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1. Scope

This report is part of a New York Sea Grant research project entitled
""The Impact of Cffshore Sand and Gravel Mining oﬁ the Availability and
Costs of Construction Minerals in the Greater New York Metropolitan
Area” (G.N.Y.M.A). Qur study areaincludes twenty- four counties
in New York, New Jersey, and Comnecticut as shown in Maps 1, 2,and 3. (1).
The purpose of the project is o determine the economic cenditions as-
sociated with establishing and maintaining an offshore mining industry for
construction minerals to serve this region.

The report has three objectives: first, to describe a method for
deriving demand for construction minerals using readily available com-
puterized data; second, to present more rTecent results on the demand for
these minerals in the GIYMA {(4); and third, to forecast regional

demand for construction minerals for the period 1980-2000.

Our work was designed to provide information for planners, coastal
managers, and others involved in managing the offshore TesOUTCES of the GNYMA,
The first report in this series described the offshore supply of construction
minerals in the oMA indicating several geclogically suitable areas for off-
shore mining [61- Thi; report presents histeric demand and forecasts for
the futurs. A subsequent report will natch supply and demand "optimally"
to determine the potential economic impacts of offshore mining operations

£or construction minerals.



1I. Background
Urbanization and industrializaticn create strong demands for mineral

resources. The best lnown are those for metallic ores and petrochemical
feed stocks. Less publicized, but still very important for future growth
and development, are the demands for construction minerals: sand, gravel,
crushed stone, and fill.

The importance of these resources can be illustrated: Construction
of the concrete basement for a 30 by 40 ft. house requires 80 tons of ag-
gregates; one mile of four lane highway requires from 60,000 to 100,000 tons;
and the Verranzano Narrows Bridge comnecting Brooklyn and State Island contains
over 1,000,000 tons [4].

Volume demand for construction minerals is greater than that for all
other non-fuel and non-metal resources combined. In 1972, the United States
consumed 913 million short tons of sand and gravel and 782 milliion tons
of crushed stone. An even greater national demand is projected for the

future (Table 1) (8).

Table 1

Projections and Forecasts for U.S. Sand and Gravel and Crushed Stone Demand
by End Use, 1972, 1985, and 2000

(Million Short Tons}

1972 1985 2000

Forecast Range

End use Low High Probable

Sand and gravel

Construction
Highway and street construction 504 1,850 2,740 2,000
Heavy construction, general bldg. 341 805 1,200 1,000

Other end uses _68 145 260 200
Total 013 1,700 2,900 4,200 3,200
Crushed and broken stone

Construction 723 1,968 3,182 2,576

Other end uses 69 142 228 185

Total 792 1,417 Z,110 3,410 Z,761



The mineral aggregates industry produces a product with a low intrinsic
value, and a relatively high umit weight. Dry gravel weighs 100 to 120
pounds per cubic foot, while bituminous coal weighs approximately 34 1bs/£t?
and white pine 27 lbs/ft’. Both of these other materials have higher in-
trinsic values per ton tham construction aggregates. Thus even when hauled
considerably farther they can still be economically competitive. Current
estimates indicate that hauling aggregates 20 miles by truck doubles delivered
costs and that distances of 40 to 60 miles become prohibitive (4). Longer
distances are feasible by barge if a suitable route, and docking and unloading
facilities exist. Such routes and facilities are limited and often involve
unloading in congested urban areas which increase the time involved in subsequent
movement of product by truck to the eventual use site and hence increase overall
CoSts.

Construction aggregate resources are common and plentiful. Long Island,
New York, alone, probably contains some 250 billion tons of glacially deposited
sand and gravel. If these resources were used totally they could supply the
region's present and future demand for approximately 22,000 years (8).

The total onshecre resource, however, is not available for exploita-
+icn. Reserves--resources available for extraction--are severely limited
by a number of economic and non-economic factors. Some of these are: urban
sprawl, highway construction, land use regulation, restrictive zoning, in-
creased land values, and environmental regulation. These factors have
forced producers to seek new extraction sites which are srogressively farther
from demand sites. For example, while a production site in southern Breoklyn
mightbe ideally located to serve demand, it is highly unlikely that an ex-

traction site could be established there.



The ultimate impact of this situation is in economic terms; increased delivered
costs reflecting most strongly increases in hauling costs. The impled costs
associated with the prevention of the opening of sites on Long Island have

been estimated to increase delivery costs by $12,226,000 and total consumer
expenditures by $24,740,000, for fine aggregate alone (5). Using offshore
resources may provide a solution. Within our study area, major sites of

urban and suburban development are generally near shore. This fact coupled
with the econcmies of scale associated with dredging indicate the possibility
for economically viable offshore extraction. Sand has been removed from New
York Harbor in the process of shipping channel maintenance for many years.
However, the ultimate economic viability of such an operation to provide

for major segments of demand has not yet been demonstrated. It is the in-
tention of our ongoing research to delineate and study the conditions associated

with establishing such an industry in the GNYMA.

3. Procedures

Estimates of demand for mineral aggregate resources may be constructed
in two ways. Both assume that the production and consumption of mineral aggregate
products will be equal in any anmual period. Thus production estimates
demand, and demand estimates production.

The most common approach estimates demand by the compilation of producer
data for the period of study. This is the method routinely used by the
S Bureau of Mines in its ammual report in the Minerals Yearbook (1Z). Pro-
duction data is requested annually from each producer for each of its operations.
This data is then aggregated by state. Similarly, detailed local surveys

may be conducted as was done by Evans et al. for the greater Los Angeles,



California area in 1976 (9).

These methods were felt to be inadequate for our purposes. The ag-
gregated data collected by the US Bureau of Mines is not amenable to dis-
aggregation into areas as small as individual coumties. In additien,
individual producers are justifiably reluctant TO make a full disclosure
of the nature and scope of their operations.

Therefore we have formulated a method for estimating demand based upcn
the end uses of these minerals. This approach was first promulgated by
Bishko, Dunn, and Wallace as part of a US Bureau of Mines study (2).

The first step of this method is to jdentify the end uses of these
materiais. Virtually all of the demand for construction minerals can be
included in one of the following six categories:

residential construction
non-residential construction
highway maintenance

highway construction

public capital projects
private capital projects

While this categorization does not include all sources of demand (e.g.,
glass manufacture], it should be noted that historically the first four
categories have accounted for approximately 96% of annual demand (4). Qur
approach determines the "amount’* of these activities and, through a know-
ledge of the technologies involved, the amount of construction minerals
need to provide for these activities.

Bishko, Dumm, and Wallace (2) considered rasidential and non-residential
construction, and highway construction and maintenance. For both residential
and non-residential constructiom, typical' STTUCTUTES WETE defined and

analyzed. These results were used to comvert construction activity information



into demand estimates. Highway construction and maintenance were similarly
considered on a "‘typical” per mile basis and used to convert available project
data.

Bronitsky (4) expanded this "molecular” approach to more accurately
estimate demand. His study covered the years 1963, 1966, and 1969. By
means of calculations based upon the 1963 Input/Output Study of the US
Department of Commerce (15), he constructed a matrix of "technical coefficients"
relating tons of sand, gravel, and crushed stone consumed to the dollar value
of various types of construction activity (Table 2) @, Table A-5).

In addition to providing a convenient and direct means for analyzing
demand, this analysis is also able to take into account indirect consumption;
i.e., the use of intermediate products such as cement blocks.

Demand for construction minerals used in residential and non residential
construction was estimated from construction permit activity files. The
data was abstracted manually from various sources. Highway data was obtained
by survey of the varicus state, county, and local highway departments. These
data were interpreted by means of the appropriate technical coefficients.
Additional data for the five counties of New York was cbtained by analysis
of barge movements of sand and gravel and crushed stone into the area which
were estimated to account for 90% of demand. Bronitsky's estimates were
validated from producer data and found to be accurate to within 8%.

Computerized analysis has made this approach simpler and more accurate.
We have developed a series of computer programs which allow analysis ot
demand for construction minerals in any area of the United States based

wpon data which is easy to obtain.



We have again considered only resicential and non-residential con-
struction and highway construction and maintenance. Data for capital
projects are difficult, if not impossible, to obtain directly. In addition,
we believe that capital projects are accurately reflected in comstruction

permit activity data.

3.1 Data Sources (1970-1975)

The demand for construction aggregates in the GONYMA was estimated from the Bureau
of the Census data on construction activity. These data were made available
to us in the form of computer tapes (16)}. The information obtained covered
the issuance of construction permits and was reported in estimated current
dollar value for particular projects. Such data are available, by state,
county, and construction type for all areas in the United States.

Qur primary source of data on highway construction and maintenance was
the SE-15 series of Highway Finance (13). This data covers only the Standard
Metropolitan Statistical Areas (SMSA) and is reported in dollars. Secondary
sources for areas not within these Tegions were reported by county SUPeTVisoTs,
departments of highways, and state departments of transportation. These
data were also reported in dollars. Unfortunately for our purposes, data
not available for all coumties in our study area. We were forced, in con-
sultation with local planmers, to develop judgemental estimates for those
counties for the appropriate years. These data, reported directly in tons,
are marked with a single asterisk (*} in the summary of results (Table 8).
A summary of these judgemental sstimates, expressed as percent of total de-
rived demand, is given in Table S. The impact of a 20% erroT in these estimates,

again expressed as a percent of total derived demand, is also shown.



3.2 Analysis

The data obtained, in the form of dollars, were converted into tons
of construction aggregates using the matrix of techmnical coefficients pre-
vicusly described and shown in Table 2.

We have assumed that these coefficients are still structurally valid,
that is, that there has been no fundamental change in the various construction
technologies and that the price of aggregates has inflated at a rate ap-
proximately in balance with other construction materials. While this assump-
tion seems intuitively correct, we have verified it by examination of the
All Construction Materials Index of Construction Review (7). On a national
basis, construction aggregates still contribute approximately the same
proporticn of costs of all materials as they did when the index was last
adjusted in 1963,

To appropriately apply the technical coefficients, however, it was
necessary to adjust the coefficients to represent the change from "current”
doliars to 1963 dollars. This was done for construction by applying three
of the Boech construction indicators and the Handy-Whitman indicators to
the individual categories of construction. For highway data, the Federal
Highway Index (composite) was applied. These indices were nomalized to
the base year, 1963, and are shown in Table 3.

Applying these indices to the 1963 matrix of technical coefficients,
adjusted coefficients for the years 1970-1975 for sand and gravel and
crushed stone was obtained (Table 4). Flowchart 1 describes the computation
procedures.

The construction permit activity tapes supplied to us contain multiple
entries per county for each year in our study period. Since the volume of

data was large, a data processing system was developed to generate jppropriate



reports and create a data file for future analyses. This data processing
system was written in ANSI COBOL with the intentien to be easily adaptable
to other study areas.1
Data abstracted from tape are sorted by county and construction type.
The result is a report of current dollars of construction activity by type,
county, and state. These data are interpreted by means of the technical
coefficients described above to provide 2 seccnd report of tommage of sand
and gravel and crushed stone by type of construction, county and state.
Sample pages of these reports for Suffelk County for 1975 are shown below
in Tables § and 6. Flowchart 2 describes the computaticn procedures.
Highway data were divided into two components: DNew construction and
highway maintenance. These data, in dollars, were converted using the
adjusted technical coefficients. We used a computerized procedure, similar
to that for construction. Since there were significantly less data, we
used an interactive approach was used to generate a yearly Teport hy county
and aggregate type from a computer rerminal. This system is written in Fortran
IV, and easily adapted to other regions.l A sample page of this report for

1975, is shown in Table 7. Flowchart 3 describes the computation procedures.

3.3. Results

Table 8 shows demand in tons of sand and gravel and crushed stone, for
each county for the years 1970-1975.

A composite graph of demand for the entire study area is shown in Graph 1.
In addition to coarse and fine totals per year, the index of twelve leading
aconomic indicators and total residential fixed investment indicator from
the "Business Conditions Digest'" (14) are superimposed. The strong "leading"

lScu.rce code and operating instructions are available in a working paper
entitled, "System for Estimation of Construction Mineral Aggregates” (M.
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nature of our demand graph reflects the delay between initiation and com-
pletion of specific projects. Coarse and fine aggregate consumption follow
similar profiles due to the fairly constant proportionality of use of these

materials over the entire construction industry.

4. Demand of Forecast for Construction Minerals in the GNYMA

To obtain estimates for the demand for sand and gravel and crushed
stone for the period 1980 through 2000 a "micro" approach was used. Demand
is estimated for the individual counties (the five counties of New York
considered together) and an overall forecast calculated by adding the
county forecasts.

The period 1970-1375 is assumed to include the upper and lower bounds
for future demand within each county. This reflects the behavior of the
graph of total demand with respect to the two cyclical indicators shown
in Graph 1.

These bounds are assumed valid for the following reasons: first, the
most recent cycle in construction activity was the most severe since World
War I1I; second, the GNYMA is likely to remain relatively stable overall,
experiencing neither great growth nor decline.

The data obtained are insufficient to undertake standard amalysis of
this cyclical time series. As may be seen in Graph 1 the derived demands
encompass not even one complete cycle; several cycles of annual data are
needed to estimate the long range trend. Standard statistical analysis of
time series data covering less than one camplete cycle must also be rejected
as yielding a mean and standard deviation not representative of the entire

cycle. Thus no account of cyclicity, or trend, is taken. Average demand
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over the total forecast period is determined based upon the implied cyclical
upper and lower bounds.

The primary determinants of construction activity are exogenous to the
indsutry itself. Future activity, and hence demand for construction minerals,
will be closely tied to the area's overall business and residential climate.
The number of factors involved in determining this climate are manifold,

e.g. taxation, cost of living, zoning. No accurate means for forecasting
these trends exists.

Therefore, to predict trends in consumption of coarse and fine aggregates
in the GNYMA for the period 1980-2000, a judgemental approach was used.
Judgmental forecasting is, to a certain extent, a seat-of-the-pants approach,
relying on the intuition of the forecaster and careful realistic assumptions
with regard to macro factors rather than upon formal models. While we
recognize the limitations of such forecasts, we feel that such a methodology
will provide results which are valid for the policy planning process,
particularly since our approach is based upon the determinants of demand

for these materials.

4.1 Procedure
First we classified individual counties based upon population forecasts
and past population data for the study area. Population forecasts and past
data were obtained from the Tri-State Regional Planning Commission (10).
We used the following decision rules:
1. If a county's projected growth for the period
1970-2000 was greater than 50%, it was classified
as a growth plus county: "G+".

2. 1If a county's projected growth was greater than
10%, it was classified as a growth county: ''G".
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If a county's projected growth was between -10% and
+10%, it was classified as a stable county: nge,

If a county's projected growth was less than
-10%, it was classified as a declining county:
HU! .

Upon classification, we made a projection of future levels of demand

based upon the following rules:

1.

[
»

For each county, the 1970-1875 period was
examined for the maximm and minimm levels
of demand.

1f a county was classified as growth plus, a
projected level of [.9 (max-min) + min] was
used to forecast average demand.

If the county was classified as growth, a
prggécted level of [.75 (max-min) + min] was
us

If the county was classified as stable, a
przafcted level of [.5 (max-min) + min] was
used.

1f the county was classified as declining, 2a
projected level of [.25 (max-min) + min] was
used

Two counties, Nassau and Westchester, fell

between the stable and growth designations. (§ G

and G S respectively) For these counties a projected
level of {.625 (max-min) + min] was used.

Though the data do not indicate that amy county within our study area

will fall into "declining' category,

4.2 Results

Qur forecasts, by county, of demand for sand and gravel and crushed

stone for the period are shown 1n Table 10.

As noted above, these are estimates of long range averige demand, we

must also caution the reader that these are largely based upcn the projections

of planning agencies whose methods of lara collection and analysis were not

subject to our scrutiny. Thus the data in Table 10 should be considered

we include this category for completeness.
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as "surprise free" projections; in that they implicitly assume that the
future will be significantly similar to the recent past. A subsequent
report will utilize these data in considering the long rangs econamic

viability of an offshore construction aggregates mining industry.

5. Conclusions
The data analysis system discussed in this repert has as data inputs
the following:
1. US Bureau of the Census construction permit
activity (computer) tapes {16) which are
available for any area in the country;
2. The SF-15 series of Highway Finance covering
highway construction and maintenance for
areas within the SMSAs;

3. Reports by local supervisors and highway
departments {or available state data);

4. The updated matrix of technic coefficients
presented in this paper.

This information is readily available and avoids the necessity for
expensive surveys. The computer system described in our working paper
(7) is readily usable on most COmMputers with Cobol and Fortran IV capabilities.

Using this system, we have derived the historical demands for con-
struction aggregates for the years 1970-1975. Clearly, this analysis
reflects the highly cyclical demand for aggregates. This result was not
exhibited in previous work (4}, due to fairly stable levels of construction
activity over the years studied.

Due to limitations in consistency, quality and availability of current
and past data, we feel that a systematic errcr has been introduced into the
estimation procedure, which will tend to cause underestimation of demand.

For example, the construction permit activity data used will not report on
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construction for which no permit was required or on activities where a
permit, though required, was not obtained (e.g., patios, porches, stairs).
Similarly, highway construction and maintenance data may not include private
roads or new streets paved at a developer's expense. AS noted before,
Bronitsky estimated his cotal error as below 8%. We believe that, because
of the availability of better and more complete data, our accuracy is greater.
Our forecast method provides a crude estimate of actual annual demand.
our results provide 4 realistic accurate forecast of long-Tange average demand.
Perhaps our most dangercus assumption was the vsrability't of the GNYMA.
This implies both "economic” and technological consistency over time. We
believe that we have adequately considered "econamic” facters in our methodology .
While we have established the consistency of construction technology for the
period 1963-1975, we believe that technological changes (possibly brought on
by resource OT ENergy considerations) could cause a significant deviation from
our forecasts.
Finally, we must emphasize that our forecast method is only one of the
many possible methods. The detailed breakdown of past demand by county
(Table 6) is inciuded to assist that reader in developing other, or more

localized, forecasts.
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Table

[~

Tons of Sand and Cravel and Crushed Stone Consumed per $1,000 of Construction Type

(1963 Dollars)

Total Consumed Directly and Indirectly
Sand and Gravel Crushed Stone

Construction Type

Single Family Houses 4.651 2.498
2-4 Family Houses 3.855 2.331
5 or more Family Houses 6.283 2,789
Additions or Alterations Residential 1.349 0.690
Hotels and Motels 3.750 1.873
Religious Buildings 4.567 2.649
Industrial Buildings 4.826 2.843
Parking Garages and Service Stations 4,081 1.300
Hospitals 4,422 3.656
Office and Professional Buildings 3.558 2.125
Stores and Restaurants 5.300 3.424
Schools and Dormitories 4,677 3.208
Public Works and Utility Buildings 4.046 2.299
Other Non-Residential Buildings 4.474 2.004
Other Non-Buildings 4.269 4.101
Additions and Alterations Non-Residential 3.744 4.206
Highways 22.626 21,757
Repair and Maintenance Highways 56.142 37.240



Index

Bl
B2
83
HW
FHI

21,

Table 3

Normalized Construction Indices
{1963 = 1.000)

w0 7L L2 173 LT 1978
1.4384 1.5599 1.7123 1.869% 2.0240 2.1538
1.4608 1.5836 1.7065 1.8072 1.9761 2.1706
1.4555 1.5788 1.7123 1.8253 2.0223 2.2328
1.3387 1.4839 1.6129 1.7581 2.1290 2.3710
1.4544 1,5248 1.6000 1.7648 2.3360 2.3600

Legend:

Bl: Residential (BCECKH)
B2: Apartments (BOECKH)
B3: Commercial (BCECKH)
HW: Public utilities (Handy-Whitman)
FHI: Federal highway index (Composite)
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32.

Table 9

Summary of Judgmental Estimates and Their Potential
Impact® Upon Derived Demand Dy Year

Sand & Gravel Crushed Stone
Number of Counties % Total % Total
Year Estimated Derived Demand [mpact Derived Demand Impact¥®
1970 9 0.6 2.1 8.5 1.7
1971 10 15.9 3.2 13.1 2.6
1972 6 6.0 1.2 5.0 1.0
1973 3 4,5 .9 3.6 o7
1974 3 6.2 1.2 5.0 1.0
1975 3 6.8 1.4 5.9 1.2

&
Impact of a 20% error in these estimates, expressed as percent of total
derived demand.



County
New York
Nassau
Suffolk
Rockland
Westchester
Dutchess
Putnam
Orange
Ulster
Bergen
Essex
Hudson
Passaic
Unicn
Morris
Somerset
Middiesex
Mormouth
Fairfield

New Haven

Total

Table 10

Forecasted Average Annual Demand by County and Total Annual

Temand ror sand and Gravel and (rushed stone IoT

1980~2000 Tons x 109

Growth Type Sand and Gravel

S 2630
S->G 550
G* 1550
G* 250
G->8 940
G 260
G* S0
G 330
G 80
G 310
S 680
3 290
G 510
S 300
G 790
G 340
G 740
G 740
G 850
G 570
13320

Crushed Stone

3260
630

700

13110
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FLOWCHART 1 - Calculation of Adjusted Technical Coefficients
for Each Year in the Study Period

START

l

Read technical coefficients
in tons of sand and gravel
or crushed stone used per
1000 of value (1963 dollars)

\r

Read cost indices for 1963,
1970-75 (Bl, B2, B3, HW, FHI)

1

'
Adjust Coefficients for 1570-75
by application of the appropriate
index to individual indices

|

l‘

Write adjusted coefficients,
by year



FLOWCHART 2 - Evaluation of Construction Permit
Activity Data

START
|
-
Read census tapes

(bv year) .

v
Extract counties of -

GNYMA by county code
and state code

«

Sort by state code

Y Report 1
Sort by county cede Dollars of comstruction
~activity by constructiorn
! > type for each state,
' county, and year

A

Apply adjusted technical
coefficients

Report 2

Tons of sand and gravel
and crushed stone consumed
by constructicn type for
each state, county, and
year



FLOWCHART 3 - Evaluation of Highway Construction And
VMaintenance Data (By Year)

START

Read construction and
maintenance data (in
dollars) by county

f

Apply adjusted technical
coefficients

Report 3 Y

Tons of sand and gravel
and crushed stone consumed
for construction and for
maintenance by county for
one year
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