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ABSTRACT

Political, ecomomic, and sovdal events nccur daily i modern
society and affect e operaiions of Industry and gaverament,
Decision nutkers inn both sectors must confront present problems
as well as anticipuiy furnre ones. As a result, profections and
Jforecasting have become impariant tools of the decision making
process. Forecasting the supply-demand balance of salt enables

analysis in the saft industry and in the government rs determine
the competitive pusitivn af the company amd the countey, respec-
tively, in the world market. Reliuble forerasts arve obtained by
having un integrated data collection and interpretation spsien ag
well uy a suitable metitod (o chiain sttistical prafections.

INTRODUCTION

Statistics s defined as the mathematies of the collec-
rion, vrganization and interpretation of numerical data,
The value and quality of any data are dependent an the
methed of collection and the veliability in the aceuracy of
the data. Once the quality of the data has been evaluated,
some.degree of contidence can be given {o the interpreta-
tion of the dara. How the data is interpreted will inflzence
the forecast.

Salt is one of more than 80 mineral commuodities that
the Bureau of Mines forecasts end use consumption to
199G and bvevond. Although historic data on salt con-
sumption is used to project future demand, it should be
realized that forecasts do not take into account unforetold
events that can influence the supply-demand situation,
such as sudden changes in the economy, censumer atti-
tizdes and prefercnces, and natural phenomena like the
weather, Forecasting short range weather conditions is
difficult and often unreliable. Forecasting long range
weather conditions is impossible; thervefore, forecasting
salt consumption to 2000 for end uses such as highway de-
iving, which is dependent on the weather, is unrealistic.

DATA COLLECTION

‘The need for procuring accurate mineral statistics was
first recognized by the U.S. Geological Survey in 1880, In
1882, an annual report cntitled “Mineral Resources of the
United States” was published. It contained information
and statistics relating to the mining and mineral industry

in the United States. After the Burean of Mines was
formed in 1910, the publication cventually cvolved into
the Minerals Yearbook as it is recognized today,

Although the reporting of salt statistics on an anoual
hasis began witht the 1882 report, the report contamed his-
torical data back to 1797 for select salt producing sfates.
For example, Onondaga Salt Springs in New York pro-
duced 25,474 bushels of salt in 1797 {equal to 713 short
tons), and during the same year, salt production in Kana-
wha County, West Virginia was reported o he 13 pounds
per day. Historical data provides a time series for showing
trends and lor the basis of forecasting.

A canvass form is the easiest method for collecting min-
eral data. Although data collection through canvassing is
a laborious and time consuming process, the quality of the
information is only as good as the effort put into the pro-
cess. Salt statistics are surveyed annually by the Burean of
Mines, In 1983, 44 compeanies operated 83 salt-producing
plants in 15 states and provided the Burean with informa-

ton for each type of salt concerning quantities and values
of sait sold or used, end use consymption, destination of
shipmenis by state, imports for consumption by end use
and ether important information.

Changes in the canvass forms have occurred through
the yeats to reflect the needs of the salt industry, the gov-
ernmient and the public. The original surveys were mainly
inferested in production dara; however, the canvass was
expanded in 1941 to Include end use consumption data.
This change helped market analysts identify the growth
pofential in certain sectors, In 1970, the form was again
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madified to include imports of salt by end use, and in
1981, the term “evaporated salt” was changed fo show the
differentiation between solar evaporated salt and vacuum
pan-open pan mechanically cvaporated salt. Modification
in the salt canvass forms are ongotag and will continue to
be in order to respond w the changes and needs of indus-
try and government.

DATA INFERPRETATION

After the data has been collected, it must be interpreted,
or analyzed, to ensure accuracy and quality. A series of
data often may reveal a particular trend in the data set. &
{rained apalyst generally can identify irregularities in the
data and can evaluate the meanings of these tremds. For
example, as noted in Table [, the domestic population
and consumption of salt generally followed a positive
trend for the K)-year period 1380 to 1980, during which
time the population increased 4%2 times and per capita
consumption tose eightfoid. The growth in per capita con-
sumption reflected the changes in the uses and guantities
of salt as industrialization evolved and as population in-
creased. In 1880, the major uses of salt were mainly for
“flavoring and foed preservation, while in later years, salt
would be used in the production of many inorganic cherni-
cals, metal, rubber, petrojeum, and used to deice roads.

While the population continued to rise between 1970
and 1980, actual consumption declined. This decrease
was attributed to the beginning of public awareness and
concern tegarding the adverse effects that salt had on the
cnvironment (excessive road deicing affects local vegeta-
tion), on human heaith thypertension linked to high-sodium
diets), and on property (metal corrosion on vehicles, roads
and bridges). Also, the energy crises in the early and late
1970s resulted in the closure of several energy-intensive

TABLE 1
Historical U.S. Per Capita Consumption of Sait
Per Capita
Popalation Cunsumption Conpumption
Year i Millions) {Million Short Tons} {Pounds)

1880 50.2 1.3 52
1850 52.9 1.2 39
1900 7.1 31 ¥
1916 92.4 4.3 94
1926 106.5 6.9 128
1930 123.1 8.0 131
15940 132.8 10.2 155
1850 152.3 16.4 216
1960 180.7 26.1 289
197 204.5 49.0 478
1980 223.0 44.8 402

18501980 = 100 vears
Population prew 4.5 {imes
Per capita consumption grew § times
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operations, such as in the synthetic soda ash industry,
which consumed large quantities of salt.

FORECASTING METHODOLOGY

Collecting data is meaningless unless something usefut
can be done with the dara. Although compiling dats into a
table may be usefuf for documenting historical informa-
tior, the data can also be used to produce supply and
demand forecasts. A supply and demand forecast is a sta-
tistical estimate of the future availability and need of 2
particular commedity or service. After the data has been
collected and the quality has been evaluated, a statistical
analysis and a contingency analysis can be performed.

Statistical Analysis

The foundation for projecting domestie salt consump-
tion by the Bureau of Mines is based on a computerized
end use analysis system using the least-squares, or regres-
sion, analysis method that produces a statistical projec-
tion, The system estimates the fundamental regression
eguations and the related coefficients of determination
{(known as R?). The results present information regarding
which macroeconomic mdicator best interprets the histor-
ical pattern of end use consumption, and consequently
which estimated relationship should be used as a basis for
generating end use statistical projections.

A stafistical projection is obtained by correlating his-
torical end use data with various macroeconomic indica-
ters, such as U.S. population, gross national product
(GNP}, and several indices of U.S. industrial production
activity. As shown in Appendix 1, the Bureau of Mines
presently uses 71 macrocconomic vasiables compiled and
published by the Department of Comumnerce, Bureau of the
Census and the Federal Reserve Board {FRB). The major-
ity of the indicators are the FRB indices of industrial pro-
duction which are measures of activity in the industrial
sector of the econtomv. The Census Burean's ' Censuses of
Manufactures and Mineral Industries” report and the
“Annual Sarvey of Manufactures” report, data made
available by certain frade associations, and other industry
sources, are used to compile the raw data for the industrial
production indices. These indices are a ratio of the previ-
ous, current and subsequent monthly, quarterly, and an-
nual raw daza for each industrial sector, and the 1967 raw
data, which is the Federal comparison base year {(in which
the index is equal to 100),

When using regression analysis for statistical projec-
tions, it is assumed that the previous empirical relation-
ship will continue in the future and forms a forecast base
for deriving a range of high and low forecasts. H the past
relationship is not expected to continue in the future, then
contingency analysis is applied to cach end use separate
from the statistical projection.
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Ceontingency Analysis

A contingeney analysis produces a contingency forecast
and is used whenever the statistical projection indicates
that the coefficient of determination is too low to be statis-
tically significant, generally fess than 0.70 (1.0 coefficient
of determination signifies perfect correlation), or when
the analyst has reason to believe that certain current or an-
ticipated events may akter future trends. This type of anal-
ysis is highly subjective and judgmental, and varies from
commodily to commodity and for the various end uses of 2
commaedity. The contingency forecast is based mainly on
the historical data pertaining to the end use of a commaod-
ity, and the gvents or developments that conld have an im-
pact on the future use of a commodity. These develop-
menis include:

* new technical achievements

* unprecedented price changes

» competition from substitates or alternatives
* environmental restrictions

* changes in supply

* consumer attitudes or preferences.

In the Bureau of Mines' forecasting methodotogy, 2
contingency analysis of end use demand includes three
forecast scenarios: a high range forecast is selected fa re-
fiect optimistic assumptions regarding that particalar use
of the commodity; a low range forecast is generated to in-
dicate more comservative assumptions that may cventu-
ate; and a probable forecast is formulated to show which is
the most likely assumption to¢ occur based om present
knowledge and an appraisal of developments.

SALT FORECASTS

Twenty-one years of historical salt copsumption data by
end use were used to forecasi demand to 1990 and 2000 us-
ing the statistical demand projection system previously
discussed; however, total primary production and total
primary demand were projected to 2000 by simple [inear
regression, as shown in the computer-generated Figure |,
As indicated in Figure 1, total domestic demand for sall
historically exceeds total production. This is attribured to
the long-term reliance on imported salt, mainly due to fay-
erable economic considerations rather than domestic sup-
ply problems.

Table 2 lists the various macroeconomic indicators with
their corresponding coefficients of determinarion that
correlated best with the data, Ak included are the sta-
tistical projections obtained previously from the 1980
Minerai Facts and Problems chapter on salt. As noted,
most of the coefficients of determination in both analyses
were less than the optimum 0.70 needed to signify strong
correlation.
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Flgure 1. U.S. Primary Demand and Production of Salt.

Statigtical Analysis Problems—and Angwers

An investigation to defermine the reasons why succes-
sive statistical analyses produced unreliable projections
revealed that the problems were primarily in the bench-
marking of the economic indicators rather than in the
data or the forecasting methodology,

The Federal Reserve Board monitors 235 industrial sec-
tors that produce goods and materials {expanded to 260 in
1984) and generates a macroeconomic indicator for cach,
many on a monthiy basis, Because of the difficully in can-
vassing complete industrial sectors to obtain monthly pro-
duction data in order to publish a monthiy [ndustriat Pro-
duction {1P) Index, the FRB uses monthly reports of kilo-
watt-hours consumed {obtained through the Federal Re-
serve System) and man-hour data (obtained through the
Burean of Labor Statistics) to track the sectors where ac-
tual product output is not available,

About 60% of the 235 macroeconomic indicators are
based on the actual quantities of goods and materials pro-
duced (oztput indicators) and 46% are from energy and
employment data (input indicators), which are used to
generate “Production Adjusiment Factors™ that approxi-
mate output quantities. Therefore, more than half of all in-
dicators are actual producuivity measures of the domestic
manufaciuring industry and the remainder are adjusted.
Of the 71 macroeconomic indicators that the Bureau of
Mines uses (out of a total of 235}, 61% are categorized as
output and 39% are input (see Appendix 1},

The FRB uses the quinquennial “*Censuses of Manufac-
iures” publications (1967, 1972 and 1977) to update, re-
vise and benchmark the output indicators, The input indi-
cators are also benchmarked at this time with actual
product data for those industries which, for the previous
five years, were tracked using only kllowatt-hours and
man-hours as the sources of dara. As a result, the Produc-
tion Adjustment Factors usually do not correlate with the
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TABLE 2

Statistical Analysis of Saki (Data in Thousand Short Tons)
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Cwryent Analysis

Previous Analysks*™

Statistical
Bage Year Statistical Base Year Projection
End tse Hest Macroeconomic lndicator  Best R? 1981 Projection 1978 2000
Alkalies and chloring petroleum products b2 22,722 32,629* 2451 38,000
Orther chemiecals agriculture chemicals 10 1,133 h4% 1,158 1
Deicing wotal production 70 %257 24,581 18,650 21,060
Paper products population .38 247 273 221 470%
Food preducts gross private investment .33 2,203 3,580 2,815 3,800
Agricubure total production .69 1,788 3,144% 1,851 2.
Metal production metal cans 82 204 676 45 90
Rubber bizey 02 102 183% 96 15iy®
Pelroleum rubber and plastic produets b 837 1,26K% 431 620"
Textlles and dyeing synthetic materials B4 220 140% 182 120%
Water treatment paints 80 1,006 1,838 890 1,500
Other new constrizction 10 3.32 _5,783% 4,251 6,500
Total 42,180 N 47,47 ---

*have R? less than 0.70
#rom 1980 Mineral Facts and Probiems

newly benchmarked input indicators, thereby creating
probiems when attempting to ase input indicators in fore-
casting. The FRB states:

“Compilation of current monthly [P series for the pe-
riod since 1973 involves various problems of extrapola-
tion. These problems are generally less serious, how-
ever, for series based on monthly physical produet data,
which account for vearly one half of total {P, than for IP
series based on monthly measures of inpot such as
kitowate-hours or mran-hours.”!

The macroeconomic indicarors used to produce the sta-
tistical analyses shown in Table 2 were benchmarked us-
ing the 1972 Censuses of Manufactures report, which was
prior to the energy crisis in 1973, Because of increased fee
costs, most industries sirived to comserve energy while
maintaining productivity. This change in energy con-
sumption biased the indicators in which kilowatt-hours
were being used to track that particular indastrial sector.
Likewise, the two economic recessions in the past decade
have affected employment, especially in indusiries that
have converted to automation or robotics. Although pro-
ductivity may have been maintained, man-hours as a
tracking toof has affected the input indicarers.

In summary, it is this author’s opinion that i the indi-
cators used in Tabie 2 were benchmarked using the 1977
Censuses of Manufactores data, although unavailable at
the time, the statistical projections and coefficients of de-
termination would have been better.

‘py. 35 of Reference 1,

Contingency Analysis and Forecasis

As stated earlier, a contingency analysis may be used
whenever the reliability in the statistical analysis is uncer-
tain. Figures 2 through 4 graphically show the historical
and projected trends of the major and minor end uses of
salt to 2000, The following contingency analyses for se-
leeted end uses take into account the recent technical and
socizl events which may alter the future demand for salt.

Chioralkall-~the major end use of salt. Over one half of
the annual dontestic demand for salr is for the production
of chloralkali chemicals, namely, chiorine, caustic soda
and snda ash. Figure 2 shows the historical demand for

THE MAJOR END-USE OF SALT
ALKALIES AND CHLORINE
1960 — 1981 AND FORECAST TC 2000
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Figure 2. Chloralkali Forecast,
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Figure 3. Forecasts of Other Major End Uses of Salt.
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Figure 4. Forecasts of Minor End Uses of Sals.

salt in this sector. Because of its significant contribution
to total demand, it is not surprising that the trend of lows
and highs a5 noted in Figure 2 resemble the overall de-
mand trends seen in Figure 1. Sharp declines after 1973
end 1979 show the effect of increased energy costs that
plagued the energy-intensive chloralkali industry, and
therefore sait consumption. Through changes in chioral-
kali production lechnology and an increase in chloralkali-
based products, such as polyvinyi chloride, the future de-
mand in this major industry is anticipated to be strong.
possibly reaching more than 30 million tons in 2000
Chloraikali will continue to be the largest salt-consuming
sector,
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Deicing. The seventy and duration of icy congitions in
winter are the main factors that control this sector, the
second largest in ferms of toral salt consumption, as
shown in Figure 3. Although there are cccasionsl periods
of mild winter weather that reduce the demand for deicing
salt, it is expected that normal to severe weather will tend
to be the pattern in the future, thereby increasing the fu-
ture need for salt for deicing purposes.

Food produets. It is expected thai sali consumption in
this end use will grow in proporticn with the population,
despite the current public coacern vegarding the alleged
adverse effect of high sodium intake in the diet. From a
present base of 2.2 million tons, salt for food applcations
shouid reach 2.8 million tons by 2000.

Agricalinre. Salt demand for livestock and poultry nu-
trition is dependent on the demand for meat and meat
precucts. This sector should paralle]l the growth of popu-
lation and the need for meat as a source of protein. High
chelestero! levels in the blood may alter the demand for
sakt for agricultural purposes,

CONCLUSIGNS

Reliable statistical projections of the future demand for
salt require a sound forecasting methodology. This meth-
odology is based on correlating accurate end use data with
updated macroeconomic indicators and evaluating the
resuits against any developments that may affect that
commodity or end use. Although the statistical analyses
presented in this paper proved (o be unreliable because of
questionable influences of the indicators, contingency
analyses made by an expert analyst can provide meaning-
ful insight to otherwise meaningless resalts.
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APPENDIX 1
Macreeconomic lndicatiors
Average Anauai Growth Rate, %
1983-50 1983 2000
Indicators
Cryuss Matiomal Product (GNPY .. ... .. 33 2.9
{Billion 1972 dollars}
(3.5, Population {Million persons) .. ... 0.9 [3%: )
Gross Private Domestic Investment .. .. 54 4.4
{Billion 1972 doBars}
New Construction Achivily ... ... .. 2.7 2.0
{Rillion 1972 dofars)
FRE Indexes of Produetion
(E967 == 100)
Total Produetion® . ... ..., 1.0 3.2
Q& GasExfraction ... ... ... — 1 —O.t
Q& GasDwilling ... 1.7 4.9
Food & Produocts® . .. ... . lul 2.5 2.0
Grrain Mii Products .. ..o .00 e 2.9 24
Textile Ml Produets® ............... 2.9 2.0
Paperd Prodeets .. ........ ... ... 2.6 1.8
{Converted Paper Products ... .. 28 22
Chemicals & Products¥® . ... ... ... 4.7 3.8
Rasie Chemicals® ... ..., ... ... .... 4.1 3.3
Abkaties& Chlorilne ............. 12 2.6
Synthetfe Materialy ............. .. 6.1 4.7
SyatheticRobber. .. ... ... ... .. 4.2 2.3
Drugs & Medicmes® ... ... 4.8 4.7
Svaps & Toiletries® .. ... .. ... 19 2.7
Painds ... i e 7 2.3
Agriculturat Chemicals® . .......... 4.5 2.2
Ferrilizer Materdals*® ............ 1.2 1.8
Petroleum Products® ... ... ..., 1O 6
Rubber & Plastic Froduets® ... ... 6.3 4.8
ThES e 21 24
Rubber, Exchiding Tires®. . ... _ ... 35 2.9
PigsticProducts NEC* ... ..., .. 74 5.5
{eather & Producss® ... . Lo —{1.6 — .4
Ordfnance® ... ... .. ... 7 3.4
Lomber & Prodmets® ... ...o00 0 2.3 1.5
Pumnbure & Fistures® ... ..., 14 2.7
Stone, ClaySe Giass® .. .............. 4.1 25
Pressed & Blown Glass ... ... ..., 4.0 X+
ComEnE .. oov e 28 2.1
PrimaryMelals ... ................. 4.7 2
fron&Steed ..o L., 54 14
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Basic Steel & MBI Producs. ... ..
Consumer Dutable Steel. ..., ..
EquipmentSteet ... ... .. ...
Construciion Steel ... ...

Nonfermoos Metais ... ... L L
Copper Mift Peaducts . ... ...
Construction Alaminum Products

Fabricated Metal Products™ ... ...,
MetalCans® ... ool
Hardware, Plumbing, & Siructural

Hardware, Tools, & Cutlery® ... ..,
Stractural Mueied Prodducts® ... 0L
{Other Eabricated Metai Products® ..
Nopzlectricsl Machinery®* ... ... ...
Engines & Equiptent® ... . .......
Construction & Allied Equipment® .
Metalworking Machinery® .. ... ...,
Special & General Indusirial
Machinesy® ... ..l
Office, Setvice, & Misc, Equipment®
Electrical Machimery® .. ... . ...
Major Electrical Equipment &
Parss® ... ..o
Household AppHances®............
Television & RadioSers ... ..., ...
Commusnications Bquipment* ...
Eiectronie Components® ... ..... ...
Miscellaneomus Flectrical Supplies® ..
Transportation Eqeipment® .. ... ...
Motor Vebicles & Parts ... ... ..
Automobiles .. ... .l
Trocksd Buses .. ... ...........
Truck Trailers ......ooovvuvines
Muotor Vehich: Paris® .. ... ...
Alveraft & Pares® ...
Ships&Boats® ... ... .......
Railtroad Equipment ..............
Mobije Homes ....... ... ...
Instrments® ... ..o i
Equipment Instruments & Parts* ...
Consumet Instromerts & Prodoacts® .

5.0
8.3
53
4.2
18
4.1
39
4.7
2.3

4.3
32
4.4
5.2
58
4.5
%}
5.8

4.8
6§
6.4

¥ I OV

@ B

-1 1 o

6.5
4.6
4.8
47
9.4
8.2
2%
4.3
43
13.6
~1.6
4.3
5.1
30

3.2
4.8
34
27
EX1;
14
32
17
1.6

16
4.2
13
44
4.5
4.3
24

4.4

3.6
4.6
5.0

4.1
i
1.9
S
7.6
4.8
i
34
6
6.9
52
2.2
il
3.0
e
—1.2
KX
4.4
2.3

*FRA Indexes of Production which are tracked monthly using mea-
sures of input {Kilowatt-kours or man-hours). Undennted indexes are

tracked using actual measures of cutput.
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