates that the
forecast contains an error. Any difference in the projected and the actual
value is an error but errors must occur consistently on the plus or minus side
of the actual for the projection to be in error. Therefore, deviations from
the actual values can be expected. It takes more than one value to judge if
the projection has a consistent error.
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Modification of Production Forecasf
The errors in the production forecast will occur because of:

Errors in the total forecast for the state, and
Errors in the ratios used to decompose the state total.

The line used for the forecast is:

Y=a+bX a is the Y intercept of the line when x=0
b is the slope of the line

In this case,

Y = 23797 + 14318 X is the forecast equation for production.
Modification of State forecast errors

The slope of the equation may need revising after several actual values have
been obtained. This refers to the earlier statement of plotting the % error
(+ or -) over time. The slope is the amount of increase of the production
over the past year.

This refers to the earlier statement of plotting the percentage error (+ or -)
over time. The slope is the amount of increase of the production over the
past year.

Modification of County ratios errors

Errors in the county ratios are more difficult to deal with. The ratios are
developed from the Colorado Division of Mines which no longer provides such
interpretation and from confidential USBM data for the years 1976 to 1980.

The publicly available data from the USBM is only available for the state as a
whole, although there will be some county totals available, but not all. If
any county has a new mine startup or a significant size change, a modification
in the county ratio will be necessary. The size of the mine and the commodity
would tell the analyst how much of a change to make in the county ratio.
Sometimes trade journal, press releases, and company annual reports will tell
how much the mine is producing either in total dollar value or quantity of
metal. Also, a drastic change in one or more metal prices will be an
indication that a county ratio may need change. This is especially true when
only one price change and a county relies on that metal for production value.



Modification of Employment Forecast

Projected employment is dependent upon the production value. The employment
forecast uses a constant number that reflects the employment in mining over
the last five years. Employment is not included for the counties that
produced uranium. To determine if the number is changing, the USBM total
value for the year should be divided into the MSHA employment value for the
year. The resulting ratio should be compared to the value used for the
projection -- 0.012. If there is a substantial change, the forecast can be
recomputed by multiplying the new ratio times the projected metal values.

Modification of Wage Forecast

The wage forecast is dependent upon the employment forecast. The projected
1983 wage index is multiplied by the employment to arrive at total wages
paid. If the growth of wages is different from the five percent rate, the
index should be recomputed. Also, the wages will have to be recomputed using
the new estimate of mining wage growth.

Modification of Local Purchase Forecast

Local purchase projections are based on the production value. This estimate
is more difficult to measure and validate. The value of 12 percent is chosen
based on a model Colorado. From the 'Cost Estimation Handbook by Clement et
al' published by the U.S. Bureau of Mines for a mine in Colorado. The model
is developed to reflect that 90 percent of the value produced in Colorado is
mined at two mines that are underground with an open pit associated with one

of the mines. If this basic relationship changes, a new model will have to be
developed.

10



CONCLUSION

Trend analysis is used to fit a linear line to metal production in Colorado.
This produced a forecast which can be used to study the impact the mineral
industry will have in Colorado in the future. The strengths of this forecast
are its simplicity and the ease of modification as new data becomes
available. It can easily be recomputed using a hand-held calculator or a
personal computer with a spreadsheet application.

The forecast's weakness is its inability to forecast "turning points" which
may significantly increase or decrease metal production in the state. Also,
uranium, which was important to production values in the past, is not included.

A turning point has been reached for the mining industry in the past three
years. Because of this, this forecast is an upper limit to value of metal
produced in Colorado. The next two years will provide data that can be used
to recompute the slope of the production 1ine to bring it more into alignment
with the new trend.

The two molybdenum mines in the state account for more than 80% of the metal
value produced. This ties the value produced directly to molybdenum. I
suggest using commercially available molybdenum forecasts to get a trend for
the major portion of the metal produced in the state.

1
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CODE

ADAM
BOLD
CHAF
CLCK
coLo
CONE
CusT
DLRS
EAGL
GARF
GILP
GUNN
HIND
JEFF
LAKE
LAPL
MESA
MINE
MOFF
MONT
MOTZ
OURY
PARK
PUEB
RIBL
SAGU
SANJ
SANM
SUMM
TELL

COUNTY CODE LIST FOR TABLES

COUNTY NAME

ADAMS
BOULDER
CHAFFEE
CLEAR CREEK
COLORADO
CONEJOS
CUSTER
DOLORES
EAGLE
GARFIELD
GILPIN
GUNNISON
HINSDALE
JEFFERSON
LAKE

LA PLATA
MESA
MINERAL
MOFFAT
MONTROSE
MONTEZUMA
OURAY

PARK
PUEBLO

RIO BLANCO
SAGUACHE
SAN JUAN
SAN MIGUEL
SUMMIT
TELLER
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METAL FRICES

At Ag M Fb Zn Cu u
YEAR $/0z $/0z $/1b $/1lb $/1b s/1b s/1b
1265 35. 2@ 1.29 1.55 Q.16 .15 @#. 25 US GOVT ONLY
1266 25. 02 1.29 1.55 2.15 Q.15 a. 37 8.02a
1967 35. v 1.55 i.82 @. 14 Q.14 0. 23 8. e
19e8 39. 26 2.14 1.62 @2.13 .14 Q. 42 E.56
1963 41.51 1.79 1.72 .15 @.15 @. 48 6.16
137@ 3E6. 41 1.77 1.72 2.16 @.15 2.358 &.24
1971 41.5S2 1.55 1.72 .14 2. 16 2.52 &.48
1972 58. 60 1.69 1.72 2.15 ?.18 2.31 5.95
1973 97.81 . 2.56 1.72 @. 16 .21 2. 60 7.1@
1974 159. 74 4.71 .32 .23 2. 36 .77 11.@3
1975 iel. 49 4. 42 2. 48 .22 .39 .64 23.68
1376  125. 32 4.35 .34 B.23 .37 @.72 33.70
1277 148. 31 4. 62 3. 68 @a. 3 2. 34 B. &7 42. 20
1378 193.5S S. 40 4,32 2.3 @a.31 @a.s67 43.23
1379 307.59D 11.29 7.6Q 2.53 .37 @.33 2.57
1989 612. 356 20. 63 9. 8z D. 42 .37, 1.2 31.73
1981 459. 64 i2.52 4.30 Q.37 0. 435 @. 85 24.1°2
138z 375.91 7.95 3.95 B.26 .38 a. 74 13,32
JAN 82 4435. 43 12.59 g.5a Q. =2 Q. 32 .78 &, 25
JUN 83 437.56 1=.28 3. &0 .19 0. 49 0.73 =32.59
JAN 84 394.0Q 9.54 3. 49 Q. 26 2,51 Q.71 cZR. S8
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APPENDIX B

GRAPHS
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Graph of Historical, Moving Average, and Forecast Data.............. 27
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REVISED ~ROJECTION FOR METAL FPRODUCTION
BERSED ON ESTIMATED 1333 VALUE

NOMINAL FRODUCER FRICE
YEAR FRODUCTION DEFLATED PRODUCTION

55 67841 84538
56 72786 - BI454
57 77419 91815
s8 49685 57387
59 EDBES £36302
&0 89135 299312
61 85415 95323
62 6595182 72754
63 92709 98964
64 121065 128746
€S 126841 1130238
66 120924 124431
£7 125513 125513
68 123587 118644
69 121662 119944
72 144529 124295
71 135316 111522
72 139332 111336
73 138725 104321
74 183556 124451
75 218545 135716
76 240271 140922
77 336103 185193
78 4234593 216811
79 652299 300618
82 698993 283791
81 567395 £D8E34
az 415860 144719
83 349821% 113342*
84 3S4676%* SQR6T7S**
as 359530 %* ZR7SSIxn
86 364385%* S12384%%
87 69233 %* 217238%%
88 374094%% D223
as 378948%% Z26347 %%
99 383803 231802 %%
91 288657 %% 23EESE**
9z 293513 %* 241511 %»
93 398366 %% 246Z66%%
94 4321 %* 2S1Z20**
95 40807S%* SSERTSE*
3¢ 41293Z0*» 260329 %*
97 417784%% ZESTB4%*
58 422639%% S7BE38%*
99 427495 %% 275493%»
122 432343%% ZRB347 *»
11 437202 %% cBISZ02%x*
122 L4205 T ** SOARS6**

* - ESTIMATED VALUE.
PRODUCER PRICE DEFLATOR OF . 324

#» —-PROJECTED VALUES
ALL VALUES EXPRESSED AS sRR

DEFLATED VALUE USES



FROJECTED EMPLOYMENT FOR COLORADD MINING

NOMINAL
VALUE 3001 MANYEARS TOTAL
YEARS DEFLATED PER NUMEER HOURLY ANNUAL
SLORE & AP 5 EMELOYED WAGE WAGES
=5 §7841
56 72786
57 77419
58 496,86
53 608ES
(] 80135 e.61
&1 85415 ' 2.64
(7= 6590 2.79
53 39723 2.75
&4 121265 2.81
&S 126841 2.92
66 122924 3.05
67 1235513 . 3.19
68 123587 2.35
&3 131682 3.61
7@ 144529 3. 85
71 135316 4.6
72 139332 4,41
73 138725 4.73
74 183556 ' 5.21
75 218545 5.90
7€ 240071 . €. 42
77 336103 £.88 )
73 423453 Q. 214 5981 © 7.67- 95418
79 £52293 P.212 6587 8.48 116184
s £98393 0. 211 7586 9.19 145028
a1 567395 @.014 7772 12. 06 162586
P 415860 Q. 21@ 4159 12.82 936021
83 343821 2.012 4198 11.33 98328
84 354676 Q.12 4256 11,90 125316
85 353530 2.212 4314 12.49 112296
86 364385 Q.212 4373 13.12 119232
a7 369239 2.012 4431 13.77 126923
a8 374294 Q. D12 4489 14. 46 135021
a9 378948 2.212 4547 15.18 143612
9@ 383803 0. 212 4606 15.394 152724
91 388657 R.212 4664 16.74 162383
92 3393512 2. 212 4722 17.58 172638
93 398366 R.212 4782 18. 46 183526
94 493221 Q. 212 4839 19.328 195023
35 4281275 2.0212 4337 22.3 207246
96 412932 Q. 212 4355 21.36 222197
97 417784 B3.0212 SQ13 22. 43 233935
38 422639 Q. D12 5072 22.55 248475
93 427433 2.013 5132 24.73 263896
122 432348 0. 212 5188 25.97 2822327
121 437202 Q.012 S246 27.27 237553
102 442257 Q. 212 5305 28.63 31590@



APPENDIX C
DATA SOURCES AND CONTACTS

Colorado Division of Mines
1313 Sherman Street
Denver, Colorado

Production Data

Data is available on a county by county basis from the late

1800's. Data is not complete, for any year part of all of the
metal value for the county may be missing or may be aggregated into
a single county amount. Data has not been collected after 1980.
The defination of value for this data is 'amount produced in
pounds, ounces, etc. times the average price for the metal that
year, metal prices are as reported in trade journals, government
reports or by the producer'.

U.S. Bureau of Mines

Karl Starch, Colorado Laision
Phone 234-3930

Bldg. 20

Federal Center

Lakewood, Colorado.

Production Data

This data is collected on a yearly basis and is available about May
or June of each year. The data is on a mine by mine basis for each
county and by major metal types. All single mine data is
confidential and much of the county data is confidential as well.
There is not uranium data in these numbers. The definition of
value is 'production measurement by mine shipment, sales, or
marketable production (including consumption by the producer)'.
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Department of Energy

Nuclear and Alternate Fuels Division
Energy Information Administration

R. Gene Clark

Phone 202-252-6363
Washington, DC

Uranium Production Data

All data pertaining to production of uranium has been transferred

from the Grand Junction office of DOE to Washington.

U.S. Bureau of Mines

Harold Benette

Minerals Availability Field Office
Phone 234-6266

Bldg

Federal Center

Lakewood, Colorado

Mining Industry Cost Indices

Cost indices and an entire set of cost curves are available from
this office. The indices are updated quarterly for a monthly
basis, and can be obtained over the phone. The cost curves are
divided into three mixes for any part of an mining operation; they
are: '

1. Labor

2. Material and supplies

3. Equipment operation
The cost curves in the form of a computer program are available to
the survey free of charage except for the cost of the tape they
would be written on.

Mine Safety and Health Administration
Lenard Larson

Phone 234-5991

Lakewood, Colorado

Employment Numbers

" Employment on a mine by mine basis for each county in the state is
available from this agency. The data is collected and published
quarterly. The final numbers for a year are not available until
the spring of the following year. The data is free and is
appearently public data. However, the data is only available for
the last five years. Another five years beyond are availabe but on
magnetic tape and requires some computer programming to get the
data in a usable form.
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Colorado Division of Employment and Training
Ken McNulty

1330 Fox Street -

Denver, Colorado

Employment Data

Data on employment for mining in each county is available on a
metal and nonmetal basis. The data is available for 1972 to the
present, with 1974 and 1975 missing. It is updated on a quarterly
basis. However, it is confidential for most counties and may not
agree with the MSHA data.

U.S. Department of Commerce
Monthly
Survey of Current Business

Economic Indicators

This monthly journal countains indicators such as the GNP deflator,
Wholesale price index, Consumer price index, and many more. These
indecies are used to put historical data in constant dollars. This
is the one source needed in order to carry out some of the more
complex forecasting techniques.

William Chenowith
Consulting Geologist
Grand Junction, Colorado

Uranium Production Data

Production data for the years 1965 to 1980.
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APPENDIX D

TABLES OF HISTORICAL COUNTY METAL PRODUCTION
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