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Purpose

Estimating accurate projections of future nonroad emissions inventories depends on
estimations of future emission factors and future activity levels.  This report focuses on the
estimation of future activity levels.  The purpose of this report is to document the proposed
methodology for estimating growth in activity levels in the EPA NONROAD emission inventory
model and to compare it to alternative methodologies.

Background

The emissions inventory for nonroad engines is a function of the emission factors and the
amount of work or activity levels of these engines.  Projections of future nonroad engine
inventories must take into account expected changes in emission factors and activity levels. 
Future changes in emission factors will primarily be the result of future regulations and are
discussed in separate reports (NR-009 and NR-010).  Future changes in activity level will be the
result of complex interactions between human population growth, changes in national and local
economic factors, and changes in the markets for nonroad engines and the products they are used
to produce.  

Historically, EPA has often used projections of economic indicators as surrogates for
growth in activity for the purpose of estimating future emissions for a wide variety of sources. 
When applying this approach to nonroad equipment, the underlying assumption is that engine
usage is a constant proportion of earnings for a given sector. The most commonly used
compilation of economic indicators is provided by the Department of Commerce's Bureau of
Economic Analysis (BEA).  The most recent projections were published in July, 1995 .  BEA1

provides economic indicators by state or as a national average for numbers of employees,
inflation adjusted national dollars of earnings, and inflation adjusted aggregate gross state
products (GSP) dollars of earnings.  In the past, BEA growth forecasts for major sectors of the
economy (e.g., construction, farm, forestry, manufacturing, etc.) have been applied to all nonroad
equipment that might be used in that sector of the economy.

However, the use of economic indicators to predict growth in nonroad activity has some
drawbacks.  Economic indicators may not be able to adequately predict the effects of substitution
of equipment for labor in the market.  Also, economic models in recent years have tended to
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overestimate inflation rates.  As a result of both of these factors, economic indicators may tend to
under-predict growth in nonroad equipment populations and activity.  Evidence that this is
indeed the case can be found in an analysis done by E.H. Pechan and Associates  which2

compared BEA estimates of growth between 1990 and 1996 to estimates of actual 1990 and 1996
populations of nonroad equipment from the Power Systems Research (PSR) PartsLink database. 
The Pechan analysis indicated that the projected 1996 population based on the BEA growth
estimate under-predicted the estimates of actual population developed by PSR in 1996 by 7.4%. 
Overall, the total projected BEA growth from 1990 to 1996 was 9.3%, while PSR estimated that
actual nonroad equipment populations grew 18.1% over that same period.

There is a second drawback to using economic indicators that may be as important to
estimation of emissions projections as the under prediction problem.  Because economic
indicators at best can only predict growth in broad sectors of the economy, they cannot be used to
identify market trends within sectors.  For example, economic indicators would not predict
differential rates of growth of diesel equipment relative to gasoline equipment in nonroad
applications, or changes in the horsepower distribution within nonroad applications.  Because
diesel and gasoline engines have very different emissions characteristics, the accurate prediction
of changes in the relative distribution of different types of engines is very important to the
accurate estimation of future emissions.

An alternative approach which would be able to factor in market trends would be to base
growth estimates on the historical trend in growth in nonroad equipment activity.  Because total
activity is never directly measured, the historical trend in population must be used as a surrogate. 
This seems reasonable given that capital costs of nonroad equipment are high compared to
operating costs, in general.  As a result, owners of such equipment have a strong incentive to get
the most out of the equipment they own and a disincentive to purchase new equipment that will
not be fully utilized.

Although the use of historical population growth may have limitations, it is the only
approach that will allow estimation of the impact of market shifts on emission projections.
For these reasons, we propose to base growth projections in EPA’s NONROAD emissions model
on a time series analysis of historical nonroad engine populations 

Methodology

We analyzed historical engine population estimates for 1989 through 1996 taken from the
PSR PartsLink database, the same source used to determine 1996 baseline engine populations as
described in Report No. NR-006.  The PSR database contains detailed information about each
engine family sold in the United States.  This information could be used to segregate nonroad
engines for purposes of growth estimation at by several different factors, including market sector
(agricultural, construction, etc.), application type (farm tractors, combines, etc.), fuel type
(gasoline, diesel, etc.), and horsepower.  As a result, one could in principle estimate separate
growth factors for each combination of application type and fuel type, in discrete horsepower
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categories.  However, there are some limitations to this approach.   In many cases, equipment
populations become small enough, when broken down by all of these factors, that even small
errors in the PSR database would result in large errors in growth estimation.  In addition, the
number of individual growth rates would become unwieldy considering the number of different
application types, fuel types, and horsepower categories, as well as the fact that each state would
have its own unique set of growth factors.

We invite comment on whether or not we should move to that level of detail in the final
version of NONROAD.  For the current version, we have chosen to segregate nonroad engines by
market sector and fuel type.  Individual applications in the PSR database were assigned to broad
market sectors as shown in Appendix A of Report No. NR-006.  For example, excavators,
graders, backhoes, dozers, etc. were all assigned to the Construction market sector (SCC category
2260002xxx).  Total market sector populations, segregated by fuel type, were calculated for each
year from 1989 through 1996.  An exponential curve was fit to each of these to determine the
growth rate over the period from 1989 to 1996.  We also estimated the growth rate for the total of
all engines of all fuel types in each market sector for purposes of comparison with BEA
estimates.

Results

Table 1 compares projected annual growth rates from BEA with those derived from a
historical analysis of the PSR database (actual populations are given in the Appendix).  With the
exception of the logging and recreational sectors, the PSR estimates are significantly higher than
the BEA estimates.  The PSR database also indicates very large differences in growth rates for
different fuel types.  In most cases, the rate of growth for diesel equipment is substantially higher
than that for gasoline equipment.  In the industrial and light commercial categories LPG and
CNG engines also show higher than average rates of growth (categories with no growth rates for
LPG or CNG had populations that were either zero or negligible; i.e. less than 0.1% of the total
population for that category).

Table 1.  Projected Average Annual Growth Rate Comparison

Sector
BEA Total Diesel Gasoline LPG CNG

PSR

Airport Service 5.5% 8.2% 9.4% 1.4%
Construction 1.0% 2.6% 3.6% 0.3%
Farm 2.4% 2.8% 3.2% 2.0% -7.7%
Industrial 1.9% 3.1% 4.4% -3.5% 4.1%
Lawn & Garden 1.0% 2.7% 9.6% 2.6%
Light Commercial 1.9% 4.9% 5.5% 4.7% 14.2% 5.1%
Logging 7.4% 5.2% -0.8% 5.9%
Railway -0.9% 2.7% 5.1% 1.3%
Recreational 1.0% 0.9% 3.9% 0.9%
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It is obvious from the PSR data that a substantial shift from gasoline to diesel engines is
occurring in most of the market sectors.  Given the high rates of growth for diesel engines in
most sectors compared to the overall sector growth rates, it is reasonable to ask whether or not
these growth rates due to market shifting are sustainable.  However, there is a more basic
problem with the use of the fuel-specific growth rates for projecting future growth.  In future
years, the sum of the all of the projected fuel-specific populations will be greater than the
projected total population using the total growth rate for the particular market sector.  This is an
unreasonable result.  The total growth in any market sector should be determined by the historical
total growth in that sector, not by market shifts occurring within the sector.

The best solution to this problem may be to use total market sector growth factors to
determine future total populations and to create a separate input (i.e., % share of diesel, gasoline,
LPG, and CNG engines) to predict changes in fuel market share.  Although the current version of
the model can easily handle multiple growth rates, this solution would involve model coding
changes that we will not be able to complete before release of the Beta version of NONROAD,
and may not be able to complete in time for the final release of this version of NONROAD.  As
an interim solution for the Beta release, we have two options on which we request comment. 
The first option would be to only incorporate the total market sector growth factors in this
version of the model.  Under this option, output from the Beta release of the model would not
reflect market shifts in fuel use.

The second option would be to scale the individual fuel-specific growth factors so that
projected total population when the individual fuel-specific populations are summed does not
exceed the projected total population.  This option could be implemented as follows:

1. project total population using the total growth rate and fuel-specific populations using
fuel specific growth rates for each market sector out to 2020 (or some other projection
year).
2. sum the fuel-specific populations for each year and calculate the fraction of those
summed populations contributed by each fuel type.
3. multiply those fractions by the projected total population derived from the total growth
rate to determine projected populations by each fuel type scaled to the projected total
populations.

This option offers a relatively crude method for adjusting the projected fuel-specific populations,
and we invite comment on more appropriate statistical analyses that might be used instead of this
approach.  However, under this option, Beta users would be able to see model results that do
reflect estimates of changes in fuel market share.  Table 2 shows the original and scaled
population growth estimates by fuel type for each market sector. 
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1. “BEA Regional Projections to 2045: Vol. 1, States”,  U.S. Department of Commerce, Bureau
of Economic Analysis, July 1995, available on the World Wide Web at
www.bea.doc.gov/bea/ar1.htm

2. “Comparison of Methods for Projecting Nonroad Equipment Activity Levels”, E.H. Pechan
and Associates, Inc., Prepared for  U.S. Environmental Protection Agency, Office of Mobile
Sources, Ann Arbor, MI, September 1997

We invite comment on which of the two options to incorporate into the Beta release, but
caution that we may have to implement the first option in the Beta release due to time
constraints.

Table 2. Projected Average Annual Growth Rates with Fuel-Specific Growth Rates Scaled
to PSR Total Growth Rates 

Sector
BEA Total Diesel Diesel Gasoline Gasoline LPG LPG CNG CNG

PSR

Scaled Scaled Scaled Scaled

Airport Service 5.5% 8.2% 9.4% 8.3% 1.4% 0.8%
Construction 1.0% 2.6% 3.6% 3.3% 0.3% 0.0%
Farm 2.4% 2.8% 3.2% 3.1% 2.0% 1.9% -7.7% -8.1%
Industrial 1.9% 3.1% 4.4% 3.6% -3.5% -4.3% 4.1% 3.3%
Lawn &
Garden 1.0% 2.7% 9.6% 9.1% 2.6% 2.5%
Light
Commercial 1.9% 4.9% 5.5% 5.3% 4.7% 4.6% 14.2% 13.2% 5.1% 5.0%
Logging 7.4% 5.2% -0.8% -1.2% 5.9% 5.4%
Railway -0.9% 2.7% 5.1% 4.5% 1.3% 0.8%
Recreational 1.0% 0.9% 3.9% 3.8% 0.9% 0.8%
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