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I. INTRODUCTION, ORGANIZATION OF REPORT, AND SUMMARY
A. INTRODUCTION

This report documents the results of a study of the Growth Effects
of Major Land Use Projects (GEMLUP). The principal objectives of the GEMLUP
study were tc formulate a methodology to predict air pollutant emissions
from:

« Two types of major land use developments: - large concen-
trations of employment such as office or industrial
parks, and large residential developments,

« Land development that is induced by the two types of
major land use development projects,

* Motor vehicular traffic associated with both the major
project and induced development.

GEMLUP relates to a number of EPA programs, including air quality
maintenance plan (AQMP) development [1], environmental impact statement (EIS)
review [2], the indefinitely suspended portions of indirect source review
[3], and the prevention of significant air quality deterioration, or nonde-
gradation [4]. Explicit or implicit in these programs in an evaluation of
air quality impacts of land use plans or project developments. GEMLUP is
designed to formulate and test a method of evaluating land use impacts at the
project scale, and, in the process, develop a set of land use based emission
factors potentially useful at the regional scale.

The study was divided into six phases:

Phase 1 - Specification of a preliminary model and generation
of a list of data requirements,

Phase 2 - Data collection,

Phase 3 - Causal analysis of the land use model using path
analysis,

Phase 4 - Development of predictive equations for the Tand
use model and development of a traffic model,

Phase 5 ~ Development of indices of fuel consumption,

Phase 6 - Translation of fuel consumption indices into land
use based emission factors. ‘

1-1



~The first three phases of the study (i.e., model specification,

sample selection, data collection, and causal analysis of the land useimode1)
are documented in the first volume of this report, Growth Effects of Major
Land Use Projects, Volume I: Specification and Causal Analysis of Model [5].
Two of the appendices to Volume I (C and D) were published separately [6].
Appendix C contains listings of the data files and simple correlation mat-
rices. Appendix D contains the computer output of the statistical apblica-
tion packages used in the path analysis of the final causal model. The
fifth and sixth phases of the study are documented in the second volume of
" this report, Growth Effects of Major-Land‘UsetProjecfs, Volume II: Compila-

tion of Land Use Based Emission Factors [7]. |

_ This final volume of the report, Volume III, summarizes Volumes I

and II, documents the fourth phase of the study (i.e., deve]opment of the
predictive equations of the land use model -and development of the traffic
model), and serves as a guideline document for the application of the models
developed to the task of predicting land use and emissions associated with
major land use projects.

B. ORGANIZATION OF VOLUME III

The remainder of this introductory éhapter provides an overall
summary of the GEMLUP study. Chapters II and III are devoted to the and

~use model; the first summarizing the model specification, sample selection,

data collection, and causal analysis while the latter documents the calibra-
tion and validation of the model (i.é., the translation of the causal model
into a predictive model. Chapter IV summarizes the land use based emission
factors and indices of fuel consumption on which they are based. Chapters

V and VI are devoted, respectively to the development of the traffic model
and the estimation of motor vehicular emissions. The entire GEMLUP methodo-
logy is codified in Chapter VII as a set of,computatioh worksheets and

f-‘ instruction for their use. Finally, Chapter VIII provides an example of
.. these guideline procedures.

1-2



There are two appendices to this volume. The first, Appendix A,
provides the data necessary to develop confidence intervals for the predic-
tions of the land use model while the second, Appendix B, further documents
the cross-validation ana1ysis discussed in‘Chapter III.

C. SUMMARY

As discussed previously, the GEMLUP study was divided into six
phases, each of which is summarized briefly below. A schematic flow diagram
of the technical effort is shown in Figure 1-1.

1. Phase 1

The first phase of the study consisted of developing the pre-
liminary hypothesis of induced land use development. This was an elabora-
tion of the following theory:

"~ Constructing a large source of employment like an
industrial/office complex generates jobs which
result in the nearby construction of dwelling units;
these induce retail development to locate near them
and generate demand for community, cultural, and
religious facilities (schools, recreation areas,
libraries, churches, theaters, fire and police
stations, etc.). A1l of this requires the construc-
tion of streets and highways that then improve
accessibility to the area. Better access fosters
continued urban development, particularly highway-
oriented commercial and office land uses. Addi-
tional sources of employment come into the area
as secondary (and. tertiary) industry or services
locate near the original major project, spurring on
another round of residential development, and so
forth.

Concurrently, a determination was made of the input requirements of the
| traffic model, the estimation of emissions with Tand use based emission
. factors, and the availability of data. With these three elements of infor-
mation, the pre]ihihary hypothesis of induced Tand use were translated into..
a specification of aylahd use model. The model was specified in two separ-
ate forms to represent induced land use growth associated with large

1-3
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residential developments, and large Industrial or Office parks in the fol-
Towing 12 land use categories:

Residential Hotels/Motels
Commercial Hospitals
Office Cultural
Manufacturing Churches
Highways Education

: Wholesale/Warehouse Recreation

The ‘models predict the land use in a 10,000 acre acrea of influence ten

years after construction of the Major Project. Note that the models predict
the total land use in the area of influence in each of the twelve categories,

not just the induced land use.*

Concurrent with the specification of the land use model, forty
casé studies were selected (twenty of each major project type), based on
various criteria relating tolgeographical location, major project size and
phasing, and data base availability.

' 2. Phase 2

The second phase of the study was the collection of the requi-
site data, as identified by the specification of the model. After a test-
training case, this data collection phase was composed of two distinct tasks.
The first was a site visit which included interviews with individuals at the
regional p1énning agency and, if feasible, the developer. During the site
visit, aerial photograph interpretation was performed of the area of influ-
ence. The second task was the collection of requisite Census data.

3. Phase 3

The assumption of a single basic causal structure for induced
development, and the use of cross-sectional data frem diverse locations

*The change in land use over the ten year period can be found by subtracting
the current land use from the estimated land use ten years in the future.
This change in land use would include the land use induced by the major
project as well as land use change due to general regional growth.
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throughout the United States, allowed a static approach to the testing of
the theoretical models, using path analysis. Path analysis is a set of sta-
tistical techniques useful in testing theories and studying the logical con-
sequences of various hypotheses involving causal relations. It is not capa-
‘'ble of deducing or generating causal relations, only testing them.

_ The causal analysis of induced land use development in the cur-
- rent study involved the use of two basic statistical techniques: two-stage
least squares and stepwise ordinary least squares (multiple regression). The

- first technique was required to produce consistent estimates of the path coef-

ficients in a system of simulitaneous equations involving feedback loops or

- reciprocal causation in the models. The second technique was used to solve
the remaining recursive portions of the models. The dependent variables in
these regression analyses represented the total Tand use in the previously
noted 12 categories. Both linear and non-linear forms were tested and the
linear form was found to produce the best fit. Specific statistical criteria
were developed to identify model paths that were insignificant or redundant,
and these criteria were used to trim unneeded and undesirable paths from the
models. A second complete path analysis was performed, and the trimming pro-
cess repeated several times until the final path models were decided upon.
The trimming process eliminated almost half of the paths in the models as
originally specified.

The final models of land use development show that strong sta-
tistical relationships exist between the variables representing the 12 cate-
gories of total land use and the: other model variables representing induced
and non-induced land use growth processes. Only in the case of cultural
land use did the path analysis reject the hypothesized causal relationships.
Excluding this category, the R2 statistic for the model equations in the

-~ simultaneous block ranged from 0.43 to 0.81 with an average value of 0.66

. and the R2 values for the model equations in the recursive block ranged

' _from 0.12 to 0.86 with an average value of 0.41. These statistics can be

interpreted as the amount of variance in the dependent variables (total
land use) of the model equations that can be explained through the linear
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relationships in the final causal model. These results indicate a good
verification of the hypothesized T1and use development model.

There were several problems encountered in the path analysis,
involving multicollinearity, suppressor variables, choice of instrumental
variables, available degrees of freedom, and coefficient instability. The
first two problems were eliminated through the approach used for theory trim-
ming of the models. The last three problems were caused principally by a
common element: the small number of data samples (20) available for analysis.
In the model equations, as originally specified, there were sometimes as many
independent variables as data samp]es.' Since at least several degrees of
freedom should be reserved for the error term in any multiple regression,
some model paths had to be trimmed prior to, and in order to perform, the
first path analysis. Thﬁs, the Timited data sample did preclude .the testing
of causal relationships in some instances. Also, an analysis of the stébility
of the model path coefficients revealed appreciable instability in the indi- .
vidual model coefficients when it was applied to different subsets of the
original land use data set. We note that this instability does not invali-

. date .the strong causal relationships confirmed by the path analysis.. -

4. Phase 4
a. Model Calibiration

The development of predictive equations for land use devel-
opment, separate from the model equations obtained in the causal analysis,
was: necessitated by the simultaneity of the causal relationships, i.e., the
causal equations include independent variables whose values will not be
known in the future. Therefore, it was necessary to develop pred%ctive
equaticns in which. the endogenous variables appeared only as the dependent
variables. Such an assumption defined a system of equations which was
solved with ordinary least squares analysis. Because of the poor perform-
ance of some of the exogenous variables in the causal analysis, the repre-
sentations of these variables were reconsidered and several new independent
variables formulatéd for use in the develooment of the predictive equations.
In order to systematically decide which variables to include in the predic-
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tive equations, stepwise regression technidues were employed and objective
statistical criteria applied to obtain predictive equations for the 12
categories of total land use analyzed in the causal analysis.

Summary statistics indicate the predictive equations
explain the majority of variance in the dependent variables. The overall
F statistics indicate practically all of the predictive equations are sign-
ificant at or below the one percent level. The results for the coefficient
of variation, however, were less encouraging indicating that the average
error encountered in the use of these predictive equations will be + 87
percent of the predicted value. In an attempt to reduce the coefficients
~of variation for some of the predictive equations, the dependent variables
RES, COMM, OFFICE, and MANF were defined in a second manner which did not
exclude the dwelling units or land use of the major project from the varia-
bles. Predictive equations using these dependent variables were found to be
less statistically significant, however.

' Predictive equations were also developed for land use at a
finer level of detail, where, in addition to the 12 types of land use, the
size range (or density) of development for each type was used to categorize
the land use being predicted. The equations for disaggregated land use were

found to be in general not statistically significant. Therefore, average

" percentage figures for these subcategories were developed instead. In addi-
tion to attempting to disaggregate the 12 categories of land use, predictive
equétions were developed for an aggregated variable representing the total
developed floor area in the area of influence (including the major project).
. The statistical results for these equations indicate that there is a certain
’fadvantage to predicting total land use using an aggregated predictive equa-
tion, as opposed to summing together the predicted levels of 12 individual
predictive equations and a projection of the major project size.

The validity of any set of predictive equations depends
_upon their generality. The preferred test of an equation's validity is an
external validation, viz., applying it on a test case basis to an independ-
ent sample of data (i.e., independent of the sample on which the coefficient
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values were based) and observing its predictive ability. In the current
study a separate, independent sample was not available. Therefore, the
analytical technique of cross-validation was used to simulate the existence
of such a test sample. This procedure involved splitting both the Residen-
tial and Industrial/Office data samples of 20 into two random samples of 10
each. The first 10 samples were used to recompute the coefficient values
of the predictive equations and the second 10 samples were used as the inde-
penﬁent test sample. Statistical comparisons were then made between actual
and predicted values for the dependent variables in the second sample of 10.

<

" The results indicate that about half of the 24 predictive equations are

generalized enough to'produce good predictions using an independent sample.
Considering the extremely small sample size (10) used in the cross-valida-
tion and the large amounts of variance in the dependent variables, it was
encouraging to obtain significant correlations between actual and predicted
values in as many equations as we did. The equations that did not perform
well in the cross-validation are not necessarily useless. The poor correla-
tions obtained could simply be due to nonhomogeneity in the data sample
caused by the extremely small sample size. It was not possible to ascertain
if this was the case without a larger, independent sample.

b. Traffic Model

The development of the traffic model included both the
development of a methodology to predict the vehicle miles traveled (VMT)
by motor vehicular activity induced by the major project and induced land
uses as well as the specification of default values for use in the metho-
dology.

The basic methodology for predicting VMT is well known, viz.,
+ Estimate vehicle trips by multiplying the amount of land

use by vehicle trip generation rates, and

» Estimate VMT by taking the product of the vehicle trips
and an estimated trip length.
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The important decisions in developing the methodology were then the amount 1
of disaggregation to employ. These included, ’

* What kinds of trips should be treated separately with
respect to trip lengths and trip rates,

» What vehicle classes should be considered,
- How mass transits should be considered,
+ How to estimate average route speed.

The final methodology considered two types of trips, (i.e., work and non-’
work) in four vehicle classes with six different average route speeds i.e.,
(local streets, arterial, and expressways in peak hour and off peak condi-
tions). The impact of mass transit was assumed to be negligible.

5. Phases 5 and 6

Phases 5 and 6 were devoted to the compilation of a set of
land use based emission factors appropriate for use in the GEMLUP metho-

dology. For this reason, manufacturing emissions received less attention
than otherwise might have been appropriate.

The land use based emission factor was specified as grams of
pollutant per building floor area. This ratio may conveniently be expressed
as the product of two ratios, a fuel based emission factor (i.e., the
typical emission factor presented in AP-42 [ 8]), and an activity factor or
fuel consumption per building floor area. As the former ratio is well
known, the emphasis of Phases 5 and 6 were devoted to quantifying the fuel
consumption per unit of building floor area in each of the categories of
jnduced land use.



II. LAND USE MODEL SPECIFICATION AND CAUSAL ANALYSIS

This chapter discusses the specification and causal analysis of the land
use model, as well as sample selection and data collection. It is a summary
of the first volume of the GEMLUP Final Report [5].

A. GENERAL APPROACH

1. Theory of Induced Deve]opment

Taking the industrial/office major land use project type as
the more general case of the two types investigated, we adopted the follow-
ing theory of induced development.

Constructing a large source of employment 1like an industrial/
office complex generates jobs which result in the nearby construction of
dwelling units; these induce retail development to locate near them and
generate demand for community, cultural, and religious facilities (schools,
recreation areas, libraries, churches, theaters, fire and police stations,
etc.). A1l of this requires the construction of streets and highways that
then improve accessibility to the area. Better access fosters continued .,
urban development, particularly highway-oriented commercial and office land
uses. Additional sources of employment come into the area as secondary
(and tertiary) industry or services locate near the original major project,
spurring on another round of residential development, and so forth.

2. Selection of General Approach

The selection of an approach for testing this theory was tem-
pered by programmatic considerations. The approach that was selected con-
sisted of a cross-sectional model that predicts the total land use in the
vicinity of a major project ten years after development of a major land use
project.
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3. Statement of Fundamental Model

The basic theory of induced development may be restated as
follows: the amount induced land use is some function of the size of the
Major Development Project and certain other variables, viz.,

induced land use = f (major project, other variables)

As indicated previously, the approach used in this study limits one to the
use of,endogenous variables that measure the total land use at the end-of

‘the ten year time period. Conceptually, one can disaggregate the total land

use in the area of influence into three components, land use existing prior
to the. development of the major project, new land use induced by the major
project and certain other variables, and new land use not induced by the
major project (that is, aftributab]e to some other phenomena such as general
regional growth). This may be expressed as:

total land use = prior land use +
project induced land use change +
non-project induced land use change

In predicting the total land use in an area of 1nf1uence, one

v;«can identify two types of exogenous variables:

. Type I - Those used for predicting the induced land use
component, such as,

* The size of the major project,

» The induced component of the endogenous variables of
other land uses,

+ Other independent variables influencing the effect of
the major project (i.e., housing vacancy t+0).

Type II - Those used for predicting the prior or non-
induced land use component,

+ The prior and non-induced component of the endogenous
land use variables,
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» Those used for predicting the prior land use
component (i.e., 1960 housing density),

* Those used for predicting the non-induced
component (i.e., regional population growth).

Accordingly, the fundamental model that we have assembled is:

land use, 19 = Prior., + induced

+ non-induced

t+0 ~ t+10

t+0 -+ t+10
f(Type I variables, Type Il variables).

We note that both the distinctions between the three land use
components and the two variable types are unavailable to this study. The
three land use components are not measurable; also, several of our
independent variables are possibly of both types.

B. LAND USE MODEL SPECIFICATION
1. Objective

The objective of this phase of the project was to specify an
initial land use model explaining induced or associated land use ten years
after the construction and operation of a major project. The basic theory
underlying the development of the model was that major projects have certain
associated or induced land uses and these land uses can be predicted based
on the characteristics of the major project and the area in which it locates.
However, because of the approach to testing this model, it is necessary to
include all land uses in the vicinity of the major project, whether they were
induced or not induced, or even existing prior to the construction of the
major project. :

Two types of major projects were to be considered in the formu-
lation of the model, residential projects and office/industrial projects.
Because of the differing land uses associated or induced by these types of
projects, a separate model was constructed for each. Thus, two models were
developed, one explaining induced or associated land .uses ten years after
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!
the construction and operation of a major residential project; the othlr
explaining induced or associated land uses ten years after the construégion
and operation of a.major industrial/office project. '

2. Definition of Major Project

For purposes of the model specification, a major residential
project was defined as housing facilities, planned unit developments or new
towns containing a minimum population of 4,500; a major industrial/office
‘[project was defined as an office or industrial park or a research and
‘development complex with a minimum employment of 2,250. Both types of pro-
jects were initially assumed to reach nearly 80 percent occupancy within two
years of operation. However, during case study selection, the definition of
major project ﬁas somewhat relaxed to permit phased projects.

In addition, for purposes of calibrating the mode]Q the case
studies to be analyzed were required to be projects built between 1954 and
1964. The induced or associated land uses were those as of the year 1970;
i.e., the year by which it was assumed that the land use impacts of the pro-
ject had stabilized. :

Based on a consideration of the typical size of potential major
projects relative to the potential size of the area of influence, it was
deemed appropriate to specify a fixed size for the area of influence. A
10,000 acre (4.0 x 107 square meters) area of influence was selected.

3. Model Specification Methodology

The specification of the model was based on (1) a 1iterature
search to identify methodologies and case studies which had been used to
determine land uses associated with major projects and (2) the prior experi-
- ence of personnel with land use planning and forecasting, land use models,
impact analyses, and large development. projects.
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4. Model Description
a. Endogenous Variables

Due to the requirements of the emission factors, the units;" _
of the endogenous variables for both the residential model and the industrial/
office model are building floor area (except for residential and outdoor
recreation land uses and highway lane miles) in each of 12 land use categories.
These land case categories are residential, retail, office, manufacturing,
wholesale and warehousing, hotel, hospital, cultural, churches, public
education, outdoor active recreation, and highway lane miles. These partic-
ular categories evolved from a process which balanced the following considera-
tions: '

» What land use output was needed for
estimating emissions,

- What land use output could most effettively‘
be predicted using a causal model, and

- What land use output would be available
during data collection to calibrate the
mode] .

The model endogenods variables are defined in Table 2-1.
b. Exogenous Variables

The model consists of 23 independent variables. These
variables represent (the numbers refer to the order in Table 2-1):

Population housing and employment characteristics
(variables 13, 14, 16, 18, 19, 20, 21, 25, 26,
27, 28, 29, 30, 34),

‘Accessibility measures (variables 17, 22, 24)
Developability measure (variable 15)

. Re?iona] influences (variables 23, 31, 32, 33,
35

The independent variables for each equation were selected
because of their perceived causal relationship with the dependent variables.
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TABLE 2-1
MODEL VARIABLES AND DEFINITIONS

2.

RES

COMM

OFFICE

MANF

WHOLE

HOTEL

HOSPTL

1]

Number of housing units in area of influence in 1970
(excluding major project).

Commercial land use in area of influence in 1970 in 1,000
square feet

Commercial land use includes the following land use codes
(LUC) as used by the Public Service Administration Service
in its 1962 Land Use Classification Manual.

LUC 52-59 Retail trade
61 Personal services
63 Automobile service
64 Miscellaneous repair service
65 Indoor amusement service

Office land use in area of influence (excluding major
project) in 1970 in 1,000 square feet

LUC 60 Finance, Insurance, Real Estate
- 62 Business services
67 Medical, Health, Legal services
68 Other professional services

Manufacturing land use in area of influence (excluding
major project) in 1970 in 1,000 square feet

LUC 2 Nondurable goods manufacturing
3 Durable goods manufacturing

Wholesale/warehouse land use in area of influence in 1970
in 1,000 square feet
LUC 50 Wholesale

46 Warehousing
Hotel and motel land use in area of influence in 1970 in
1,000 square feet
LUC 07 Hotels, Motels, Tourist Homes
Hospital, etc., land use in area of influence in 1970 in
1,000 square feet

LUC 77 Hospitals, Sanatoria, Convalescent Homes and Rest
Homes
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TABLE 2-1 (CONTINUED)
MODEL VARIABLES AND DEFINITIONS

10.

11.

12a.

12b.
13a.

13b.

13c.

14.
15.

16.
17.

CULTUR

|

CHURCH

EDUC

REC
HWLMNX

HWLM
MPR70

MPR68
MPRt2

DUACRE
VACACR

VACHSG
HWYINT

Cultural 1and use in area of influence in 1970 i 1,000
square feet

LUC 76 Museums, L1brar1es, Art Ga]lerles, except,
Churches (764)
Arboreta (762)
Cemeteries (767)

Religious ‘land use in area of influence in 1970 1n 1,000
square feet

LUC 764 Churches
765 Other religious services

Pub]1c educat1ona] 1and use 1n area of 1nf]uence in 1970
in 1,000 square feet .

LUC 74 Publlc Schoo]s

Act1ve outdoor recreat1ona1 land use in area of 1nf1uence
in 1970 in acres

Highway lane miles in area of 1nf1uence in 1970 excluding
1imi ted access highways

H1ghway 1ane m1]es in area of influence in 1970

Res1dent1a1 land use in major project in ]970 in dwe1]1ng
units

Res1dent1a1 land use in major project in 1968 in dwe111ng
un1ts

Residential land use in major prdject in base year plus
two (t+2) in dwe111ng un1ts

Dwelling un1ts per acre in area of 1nf1uence in 1960

Percent vacant developable acreage in area of 1nf1uence

in year (t+0)

Percent vacant housing in area of influence in 1960

Highway interchanges in area of influence in year (t+5)
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TABLE 2-1 (CONTINUED)
MODEL VARIABLES AND DEFINITIONS

18.
19.
2.
21,
2.
23.
24.
- 25.
26.
27.
oz
.
30.

32.

MINCC

- INCMP

OFFVAC

OFFACR
DISCBD
EN:RGY
RRMI

WHEA

EMPACR
NONHSE
MPKIDS
ENRACR
MANACR
DELPOP

DELEMP

Median income of families and individuals in area of
influence relative to U.S. median income in 1960

Variable indicating the median income level of major
project compared to surround1ng community in year (t+2)

Percent office buildings vacant in metropo]1tan area in
year (t+0)

?ff1§e employment per acre in area of 1nf1uence in year
t+0

Distance from center of major project to CBD in year (t+0)

Cost factor for e]ectr1c1ty (S/1500 kWh) for commercial
users in the metropolitan area in year (t+0) divided by
the average U.S. commercial rate in 1960

Railroad mileage in area of influence in year (t+0)

Warehouse and wholesale employment per acre in area of
influence in year (t+0) 1

Iota; employment per acre in area of influence in year
t+0

Nonhousehold population per acre in area of influence in
1960 _

School-age children per dwe111ng unit in major project
in year ?t+2)

Public school enro]]ment per acre in area of 1nf1uence
in 1960

¥

Manufacturing employment per acre in area of influence
in year (t+0)

Growth factor for total regional population between 1960
and 1970 (county data)

Growth factor for total regional emp]oyment between 1960
and 1970 (county data)
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TABLE 2-1 (CONTINUED)
MODEL VARIABLES AND DEFINITIONS

33.

34a.
34b.
34c.

35.

MINCR

MPE70
MPE6S
MPEt2
AUTO

n

Median income of the region in year (t+0) relative to the
median U.S. income in 1960 '

Number of employees in major project in 1970
Number of employees in major project in 1968
Number of employees in major project in base year (t+2)

Automobile drivers per acre in county in 1960
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Prior to selecting these variables a .complete 1ist of all possible factors
influencing the dependent variable was prepared. From this list the most
significant variables were identified.

The specific format for each independent variable was
developed based on 1) availability of data, 2) consistency of data among case
studies, and 3) the appropriate time period for the‘data.

¢. Equations

Twelve equations were specified to predict each of the twelve
endogenous variables. In both models (i.e., the residential model and the
industrial/office model), five of these equations are simultaneous. The
remaining seven equations are recursive.

C. SAMPLE SELECTION

1. Purpose and Initial Criteria

The purpose of the sample selection process was to identify for
each type of major project a sample of case studies which could be used in
the testing and calibration of the model. Once a list of qualified case
studies was prepared, the actual selection of the final sample took place.
This selection process invoived consideration of factors such as availability
of information, particularly aerial photographs and geographic location of
- the project. The final list of case studies is shown for the industrial/
office and residential sample - in Table 2-2.

D. DATA COLLECTION

Following the specification of the model, a 1ist of data items
required for the model was prepared. This was supplemented with additional
items potentially useful in the model calibration phase of this project.

. The data collection process consisted of two simultaneous phases.
- The first was an on-site visit which primarily consisted of interviews with
- the local and regional planning agencies, the developer (if available), and



L1-2

TABLE 2-2
CASE STUDIES

Industriél

Residential

Farmington Park, Farmington, CT
Western Electric, North Andover, MA
Avco, Wilmington, MA

IBM, Kingston, NY

Ft. Washington, Philadelphia, PA
Keystone Park, Scranton, PA
Crestwood Park, Wright Turnpike, PA
General Electric, Salgm, VA

Cummings Park, Huntsville, AL

IBM, Lexington, KY

Collins Radio Park, Cedar Rapids, IA

Ford, Woodhaven, MI

Western Electric, Columbus, OH
White-Westinghouse, Columbus, OH

Little Rock Industrial Park, Little Rock, AR
Chrysler, Fenton, MO o
Western Electric, Omaha, NE

Motorola, Phoenix, AZ

Tektronix, Washington County, OR
Honeywell, Phoenix, AZ

Joppatown, Hartford County, MD
Montgomery Village, MD

Kings Park, Fairfax County, VA

Vienna Woods, Fairfax County, VA
Deltona, FL |

Miami Lakes, Miami, FL

Town'n Country, Tampa, FL
Montclair-Starmount, Charlotte, NC
Weathersfield, Schaumberg, IL

Oak Park, Blaine, MN

Cottage Grove, MN

Clear Lake City, Harris County, TX
Meyerland, Houston, TX

Westwood Heights, Omaha, NE-
Northglenn, CO

Sun City, Maricopa, AZ

Foster City, CA .
Huntington Harbour, Orange County, CA
Sun City, Perris, CA

Ranche Bernado, CA




~ the collection of locally available data. This data consisted primarily of
~ building floor area of various categories of land uses in the area of influ-
‘ence obtained by aerial photograph 1nterpretatioh. The second phase con-
sisted of the collection of 1960 and 1970 Census of Population and Housing
Data for the area of influence. ' '

E. CAUSAL ANALYSIS

1. General Approach

The approach to path analysis in the current study involved
the use of two basic statistical techniques: two-stage least squares and
ordinary least squares multiple regression. The first technique was used
to solve for path coefficients in the system of five equations connected
by feedback 1oops. For a given dependent variable, the first stage of the
two-stage process involved estimating the values of the other four endogenous
variables through linear combinations of so-called instrumental variables
which are chosen for their causal relationships with the endogenous variables.

_ To solve for path coefficients in the other model equations that-
‘were not interconnected, ordinary least squares regression techniques were
used.

2. Data Transformations

The land use and demographic data collected in the field program
were loaded into a field data file on our computer system for processing.
Computations were performed on these data to create the model variables
chosen for path analysis. These data transformations are summarized in a
- 1ist of variable definitions in Table 2-3.

Analyses were subsequently performed on model variables to test
for multicollinearity, possible suppressor variable problems, and the suita-
bility of instrumental variables (used in solving feedback loops). The
model was trimmed as a result of the investigations and the first path
~analysis performed. |
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TABLE 2-3
PATH ANALYSIS MODEL DATA TRANSFORMATIONS

Model Variable

RES

RES

COMM

coMM

OFFICE

OFFICE

MANF

MANF

fl

Residential land use in area of influence in 1970 (excluding
major project) in dwelling units

du70t - mpr70
where: du70t
mpr70

'dwe11in§ units in area of influence in 1970

residential land use in major project in 1970
in dwelling units

Comnmercial land use in area of influence in 1970 in 1,000
square feet

(comml + commé + comm3 + comm4)}/10

100 square feet commercial in area of
influence in 1970 (<25K)

where: . comml

comm2 = 100 square feet commercial in area of
influence in 1970 (25-50K)
comm3 = 100 square feet commercial in area of
influence in 1970 (50-100K)
- commd: = 100 square feet commercial in area of

influence in 1970 (>100K)

Office land use in area of influence (excluding major project)
in 1970 in 1,000 square feet

(off1 + o0of2 + off3)/10

where: offl. = 100 square feet office in area of influence
(excluding major project) in 1970 (<50K)

off2 = 100 square feet office in area of influence
: (excluding major project) in 1970 (50-100K)
off3 = 100 square feet office in area of influence

(excluding major project) in 1970 (>100K)

Manufactur1ng land use in area of influence (exc]ud1ng
major project) in 1970 in 1,000 square feet

manf/10

where: manf = 100 square feet manufacturing in area of
influence (excluding major project) in
1970




TABLE 2-3 (CONTINUED)
PATH ANALYSIS MODEL DATA TRANSFORMATIONS

 Mode1 Vafiabie“

WHOLE

WHOLE

HOTEL

HOTEL

HOSPTL

HOSPTL

CULTUR

CULTUR

CHURCH

CHURCH

- Wholesale/warehouse land use in aréa of influence in 1970 in

1,000 square feet
whole/10

where: whole = 100 square feet who]esa]e/warehouse in area
of influence in 1970

Hotel and motel land use in area of influence in 1970 in
1,000 square feet

(hote11l + hotel2 + hotel3 + hoté14)/10

where: hotell = 100 square feet hotel in area of influence
in 1970 (<25K)

hotel2 = 100 square feet hotel in area of influence
- in 1970 (25-50K)

hotel3 = 100 square feet hotel in area of influence
in 1970 (50-100K)

hotel4 = 100 square feet hotel in drea of influence

in 1970 (>100K)

Hospital, etc., land use in area of influence in 1970 in
1,000 square feet

(hosp1 + hosp2 + hosp3)/10
where: hospl

100 square feet hospitals in area of
influence :in 1970 (25-50K)

hosp2 = 100 square feet hospitals in area of
influence in 1970 (50-100K)
hosp3 = 100 square feet hospitals in area of

influence in 1970 (>100K)

Cultural land use in area of influence in 1970 in 1,000
square feet

cultur/10

where: cultur = 100 square feet cultural in area of
influence in 1970

"Religious Tland use in area of influence in 1970 in 1,000

square feet
church/10

where: church = 100 square feet religious in area of
influence in 1970




TABLE 2-3 (CONTINUED)
PATH ANALYSIS MODEL DATA TRANSFORMATIONS

Model Variab]é

10.

1.

12.

12a.

13.

13a.

13b.

14.

15.

ED

ED

REC

HWLM
HWLMNX

MPRT2

MPR68

MPR70

DUACRE
DUACRE

VACACR

VACACR
VACUND

Educational land use in area of influence in 1970 in 1, 000
square feet

(edl + ed2 + ed3)/10

where: edl . = 100 square feet education in area of .
A influence in 1970 (<25K)
ed2 = 100 square feet education in area of
. influence in 1970 (25-50K)
ed3 = 100 square feet education in area of

~influence in 1970 (>100K)
Active outdoor recreational land use in area of influence

in 1970 in acres

H1ghway land miles in area of influence in 1970

Highway lane miles in area of influence in 1970 w1thout
expressways

Residential land use in maJor project in year t+2 in
dwelling units

‘Residential land use in majof project in 1968 in dwelling

units
Residential, land use in major project in dwelling units
Dwelling units per acre in census tracts in 1960
(du60c - mpr60)/ac60c ,
where: du60c dwelling units in census tracts
ac60c
mpr60

census tract acreage in 1960

dwelling un1ts in major project in
1960

Percent vacant deve]opab]é'acreage 1n area of influence
in year (t+0) :

‘vacdév/(10 000—vacund)

Vacant undevelopable acreage in area of influence in
year (t+0)

where: vacdev = vacant deve]opab]e acreage in area of
: 1nf1uence in year (t+0)




TABLE 2-3 (CONTINUED)
PATH ANALYSIS MODEL DATA TRANSFORMATIONS

Model Variable

16.

17.
18.

19.

20.

21.

22.

23.

VACHSG

VACHSG

HWY INT
MINCC

MINCC

INCMP

INCMP

OFFVAC
OFFACR

OFFACR

DISCBD

ENERGY

ENERGY

Percent vacant housing in census tracts in 1960
vac60c/dub0c

where: vac60c = Vacant available housing units in census
tracts in 1960

Highway interchanges in area of influence in year (t+0)

Median income factor for families and individuals in
census tracts relative to average U.S. income in 1960

mincc/$5,650

where: mincc = Median income for families and
individuals

Variable indicating the median income level of major
project compared to surrounding community in year (t+2)

incmpa - incmpb

+1 if major project median income
>15 percent above that of surrounding
community

+1 if major project median income
>15 percent below that of surrounding
communi ty

Percent office buildings vacant in metropolitan area in
year (t+0) » '

Office employment per acre in area of influence in year

(t+0)

offemp/10,000

where: offemp = Office employment in area of influence
in year (t+0) '

Distance from center of major project to CBD in year

(t+0) in miles

Cost factor for e]ectricity‘($/1500 kWh) for users in the
metropolitan area in year (t+0) relative to the average
U.S. commercial rate in 1960

energy/$51.59

where: energy = Dollars per 1500 kWh for commercial
users in metropolitan area in year
(t+0)

where: incmpa

incmpb




TABLE 2-3 (CONTINUED)
PATH ANALYSIS MODEL DATA TRANSFORMATIONS

Model Variable

24.
25.

26.

27.

28.

29.

30.

31.

RRMI
WWEA

WWEA

EMPACR,

EMPACR

NONHSE
NONHSE

MPKIDS

ENRACR
ENRACR

MANACR

MANACR

DELPOP

DELPOP

Railroad mileage in area of influence in year (t+0)

Warehouse and wholesale employment per acre in area of
influence in year (t+0)

wwemp/10,000

where: wwemp = Warehouse and wholesale employment in
area of influence in year (t+0)

‘Totatl emp]oyment per acre in area of influence in year

(t+0)

totemp/10,000 . .

- .where: totemp = total employment in area of influence

~in year (t+0)
Nonhouseho1d popu]at1on per acre in census tracts in 1960
(p60c - hp60c)/ac60c .
where: pé0c Tota] population in census tracts in 1960

hp60c | Househo]d popu]at1on in census tracts in
' 1960

School-age children per dwelling unit in major project in
year (t+2)

Public school enrollment per acre in census tracts in 1960
p1460c/ac60c

where: pl1460c = Population under 14 years of age in
' census tracts in 1960

Manufacturing employment per acre in area of influence in
year (t+0)

manemp/10,000

where: manemp = Manufactur1ng employment in area of
influence in year (t+0)

Growth factor for total regional population between 1960
and 1970 (county data)

(p70cty - p60cty)/p60cty
where: p70cty = Total popu]ation in county in 1970
p60cty = Total population in county in 1960




TABLE 2-3 (CONTINUED)
PATH ANALYSIS MODEL DATA TRANSFORMATIONS

Model Variable

32.

33.

34.

34a.
34b.

35.

DELEMP

DELEMP

MINCR

MINCR

MPET2
MPE68
MPE70
AUTO
AUTO

Growth factor for total regional employmehf befween 1960
and 1970 (county data)

(e70cty - e60cty)/e60cty
where: e70cty = Total employment in county in 1970
e60cty = Total employment in county in 1960

Median income factor for the region in year (t+0) relative
to the average U.S. income in 1960

mincr/$5,660

where: mincr = Median income for the region in the year
(t+0) (county data)

Number of employees in major projects in year (t+2)
Number of employees in major projects in year 1968
Number of employees in major projects in year 1970
Automobile drivers per acre in county in 1960

au60cy/ac60cy
where: aub60cy

Automobile drivers in county in 1960
County acreage in 1960

acé0cy




3. Theory Trimming

" The results of the first path analysis revealed many path coef-
~ ficients that were.too low or of 'the wrong sign as predicted from theory.
- In addition, the overall t-statistics of several of the model equations

.~ indicated no statistical significance at the five percent level. Thus,

" criteria were developed which when applied to the numerical output of the
first path analysis trimmed many model paths. A second path analysis was
performed, and the process repeated several times until a final path model

- was decided upon. This recursive procedure was necessitated by the fact that
- trimming one variable often causes significant changes in the path coeffi-
cients of the remaining variables.

In trimming the path analysis model, the following rules were
applied. A path was trimmed if:

« |t] or'F < 1.0, and 8 < 0.1, and loss of the variable
would not cause the loss of a significant 1nstrumenta1
var1ab]e in the first stage estimations,

" The S1gn of path coefficients (B) was wrong and
counter to the original path model hypothesis.

In addition, some paths whose statistics indicated they should
be trimmed were kept if the sign of the path coefficients (B) was correct
"and the variables were very important causally in the path model. Finally,

- the discovery of 8 > 1.0 in a few model equations indicated correlations

‘ - between the independent variables to the extent that some paths were redun-

dant. In these instances, simple correlations between the various path

. coefficients were computed and the most highly correlated variable was

‘:~trimmed. Correlation coefficients were calculated from the variance-
covariance matrix of the estimated coefficients by dividing the covariance
of the coefficients of the two variables in question by the product of their
individual standard deviations.

The results of the two-stage least squares and the ordinary
least squares regressions pérformed for the final path analysis are presented
in Figures 2-7 and 2-8 for the Residential and Industrial/Office Models,
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respectively. The path coefficients (B) are shown on each path and the RS
for each regression is displayed next to the associated dependent variable.
For each equation, the effect on the dependent variable of all residual
causes can be quantified by the path coefficient for residual causes,

defined as:

- (1-r2)1/2
B. = (1-R%)

a. Summary of Final Model Equations_in_Unstandardized Form

The final model equations are summarized below with uns tand-
ardized coefficients.

(1) English Units

(a) Residential Model

RES = -.1.38 OFFICE + 168 HWLMNX - 0.808 MPR70 + 3930 DUACRE + 2730

COMM = 0.0814 RES + 0.649 OFFICE + 18.4 HWLMNX + 0.0976 MPR70 - 692

OFFICE = - 0.0319 RES + 5.74-HWLMNX + 0.0572 MANF- - 0.0127 VACACR

5.26 OFFVAC + 690 OFFACR - 15.4 DISCBD + 765 DELEMP + 421

MANF = 1470 MANACR + 316 HWYINT + 4100 ENERGY - 0.176 MPR70 + 79.8 RRMI
- 3940

o

HWLMNX = 0.00247 RES - 3.31 HWYINT - 1.73 DISCBD + 47.9
WHOLE = 60.4 HWYINT + 0.0608 MANF + 26.5 ‘
HOTEL = 0.00151 RES + 0.0140 MANF + 49.3
HOSPTL = 0.0106 RES + 0.0246 MPR70 - 61.6
CULTUR = 0.00014 RES + 0.00154 MPR70 - 0.447 DISCBD + 19.5
CHURCH = 0.0134 RES + 0.00716 MPR70 + 13.3 |
EDUC = 0.0392 RES + 209 MPKIDS + 0.0203 MPR70 - 137
REC = 329 INCMP - 563 MINCC + 826
(b) Industrial/Office Model
RES = 3.96 OFFICE - 0.859 MPET2 + 0.392 MPE70 + 4560 DUACRE

+ 1.05 VACACR - 4860
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COMM = 0.0785 RES + 0.413 MANF + 0.0367 MPE70 + 39.1 HWYINT
2270 DELEMP - 290 MINCC - 45,2

.0110 RES + 0.0178 MANF - 0.0199 MPE70 + 0.0195 MPET2
285 OFFACR - 8.11 DISCBD + 902 DELEMP + 174

MANF = 4.55 HWLMNX + 0.124 MPET2 - 0.0974 ‘MPE70 + 55.6 RRMI

OFFICE

]
o

+ 8690 DELEMP + 1020 MANACR - 22.5
HWLMNX = 0.00178 RES - 0.0209 OFFICE + 0.00980 COMM - 4.59 HWYINT
- 0.246 DISCBD + 32.6 AUTO +'14.3.
WHOLE = 10,500 WWEA + 34.7 HWLMNX + 29.0 RRMI + 64.6 HWYINT - 1120
HOTEL = 0.0524 MANF + 0.105 OFFICE + 0.0182 MPE70 - 0.0156 MPET2
- 4.04 DISCBD - 26.0
HOSPTL = 508 NONHSE - 5.66 DISCBD + 108
CULTUR = 0.0023 RES - 0.249 DISCBD + 13.6
CHURCH = 0.00513 RES + 51.1 . -
EDUC = 0.0405 RES + 304

REC = 0.0149 RES + 242 MINCC - 184 -

(2) Metric Units. As can be:seen fﬁ Tables 2-1 and 2-3, v
the model variables were defined and the path‘analyses'carried out in English
units. Thus, the path regression coefficientsigiven for each equation in
the previous section refject thié fact. The path diagrams in this section, -
however, display the path coefficients (B) which are independent of the units.'
chosen.

This $ection summarizes the final model equatfons for -
variables RES, COMM, OFFICE, MANF, WHOLE, HOSPTL, CULTUR, CHURCH, AND EDUC.
The variables REC and VACACR a1so'use'm2 but in place of acres. Distances
- in miles in HWLMNX, DISCBD, and RRMI-are converted to km. Finally, the

units of acre™! are replaced by m2 in the variables DUACRE, OFFACR, WWEA,
-EMPACR, NONHSE,' ENRACR, MANACR, DELEMP, .and AUTO.

The convers1on factors used were:
. 2 2 % )
1,000 ft > m by 92.90

acres > m2 " *by 4,047
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RES
COMM

OFFICE

MANF

HWLMNX
WHOLE
HOTEL
HOSPTL
CULTUR .
CHURCH
EDUC
REC

RES
COMM
OFFICE
MANF

HWLMNX

miles  +ml *by 1.609

acre™V s w2 by 4047

(a) Residential Model

1.38 OFFICE = 9700 HWLMNX - 75.1 MPR70 + 1,480,000,000 DUACRE
254,000 |
0.0814 RES + 0.649 OFFICE + 1,060 HWLMNX + 9.07 MPR70
260,000,000 DELEMP - 12,900 |

0.0319 RES +7331 HWLMNX + 0.0572 MANF - 0.000292 VACACR

489 OFFVAC + 260,000,000 OFFACR - 889 DISCBD + 2

288,000, 000,000 DELEMP | ’
553,000,000 MANACR + 29,400 HWYINT + 381,000 ENERGY - 16.4 MPR70
+ 4,610 RRMI - 366,000

0.0000428 RES - 5.33 HWYINT - 1.73 DISCBD + 771
5,610 HWYINT + 0.0608 MANF + 2,460

0.00151 RES + 0.0140 MANF + 4,580

0.0106 RES + 2.29 MPR70 - 5,720

0.00014 RES + 0.143 MPR70 - 2.58 DISCBD + 1.810
0.0134 RES + 0.665 MPR70 + 1,240 -
0.0392 RES + 19,400 MPKIDS + 1.89 MPR70 - 12,700

+

+

1,330,000 INCMP - 2,280,000 MINCC + 3,340,000

(b) Industrial/Office Model

3.96 OFFICE - 79.8 MPET2 + 36.4 MPE70 + 1,710,000,000 DUACRE
0.0241 DUACRE - 451,000

0.0785 RES + 0.413 MANF + 3.41 MPE70 + 3.630 HWYINT
853,000,000 DELEMP - 26,900 MINCC - 4,200

0.0110 RES + 0.0178 MANF - 1.85 MPE70 + 1.81 MPET2
107,000,000 OFFACR - 468 DISCBD + 339,000,000 DELEMP + 16,200
263 HWLMNX + 11.5 MPET2 - 9.05 MPE70 + 3,210 RRMI

+ 3,270,000,000 DELEMP + 383,000,000 MANACR - 2,090

0.0000308 RES - 0.000362 OFFICE + 0.000170 COMM - 7.39 HWYINT

- 0.246 DISCBD + 212,000 AUTO + 23.0

+
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WHOLE = 3,948,000,000 WWEA + 2,000 HWLMNX + 1.670 RRMI + 6,000 HWYINT
- 104,000 : -

HOTEL = 0.0524 MANF + 0.105 OFFICE + 1.69 MPE70 - 1.45 MPET2

| - - 233 DISCBD - 2,420

HOSPTL = 191,000,000 NONHSE - 327 DISCBD + 10,000

CULTUR = 0.0023 RES - 14.4 DISCBD + 1,260

CHURCH = 0.00513 RES + 4,750

EDUC = 0.0405 RES + 28,200

REC = 0.649 RES + 979,000 MINCC - 745,000
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IIT. DEVELOPMENT OF LAND USE MODEL PREDICTIVE EQUATIONS

A, APPROACH

The development of predictive equations for land use development,
separate from the model equations obtained in the causal analysis, was neces-
sitated by the simultaneity of the causal relationships. Since the endo-
genous variables (to be predicted for some future time period) appear as
both independent and dependent variables in the causal model equations,
these equations clearly can not be used for operational, predictive purposes.
Or more simply, these causal equations include independent variables whose
values will not be known in the future. Therefore, it was necessary to
develop predictive equations in which the endogenous variables appeared
only as the dependent variables. Such an assumption defiﬁes a system of
equatipns which can be solved with ordinary least squares analysis.

When predictive equations are developed using ordinary least sduafeé
for variables which are known to be effected by simultaneity, the individual':
regression coefficients have expectations equal to the true structural para-
meter, plus a function of the variables left out of the regression; that is,
they are biased estimates of the true structural parameters (see Section
VI.A of Volume I [ 5]). However, the final prediction of the equation
is an unbiased estimate of the dependent variable. Since these equations
are to be used for predictive énd‘not analytical purposes, the fact that the
individual coefficients are biased estimates was not of great concern. It
must be emphasized therefore, that the regression coefficients obtained for
the predictive equations should not be examined to judge the effects of -
independent variables on the dependent variable, nor should these coeffi-
cients be compared with those obtained in the causal analysis. Rather the
appropriateness of a predictor can only be determined by examining its |
performance with regard to a set of objective statistica] criteria.
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- In order to systematically decide which variables to include in
the predictive equations, stepwise regression techniques were employed.
The dependent variables in this stepwise regression analyses were the 12
categories of total land use analyzed in the causal analysis:

+ Residential « Hotels/Motels
. Commercial _ * Hospitals

. Office - Cultural

- Manufacturing * Churches

« Highways * _Education

+ Wholesale/Warehouse * Recreation

The independent variables included in the stepwise regression analysis for
predictive equations were separated into two sets. The first set (1) in-
cluded all instrumental variables used in the causal model which best pre-
dicted the endogenous variables in the first stage of the 2-stage least
squares procedure (see Table 3-1) and those exogenous variables which were
signjficant in the final path analysis. The second set (2) of independent
variables included all other exogenous variables from the original speci-
fication of the models (shown in Table 3-2) as well as many new independent .
variables, discussed in the next Section III.B. '

The approach to developing predictive equations involved two step-
wise regression analyses. The first analysis performed allowed all vari-
ables from set (1) with a statistically significant F statistic to enter
the regression equation before any variables from set (2) were considered.
The second analysis included both sets of independent variables (1) and (2)
at the same level of consideration. In the analyses, an F ratio test was
used at each step of the multip]e'regression procedure to determine whether
the reduction in the residual sum of squares due to the added variable was
statistically significant. The critical F vé]ue used was 1.8, i.e., an
independent variable was added into the regression if its F ratio equalled
or exceeded 1.8. This critical value corresponds approximately to the
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TABLE 3-1
INSTRUMENTAL VARIABLES USED IN THE FINAL PATH ANALYSIS

Residential Model . . . o Industrial/Office Model
1. DUACRE o - DUACRE
2. - OFFACR . o | MINCC
3.  DISCBD S - OFFACR
4. MPR7O ' . o DISCBD
5.  VACACR L | MANACR
6. OFFVAC | | MPE70
7. HWYINT . S VACACR
8. DELEMP A RRMI
9.  MANF ' | OFFVAC
10, -- AUTO
n. -- HHYINT
2. -- DELEMP
13, -- MPET2
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TABLE 3-2

EXOGENQUS VARIABLES INCLUDED
BUT TRIMMED PRIOR

IN THE ORIGINAL MODEL SPECIFICATIONS
TO THE FINAL PATH ANALYSIS

Model Equafion

Exogenous Variables

Residential Model
RES

COMM

OFFICE

MANF

- HWLMNX
. WHOLE

HOTEL
HOSPTL
CULTUR

~ CHURCH

' EDUC
REC
Industrial/Office Model
RES
COMM
OFFICE

- MANF
HWLMNX
WHOLE
HOTEL

- HOSPTL
CURTUR
CHURCH
EDUC
REC.

VACACR, VACHSG, DELPOP, MPRT2, MPR68
INCMP, MINCR, MINCC, HWYINT, MPRT2, MPR68
HWYINT, MPRT2, MPR68, MPR70

DELEMP, MPRT2, MPR6S

EMPACR, AUTO, MPRT2, MPR68, MPR70

DELEMP, RRMI, WWEA

EMPACR, DISCBD, MPRT2, MPR68, MPR70
DISCBD, NONHSE, MPRT2, MPR68

MPRT2, MPR6S: | '

MPKIDS, MPRT2, MPR68

ENRACR, MPRT2, MPR6S

MPRT2, MPR68, MPR70

DELPOP, VACHSG, MPE68

MINCR, MPET2, MPE68

OFFVAC, VACACR, HWYINT, MPE68
HWYINT, ENERGY, MPE68
EMPACR, MPET2, MPE68, MPE70
DELEMP

EMPACR, MPE6S

MPET2, MPE68, MPE70
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10 percent level of significance, i.e., there was at most a 10 percent
chance of accepting a variable as significant in the regression when it
actually was not. ' ' ‘

For each dependent variable, the final predictive equation chosen
from the many possible forms generated by the stepwise regression analyses
was the one with the highest adjusted RZ value which had six or less predic-
tors, each with an F statistic significant at the 10 'peércent level or better,

-and none having a B value greater than 1.0. The adjusted RZ is defined as:

2 _ o2 _ (k=1 2
RZ = R? - (50 (1-R?)

where:

R2 = coefficient of determination

.number.of independent variables

number of data samples

The conventional R2 statistic can yield deceptive results when the signifi-
cance -of specific predictors is in question. For example, simply adding a
variable to any regression equation, whether it is at all correlated with"
the dependent variable or not, will raise the RZ and indicate additional
variance has been explained. The R2a gives a more conservative, unbiased
estimate of the amount of variance explained in the dependent variable
thrbugh the regression equation. In cases where two forms had nearly
identical R2a values, the one containing more causally important variables
(i.e., set (1) variables) was chosen. The maximum limit of six variables
was set to keep the predictive equations simple, avoid possible degrees of
freedom problems, and keep the confidence intervals small. In addition,
examination of the results of the stepwise analyses showed that in most
cases, the first six variables explained most, if not all, of the variance
of the dependent variable that could be explained by including more inde-
pendent variables. The requirement that each individual predictor have a

‘:'significant F statistic eliminated the situation where the inclusion of a



" new variable in an equation caused the individual F statistics of previously
entered variables to drop below the critical value of 1.8. The restriction
on B values was used to avoid multicollinearity in the regression analyses

‘7f_ which might cause instability in the regression coefficients. One further

" criterion used in simplifying the equations was that an independent variable
"Was not included unless its presence caused a noticeable reduction in the
coefficient of variation from the previous step (viz., a minimum of two-
three percent change). The coefficient of variation is defined as the ratio
of the standard error of estimate of the regression to the mean value of the
dependent variable. A detailed discussion of the results of the regression
analyses is given in Section III.C.

B. NEW VARIABLE DEFINITIONS

Based upon the poor performance of some of the exogenous variables
in the causal analysis, the representations of these variables were reconsi-
dered and several new independent variables formulated for use in the
development of the predictive equations.

The variable DELPOP was defined in a second manner, on a growth
per acre basis:

DELP2 = (p70cty-p60cty)/ac60cy*

We believe that whenever regional population growth is large, there is in-
creased demand for all types of 1and use development. Thus, this new
variable was included in all of the predictive equations.

Due to the variation in the cost of living across the U.S., areas -~
with the same MINCC or MINCR values may have different standards of living.

To eliminate this problem, a new variable MINC was defined to indicate whether

the median income of the area of influence was above or below that for the
" .region. This variable was defined as:

MINC = mincc/mincr

*See Table 2-3 for a definition of all lower-case variables in this and
subsequent equations which are not defined.
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This new variable was included in all of the predictive eqdations but RES,
MANF, and WHOLE. Since RES represents total dwelling units in the current
model, and not housing value or acreage, it is doubtful that a relationship
exists between RES and MINC.

, Due to the poor performance of HWYINT in the causal analysis, the
data collected was examined and it was discovered that in 40 percent of the
samples HWYINT = 0, with a maximum value of 6 occurring. HWYINT is an
indicator of the presence of limited-access expressways in the area of in-
fluence. Due to the small area of influence in the current study (10,000
‘acres), it is doubtful that the presence of multiple highway interchanges -
induces more land use development than the presence of just one. Therefore,
a new variable HWYLIM was defined to indicate whether a limited-access
highway is present or not in the area of influence.

HWYLIM = 0 if HWYINT = 0
1 if HWYINT > O

This new variable was included in the predictive equations for RES, COMM,
OFFICE, MANF, WHOLE, HOTEL, and HWLMNX. '

The variable AUTO was included in the model equation for HWLMNX

. on the theory that the density of auto drivers per acre effects the construc-

tion of highway facilities. Since AUTO was not found to be causally impor-
tant in the HWLMNX equation in the Residential model, a new variable AUTO02
was defined to represent motor vehicle density in a different way as auto
- drivers per dwelling unit:
AUT02 = au60cy/dublcy
where: du6Q0cy = total dwelling units in county in 1960.

(input data card 7, columns 11-16)*

This new variable was included in the predictive equations for HWLMNX.

* See Sections V and VI.B in Volume I [5] for a discussion of the data col-
lection and formatting tasks.
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Another new variable related to highway development , TRIPS, was
defined to represent the amount of trip generation per dwelling unit from a
residential major project. Since specific trip generation data were not
available, a metric .variable of arbitrary‘units related to the income level
of the major project was used instead (see Section V). The new variable
was defined as:

1 if INCMP = -1
TRIPS = 3 if INCMP = 0
5 if INCMP =1

The variable TRIPS was only included in the predictive equation for HWLMNX
in the Residential model. '

The indicator variable INCMP as defined for the causal analysis
assumed that residential major projects with a median income more than
15 percent above or below that of the surrounding community had equal but
opposite effects in inducing development,relative to a major project with
a median income equal to that of the surrounding community. This metric
assumption placed an unrealistic constraint on the variable. Therefore, two
new indicator variables INCMPL and INCMPH were defined to represent the low
and high income effects separately. These new variables were defined as:

1 if INCMP = -1
INCMPL = o 5¢ INCMP = 0 or 1
Ineup = 1 iF INCMP = 1

0 if INCMP = Q or -1

The variables INCMPL and INCMPH were only included in the predictive equa-
tions for COMM and REC in the Residential model.

. The variable DELEMP was included in the model equations to account
~ for development associated with regional employment growth. Due to its



poor performance in the causal analysis, a new variable EMP60 was defined
to represent the absolute level of regional employment in 1960, rather than
the growth in employment from 1960 to 1970. This new variable was defined
as:

EMP6Q = e60cty

The variable EMP60 was included in the predictive equations for COMM, OFFICE,
MANF, and WHOLE.

The variable VACACR was included in the model equations for RES and
OFFICE to represent developable acreage in the area of influence (excluding
the major project). Vacant developable land is a prime factor encouraging
new land use development. Unfortunately, VACACR performed poorly in the
causal analysis. A possible explanation for this variable's failing in the
causal analysis may be ascribed to vacant acreage in themajor project,
developed between the year t+0 and 1970. Note fhat the total land use vari-
ables RES and OFFICE for which relationships were hypothesized in the causal
analysis exclude the acreage of the major project. Therefore, any variable
introduced into a model equation to explain recent development included in
these land use totals must be corrected for all influences of the major
project. In the causal analysis a correction was made by defining VACACR to
exclude all acreage under the control of the major project developer. How-
ever, the major project probably had a secondary effect on new land use
deve]dpment'that was not corrected for. Suppose for example that an area
contained a large amount of deve]opab]e acreage outside the major project in
year t+0. Even in an area favorab]e to new development, little if any may
- have occurred between the year t+0 and 1970 if the major project grew sub-
stantially in this time period. In other words, the area had a certain fixed
development potential in residential or office land use for the period t+0
to 1970. Any group considering development in this area in the year t+0
probably took account of the effect of planned development announced for the
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. - already existing major project on this potential market. Therefore, a new

vacant acreage variable VAC2 was defined in which the proportion of major
project land developed between the year t+0 and 1970 is subtracted out from
non-major project developable acreage to correct for this effect. This new
variable was defined as:

MPR70-MPRT2
VACACR - -——M-ﬁR—iﬁ— mpdev

in the Residential model
VAC2 =
MPE70-MPET2
VACACR - —M—PE—7—0———— mpdev

in the Industrial/Office model

The variable VAC2 was included in the predictive'equations for RES and
OFFICE.

_ One other new vacant acreage variable VAC3 was defined that took
account of land area zoned for other than residential, commercial, etc.,
uses. This variable was defined as:

VAC3 = 10,000-mpdev-mpund-(100 zother)

where: zother = percent of total acreage in the area of influence
zoned for other than residential, commercdal,
industrial, or office use in year t+5

(card input 4, columns 56-58)

Note that the variable vacund was not included in this equation because of
possible overlap between land areas classified as undevelopable and zoned
for other uses. The variables VAC3 was included in the predictive equations
for RES and OFFICE.

Two new variables were developed to represent the size of a
major project differently from the MPR and MPE variables used in the causal
analysis. The first of these, DENSE, measures the housing density of resi-
'dential major projects, and is defined as:

DENSE = MPR70/mpdev

3-10



The second variable, MPACRE, measures the land area of the major projects,
and is defined as:

MPACRE = mpdev

”The variable DENSE was included in all predictive equations in the Residential
model. The variable MPACRE was included in all predictive equations. One

additional new variable MPTIME was developed to pepresent the relative amount
of time a major project had to induce development before 1970. This variable

- was defined as:

MPTIME = 1970 - base yr

where: base yr = the base year t when the major project
4 first opened (input card 1, columns 13-14)

The variable MPTIME was included in all predictive equations.

The variables MANF and OFFICE were included in the model equations
for RES and COMM to represent development demand associated with growth
in manufacturing and office employment. Unfortunately these variables
did not perform very well in the causal analysis. Therefore, two exogenous
variables, MANACR and OFFACR, representing the amount of manufacturing and
-office employment, respectively, in the area of influence in the year t+0
were included in the predictive equations for RES and COMM, and additionally
in the HOTEL equations.‘

The equations for HOTEL, HOSPTL, CULTUR, and REC had fairly Tow R®

values in the causal analysis, suggesting that the variables included in
‘the equations did not represent the principal causes of these forms of
development. Therefore, additional relationships were hypothesized and
included in the predictive equations for these categories of land use. The
new variables are defined below:

DISAIR = Highway distance in miles to nearest major airport in.
year t+0 (input card 4, columns 29-32)
AIRPRT = 1 if an a1rport existed within 3.23 miles of the center

of the major project in the year t+0
0 otherwise (input card 3, column 66)



PVTSCH = 1 if a private school existed within 3.23 miles of the
center of the major project in the year t+0

0 otherwise (input card 3, column 64)

UNIV = 1 if a university existed within 3.23 miles of the center
of the major project in the year t+0

0 otherwise (input card 3, column 62)

WATER = 1 if a five square mile body of water existed within 3.23
miles of the center of the major project in the year t+0
0 otherwise (input card 3, column 70)

COAST = 1 if a sea coast existed within 3.23 miles of the center

of the major project in the year t+0
0 otherwise (input card 3, column 68)

The variables DISAIR, AIRPRT, UNIV and.MINC were added to the HOTEL equations.
Airport accessibility and area income level can both directly effect hotel
development. The presence of a university can also effect hotel development,
but indirectly through the accommodation requirements of families visiting
students and professionals attending conferences. The variable UNIV was
added to the HOSPTL equation since the presence of a nearby medical school
favors the creation of research and hospital medical facilities. The vari-
‘-ab]es PVTSCH, UNIV and MINC were added to the CULTUR equations. The presence
of.a private school or university, and the area income level can all directly
effect the deve]opment of cultural activities. The variables WATER and COAST
were added to the REC equations to account for the presence of these major
recreation-attracting natural features. |

One type of data gathered in the data collection phase of this study
that was not utilized in the causal analysis was land use zoning classifi-
cations. New variables representing the proportion of acreage zoned in
various categories were defined as follows:

percent of total acreage in the area of influence zoned for

ZRES = :
residential use in the year t+b
ZRES = zressf + zresmf

where: zressf = percent of total acreage in the area of influence
zoned for single-family residential use in the year
t+5 (input card 4, columns 45-47)



zresmf = percent of total acreage in the area of influence
zoned for multi-family residential use in the
year t+5 (input card 4, columns 48-49)

ZCOMM = percent of total acreage in the area of influence zoned
for commercial use in the year t+5 (input card 4, columns
50-51)

ZOFF = percent of total acreage in the area of influence zoned
for office use in the year t+5 (input card 4, columns 52~
53) .

ZIND = percent of total acreage in the area of influence zoned for

industrial use in the year t+5 (input card 4, columns 54-
55)

The variables ZRES, ZCOMM, and ZOFF were included in the predictive equations
for RES, COMM, and OFFICE, respectively. The variable ZIND was included in
the predictive equations for MANF and WHOLE. The rationale in each case

- was that deve]opment is directly controlled by the zoning classifications

set in each area.

In many areas of the country, the construction of public sewers by
cities and towns is used like zoning to guide land use development. There-
fore, a new variable SEWER was defined as follows:

SEWER = percentage of land in the nearest municipality which had
public sewerage available in the year t+5. (input card
4, columns 42-44)

The variable SEWER was included in all of the predictive equations.
| C. DISCUSSION OF RESULTS

The predictive equations obtained by applying the previously dis-
'cussed objective criteria to the stepwise regression analyses are summarized
~in Section IIL.D. Summary statistics for these equations are shown in

Table 3-3. The number of predictors in each equation varies from one to six
with an average of from three to four. Rza values indicate the predictive

- equations are explaining the majority of variance in the dependent variables.
The mean value for this statistic of 0.54 can be considered quite good in



‘view of the fact that the regressions were performed on a relatively small

f;_(20) sample of cross - sectional data. The overall F statistics indicate
- _practically all of the predictive equations are significant at or below the
- one percent level. The results for the coefficient of variation, however,

are less encouraging. The values of this statistic range from 0.34 to 1.73
with a mean of 0.87. Since this statistic .expresses the standard error of
estimate of the regression relationship as a percentage of the dependent

- variable mean value, a value as close as zero as possible is desirable.

The summary statistics indicate that the average error encountered in the
use of these predictive equations will be + 87 percent of the predicted
value. An examination of the statistics in Table 3-3 show that high values
for the coefficient of variation often occur when the Rza of the regression
is low, as would be expected.

In an attempt to reduce the coefficierits of variation for some of the
predictive equations, the dependent variables RES, COMM, OFFICE and MANF
were defined in a second manner which did not exclude the dwelling units or
land use of the major project from the variables. In the Residential model,
the major project represents residential land use and so the only new depen-
dent variable tested was RES* defined as:

RES* = total dwelling units in the area of influence in 1970.
(input card 5, columns 49-53).

In the Industrial/Office model, three new dependent variables were created,

li: defined as:

OFFICE* = total off1c§ floor area in the area of influence in 1970

in 1,000 ft-.

MANF* = total manufacturing floor area in the area of influence
in 1970 in 1,000 ft2. :
WHOLE* = total wholesale and warehouse_ floor area -in the area of

influence in 1970 in 1,000 ftz
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TABLE 3-3
SUMMARY STATISTICS OF PREDICTIVE EQUATIONS

Dépendent Number of Sample | Significance Level Coefficient
Variable Predictors R? R2a of Overall F Statistic* of Variation

Residential Model

RES 6 0.72 0.62 0.005 0.81
COMM 6 0.82 0.76 0.007 0.49
OFFICE 5 0.81 0.76 0.001 0.67
MANF 3 0.30 0.22 0.15 1.44
HWLMNX 5 0.69 0.61 0.005 0.74
WHOLE 5 0.79 0.73 0.001 0.79
'HOTEL 3 0.70 0.66 0.001 0.54
HOSPTL 2 0.38 0.34 0.025 1.34
CULTUR 2 0.49 0.47 0.005 0.94
CHURCH 2 0.41 0.38 0.025 0.91
~EDUC 4 0.65 0.58 0.005 0.58
* REC , 1 0.43 0.43 0.005 1.63
Industrial/0ffice Model
RES 5 0.82 0.77 0.001 0.34
COMM 4 0.78 0.73 0.001 0.48
OFFICE 5 0.66 0.57 0.01 0.69
MANF 3 - 0.47 0.41 0.025 0.84
HWLMNX 4 0.65 0.59 0.005 0.47
WHOLE 4 0.77 0.73 0.01 0.95
HOTEL 3 Q.46 0.40 0.025 1.04
HOSPTL 3 0.51 0.46 0.01 1.73
CULTUR 4 0.43 0.32 0.10 1.31
CHURCH 4 0.48 0.38 0.05 0.73
EDUC 3 0.46 0.39 0.025 0.60
REC 6 0.75 0.66 0.005 0.88

* A significance level of 0.01 indicates there is_at most a one percent chance
(using the two-tail test) that the population R for the regression equation
is 0.



where: OQFFICE*

]

OFFICE + 43.56 mpdev (percent OFFICE +
percent R&D)/100

MANF* = MANF + 43.56 mpdev (percent MANF/100)
WHOLE* = WHOLE + 43.56 mpdev (percent WHOLE/100)
and where,

Percent R&D percent of the developed 1and in the major
project used for research and development

purposes.

percent of the developed land in the major
project used for office purposes
(input card 1, columns 73-73)

Percent MANF. = percent of the developed land in the major
project used for manufacturing purposes
(input card 1, columns 67-69)

Percent WHOLE = percent of the developed land in the major
project used for wholesale and warehousing
purposes (input card 1, columns 76-78)

mpdev = total developed land area of the major project
in acres

Percent OFFICE

Due to the exclusion of major project land use from the dependent
variables RES, COMM, OFFICE, and MANF, these variables experienced a large
variance in value with zero values occurring a significant percentage of
the time, indicating in these cases that the major project contained all
of a certain type of land use in the area of influence. By including the
major project land use in the variables being predicted, we had hoped to reduce
the resultant coefficients of variation in two ways. First, the effect
of including major project land use was to eliminate zero values and so
significantly reduce the variance that needed to be explained in the regres-
sion relationships, and secondly, this inclusion also raised the mean value
of these dependent variables. Predictive equations for the four total land
-use variables RES* COMM* QFFICE* and MANF* were obtained by app1y1ng the

" techniques used discussed in Section III.A.
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A comparison of the summary statistics for the predictive equations f
in which land use of the major project is included or excluded from the
dependent variable is shown in Table 3-4. The results show that for two
of the four modified variables, RES* and WHOLE*, lower coefficients of vari--
ation are obtained. An examination of the regression statistics, however,
reveals that most of this change is due solely to the increase in the mean
value of the dependent vakiab1e, and not due to Tower standard errors of
estimate. In addition, three of the four overall F statistics indicate less
significance (higher percent level) for the "*" regressions, and in general,
the R2a values are lower. Based on these results, therefore, use of the
original predictive equations excluding majbr project land use are recom- .
mended. The equations for RES*, OFFICE*, MANF*, and WHOLE* are, however,
summarized in the following Section III.D, along with the equations for the
other dependent variables, for reference purposes.

Due to the relatively large coefficients of variation and low RZa

values for some of the predictive equations (e.g., the MANF equation in the
Residential model and the CULTUR equation in the Industrial/Office model), it
may be tempting for the user to selectively substitute the equation forms
developed in the causal analysis. Examination of the statistics for these
equations, however, show them to be no more significant. Due to the fact

that the predictive equations have the smallest possible variance of all
linear estimators and only they produce unbiased estimates of the dependent
variables, the causal equations should not be used for predictive purposés _
Use of the causal equations would also probably result in cumulative errors of
estimation from the use of endogenous variables as predictors.

The predictive equations shown below in Section I.D, constitute a
set of equations applicable to areas where a major project (Residential or
Industrial/Office) will be or already has been.built. They do not constitute
a general land use predictive model. The data vglues that will be used for the
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TABLE 3-4

COMPARISON OF SUMMARY STATISTICS FOR PREDICTIVE EQUATIONS IN WHICH LAND USE
OF THE MAJOR PROJECT IS INCLUDED OR EXCLUDED FROM THE DEPENDENT VARIABLE

Dependent Number of gample Significance Level Coefficient of
Variable * Predictors R R% of Overall F Statistic Variation

Residential Model '
RES* 5 0.66 0.60 0.01 0.47
RES 6 0.72 0.62 0.005 0.81

Industrial/Office Model

OFFICE* 0.35 0.32 0.025 1.87
OFFICE - 0.66 0.57 0.01 0.69
MANF* 4 0.46 0.35 0.05 0.73
MANF 3 0.47 0.41 0.025 0.84
WHOLE* 5 0.87 0.83 0.001 _ 0.68
WHOLE 4 0.77 0.73 0.001 0.95

* A suffix of "*" on a variable indicates that it includes the floor area.of the major project.



major project variables MPR70 and MPE70 where they appear in the predictive
~equations will, therefore, correspond to the projected final size of the
major project in the area of influence. The data values for MPET2 and MPR68
will correspond to the size of the major project two years after initiation
and two years before completion, respectively. Examination of the predictive
equations reveals that the major project variables do not appear as often

as one would expect, based upon the relationships verified in the causal
analysis. This fact indicates that for some types of land use, just the
presence of a large major project, and not necessarily its size, induces a
certain amount of land use development. The predictive equations developed -
in this study are based upon data collected in areas containing a large major
project, viz., one containing several thousand dwelling units (Residential :
Model) or employing several thousand employees (Industrial/Office Model).
Specifically, based upon the mean and standard deviations of the variables
MPR70 and MPE70 representing final major project size:

* A Residential project should be in the range of
1,100-5,300 total dwelling units, and

* An Industrial/Office project should be in the range
of 3,600-9,100 employees.

The use of these equations should be limited to situations in which the major
project is in this size range. Also, any application of the predictive
equations should be qualified by the error range indicated by the coefficients
of variation shown 1in Table 3-3.

D. SUMMARY OF PREDICTIVE EQUATIONS

1. English Units

a. Residential Model

RES = 8,910 DUACRE + 6,790 DELPZ2 - 351 DISCBD - 1,360 HWYINT
+ 41.2 SEWER - 0.682 MPR70 + 7,200

8,880 DUACRE + 6,110 DELP2 - 343 DISCBD - 1,346 HWYINT
+ 42.5 SEWER + 8,270

COMM = 791 OFFACR - 73.7 DISCBD + 656 DUACRE - 200 HWYINT
+ 0.00327 EMP60 + 0.0647 VACACR + 1,380

845 OFFACR + 601 DELEMP - 14.1 DISCBD - 400 DUACRE
+ 85.8 HWYINT + 355

RES*

OFFICE
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MANF = 1,050 MANACR + 761

HWLMNX = - 2.79 DISCBD + 40.5 DELP2 - 135 AUTO2 + 46.6 MINC
| + 0.00595 MPR68 + 78.8
WHOLE = 97.1 HWYINT - 0.0736 MPR70 - 269 DUACRE - 11.4 DISCBD

+ 15.0 OFFVAC + 488
HOTEL = - 0.968 ZRES + 230 AUTO - 150 INCMPL + 81.7
HOSPTL = 197 OFFACR + 0.0196 MPR70 - 23.9
CULTUR = 60.2 UNIV + 0.00175 VACACR + 2.54
CHURCH = 202 MINC - 4.42 DISCBD - 14.7
EDUC = 0.0408 VACACR + 2.46 SEWER - 25.5 DISCBD + 184 MPKIDS + 244
REC = 0.103 MPACRE - 33.5 "

b. Industrial/Office Model '

RES = 2,480 DUACRE + 205 VACACR + 563 OFFVAC - 128,000 VACHSG

- 406 DISCBD - 9,530
COMM = 869 DUACRE + 119 ZCOMM - 2,090 OFFACR + 0.0553 MPE70 - 838
OFFICE = ;;és RRMI + 68.9 ZOFF - 0.0273 MPE70 + 507 MINC + 254 MANACR- .-
OFFICE*= 13.2 MPACRE + 8,120 DELPOP - 2,540 |
MANF = 10,100 DELEMP - 2,620 MINCC + 0.252 VACACR + 1,120
MANF* = 0.911 MPE70 - 7,010 DUACRE + 466 RRMI - 417 DISCBD + 9,430
HWLMNX = géogsss VACACR - 6.08 HWYINT + 19.6 DUACRE + 1.70 OFFVAC :
WHOLE = 7,470 WWEA + 90.8 ZIND + 11.4 SEWER + 726 DUACRE - 1,650
WHOLE* = 111 ZIND + 955 DUACRE + 2,420 HWYLIM - 435 HWYINT

- 0.00227 EMP60 - 1,240
HOTEL = - 11.5 DISCBD + 1,180 DELEMP - 249 OFFACR + 145
'HOSPTL = 478 NONHSE + 443 MANACR - 283 OFFACR - 20.5
CULTUR = : gg.g ENERGY + 0.00004 EMP60 + 0.0411 MPACRE + 12.6 PVTSCH
CHURCH = 8.65 RRMI + 0.0314 VACACR - 1.07 SEWER - 0.0146 MPET2 - 148
EDUC = 0.0802 MPET2 + 0.0974 VACACR + 34.8 RRMI - 925

REC = 17.6 OFFVAC + 1,440 DELEMP + 387 MINCC - 615 AUTO + 14.8 DISCBD
188 MANACR - 604 '

+
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2. Metric Units

This section summarizes the predictive equations for variables .
defined in metric units. Specifically m2 replaces 1,000 £t2 in the variabies -
RES, COMM, OFFICE, MANF, wHOLE; HOTEL, HOSPTL, CULTUR, CHURCH, and EDUC.

The variables REC, MPACRE, VACACR, and VAC3 also use m?, but in place of -
acres. Distances in miles in HWLMNX, DISCBD, and RRMI are converted to km.
And finally, the units of acre™! are replaced by m2 in the variables DUACRE,
OFFACR, WWEA, EMPACR, NONHSE, ENRACR, MANACR, DELEMP, AUTO and DELP2.

The conversion factors used were:

1,000 ftZ > ml *by 92.90
acres > m2 *by 4,047
miles + km *by 1.609
acre™! > m'2 by 4,047

a. Residential Model

RES = 3,350,000,000 DUACRE + 255,000,000 DELP2 - 20,300 DISCBD
- 126,000 HWYINT+ 3,830 SEWER - 63.4 MPR70 + 669,000 '

3,340,000,000 DUACRE + 2,297,000,000 DELP2 - 19,800 DISCBD
- 125,000 HWYINT + 768,000

comm = 297,000,000 OFFACR - 4,260 DISCBD + 247,000,000 DUACRE .
- 18,600 HWYINT +0.304 EMP60 + 0.00149 VACACR + 128,000

318,000,000 OFFACR + 226,000,000 DELEMP - 814 DISCBD
- 150,000,000 DUACRE + 7,970 HWYINT + 33,000

MANF = 395,000,000 MANACR + 70,700 _
2.79 DISCBD + 264,000 DELP2 - 217 AUTO2 + 75.0 MINC

RES*

OFFICE

HWLMNX = =
+ 0.00957 MPR68 + 127

WHOLE = 9,020 HWYINT - 6.84 MPR70 - 101,000,000 DUACRE - 658 DISCBD
+ 1,390 OFFVAC + 45,300

HOTEL = -~ 89.9 ZRES + 86,500,000 AUTO - 13,900 INCMPL + 7,590

HOSPTL = 71,800,000 OFFACR + 1.82 MPR70 - 2,220

CULTUR = 5,590 UNIV + 0.0000402 VACACR + 236

CHURCH '= 18,800 MINC - 255 DISCBD - 1,370

EDUC = 0.000937 VACACR + 229 SEWER - 1,470 DISCBD + 17,100 MPKIDS
+ 22,700

REC = 417 MPACRE - 136,000
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RES =

COMM =

OFFICE =

OFFICE*=
MANF =
MANF* =

HWLMNX =

WHOLE =

WHOLE* =

HOTEL =
HOSPTL =

CULTUR =

CHURCH =
EDUC =
REC =

E.

b. Industrial/Office Model

932,000,000 DUACRE + 0.0471 VACACR + 52,300 OFFVAC
11,900,000 VACHSG - 23,400 DISCBD - 885,000

327,000,000 DUACRE + 11,100 ZCOMM - 786,000,000 OFFACR
5.14 MPE70 - 77,900

664 RRMI + 6,400 ZOFF - 2.54 MPE70 + 47,100 MINC
95,500,000 MANACR - 30,300

0.302 MPACRE + 754,000 DELPOP - 236,000
3,800,000,000 DELEMP - 243,000 MINCC + 0.00579 VACACR + 104, ooo

84.6 MPE70 - 2,640,000,000 DUACRE + 26,900 RRMI
24,100 DISCBD + 876 000

0.00000153 VACACR - 9.78 HNYINT + 128,000 DUACRE + 2.74 OFFVAC
41.4

2,810,000,000 WWEA + 8,440 ZIND + 1,060 SEWER + 273,000,000 DUACRE
153,000

10,300 ZIND + 359,000,000 DUACRE + 225,000 HWYLIM
40,400 HWYINT - 0.211 EMP60 - 115,000

664 DISCBD + 444,000,000 DELEMP - 93,600,000 OFFACR + 13,500

180,000,000 NONHSE + 167,000,000 MANACR - 106,000,000 OFFACR
1,900

3,210 ENERGY + 0.00372 EMP60 + O. 000944 MPACRE + 1,170 PVISCH
2,190

499 RRMI + 0.000721 VACACR - 99.4 SEWER - 1.36 MPETZ - 13,700"
7.45 MPET2 + 0.00224 VACACR + 2,010 RRMI - 85,900

71,200 OFFVAC + 23,600,000,000 DELEMP + 1,570,000 MINCC
10,100,000,000 AUTO + 37,200 DISCBD + 3,080,000,000 MANACR
2,440,000

DISAGGREGATION AND AGGREGATION OF LAND USE CATEGORIES

As part of the transformation of collected field data to the

desired variables in the causal analysis, land use in many subcategories
representing different size ranges were aggregated to form the endogenous

variables.

For example the endogenous variable OFFICE is defined* as:

OFFICE = office 1and use in area of influence (excluding major

project) in 1970 in 1,000 square feet

*See Table 2-1.
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OFFICE = (offl + off2 + off3)/10

100 square feet office in area of influence

where: offl
(excluding major project) in 1970 (<50K)

off2 = 100 square feet office in area of influence
(excluding major project) in 1970 (50-100K)
off3 = 100 square feet office in area of influence

(excluding major project) in 1970 (>100K)

Once predictive equations were developed for the 12 categories of total land
use, our attention turned to the possibility of predicting land use at a

finer level of detail, where, in addition to the type of land use, the size
range of development was used to categorize the land use being predicted.
In other words, we attempted to predict land use at the disaggregatedAleve1 ' 
of offl, off2, and off3, for example. o

Of the 12 types of land use analyzed, data were available to disag-
gregate six of these, corresponding to the variable RES, COMM, OFFICE, HOTEL, .
HOSPTL, and EDUC. Due to the overall lower Rza values of the predictive equa-
tions for HOTEL, HOSPTL, and EDUC (see Table 3-3), disaggregation predictions
were not attempted for these variables. In addition, the subcategories of '
OFFICE were not analyzed due to the results from Volume II 7] indicating that
energy consumption per floor area (and hence emission rates) are not signi-
ficantly different for office buildings in different size ranges. Disaggre-
gation.ana1ysis was, therefore, performed only for the remaining variables
RES and COMM.

Residential land use (dwelling units) was disaggregated into the
subcategories.

Single Family Detached
Single Family Attached
« Mobile Home
Multifamily low rise
Multifamily high rise
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Commercial land use (1,000 ftz) was disaggregated into the subcategories of:

. < 50,000 ft2

. 50-100,000 ft°

. > 100,000 ft2

In order to avoid the problem of having the predicted land use in the sub-
:categories not add up to the total land use, variables representing the
.percent of land use of a certain type in each subcategory were used. The
jidea was to use the previously discussed predictive equations to project
jtotal land use of a certain type and then use the disaggregation equations
to predict the percentage breakdown of the total land use among the various
:subcategories. The variables analyzed were defined as follows:

Percent
Percent
Percent

Percent
Percent
Percent
Percent
Percent

CoMMI
COMM2
COMM3

RESSFD
RESSFA
RESMO
RESML
RESMH

the percent of total commercial land use in

the area of influence in 1970 occurring in the
subcategories of <50,000 ft2, 50-100,000 ft2, and
>100,000 ft2, respectively.

The percent of total census tract residential
dwelling units in 1970 related to single family
detached and attached homes, mobile homes, multi-
family low rise structures, and multi-family high
rise structures, respectively.

Stepwise regressions were performed to develop predictive equations
for the subcategory percentage variables. The objective statistical criteria
discussed previously (Section III.A) were used to evaluate the results.
Regressions were performed with percent COMM1, percent COMM2 and percent COMM3
as the dependent variables and variables representing median income Téve]
(MINC), distance from the central business district (DISCBD), the amount of
land zoned for commercial use (ZCOMM), the amount of land with access to a
sewer system (SEWER) and the commercial employment per acre {(COMEMP) as the
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independent variables. For the dependent variables percent RESSFD, percent .
RESSFA, percent RESMO, percent RESML, and percent RESMH, the independent '
variables in the regressions represented median -income level (MINC), distance.
to the central business district (DISCBD), residential density (DUACRE), |
amount of land with access to a sewer system (SEWER) and the amount of land
zoned for single family and multifamily residential déveTopment (ZRESSF and
ZRESMF, respectively).

_ An examination of the summary statistics of the predictive equations
for the disaggregation variables indicated that no statistically significant
predictors could be found in about half of regressions. In the regressions
where significant predictors were chosen, the relationships developed were
counter to what one would reasonably expect. For example, MINC (median income
level) was found to be negatively related to percent RESSF (the percent of
single family structures in total residential land use). Due to the poor
results obtained, average percentage figures for each subcategory were com-
puted; these are summarized in Table 3-5. Since these data are representative
of the year 1970, and not future years, it is recommended that a projected
percentage split for the land use being predicted be developed in each par—'
ticular case, taking account of both the area and future time period involved.
It is doubtful that the average percentages in Table 3-5 take into account
the parameters or effects that will guide the densities of commercial and resi-
dential development in future years. In the absence of other data, however,
the average percentages shown here do provide an-estimation of the possible
disaggregation of land use development. '

In addition to attempting to disaggregate the 12 categories of ]andf
use for which predictive equations were developed, these land use variables
were aggregated to form a total land use variable TOTUSE, defined as:

TOTUSE = total developed Tand use in the area of influence (includ-
ing major project) in 1970 in 1,000 ftZ.
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TABLE 3-5

AVERAGE PERCENTAGE VALUES FOR
DISAGGREGATED LAND USE VARIABLES

Disaggregation Subcategory Major Project Type
Variable Description Res idential Industrial/Qffice
Commercial _
Percent COMMI 30,000 ft? 51% 66%
Percent COMM2 50-100,000 ft2 20% 14%
Percent COMM3 100,000 ft2 o 29% 20%
100% 100%
Residential
Percent RESSFD single family detached 61% 68%
Pervent RESSFA single family attached 3% 2%
Percent RESMO  mobile home 6% 6%
Pervent RESML mul tifamily low rise 29% 23%
Percent RESMH multifamily high rise _1% 1%
100% 100%
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TOTUSE =  RES* ((1.6 Percent SF/100) + (0.9 Percent MF/100))
+ COMM + OFFICE* + MANF* + WHOLE* + HOTEL +HOSPTL
+ CULTUR + CHURCH + EDUC + 43.56 REC

where:

Percent SF = percent of total residential dwelling units in the
area of influence in 1970 related to single famlly
and mobile homes.

Percent MF = percent of total residential dwelling units in the area
of influence in 1970 related to multifamily structures.

1.6 = Average 1,000 ft2 of floor area for a single family
dwelling unit

0.9 = Average 1,000 ft2 of floor area for a multifamily

' dwelling unit

43.56 = Conversion factor from acres to 1,000 ft2

Percent SF = resl/restot

Percent MF = (resl + res2 + res3 + resb + resb0)/restot

where:

resl = single family home dwelling units in census tracts in
1970 (input card 5, columns 68-73)

res?2 = two-family structure dwelling units in census tracts
in 1970 (input card 5, columns 74-78)

res3 = three and four-family structure dwelling units in
census tracts in 1970 (input card 6, columns 4-8)

resH = five through 49-family structure dwelling units in
census tracts in 1970 (input card 6, columns 9-13)

res50 = 50-and greater family structure dwelling units in
census tracts in 1970 (input card 6, columns 14-18)
restot = total year-round dwelling units in census tracts in

1970 (input card 5, columns 62-67)

Stepwise regressions were performed in which TOTUSE was the depen-
dent variable and a composite set of all independent variables used in the
predictive equation analysis was used for the independent variables. The
regression relationships developed and the associated statistics are sum-
marized in Table 3-6. The results indicate that when the major"projecf type
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TABLE 3-6

AGGREGATED TOTAL LAND USE PREDICTIVE EQUATIONS

AND SUMMARY STATISTICS

(English
Units)

(Metric
Units)

e =
1] )

(English
Units)

(Metric
Units)

R

R

2
2
a

TOTUSE

TOTUSE

0.73
0.64

TOTUSE

TOTUSE

0.84
0.80

Residential Model

1

2.42 MPACRE + 2,700 ZCOMM + 12,100 ZOFF +
638 DISAIR - 23,100 MINC - 8,390 DUACRE +
4,120

0.0556 MPACRE + 251,000 ZCOMM + 1,120,000 ZOFF +
36,800 DISAIR - 2,150,000 MINC -
3,150,000,000 DUACRE + 383,000

0.005

Significance level of overall F statistic

1 0.96°

Coefficient of variation

Industrial/Office Model

31.2 MPACRE + 8,650 OFFACR + 2.06 MPE68 +
28,400 MINCR - 1.85 MPET2 - 25,600

0.716 MPACRE + 3,250,000,000 OFFACR + 191 MPE68 +
2,640,000 MINCR - 172 MPET2 - 2,380,000

0.001
0.27

Significance level of overa]]'F statistic
Coefficient of variation
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is Residential, there is a certain advantage to predicting total land use
using an aggregated predictive equation, as opposed to summing together the.
predicted levels of 12 individual predictive equations and a projection of ‘
the major project size. Although the coefficient of variation for the TOT-
USE predictive equation in this case, 0.96, is slightly higher (more error)
than the average coefficient of variation for the 12 predictive equations ‘
(see Table 3-3) of 0.91, the'RZa value of 0.64 is also higher (more exp]ained :
variance) than the 12 equation average of 0.55. For the Industrial/Office
model, the advantages are more clearcut in using the TOTUSE predictive
equation. The aggregated predictive equation coefficient of variation is
only 0.27, compared to a 12 equation average of 0.83, and the R2a value is
0.80 compared to a 12 equation appropriate average of 0.53. Therefore, the
use of the TOTUSE predictive'equation is recommended whenever total land
use projections are desired.

- F. CROSS-VALIDATION ANALYSIS

The usefulness of any set of predictive equations depends upon their
generality. Only if a regression equation is based upon a data sample which
is representative of the general data population can it provide accurate pre-
dictions in different situations. In the current study, where only a small
data sample (20) was available for the development predictive land use
equations, the question of validity was especially important. The preferred
test of an equation's validity is an external validation, viz., applying it .
on a test case basis to an independent sample of data (i.e., independent of -
the sample on which the coefficient values were based) and observing its
- predictive ability. In the current study a separate, independent sample was .
not available. Therefore, the analytical technique of cross-validation was
used to simulate the existence of such a test sample.

The procedure of cross-validation involved splitting both the
Residential and Industrial/Office data samples of 20 into two random samples
of 10 each. In the Residential model, the first sample of 10 consisted of '
case numbers* 4,6,7,10,15,16,19,20,25, and 36; the second sample of 10

* See Table C-1 in the separately published Appendix C to Volume I [6] for
a definition of case numbers.
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consisted of case numbers 14,21,22,23,27,29,30,35,37 and 40. fn the Indus-
trial/Office model the first sample of 10 consisted of case numbers 1,2,3, 5,
9,11,12,13,26 and 34; the second sample of 10 consisted of case numbers
8,17,18,24,28,31,32,33,38 and 39. In each model, the coefficient values

in the predictive equations were recomputed using the first data sample of
10 and the set of independent variables decided upon previously. These
coefficient values, specifying 12 predictive equations in each model, were
used in conjunction with the data for the independent variables from the
second sample of 10 to predict the values of the dependent variables in the -
second sample of 10. Statistical comparisons were then made between actual
and predicted values for the dependent variables in the second sample of 10.

Unlike the jackknifing technique used in the causal analysis to
examine the stability of individual model coefficients, cross-validation pro--
vided a measure of the overall validity of the predictive equations..

The correlation coefficients (R) between actual and predicted values are shown
in Table 3-7 and graphs of the actual versus fitted (predicted) values are
summarized in Appendix B. In this application, the R statistic represents a
coefficient of validity of the predictive ability of each esquation. Values

in Table 3-7 exceeding 0.63 are statistically significant at the five

percent confidence level (two—tailed.test). The results of the cross-vali-
dation indicate that about half of the 24 predictive equations are generalized
enough to produce good predictions using an independent sample. The COMM,
WHOLE, CHURCH, EDUC, and REC equations validated well in both models, as well
as the RES and HWLMNX equations in the Industrial/Office model. Considering
the extremely small sample size (10) used in the cross-validation and the Targe
amounts of variance in the dependent variables, it was encouraging to obtain
significant correlations between actual and predicted values in as many

equations as we did.

Although coefficients of validity >0.63 indicate equations with s
good predictive ability, coefficients < 0.63 do not necessarily indicate the -
associated predictive equation is useless. The poor correlations obtained o
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TABLE 3-7

COEFFICIENTS OF VALIDITY BETWEEN ACTUAL AND PREDICTED LAND USE FROM THE CROSS-
VALIDATION ANALYSIS OF ALL LAND USE PREDICTIVE EQUATIONS

Independent Variable Coefficient of Statistical
in Equation Validity (R) Significance Level

Residential Model

RES 0.1 --
COMM 0.85 0.005
 OFFICE 0.07 --
MANF 0.43 --
HWLMNX 0.20 - -
WHOLE 0.73 0.02
HOTEL 0.46 -
HOSPTL 0.44 | --
CULTUR 0.35 --
CHURCH 0.69 0.05
EDUC 0.80 0.01
REC 0.74 0.02
Industrial/Office Model
RES | 0.81 0.005
COMM 0.77 0.001
OFFICE -0.61 --
MANF 0.25 --
HWLMNX 0.71 . 0.05
WHOLE 0.86 0.005
HOTEL | 0.46 --
HOSPTL 0.17 --
CULTUR -0.12 -
CHURCH | 0.62 0.10
EDUC 0.70 0.05

REC 0.67 0.05




could simply be due to nonhomogeneity in thé data sample caused by the
extremely small sample size (10). However, without an additional indepen- '
dent sample to use as a test case, it was not possible to ascertain if this :
was the case, or if the predictive equations simply lacked generality. In
many instances where low R values were obtained, one or two particular

samples consistently had the largest residuals (actual minus predicted),

i.e., were outliers. It can be seen from the graphs of actual and fitted
values (summarized in Appendix B) that in the Residential model, case number
30, and in the Industrial/Office model, case number 8, are recurrent out-
liers. Further work could be done in the validation analysis by assessing the
effect Of excluding certain outlier samples on the coefficients of validity
obtained, and examining whether the actual values of such samples are indeed
outliers in the dependent variable populations. Such efforts, however, were
not attempted in the current study since it is quite probable that in a sémp]e
of only 10 that a single outlier may represent a valid 10 percent of the data
population. Such possibilities, again, would be less likely if a larger sample
were available for analysis. Further work could also be done in assessing the
stability of the predicted land use estimates by computing overall confidence
intervals for the predictive equations. All of the mecessary data for com-
puting confidence intervals is contained in Appendix A, which summarizes the
statistical output for the predictive land use equations, including the
variance - covariance matrices. Given an equation of the form:

where:

Y is the dependent variable
Xi' X2, . . Xn are the independent variables

confidence intervals can be specified as:

Y + tv(y)/?



where t is the t-statistic for the regression of the model equation and
V(Y) is the variance of Y. V(Y) can be expressed as:

n o n
v(Y) = §=] §=] X;X; Covariance (bibj)

Worksheets for using the predictive equations and computing confidence
intervals are given in Section VII.
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IV. LAND USE BASED EMISSION FACTORS

This chapter discusses‘the approach used to deveTop the land use based
emission factors and presents a tabular compilation of the emission factors
that were developed. It is a summary of Volume II of the'GEMLUPifinal
report [7]. '

A. APPROACH TO LAND USE BASED EMISSION FACTORS

The objective of this phase of the GEMLUP study was to develop a
set of land use based emission factors to permit the estimation of air
po]]utant'emissions resulting from the éonstruction and operétion of a major -
land use project. These emission sources may be principally categorized
as follows: ' |

-+ Stationary source emissions occurring on the site of
the .major project (e.g., the on-site combustion of
fuel 011 for space heating needs),

« Stationary source emissions occurring at the land use
induced by the major project (e.g., the on-site
combustion of fuel 0il for space heating needs),

+ Secondary (i.e., occurring off-site) stationary source
emissions (e.g., the combustion of fuel oil at the
T1ocal electric utility to serve the electricity demand
of the major project and induced land uses),

» Mobile source emissions (e.g., emissions due to motor
vehicular traffic generated by the major project and
induced land uses).

The latter category, mobile sources, is treated separately in Chapter VI of
this report.

The estimation of emissions from the first three categories, all
stationary sources, is the subject of this chapter. The means of this
estimation is the use of land use based emission factors, that is, emissions
per unit floor area of a particular lénd use category. Given the size of the,
major project-and the amount of floor area, air pollutant emissions may thenf,
be estimated by taking'the pkoduEt of the appropriate land use based emission
factor and the floor area of a particular land use category. '
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1. Emission Factor Structure

The Tand use based emission factors, emissions per unit floor
area, may be disaggregated into two factors, an activity factor (i.e., fuel.
throughput, etc., per unit floor area), and the "Standard" em1551on factor
(i.e., emissions per unit fuel). For example, in the case of fue] 0il
space heating consumption, this would be,

emissions, gr. _ 0il consumption, gals. , emissions, gr.

floor area, 103 sq.ft. floor area, 103'sq.ft, . 011 consumption, gals.

Given this structure, a complete set of land use based emission factors
would consist of an n-dimensional array, with=§pecific values given for a
pollutant species, fuel or prbcess type, building category, and, in some
cases, energy requirements (e.g., region of the country).

Ignoring the solvent evaporation, solid waste disposal, and
other miscellaneous emissions,* the energy consumption related emission
factor can be generalized as follows:

Btu. Btu., Btu,

emissions, i,3.k _ ik X ; . ; _)*
~sq.ft. year . sq.ft. year sq.ft. ht.d.d. sq.ft. cl.d.d.
1 o, 1 : . em1ss1onsj

-heat.contenti seasonal efficiencyi unit fue]i

where ht.d.d.
cl.d.d. = cooling degree days per year
and for a particular fuel type i, pollutant species j, and
building category k.

heating degree days per year

1}

"*Emissions from these sources-are ot considered in this report, since there
is both more ]imited information about their characteristics and that they
may be’ expected to display more variation in per unit floor area emissions-
between parts of the country. However, the emission factor structure d1s-
cussed above is amenable  to their inclusion. It is recommended that they
be included in areas where there are significant emission sources and/or
better information concerning their characteristics is available.
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The fourth tem 1nAthis equation, emissions per unit fuel, aref"
the commonly used values determined directly from the EPA Compilation of .
Air Pollutant Emission Factors [8]. Hence, the focus of this project is
generating the first three terms (i.e., the activity factor).

The first three terms identify the fuel consumption per build-
ing floor area, given the heating and cooling degree days. The heat content
of a fuel in British thermal units is approximately constant and is well
known [ 9]. It does display some variation for every fuel, especially for
natural gas in different regions of the country [10]. '

- The values for the efficiency for various building types and
fuels are less well known. Efficiency can be defined in a variety of ways.
The purpose of this application is to account for the differences in the
amount of energy consumed by a building depending on the fuel type selected
to provide that energy. '

The desired efficiency measure is the ratio of heat loss from
a structure to the energy input to the structure, variously defined as effi-
ciency of utilization or seasonal efficiency.

The term in brackets, the energy requirement per square foot
and per square foot degree day, represents the energy requirements of a
building. It is divided into three components:

» Process use of energy that is not related to
climate; examples include:

Lighting

Elevators

Refrigeration

Water heating equipment
Cooking equipment
Ventilation
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» Energy requirements for space heating, as a function
of heating degree days*

~ Energy requirements for air conditioning, as a function
of cooling degree days.t

In lieu of cooling degree days for residential buildings, this
study will use the estimated compressor operating hours of residential air .
conditioning units as compiled by Oak Ridge National Laboratory. A map of 5
iso-compressor operating hours is shown in Figure 4-3.

2. Variance of Energy Requirement, Efficiency, and Emission
Factors

The energy requirement factor, the efficiency of utilization,
and the standard emission factors are all estimates of the mean of popula-
tion values and can be expected to display a large variation. In general,
these factors are not precise indicators of energy requirement, efficiency,
or emissions of a single source. They are more valid when applied to a
large number of sources.

*Early this century, heating engineers developed the concept of heating
degree days as a useful index of heating fuel requirements. They found
that when the daily mean temperature is lower than 65 degrees, most build-
ings require heat to maintain an inside temperature of 70 degrees. The
daily mean temperature is obtained by adding together the maximum and
minimum temperature reported for the day and dividing the total by two.
Each degree of mean temperature below 65 is counted as one heating degree
day. Thus, if the maximum temperature is 70 degrees and the minimum 52
degrees, four heating degree days would be produced. (70 + 52 = 122,

122 divided by 2 = 61; 65 - 61 = 4), If the daily mean temperature is €5
degrees or higher, the heating degree day total is zero. A map of iso-
heating degree days for the United States is shown in Figure 4-1 [11].

+The cooling degree day is a mirror image of the heating degree day. After
obtaining the daily mean temperature by adding together the day's high and
low temperatures and dividing the total by two, the base 65 is subtracted -
from the resulting figure to determine the cooling degree day total. For
example, a day with a maximum temperature of 82 degrees and a minimum of
60 would produce six cooling degree days. (82 + 60 = 142; 142 divided
by 2=71; 71 - 65 = 6). If the daily mean temperature is 65 degrees or
lower, the cooling degree day total is zero [11].



Figure 4-1: NORMAF SEASONAL HEATING DEGREE DAYS ( BASE 65°F ) 1941-1970
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FIGURE 4-3. ANNUAL AIR CONDITIONER COMPRESSOR-OPERATING HOURS FOR HOMES THAT ARE NOT
NATURALLY VENTILATED. Source: Oak Ridge National Laboratory [351.



B. COMPILATION OF LAND USE BASED EMISSION FACTORS

This section presents a tabular summary of the land use based
emission factors. The emission factors are presented in units of pounds
of pollutant emitted per "measure" for oil and gas combustion. For
electricity consumption, the factors are in terms of kilowatt-hours per
“measure". The measure, depending on the activity involved, may be per
square foot of building floor area, per square foot heating degree day,
per dwelling unit, etc.

The quantity of secondary, i.e., off-site, emissions occurring due -
to electricity consumption depends on the nature of the local electricity
utility generating station. It is suggested that the local utility be con-
tacted to determine the appropriate emission factor. Default values of
pounds of pollutant emissions per kilowatt-hour sold are presented in
Table 4-1 and are based on data in References 8, 12, and 13. It should
also be pointed out that the emissions due to increased electrical demand
do not necessarily occur at the nearest generating plant.

Tables 4-2 through 4-13 present the land use based emission
factors for residential, commercial, institutional, and industrial land
uses. The industrial factors do not include process emissions. Metric
equivalents of these emission factors are given in Volume II of this report'

(71
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TABLE4 -1
TYPICAL UNCONTROLLED EMISSION FACTORS FOR ELECTRIC- UTILITIES

1bs. emissions per kWh sold to customer

PM SO o " HC NO.
-3 X -2 | -4 -4 X 2
coal 5.23 x 10034 1.53 x 1072 4.03 x 10™% 1.21 x 10 2.21 x 10
0il 6.38 x 10°%  1.26 x 10725 2.38 x 107 1.8 x 10" 8.32 x 107
gas 1o x107t 73x10%  2.02x10% 1.19x107° 8.32x1073
Note: A 33.3% overall plant efficiency is assumed for coal-fired plants [12].

A 31.6% overall plant efficiency is assumed for oil- and gas-fired plants [12].

A 10% transmission loss is assumed [13].
'S' and 'A' represent, respectively, the sulfur and ash percentage of fuel

by weight.
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TABLE 4 -2

SINGLE FAMILY RESIDENTIAL LAND USE BASED EMISSION FACTORS

pound of pollutant (or kilowatt-hours) per measure

NO

PM SOX - CO HC : X kWh Measure )
Space Heating
Electricity - _ - - 3.8 dwelling unit<ht.d.d.
Gas x107% 1.5x10% 5.1 %10 x10°% 2.6 x 1073 - dwelling unit-ht.d.d.
0il x1073 3.2 x10% 1.1 x10° x 1074 2.6 x 1073 - dwelling unit-ht.d.d.
Air Conditioning
Central
Electricity - - - - 4.7 dwelling unit-op.hr.
Gas 1.8 x 107 1.1 x10° 3.5 %07 x 107" 1.8 x 1077 - dwelling unit-op.hr.
Room
Electricity - - - - 5.1x10'] a.c. unit.operating hour
Process
Hot Water
Electricity - - - - 1.4x]0+4 dwelling unit-year
Gas x10" 1.8x1072 6.0x10" x 1077 3.0 - dwelling unit.year
01 3.7 x1070s 1. x 107" 3.0 - dwelling unit-year
Cooking ,
Electricity - - - 3.5¢10"3 dwelling unit-year
Gas 1.1 x10°" 6.6 x103 2.2x10 8.8« 19‘2 1.1 .3 Ovelling unit-year
Miscellaneous _ _ - R 7.9:10 dwelling un1t-year

Note:

A 1600 square foot dwelling unit is assumed.

'S' represents the sulfur percentage of oil, by weight.
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TABLE 4-3
MOBILE HOME RESIDENTIAL LAND USE BASED EMISSION FACTORS

pound of pollutant (or kilowatt-hours) per measure
Activity PM SOX co HC NOx _ kWh Measure

Space Heating

Electricity - - - - - 2.32 dwelling unit-ht.d.d.
Gas 1.7x10°% 9.9x10% 33x10% 1.3x10* 1.7 x1073 dwelling uniteht.d.d.
0il 1.4 x10°3 2.0x107% 6.9x10% 4.2x10% 1.7x1073 - dwelling unit-ht.d.d.
Air Conditioning
Central _
Electricity - - - - - 3.4 dwelling uniteop.hr.
Room _
Electricity - - . ; o 5.1x107"  a.c. unit-op.hr.
Process
Hot Water , _ ,
Electricity - - - - - 1.3 x 10" dwelling unit.year
Gas 3.0x 1077 1.8 x1072 6.0x107" 2.4x10" 3.0 - dwelling unit-year
0il 2.5 3.6 x 10%1s 1.2 7.5 x107" 3.0 - dwelling unit.year
Cooking '
tlectricity - - z . - - 3.5 x 1O+3 dwelling unit.year
Gas 1.0 x1070 6.6x103 2.2x107" 8.8x107% 1.1 ] dwelling unit.year
Miscel laneous - - - - - 7.9 x 10+3 dwelling unit.year

Note: A 720 square feet per dwelling unit is assumed.
'S' represents the sulfur percentage of oil, by weight.



TABLE 4-4

LOW RISE MULTIFAMILY RESIDENTIAL LAND USE BASED EMISSION FACTORS

pound of pollutant (kilowatt-hours) per measure -

Activity . PM- SOx ‘ co HC N0x kiWh Measure
Space Heating
Electricity - - o - 1.3 dwelling unit-ht.d.d.
Gas 1.2x10% 7.3x10% 2.4x10% 9.7x10° 1.2x107% - dwelling unit- ht.d.d.
0i1 1.1 x10% 1.7 x10% 5.7 x 107 x10% 1.4x103 - dwelling uniteht.d.d.
Air Conditioning. '
Central
o Electricity - - - - 1.5 dwelling unit-op.hr.
s Gas 2x107° 3.7 x10% 1.2 x10" x 1072 6.2 x 107% - dwelling unit.op.hr.
0il 5 x 100 6.4 x 103 2.2 x 107 x10% 5.3x10% - dwelling unit-op.hr.
Room | :
Electricity - - . 5.1x107} a.c. uniteop.hr.
Process '
Hot Water
Electricity - - - - 1.1 x 10+4 dwelling unit.year
Gas 2.4 x1077 1.4x102 4.8x107 x 107 2.4 ] dwelling unit.year
0i1 2.0 2.9 x 10"1s 1.0 x 107 2.4 f dwelling unit. year
Cooking & Dryer '
Electricity - - - - 3.8 x 10+3 dwelling unit. year
Gas 1.2x 1070 7.2x1072% 2.4 x107 9.6 x10% 1.2 ; dwelling unit- year
Miscellaneous - - - - 4.4 x 10+3

dwelling unit-year

Note: A 900 square foot dwelling unit is assumed.
'S' represents the sulfur percentage of oil, by weight.



TABLE 4-5

HIGH RISE MULTIFAMILY RESIDENTIAL LAND USE BASED EMISSION FACTORS

» _ pound of pollutant (or kilowatt-hours) per measure
Activity PM S0, co HC NO, kWh ' Measure

Space Heating -
Electricity - - - ’ - - 1.5 dwelling unit-ht.d.d.

Gas 1.0x10°% 6.2x10% 2.1 x10% 83x10° 1.0x1073 - dwelling unit-ht.d.d.
- 0il 1.0 x 1073 1.5 x 107%s 5.2 x 1074 3.1 x10™% 1.3 x1073 - dwelling unit-ht.d.d.
Air Conditioning
Central
Electricity - - - < - 1.5 dwelling unit-op.hr.
Room - | |
' Electricity - - ' - - - .51 dwelling unit-op.hr.
Process
Hotvwater
Electricity - - - - - 6.2 x 1013 dwelling unit-year
Gas 1.4 x 107" 8.4 x 1073 2.8x107" 1.1 x107 1.4 - dwelling unit-year
0il 1.1 1.6 x 10"'s 5.7 x 107 3.4 x107 1.4 - dwelling unit-year
Cooking & Dryer
Electricity - - - - 3.8 x ]0+3 dwelling unit-year
Gas 1.2x107" 7.2x1077 2.4 x107 9.6 x 1072 1.2 - dwelling unit-year
Miscellaneous - - - - - 5.9 x 103 dwelling unit-year

e ——

Note: A 900 square foot dwelling unit is assumed.
'S' represents the sulfur percentage of 0il, by weight.
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TABLE 4-6

RETAIL ESTABLISHMENTS; NAREHOUSES, WHOLESALING ESTABLISHMENTS, LAND USE BASED EMISSION FACTORS

o pound of pollutant (or kilowatt-hours) per measure
Activity PM S0, Cco - HC NO, - kith Measure
Space Heating
Electricity - - - ; - 3 x1073 sq.fts ht.d.d.
Gas 9.8 x 1078 5.9x10° 2.0x107 7.8x10°% 9.8x10 sq.ft.sht.d.d.
0i1 1.7 x107% 1.2x10% 2.9x107 3.3x107° 4.4 x 10 sq.ft.-ht.d.d.
Air Conditioning o |
" Electricity - - - - - .2 x 1073 sq.ft.~cl.d.d.
Procéss
Hot Water :
" Electricity - - - - - .0 x 107! sq.ft.-year
Gas 2.4 x107° 1.4x10° 48x10° 1.9x107° 2.4 x10 sq.ft.- year
- 0il 5.2x 1004 3.6 x107% 9.1x107° 1.0x107° 1.4 x 10 sq.ft.- year
Lighting - - - - - .0 sq.ft.- year
Auxflié}y' - - - - - .6 ' sq.ft.- year .
Equipment ) '
Appliances . - - - - ~sq.ft.s year
Refrigeration - - - - - sq.ft.. year

Note: 'S' represents the sulfur percentage of oil, by weight.



TABLE 4-7
OFFICE BUILDING LAND USE BASED EMISSION FACTORS

pound of pollutant {or kilowatt-hours) per measure

Activity PM 50, o HC NO_ kih Measure
Space Heating
Electricity - - - - o 1.9 x 1073 sq.ft.-nt.d.d.
Gas 9.4 x 108 5.6 x107 1.9x107 7.5x108 9.4x107 - sq.ft.-at.d.d.
0i1 1.7x10% 1.2x10% 2.9 x107 3.3x10°° 4.4x10° - sq.ft.-ht.d.d.
Air Conditioning ‘ _
Electricity - - - - - 1.5 x 1073 sq.ft.-cl.d.d.
- Gas 7.4 x10° 4.4 x107 1.5x107 59x10® 7.4x107 - sq.ft..cl.d.d.
s 0il 1.3x10°% 9.1 x10% 2.3x107 2.6 x10° 3.4x10% - sq. ft.. c1.d.d.
Process - - - - - 2.8 x 10+1 sq. ft.. year

Note: 'S' represents the sulfur percentage of oil, by weight.
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NONHOUSEKEEPING* RESIDENTIAL LAND USE BASED EMISSION FACTORS

TABLE 4-8

pound of pollutant (or kilowatt-hours) per measure

Activity PM S0, co HC NO_ kWh Measure
Space Heating
~ Electricity - - - - - 7 x 1073 sq.ft.-ht.d.d.
Gas 9.4 x 1078 s556x10°7 1.9x107 7.5x10% 9.4 x107’ sq.ft.-ht.d.d.
0i1 1.4 x10% 9.9x10% 25x107 2.8x10° 2.8x107 sq. ft.-ht.d.d.
Air Conditioning
Electricity - - - | - ; 7 x 107 sq.ft.-c1.d.d.
Gas 23x10°8 "1.4x10° 46x10% 1.8x108 2.3x107 sq.ft.-cl.d.d.
0i1 4.1 x1077 2.8x10% 7.1 x10%® 8.0x10% 1.1x10° sq.ft. cl.d.d.
Process - - - - = 1.2 x 10" sq.ft.-year

* Hotels, Motels, Dormatories, etc.

Note: 'S' represents the sulfur percentage of 0il, by weight.



TAGLE 4-9
HOSPITAL LAND USE BASED EMISSION FACTORS

pound of pollutant (or kilowatt-hours) per measure
Activity PM SOx co HC NOx kWh Measure

Space Heating

Electricity - - - - - 2.2 x 10 sq.ft.-ht.d.d.
Gas 1.8x107 1.1x108 3.7x107 1.5x107 1.8x10% - sq.ft.-at.d.d.
0i1 3.3x10°% 2.3x107% 5.8x107 6.6 x107° 8.7x10° - sq.ft.-ht.d.d.
Air Conditioning '
Electricity - - - - - 5.9 x 1070 sq.ft.-cl.d.d.
+= Process’ ) '

S Lighting - - - - ] 1.5 x 1071 sq.fteyear
Auxiliary - - ' - - - - 1.7 x 10+] sq.ft-year
Equipment , .

Appliances - - - - - : 5.9 sq.ft.-year
Hot Water
Electricity - - - - - 5.0 . sq.ft.*year
Gas 2.4 x10°% 1.4x107° 4.8x10* 1.9x107 2.4x1073 - sq. ft.- year
0i1 5.2x 107 3.6x102% 9.1x10% 1.0x10" 1.8x107% - sq.ft. year

Note: 'S' represents the sulfur percentage of oil, by weight.
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TABLE 4 -10
CULTURAL BUILDING LAND USE BASED EMISSION FACTORS

pound of pollutant (or kilowatt-hours) per measure

‘Measure

Activity PM S0, co HC TN, Kih
Space Heating
Electricity - - - - - 1.8 x 1073 sq.ft.-ht.d.d.
Gas 9.0x 108 5.4x10% 1.8x1077.2x10% 9.0x107 - sq.ft.ht.d.d.
0i] 1.6 x10°% 1.1 x107% 2.8x1073.2x10° 2.2x10° - sq.ft.-ht.d.d.
Air Conditioning 4
Electricity - - - - - 5.0 x 107 sq.ft.cl.d.de
Gas 2.9x10% 1.7x1077 57x10® 23x10829x107 - sq.ft.-cl.d.d.
0i1 5.1 x 1077 3.6 x10% 8.9x10® 1.0x10°1.3x10°% - sq.ft.+cl.d.d.
Process - - - - - 1.2 x 10" sq.ft.-year

Note: I-S' represents the sulfur percentage of oil, by weight.
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TABLE 4-1

CHURCH BUILDING LAND USE BASED EMISSION FACTORS

pound of pollutant (or kilowatt-hours) per measure

Activity PM_ SOx co HC NOx kWh Measure
Space Heating
Electricity - - - - - 2.9 x 1073 sq.ft.-ht.d.d.
Gas 1.4x 107 8.6x107° 2.¢x107 1.1x107 1.4x10° - sq.ft.-ht.d.d.
0i1 2.6 x10°% 1.8x107% 45x107 5.0x10° 6.7x10°% . sq.ft.-ht.d.d.
Air Conditioning .
Electricity - - - - - 3.8 x 107 sq.ft.*cl.d.d.
Gas 1.8x107 1.1x108 3.7x107 15x107 1.8x10% - sq.ft. c1.d.d.
011 3.3x10°% 2.3x107% 5.7x1077 6.4x107° 86x 10 - sq.ft."cl.d.d.
Process - - - - - 4.2 sq.ft.year

Note:

'S' represents the sulfur percentage of oil, by weight.



TABLE 4-12

SCHOOL BUILDING LAND USE BASED EMISSION FACTORS

pbund 6f pollutant (or kilowatt-hours) per measure

Activity PM SOx co HC NOX kWh Measure
Space Heating
Electricity - - - - - 7 x 1073 sq.ft.oht.d.d.
Gas 8.0x108 4.8x102 1.6 x1077 6.4x10° 8.0x10 sq. ft.- ht.d.d.
0il 1.2x108 8.5x10% 2.1 x1077 2.4 x107° 3.2 x10 sq.ft.- ht.d.d.
Air Conditioning
Electricity - - ; - - 7 x 10°% sq.ft.ecl.d.d.
- Gas 2.3x108 1.4x10° 4.6 x108 1.8x10° 2.3 x10 sq.fts cl.d.d.
N 0i1 4.1 x107 2.8x10°% 7.1 x10® 8.0x10° 1.0 x70 sq.ft.s cl.d.d.
Process - - - : - - N sq.ft. year

——

Note:

'S' represents the sulfur percentage of oil, by weight.



TABLE 4-13

ESTIMATED NATIONAL INDUSTRIAL LAND USE BASED EMISSION
FACTORS BY TWO DIGIT 1967 STANDARD INDUSTRIAL CLASSIFICATION CODE

- pounds of pollutant (or kWhtof electricity) per floor area sq.ft.syear

Code PM S0, co HC NO, J
20 .64 .50 .013 .0033 13 38
2] 1.22 1.02 .025 .014 .23 48
22 .58 .54 .014 .0081 .14 68
23 .06 .04 .0014 .00084 .015 16
24 .06 .07 .0034 .0023 .045 22
25 1 .08 .0022 .0012 .021 14
26 3.12 3.09 .069 .040 .69 85
27 .01 .02 .00068 .00048 .0095 25
28 .10 .46 .011 .0081 .16 181
29 1.06 2.78 .055 .038 .73 426
30 - .51 .38 .010 .0058 .097 50
31 a7 C 7 .0047 .0029 .052 18
32 4.03 2.67 .72 .038 .61 78
33 3.06 2.38 .061 .034 .57 297
34 14 Jd2 0 .0035 .0021 .036 33
35 .22 .18 .0047 .0027 .046 31
36 .22 .20 .0053 .0032 . 056 56
37 .68 .48 .013 .0068 1 54
38 .95 .70 .018 .0095 .15 38
19 & 39 .08 13 .0035 .0024 .044 31

Note: The following is assumed: 2% sulfur in coal
10% ash in coal

0.2% sulfur in distillate oil
1.75% sulfur in residual oil

1967 SIC codes are used because of data availability. The
1972 SIC code manual provides conversions between 1967 and
1972 codes [14].
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V. THE TRAFFIC MODEL

A. INTRODUCTION

This chapter discusses the vehicle miles traveled (VMT) submodel of

the GEMLUP methodologies for predicting air pollutant emissions from the con-
struction and operation of a major land use project and its induced land uses.
The VMT submodel predicts the vehicle miles traveled from either an absolute
amount of land use in the 10,000 acre area of influence or from an amount of
change in land use in the area of influence. The input to the VMT submodel

is therefore, either,

» The absolute amount of deve1opment in the 10,000 acre area of
influence, obtained by suming the output of the pred1ct1ve
equat1ons of the land use submodel and the projected size of
the major project, or

* The change in development in the area of influence, either between
two major project configurations or between the projected land use
at the end of ten years and the base case.

The elements of the VMT model include vehicle trip generation rates for the
several categories of land use, the corresponding trip lengths, the VMT
traveled by vehicles in several categories, the VMT traveled in several speed
ranges, and the VYMT occurring only within the study area.

The precedents for this kind of model were found to be limited.
Generally, this is because most land use transportation studies are based on
the interaction of relatively large segments of regional or metropolitan
areas. In the current study, the character and quantity of the several land
uses are likely to be unique for each study area. Nevertheless, the location
of a given land area in a metropolitan area is a geographic specification of
distance relationships that are also principal determinants of several factors
affecting YMT. Among these are distances to the metropolitan core and other
major centers of development, and orientation to principal transportation
elements such as expressways, transit terminals, and airports. As a resu]f,
the regional transportation planning agency is a valuable potential source
for some of the model's variables. In this vein, it is considered desirable
to use local sources of information when available.
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B. SUMMARY

Vehicle miles traveled are computed for an "impact area" which is
defined to include both the YMT occurring within the 10,000 acre area of
influence as well as VMT outside the area of influence but occurring because
of the presence of the major project and its induced land uses.

Total vehicte miles traveled in the impact area (denoted VMTI), is
computed as a product of vehicle trips and trip lengths, corrected for a
duplication of trips, viz.,

I 2 17 6

and VMT in the area of influence is computed as follows,

A [2 17 ] (6 )
WIh =t [z £ LU, T..]-L (X LU,T, .)F
r ey g1 9 Tl rie J 2

LUj = Amount of land use (number of dwelling units or thousands of
square feet of building floor area) where j is defined as,

= Residential Single family detached

= Residential Single family attached

= Residential Multifamily lowrise

= Residential Multifamily highrise
Residential Mobile home

= Residential, Nonhousekeeping (Hotels, Motels, etc.)
= Commercial <50,000 ft2 (COMMI)

= Commercial 50,000-100,000 ft2 (comm2)
Commercial >50,000 ft2 (COMM3)

Office (OFFICE)

Manufacturing (MANF)

Wholesale & Warehousing (WHOLE)

0 N O O AW NN -
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— —r — .
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13

= Cultural (CULTUR)
14 = Church (CHURCH)
15 = Hospitals (HOSPTL)
16 = Educational (EDUC)
17 = Recreation (REC)

L. = Trip length (miles), where i is defined as

L, = Work oriented tmp length
L2 = "QOther trip" length
L. = Study area radius

T. = Trip generation rate (vehicles per day), where i is defined as:
T, = Work-trip generation rate '
"Other" trip generation rate

—
n
it

F

Fraction of home based "Other" trips with an L2 < Lr

The total VMT in both cases (i.e., impact area and area of influence)
are then divided into four vehicle classes. These classes are gasoline,
automobiles, light duty gasoline trucks, heavy-duty gasoline trucks, and
heavy-duty diesel vehicles. The fractionation is computed as a: function of
the mix of land use categories in the area of influence.

The total VMT in both cases are also divided into three facility
classes, viz., local streets, arterial streets, and expressways. .The pro-
portion of the VMT occurring on each facility type is a function of the
estimated trip length, Li and L2, for work and other trips. Finally, the
average route speed of VMT on each facility type is estimated to permit the
calculation of air pollutant emissions from motor vehicles.

The significance and characteristics of the factors in the model
are presented in the following section. Procedures for applying the model
are presented in Chapter VII. An example of the application of the model
is shown ‘in Chapter VIII.



~C. PRINCIPAL ELEMENTS OF THE VMT MODEL

1. Introduction

This study is concerned, in part, with the air quality impacts
of changes in mobile sources, occurring from predicted changes in mobile
sources, accruing from predicted changes in land use within a 10,000-acre
study area. VMT, categorized in appropriate vehicle classes and route
speeds, is the appropriate data base for calculation of air pollutant emis-
sions from mobile sources. The VMT should be conceived of as an "overlay"
to the regional condition. Thus, whereas vehicular travel through the area
is not evajuated, all the principal elements of VMT generated by the land
uses within the study area are.ca1cu1ated.

The time at which the VMT estimate is to be made is important.
Factors such as trip generation and trip length may be affected by time.
These factors will be discussed individually in following paragraphs. In
respect to time, however, care should be taken in viewing the study area in
the perspective of comparison with similar land uses and related factors for
which current data exists.

The output of the predictive land use model is the primary input
for the VMT model. These data are to be abstracted in the form of the
number of housing units and the thousands of square feet or acres of the
land use categories. The types of residence are measured in numbers of
dwelling units; all other land uses are measured in thousands of square feet
of building except for land devoted to active recreation, which is measured
in acres.

2. Vehicle Trip Generation Rates

A trip in the traffic submodel is defined as a one-way vehicle
movement with either the origin or the destination inside the area of influ-
ence. A trip generation rate is the 24-hour estimate of vehicle trips to
and from a unit of land use (e.g., trips per dwelling unit, trips per thousand



square feet of floor area, and trips per acre of land use). Vehicle trips
are defined in terms of trip purpose. In the GEMLUP traffic model, only
two categories are used, "work" trips and non-work related "other" trips.

Trip rates will vary with such factors as geographical loca-
tion within a metropolitan area, distance from the core, auto ownership,
density, etc. For example, it is generally believed that auto ownership and
income can be used to estimate trip generation rates for residence area.

For example, Table 5-1 shows characteristic relationships for a large regional
area. The variability of trip rates for other land uses is less defined.
For example, Levinson [151tabu1ates the following ranges and typical values
for retail-commercial land use vehicle trip generation rates: |

Land Use ~ Vehicle grip Generation Rate
Retail Commercial 10¥ Square Feet
v Range Typical
Neighborhood Retail 70-240 130
Community Retail 60-140 80
Regional Retail 30-50 40
Central Area Retail 10-50 40

As default values for use in the model, a compilation of trip
generation rates for land use categories have been prepared based on references
15,16,17]. These rates are tabulated in Table 5-2. However, it is believed
that superior results will be obtained by considering locally available data
before selecting trip generation rates. Regional transportation planning
projects in many areas have produced and tabulated similar data that may be
more appropriate.

The values contained in Table 5-2, though they correspond
generally to those contained in one or more of the references, have been
adapted so as to reflect the categories of land use that are aggregated in
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TABLE 5-1

EFFECT OF CAR OWNERSHIP ON AVERAGE NUMBER OF TRIPS PER HOUSE-
" 'HOLD" BY TRIP PURPOSE CINCINNATI URBANIZED AREA

Trip Purpose Noncar . One-car  Multicar  Ratio Ratio
’ Hopseho]ds Households Households One/None Multi/One

Home-based Work 62 1.66 2.49 2.68 1.50
Home-based Shopping .37 1.05 1.58 2.84 1.50
Home-based Social-Rec. .30 1.11 2.10 3.70 1.89
Home-based School* 17 0.44 1.04 2.59 2.36
Home-based other .32 . 0.87 1.58 2.71 1.81
Nonhome-based 219 1.37 2.86  7.20 2.09

A1l Purposes 1.97 6.50 11.65 13.30 1.79

* Based on trip and household. data from households interviewed during school year.

Source: ‘"Urban Transportat1on Models", Ohio-Kentucky-Indiana Regional Trans-
portatlon and Development Plan, Wilbur Smith and Associates, 1972.
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TABLE 5-2
DEFAULT VEHiCLE TRIP GENERATION RATIOS FOR VARIOUS LAND. USE CATEGORIES

Land Use Type Trips per measure Work Trips, T1 Other Trips, T

Range Typical

2

Range Typical

dwelling uni

single family detached ts 1.0-2.5 1.8 6-13 9
single family attached dwelling units 0.8-2.2 1.5 5-1 7
multifamily low rise dwelling units 0.6-1.8 1.2 4-8 6
miltifamily high rise = dwelling units 0.3-0.8 0.8 2-7 4
mobile homes dwelling units 1.5-2.0 1.8 4-7 5
hotels, motels 10 sq. feet  0.3-0.5 0.4 4-12 10
sq. meters .003-.01 .004 04-.13 .1
commercial 1 103 sq. feet 0 0 70-240 130
sq. meters .75-2.58. 1.4
commercial 2 103 sq. feet 0 0 60-140 80 °
sq. meters . .65-1.51 .86 .
commercial 3 103 sq. feet 0 0 30-50 40
sq. meters .32-.54 .43
office 103 sq. feet 6.60 16 0 0
sq. meters .g6-.65 .17
manufacturing 103 sq. feet .5-6 5 0 0
' sq. meters .01-.06 .05
wholesale/warehousing 103 sq. feet .5-5.5 4 0 0
sq. meters .01-.06 .04 '
cultural 103 sq. feet 0 0 1-4 2
sq. meters . .01-.04 .02
churches 103 sq. feet" 0 0 1-4 2
- sq. meters .01-.04 .02
hospitals 103 sq. feet 5-35 16 0 0
: sq. meters .05-.38 .17
educational 103 sq. feet 0 0 1-5 4
sq. meters .01-.05 .04
recreation acres 0 0 8-30 10
sq. meters 32375-121407 40469
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the individual classifications in the output of the GEMLUP land use model.
In mst instances, ranges and typical values have been adjusted based on our
judgment. o

The vehicle trip generation rates in Table 5-2 assume a generally
low level of mass transit usage. In general, this<is'anlacceptable assump-
tion. For example, the Washington Council of Governments [18] feported the
following distribution of vehicle trips by vehicle type:

automobile 90.9%
truck . 7.6%
public transit 0.6%
taxi 0.9%

In situations where the use of public transit is more predominent, the vehicle
trip generation rates would require adjustment downward.

~ The accuracy of the traffic sub-model is more closely tied to
estimation of numbers of vehicle trips than to any of the other variables.
Consideratibns of the nature of the study area, its location with respect to
the regional core, its mix of land uses, its population, etc., should precede
selection of trfp generation rates. No fixed logic pattern can be cited. Any
unusual situations would require the use of local data and possibly the
services of a transportation specialist.

3. Trip Lengths

The location of the study area within the metropolitan area
affects vehicular trip lengths greatly. Core-oriented work trips are obviously
affected, but so are other trips. For example, suburban residents drive
farther as a rule for shopping, social and recreational, and‘other'purposes
than do residents in denser areas nearer the core.

5-8



Only two categories of trip lengths are used in the model.
These are average lengths for work trips, L], and other trip purposes, L2.
Even though significant variations exist in lengths of other trip purposes,
these two groups are consistent with the level of accuracy obtainable with
the model. Again, it is desirable to make use of data available from metro-
politan area planning processes. There aré two alternatives for estimating
the mean trip lengths, viz., |

« Obtain values from the regional transportation planning
agency data. It is desirable to consider generalized
location (distance from central city) and land use
characteristics.

* Average vehicle trip lengths, Ly and L2, both generally
have a high correlation with the distance from the metro-
politan core. Table 5-3 is an example of data that might
be available from a regional transportation planning
agency. The ring system is defined on a map of the region
shown in Figure 5-1. To select trip lengths, one would
first locate the study area, and then would determine the
ring designation. Depending on the year of development
and the year upon which the data is based, the ring used
for the estimate may be one ring closer to the core than
the actual location otherwise would indicate. Thus, for
a Ring 6 location and a 1985 estimate, an appropriate
selection might be L1 - 9.2 miles and L, = 5.5 miles,
based on the given data.

- Alternatively one can solve the following equations:
0.20 , S]1.49

, = 1/2 (0.003 * 0018 & 521'40 + 0.003 * p

Ly = 0.003 *p

L

0.26 4  1.25
2

where P

31,2

The SMSA population and

The average network vehicle travel speed in
miles per hour

These regression equations are presented in Reference 6.
These formulas resulted from regression analyses of data
from a number of U.S. cities ranging in population from
33,000 to 6,489,000 [19].

The value for the population that should be used in that

of the Standard Metropolitan Statistical Area (SMSA). The
value should be a prediction of the SMSA population for the
year the traffic submodel is being used for. The value for
S1,2 may be that available from area transportation planning
data or that selected from the following relationships.
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TABLE 5-3

AVERAGE TRIP DISTANCES AND AUTOMOBILE
TRAVEL BY RESIDENCE LOCATION - 1968

Residence Average Auto Trip Distance

Average Daily Miles

Percent of

Average Daily Miles

Location Home to Home to Non-Home Per Resident. Households Per -Household!

(Ring)” Work Non-Work Based Automobile Owning Cars Work  Non-Work TOTAL
0 6.1 3.3 2.0 9.0 26 1.5 2.2 3.7
1 4.5 4.2 4.4 8.6 43 1.8 4.3 6.1
2 - 4.8 3.8 4.0 9.6 59 3.4 5.5 8.9
3 6.3 4.2 4.5 13.0 72 6.3 9.0 15.3
4 7.5 4.4 4.8 15.6 92 10.5 16.8 27.3
5 9.2 5.4 5.6 18.2 97 15.1  21.9 37.0
6 10.1 6.3 5.7 19.0 97 15.4 24.4 39.8
7 14.5 - 7.1 5.8 24.2 96 22.0 23.7 45.7
ALL 8.0 4.9 5.0 15.9 81 9.6 14.4

24.0

*Abstracted from Information Report No. 60, Table IV, WCOG, 1973.
1averages include both car-owning and non-car owning households.
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FIGURE 5-1 EXISTING ANALYSIS RINGS, WASHINGTON
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MPH Road Networks Descriptioh'

= 20 Dense urban network or networks with
poor arterial spacing (>1 mile) and

. _ _ few or remote expressways.

S, , =25 ' Intermediate network between suburbs and

w
I

],2

1,2
core, fair arterials, some expressway
service with fair access.
81 2" 30 Suburban networks; medium to good arterials
3

good expressway access. ‘

51’2 = 35 : Open network with good to excellent
arterial and/or expressways with good
access. '

The value for Lr’ required for trip lengths for VMT only within
the study area, is usually 2.23 miles. If the study area is non-circular
because of its location and the loca]_gquraphy, a local effective Lr will
need to be estimated. -

4. Duplicated Trips

Because of the size of the study area and the nature of trip
generation rates, there is a duplication of estimated trips within the area
of influence. The source of this duplication is the double counting that
occurs when both ends of a trip are within the area of influence. The dwel-
ling unit (shopping) trip and the commercial (shopping) trip is an example.

The procedure for obtaining a correction for duplicated trips
is based on the premise that the majority of such trips are home to work or
home based other trips. Duplicated trips between dwelling units or between
non-residential trip generators are assumed to be negligible. The correction
factor is, therefore, the proportion of home to work and home based other
trips that have a trip length less than the radius of.the area of influence

L.
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If tr{p_length.distribution curves are available from regional
transportation data, this fraction may be selected directly. A typical
‘curve of the type that may be obtained is shown in Figure 5-2.

If such curves or specific values are not available, the factor
may be assumed to be 0.40. A number of locations, such as that shown in
Figure 5-2; were determined to have slightly higher values. The value of
0.40 was selected as a conservative correction factor (i.e., the higher a
porportion that is used, the greater will be the number of trips that are
subtracted as duplicated trips).

5. Speed Ranges

The relationship between vehicle average route speed and air
pb]]utant emission ratesA(i.e., in grams per mile) make it critical to con-
sider the average route speeds of the estimated VMI in calculating emissions.
The emission factors presented in the EPA Compilation of Emission Factors
[8 ], are estimated from a typical driving cycle that includes acceleration,
deceleration, and constant operating speeds. Therefore, it is appropriate
to only consider the average route speed.

The first step in determining the average speeds of the estimated
VMT .is to estimate the proportion of travel on various facilities. Most
trips include distances and periods of time that are traveled on local streets,
arterials, and expressways. It is recommended that through the use of a local
highway network map and the consideration of the major trip generators in the
study area, the proportion of time spent on each type of facility be esti-
mated for a'specific application of the model. In lieu of the procedure (e.g.,
where the highway network is unkndwn) the proportion of time spent on each
type of facility can be estimated using a theoretical distribution. These
graphs show the theoretical use of each facility given a freeway access ramp
spacing (viz., two or four miles). The local streets and arterial streets
are'assumed to be distributed, respectively, every 0.125 and 1.0 mile. The
freeways are spaced every two or four miles. Figures 5-3 and 5-4 show the
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relative proportion of travel on each of the three types of facilities [20].
Using the previously calculated average trip lengths for work and other

trips, the relative proportion of trips on each facility can be estimated.

The airline trip distance is ignored. If it is not certain which figure is
most applicable, it is suggested that the mean of the two figures be employed.
" For example, a hypothetical eight mile work trip length and five mile other
trip length would result in the following calculation:

Distance Traveled on Each Facility Type
Ti(8 miles) T, (5 miles)

2 mile 4 mile 2 mile 4 mile
spacing spacing mean proportion spacing spacing mean proportion

local 0.5 0.5 0.5 .06 0.5 0.5 0.5 .10

arterial 2.5 3.5 3.0 .38 2.75 3.0 2.875 .575

expressway 5.0 4.0 4.5 .56 1.75 1.5 1.625 .325
» 8

T.00 5 1.00

The proportion of distance traveled on each facility type (i.e., .06, .38,
.56, .10, .575, .375) would then be employed (i.e., they should be entered on
work sheet number (VMT-3)).

‘The calculation of VMT occurring in the area of influence had an
assumed trip length of Lk (usually 2.23 miles). However, many of these trips
are Tonger than L .; all that the calculation attempts to estimate is that
portion of the trip occurring within the area of influence. Therefore, rather
than entering Figures 5-3 and 5-4 and calculating a new set of proportions of
travel on each faci]ity type, it is appropriate to use the proportions calcu-
lated in the preceeding paragraph.

While it is conceivable that the average route speed of all
travel on each facility type could now be estimated, it is more accurate to
consider the slower average route speed of'VMT that occurlduring the peak
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hour (i.e., rush hour). Approximately 10 percent of the average annual

daily traffic will occur in the thirtieth highest peak hour [21]. The average
route speeds of the 10% of VMT occurring during the peak hour* are then cal-
culated separately from the 90% of YMT that is off peak.t

The average operating speed of each facility type is a function
of the highway design speed and the ratio between the volume demand and the
capacity. These relationships are depicted in Figures 5-5 and 5-6 for,
respectively, expressways and urban arterials. If the typical volume-capacity
ratio and design speed for the network under consideration is known, the
average operating speed can be estimated. In lieu of obtaining this informa-
tion, it is suggested that “C" level of service for off peak hour and "E"
level of service for peak hour be used as conservative approximations.
Accordingly, the following estimates can be made: ‘ |

off peak ~ peak
expressway 45 . : 37
arterial 35 mph speed 28 ’ - 20
local 25 mph speed 18 15

These values should be employed unless better estimates, based on local volume-
capacity ratios and design speeds, are available.

6. Vehicle Class

In view. of available emission factors, four classes of vehicles
are used:

AG = gasoline powered automobiles

LDG = 1ight-duty, gasoline powered trucks, < 6,000 pounds,
- gross

HDG. = heavy-duty, gasoline powered vehicles, > 6,000 pounds,
. gross vehicie weight . .
HDD = Diesel-powered vehicles (predominantly trucks and buses)

* Work trips are assumed to be of equal length, L]'(other trips are also assumed
to be of equal length, Lé).

+ Vegiclg speed during the afternoon peak hour is typically not substantially
reduced.
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Ana]ysis'of‘trip generation for the land use categories and vehicle
classes, indicate that the probable fraction of HG and DL vehicles generated
by residences and commercial land uses is so small as to be far less than the
probable error of the trip generation rate for these land uses.

From the average distribution of trucks cited in reference [8 ],
the following gross vehicle classification factors have been selected:

AG automobile, gasoline .804
LDT 1light duty truck, gasoline .118
HDG heavy duty vehicle, gasoline - .046
HDD heavy duty vehicle, diesel _.032

TOTAL . 1.00

These factors should produce a reasonable and conservative estimate of truck
distribution. They are generally applicable, without correction, where the
study area is predominantly residential, or where there is a relatively uni-
form distribution of land uses, or where the amount of development 1likely

to generate about average numbers of HG and DL trips is not significantly
large.

However, some study areas are likely to have large, if not domi-
nant truck generating land uses such as manufacturing and wholesaling/ware-
housing. A method to adjust the gross factors in these study areas has been
developed since these land uses have been found to generate above-average
truck trips. The method is based on a ratio of the number of trips generated
. by manufacturing, wholesaling and warehousing to the sum of all trips in
study area. The factor, FT’ describes the significance of above éverage
truck-generating land uses. The logic of this approach is based on the pre-
mise that normal distribution of HHG and HDD trucks-is about .07. If all the
trips generated by large truck generators exceed .07 of all "other" study
area trips, this is an indication of abnormal distribution. Therefore, the
excess (over .07) would represent a reasonable correction amount to be
distributed among GH and DL trucks, and subtracted from automobile. Light
duty truck is assumed to remain constand. If F; were less than .07, condi-
tions would be considered "average" and no correction would be required.
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The correction should be- applied as follows:

Assume FT =0.17

then .17 - .07 = .10 which is the required amount of the
correction.

The adjusted truck factors are:

AG = .804 - .10 = .704

T LOT = .118
HDG = .046 + .8(.10) = .04 + .08 = .126
HDD = .032 + .2(.10) = .01 + .02 = .052.
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VI. MOTOR VEHICLE EMISSION FACTORS

Emissions of the five criteria pollutants resulting from motor vehicle
operation can be calculated using the EPA publication, Compilation of Air
Pollution Emission Factors, Second Edition [ 8]. This publication is com-
monly referred to as "AP-42" and is regularly updated as research of the
emission characteristics of all sources continues. The latest update to
this publication is Suppiement 5, issued in December 1975. This supplement
prescribes a number of changes to the methodology for computing motor vehicle
emissions presented in earlier versions of AP-42. It is expected that further
updates to mobile source emission factors will be included in Supplement 7
which should be issued in the beginning of 1977. The methodology presented
in this workbook is based on Supplement 5 and is expected to be consistent
with future updates; only the emission factors are expected to change.

The Clean Air Act originally required emissions of three motor vehicle-
related pollutants to be reduced 90 percent from the 1971 model year emis-
sions before 1977. Amendments to this Act have subsequently relaxed these
standards and it is expected that further relaxations will be enacted during
1976. The result of the Act and its amendments is that vehicles of each
‘model year after 1967 have a different new vehicle emission rate, react
differently to changes in speed, ambient temperature, and operatﬁng temper-
ature, and deteriorate with age at different rates.

To account for this variation, AP-42 presents a tabﬁlation of the aver-
age emission rate for each model year for the calendar years 1971 through
1980, 1985, and 1990. Also included are equations which describe the vari-
ation in emissions with ambient temperature, operating temperature, and
speed, for each model year. These tables represent emissions projections
based on the present schedule for implementation of emission controls. Any
changes in this timetable will be reflected in future Supplements to AP-42,
however, close attention should be paid to changes in the Act as the delay
time in issuing a supplement is relatively long. AP-42 presents a table
of several emissions standards and the subsequent deterioration factors
which can be substituted for the existing tables on an interim basis until
issuance of a future supplement by EPA.

'
!
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The basic equation used to calculate a composite emission factor for a
given calendar year and pollutant* is based on the Federal Test Procedure
(FTP) methodology.** The equation is:

n .
- f (C m.in (f.i + e-i))

enpsth i=n-12 ipnminvipsziptripth *

Composite emission factor in grams per mile for.:
calendar year (n), pollutant (p), average speed (s)
ambient temperature (t), percentage cold operation (w),
and percentage hot start operation (x)

Cipn = The FTP mean emission factor for the ith model year
vehicles during calendar year (n) and for pollutant .

(p)

M = The fraction of annual travel by the ith model year
vehicles during calendar year (n)

= The speed correction factor for the ith model year
vehicles for pollutant (p), and average speed (s)

Zi0t = The temperature correction for the ith model year
P Ye?ic]es for pollutant (p) and ambient temperature
t .

The hot/cold vehicle operation correction factor for
the ith model year vehicles for pollutant (p), ambient
temperature (t), percentage cold operation (w), and
percentage hot start operation (x)

f. = Crankcase hydrocarbon emission rate in grams per mile
from vehicles of model year (i)

e. = The evaporative hydrocarbon emission factors in grams
per mile for each model year (i). This factor includes
both diurnal losses and "hot soak" emissions:

where: enpsth

V.
1ps

rip_th

" This equation represents the methodology to compute emissions for all
regions, vehicle types and calendar years using the Federal Test Procedure
(FTP). AP-42 presents emissions for calendar years 1971 and 1972 using the

*Carbon monoxide, nitrogen oxides, and hydrocarbons. Emissions of sulfur
oxides and particulates are computed by employing relatively simple
methodology discussed in Chapter VIII.

**This procedure is described in Section 3.1.2 of AP-42, Supp1ement'5A[ 8].
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results of actual vehicle testing. Emissions from vehicles after 1972 have
been estimated based on extrapolation of previous tests. These emission
factors and correction factors are presented in Appendix D of AP-42, Supple-
ment 5 [8]. This appendix provides a more general methodology for comput-
ing emissions and is used in development of the worksheets presented in
Chapter VII.

A. DESCRIPTION OF EMISSION FACTOR COMPONENTS

This section describes each of the variables presented in Equation
6-1. A general description of each component for each vehicle class (auto-.
mobile, 1ight-duty truck (LDT), heavy-duty gasoline-powered vehicle (HDG),
and heavy-duty diesel-powered vehicle (HDD)) is presented including reference
to the specific tables in AP-42 [ 8]. The impact of several vehicle classes
(motorcycles, construction equipment, etc.) have not been included in this
analysis. Also the impact of transportation control strategies which affect
individual vehicle emissions such as inspection/maintenance plans and retro-
fit devices are not addressed. The user is referred to AP-42 for further
information if these subjects will have a significant impact.

1. . Mean Emission Factor.(cipn)

This factor represents the emissions (including deterioration)
of a given pollutant (p) from the ith model year during calendar year (n).
This factor is presented for three regions (low altitude, high altitude,
and California) and three pollutants in Tables D1.1 through D1.20 for auto-
mobiles. Emissions of the three pollutants for LDT and HDG are presented
in Tables D2.1 through D2.10 and D4.1 through D4.10, respectively, for low
altitude only. Section D4.5 presents a methodology for estimating high
altitude and California emission factors for these vehicle classes. Emis-
sion factors for HDD are presented in Table D5.1 for three pollutants and
all years. These factors are applicable for both low and high altitude
operation.  Section D5.4 presents the methodology to estimate HDD emissions:
in California.



2. MWeighted Annual Travel (m;,)

This variable reflects the relative miles traveled of the ith
model year during calendar year (n). ‘This variable is calculated for the
12 years prior to year (n) representing a total of 13 values. The value of
M which represents the oldest model year (year (n-12)) also includes
vehicles older than 12 years in order to include all vehicles in the weight-
ing. The equation used to compute M is:

a.b
- i~q
Min =
E :ajbj
j=n-12 _
where: a; = Number of veh1c1es of model year (i) in calendar
year (n)

= Average number of miles driven by vehicles of model
year ?1) in calendar year (n)

If the data required to compute these values is not available,
national averages i"or'_min which can usually be applied for any calendar year
(n) are presented for automobiles, LDT, HDG, and HDD in Tables D1.22, D2.11,
D4.11, and D5.2, respective]y, of AP-42.

)

3. Speed Correction Factor (v1ps

This factor adjusts the emissions of pollutant (p) from a
vehicle of model year (i) traveling at a speed (s). The mean emission
factors (ci n) presented above are calculated for a single speed for each
vehicle type (18 mph for HDD, 19.6 mph for all other classes). Vehicle
speed, however, has a significant effect on emission rates. Equations for
(Vips) are presented for each region and year in Table D1.23 for automobiles
and LDT (Table D2.12 is identical to Table D1.23). Table D4.12 presents
speed factors for HDG and Equations D5.2 and D5.3 present an adjustment
- factor for HDD. For the vehicle classes other than HDD, the effective range
of these equations is 15 to 45 miles per hour. At speeds lower than 15 mph,
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Tables D1.24, D2.13, and D4.13 should be applied to the respective c]dsses
Guidance in estimating emissions at speeds greater than 45 mph is not pro-
vided in AP-42. An assumption which can be made is that the speed correc-
tion factor for 45 mph is applicable at all speeds greater than 45 mph.

)

4. Ambient Temperature Correction Factor (Z1pt

_This correction factor adjusts the po]]utant (p) emission rate
(cipn) of vehicles of the 1th model to account for ambient temperature (§°F).
This factor is applied only if (t) is outs1de the FTP range of 68-86°F.
Equations for zipt are presented in Table D1.25 for automobiles and Iight-
duty trucks, providing separate equations for vehicles equipped with cata-
lytic converters and those without. (Table D1.25 is identical to Table
D2.14.) HDG and HDD emissions are assumed not to vary with ambient tempera-
ture (z1pt = 1. 0) |

)

5. Operating Temperature Correction Factor (r1pth

This factor adjusts the poliutant (p) emission factor of
vehicles of the ith model year as a function of ambient temperature (t),
percent of vehicles operating from cold start (w), and percent of vehicles
operating from hot start (x). This factor is applied only to automobiles
and LDT; heavy-duty vehicles are assumed to be operated only in the warmed-
up state (r1pth = 1.0). This variable is applied if the mix of light-duty
vehicles among cold start, hot start, and warmed-up varies significantly
from the FTP standard of 20 percent, 27 percent, and 53 percent, respectively.
Equations D1-2 and D1-3 present equations to calculate (r) for pre-1975 and
post-1974 model years, respectively. Equations for f(t) and g(t) are
identical for automobiles and LDT and are presented in Table D1.25.

6. Crankcase Hydrocarbon Emission Factor (fi)

_ This quantity is the amount of hydrocarbons emitted from the
crankcase of model year (i)/vehicles. This factor has no effect when com-
puting carbon monoxide and nitrogen oxide emissions (fi = 0.0). Tables



D1.26, D2.15, and D4.14 present crankcase emissions for automobiles, LDT,
and HDG, respectively. Crankcase emissions from HDD are negligible. Crank-
case hydrocarbon emissions have been eliminated in all post-1967 automobiles
and trucks (f = 0.0).

7. Evaporative Hydrocarbon Emissions (ei)

This quantity is an estimate of hydrocarbon losses from the
carburetor and fuel systems from vehilces of the ith model year. This
factor has no effect on the calculation of carbon monoxide and nitrogen
oxide emissions (ei = 0.0). This factor is calculated by:

e; = (gi + kid)/t
where 9; = diurnal evaporative loss (grams/day)
ki = hot soak evaporative emissions (grams/trip)
d = average number of trips per day
t = average number of miles traveled per day

Table D1.27 presehts values of g, and k; for automobiles. Conversion to
grams/mile was achieved using an assumption of 3.3 trips per day and a total
of 29.4 miles traveled per day. Tables D2.15 and D4.14 present va]ues of
ey for LDT and HDG, respectively. Evaporative losses from diesels are neg-
ligible.
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VII. COMPUTATION WORKSHEETS AND INSTRUCTIONS

A detailed step-by-steb procedure is presented in the following sections
for the computation of land use development, traffic generation, and the
resulting air pollutant emissions associated with a planned Major Project.

A series of computation worksheets -(summarized in Table 7-1) are the vehicle
for this procedure. ' )

A. LAND USE MODEL

Predictive equations have been developed for total land use devel-
opment in an area of influence ten years after the initiation of a Major
Project (see Section III). These equations have been incorporated into a
set of worksheets, presented below, that can be used to project future land
use development. These equations are applicable to areas where a large
Residential, Industrial, or Office Major Project will be, or already has
been, built. They do not constitute a general land use model. Specifically,
a proposed Residential project's final size should be in the range of 1,100-
5,300 total dwelling units, and the final size of an Industrial or Office
project should be in the range of 3,600-9,100 employees. The use of the
following worksheets should be limited to situations where the Major Project
is in this size range.

Unless otherwise noted, the variables defined in Worksheets RLUM-1,
RLUM-2, IOLUM-1, IOLUM-2, and IOLUM-3 correspond to the year of project initi-
ation, which could be now, in the past, or the near future. They are listed
under the geographical area they correspond to, e.g., Item 2 on Worksheet
RLUM-1 is the number of dwelling units in the area of influence. The size of
the area of influence (Item 1 on Worksheets RLUM-1 and IOLUM-1) in all cases
is either 10,000 acres or 40,470,000 m2, depending upon whether English or
Metric units are used. The land use quantities predicted refer to the area
of influence ten-years after the initiation of the Major Project. It is
assumed that the Major Project will be completed by the end of this ten year
interval. ‘
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TABLE 7-1
SUMMARY OF COMPUTATION WORKSHEETS

RLUM-1 through RLUM-7 Calculation of Estimated Land Use
Residential Model
IOWUM-1 through IOLUM-7 Calculation of Estimated Land Use
Industrial-Office Model
LUM-1, LUM-2 Calculation of Land Use Model Confidence
. Intervals
LUM-3 Summary of Land Use Predictions
VMT-1 ~ Calculation of Vehicle Trips
VMT -2 . Calculation of Gross VMT
VMT-3 | ~ Calculation of VWMT by Facility Type
WT-4 - Calculation of Vehicle Classification
, Proporticns
VEM-1 Calculation of Motor Vehicle Emission
' Rate for a Specific Vehicle Category
VEM-2 : Calculation of Composite Motor Vehicle
' Emission Factor
MI-1 Calculation of Stationary Source Emissions
MI-2 Calculation of Motor Vehicle Emissions
EMI-3 Summary of Emissions




Separate complete worksheets are provided for Residential (Section
VII.A.1) or Industrial/Office (Section VII.A.2) projects. In both casés.
the worksheets have been designed to allow the computation of land use in
either English or Metric units. The convention used throughout is that items
or numbers referring to Metric units are placed immediately following corres-
ponding English unit items in parentheses. A second convention used in the
worksheets is that some numbers are expressed in exponential notation due
to their extremely small or large size. For example, 3.35E9 = 3.35 x 109 =
3,350,000,000 and 4.02E-5 = 4.02 x 10'5 = 0.0006402. Finally, after comput-
ing the projected total land uses, confidence intervals can be obtained for
each projection using Worksheets LUM-1 and LUM-2, discussed in Section III.
A.3. ‘

1. Residential Land Use Model

The following step-by-step procedure should be followed:
a. Worksheets RLUM-1 and RLUM-2

Enter the values of the variables listed in Items 1 through
39 and perform the arithmetic operations indicated. A1l items must be com-
pleted.

b. Worksheets RLUM-3, RLUM-4, and RLUM-5

Enter the values of the variables called for in the far
left hand column from the two previous worksheets. For each variable entered,
perform the indicated multiplications between the variable and the constants
that appear in the Land Use Category columns, and record the result in the
blank space below each constant. For example, if the value of item 3 is 0.80
(Eng]iéh units), then the quantity 0.80 x 8910 = 7128 is recorded in the
first blank space in Column L]. Proceed and fill in all these worksheets.

Next, sum up the recorded quantities in each of the 12 Land
Use Category columns and enter the result on Worksheet RLUM-5 on the now
labeled "I Columns". Add in the appropriate constants given in-the next: row
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and enter the total predicted land uses in the final row. Revise any nega-
tive total land use quantities up to the value of O. '

c. Worksheet RLUM-6 and RLUIN-7

Enter projected percentages for the disaggregation of Resi-
dential and Commercial land use in the Area of Influence at project comple-
tion in Items 40 through 47. These percentages should take account of the
local factors which will most 1ikely effect the density of future develop-
ment in the Area of Influence. In the absence of such data, default values
are provided which refer to an average Major Project and the development
patterns of the period 1960-1970.

Perform the multiplications indicated in the second half
of the worksheet and record the values of final projected land use in Items
48 through 65.

2. Industrial/Office Land Use Model

The following step-by-step procedure should be followed:
a. MWorksheets IOLUM-1, IOLUM-2, and IOLUM-3

Enter the values of the variables listed in Items 1 through
44 and perform the arithmetic operations indicated. " All items must be com-
pleted.

b. Worksheets IOLUM-4, IOLUM-5, and IOLUM-6

Enter the values of the variables called for in the far left
hand column from the two previous worksheets. For each variable entered,
perform the indicated multiplications between the variable and the constants
that appear in the Land Use Category columns, and record the result in the
blank space below each constant. For example, if the value of item 3 is
0.80 (English units), then the quantity 0.80 x 2480 = 1984 is recorded in
the first blank space in column L]. Proceed and fi1l in all three worksheets.
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Next, sum up the recorded quantities in each of the 12 Land
Use Category columns and enter the result on Worksheet IOLUM-5 on the now
labeled "Z Column". Add in the appropriate constants given in the next row
and enter the total predicted land uses in the final row. Revise any nega-
tive total land use quantities up to the value of 0.

c. Worksheet IQLUM-7

Enter projected percentages for the disaggregation of Resi-
dential and Commercial land use in the Area of Influence at project comple-
tion in Items 45 through 52. These percentages should take account of the
local factors which will most likely effect the density of future develop-
ment in the Area of Influence. In the absence of such data, default values
are provided which refer to an average Major Project and the -development
patterns of the period 1960-1970.

Perform the multiplications indicated in the second half
of the worksheet and record the values of final projected land use in Items
53 through 70.

3. Compdting,Confidence Intervals

The preceding worksheets are an application of predictive equa-
tions that have been developed for land use in various categories. These
equations are of the form:

n
Y=0bD b.X.
o 1 -1
where: Y is the land use being predicted

Xys Xps ... X are the independent variables used in the

prediction

bO’ b], . bn are the model coefficients

The variables X], ves Xn are those which are recorded in the far left column

of Worksheets RLUM-3,4,5 and IOLUM-4,5,6. The model coefficients bO’ b], ces
b, are the constants listed in the center of these worksheets.
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For a given land use equation, confidence intervals can be
specified in the form: '

v+ tv(y)}/2

where t is the t-statistic for the regression of the model equation and
V(Y) is the variance of Y. V(Y) can be expressed as:

n n ' L

V(Y) = & ? xixj Covariance (bibj)

A11 of the necessary data for computing confidence intervals are contained
on the previous worksheets and in Appendix A to this report, which summarizes
the statistical output for the predictive land use equations. To compute
confidence intervals for each of the 18 categories of final projected land

use listed on Worksheets RLUM-6 and IOLUM-6, fill out 18 sets of Worksheets
LUM-1 and LUM-2.

a. Worksheet LUM-1

Enter the final projected land use category on the first
line, find the corresponding dependent variable name and general land use
category from Table 7-2 and place it on the second 1ihe. From the appropri-
ate Land Use Worksheets (RLUM-3,4,5 or IOLUM—4,5,6), find which predictor
variables are used under the column corresponding to the general land use
category, find the prediction variable names from Table 7-3 (Residential)
or 7-4 (Industrial-Office) and record these names along with the corres-
ponding variable values from the far left column of the worksheets under
items 1 through 6. For example, for the final projected land use category
"Single Family Attached", the dependent variable name is "RES" and the gene-
ral land use category is "Llﬂ. Assuming the Residential model from Worksheets
RLUM-3,4,5 and Table 7-3, the predictor variable names are found to be
“DUACRE, DELP2, DISCBD, HWYINT, MPR70, and SEWER". The corresponding values
would be entered for items 3, 20, 4, 5, 33, and 30, respectively.
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TABLE 7-2

LIST OF DEPENDENT VARIABLE NAMES FOR EACH
FINAL PROJECTED LAND USE CATEGORY

Final Land Use Category Dependent Variable - General
. Name . Land Use
Category

Single Family Attached RES L]
Single Family Detached ‘ RES L]
Mobile Homes - RES L]
Multifamily Low Rise RES L]
Multifamily High Rise RES L]
Commercial <50K COMM | L2
Commercial 50-100K comM L2
Commercial >100K 4 CoMM - L2
0ffice OFFICE L3
Manufacturing MANF L4
Non-Expressway Highway Lane Distances HWLMNX _ L5
Wholesale-Warehousing WHOLE L6
Hotels, Motels HOTEL L
Hospitals HOSPTL Lg
Cultural Facilities CULTUR L9
Churches CHURCH L]0
Educationa) Facilities ' EDUC L]]
Recreational Facilities REC L]2
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TABLE 7-3

LIST OF PREDICTOR VARIABLE NAMES
FOR THE RESIDENTIAL MODEL

1 Predictor Variable Predictor Variable
Item Number . Name
(Worksheets RLUM-3,4,5)

3 DUACRE

20 ~ DELP2
DISCBD
HWYINT
7 OFFACR
21 | EMP60
9 _ VACACR
23 DELEMP
1 MANACR
26 AUTO2
16 | MINC
32 MPR68
33 MPR70
28 OFFVAC
14 ‘ ZRES
27 AUTO
35 | ~ INCMPL
36 , UNIV
30 | SEWER
38 MPKIDS
39 MPACRE




TABLE 7-4

LIST OF PREDICTOR VARIABLE NAMES
FOR THE INDUSTRIAL/OFFICE MODEL

Predictor Variable - Predictor Variable
Item Number Name
(Worksheets IOLUM-3,4,5)

3 | DUACRE
5 VACACR
36 OFFVAC
7 VACHSG
8 | DISCBD
12 _ ZCOMM
16 OFFACR
42 . | MPE70
17 RRMI
13 Z0FF
29 MINC
19 | MANACR
32 DELEMP
27 MINCC
20 HWYINT
22 WWEA
14 - ZIND
40 SEWER
24 NONHSE
39 ENERGY
30 | EMP60
43 MPACRE
44 . PVTSCH
4 MPET2
35 AUTO
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Locate the statistical output in Appendix A corresponding
to the appropriate Major Project type (Residential or Industrial/Office)
and dependent variable name. For each pair of predictor variables listed
on this Worksheet and LUM-2, find and record the covariance from the
"variance-covariance matrix" in Appendix A. Continuing the previous example,
we would record "0.677537E7" under the covariance for the patr 1 and 1
(DUACRE and DUACRE), "-353084" for the pair 1 and 2 (DUACRE and DELP2), etc.

Compute items 7 through 42 by performing the indicated
multiplications. Note that equations with less than 6 predictor variables
will have less covariances to record and multiplications to perform.

b. Worksheet LUM-2

Compute the variance of the dependent variable by summing
up Items 7 through 42. Record the t-statistic of the predictive equation
from Appendix A, and perform the equations noted in items 44 through 48 to
obtain the confidence interval. Note that final projected land use cate-
gories that are disaggregations of total Residential or total commercial
tand use will require calculation of Items 1 through 46 only once in the
general land use category.

c. MWorksheet LUM-3

Enter the projected final size of the Major Project in
Items 49 through 56. Copy the final projected land uses/ekcluding Major
Project from Items 48 through 65 of Worksheet RLUM-6 or from Items 53
through 70 of Worksheet IOLUM-6, depending upon the Major Project type, and
perform the indicated additions to obtain total projected land use (includ-
ing Major Project).



B. CALCULATION OF VEHICULAR TRAFFIC

This section contains procedures and guidelines that are designed
to facilitate the computation of VMI. A step by step procedure is provided.
The virtue of this model is its relative simplicity. Nevertheless, the appli-
cation of the model requires sound judgment in either modifying or accepting
the default trip rates and trip lengths as representative of a particular
study area. Familiarity with these concepts and their typical values is
desirable.

1. Worksheet No. 1 (VMT-1)

» Compute the effective radius of the area of influence and
enter on line no. 1. In most instances the area will be
a circle, so 2.23 miles (3589 meters), should be entered.

- However, in some areas a circle with a 2.23 mile radius
will include a coastline or an impenetrable geographical
barrier. In order to maintain the same area (i.e.,
10,000 acres (4.05 x 107 square meters) the radius must
be adjusted, i.e.,

N
R, miles = ]5‘6%5 \\
n-z-(Q-sinQ)v o \
| Qo |
R, meters = 40466351 . j
T - %_(9 - sin @) L/

N.B. @ is in radians

Enter the total amount of land use for each category in
column 2. The first five categories (i.e., residential)
are in units of dwg]]ing units. The next ten categories
are in units of 10° square feet (or square meters) and the
last category, recreation, should be entered in acres.

The definition of each category is shown in Table 2-1.

Enter the work trip rate, T]’ in column 3 and the other
(i.e., non-work) trip rate, T2, in column 5. Default trip
rates are shown in Table 5-2.



Compute the work trips and other trips by taking the product
of, respectively, columns 2 and.3 and columns 2 and 5. Enter
the results in columns 4 and 6.

Compute the total work tkips and total other trips by summing
respectively, column 4 and 6. Enter the results on lines
23 and 24.

Worksheet No. 2 (VMT-2)

« Copy the values from Tines 23 and 24 on VMT-1 to the lines
with the circled numbers.

« Determine the work trip length and the other trip length in
miles (or meters)" according to the instructions on page
Enter the results in column 25 as well as L from line 1.

« Compute the total uncorrected VM by mu1t1p1y1ng the total
work trips and total other trips by the work trip length
and the other trip length.

» Compute the total residential work trips and total residen-
tial other trips by adding the first six entries in columns
4 and 6 on worksheet no. 1. Enter the sums on worksheet no.
2 on, respectively, 1ines 30 and 34.

» Determine a value for the proportion of work and other trip
lengths less than Ly, through the use of either local infor-
mation or the default value 0.40.

« Compute the VMT correction by multiplying the duplicated
trips by the radius of the area of influence. After sub-
traction, enter the net VMT on lines 38 through 41.

- Enter the proportion of VMI occurring in the peak hour on
line 42.

* The difference between 1 and this proportion are the VMT
occurring during the off peak hour. Enter this number on
Tine 43. '

» From local information or through the uses of Figures 5-3
and 5-4, determine the proportion of distance traveled on
each facility type (i.e., local streets, arterials, and
expressways) for the average work trip and other trip.
Enter these values on lines 44 through 49.

Worksheet No. 3 (VMT-3)

« As indicated, the VMI on each facility type, for the peak
and off peak time interval, for both the impact area and area
of influence. -



Worksheet No. 4 (VYMT-4)

« Compute the number of trips that are manufacturing or ware-
house related by adding lines 19, 20, 21, and 22 on VMT-1;
enter the sum on line 62.

« Compute the proportion of trips that are warehousing related.

« If the proportion, line 63, is greater than 0.05, determine
the adjustment factor (i.e., the excess above 0.05) and
calculate the vehicle classification factors.

« Determine the average route speeds from local information
or through the use of Figures 5-19and 5-20. Otherwise use
the default values indicated below:

69. 50 mph 72. 37 mph
70. 28 mph 73. 20 mph
71. 18 mph  74. 15 mph




C. CALCULATION OF MOTOR VEHICLE EMISSIONS

This section contains guidelines and worksheets that can be employed
to calculate motor vehicular emissions. The methodology for computing
vehicular emissions is derived from the EPA publication Compilation of Air
Pollutant Emission Factors, Second Edition [g]. This publication is
generally known as “"AP-42" and has been updated by means of five supplements
at this writing. Chapter VI presents further information on expected updates
to these emission factors. The methodology to compute vehicle emissions
which is pfesented in this section relies heavily on Appendix D of AP-42.

It is essential that this document (including all updates) be available
before beginning these calculations. '

The motor vehicular traffic data required to estimate emissions
are calculated in the previous section. For either the 10,000 acres of
influence or the larger impact area, the following is required:

» Vehicle miles traveled (VMT) on each facility type for the
peak hour and off peak.

« Average route speed of the VMT on each facility type for the
peak hour and the off peak.

« Vehicle class distribution. This is assumed to be constant
between facility types and peak/off peak time intervals.

In addition, as discussed in Chapter VI, several decisions must be made
regarding the applicability of the default assumptions in the emission
equation (i.e., the use of a national vehicle age distribution, and the
assumption of the relative number of cold starts).

1. Motor Vehicle Emissions Worksheet No. 1 (VEM-1)

This worksheet should be compieted for each vehicle type, pol-
lutant (CO, HC, NOX), and speed (i.e., facility type and peak-off peak time
interval) of interest. In the case of the GEMLUP traffic sub-model, this
would require 72 (four vehicle types, three pollutants, and six average
route speeds) different sheets. It is essential that givens.,i.e., vehicle
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type, speed, design, year, etc, Tines 1 through 8 be specified before
beginning the computation. It is often helpful to note the model year
(column 9) which corresponds to each vehicle age so that model year depen-
dent factors are computed correctly.

The AP-42 (Appendix D) tables which will be referred to in
this discussion have been described in detail in Chapter VI. For this
reason, the specific table or tables to be used in computing each factor
will not be included in this discussion. The reader is referred to Chapter
VI for both a further description of each of the components and on enumera-
tion of the tables to be used to compute each component. With this infor-
mation, the following procedures can be used to compute emissions.

« Fi11 in the model year corresponding to each vehicle age.
The design year (1ine 4) is Age=1, Age=2 is the design
year minus 1, etc. Finally, Age > 13 is the model year
twelve years prior to the design year.

* Locate the table in AP-42 corresponding to the correct
vehicle type (1ine 1), pollutant (1ine 2), design year
(1ine 4), and region (line 5). Fill in column 11 with
the emission rate (Cipn) which corresponds to each model
year.

* Fill in column 12 with the vehicle age weighting factors
(M.n) corresponding to the correct vehicle type (line 1)
and"vehicle age (column 10).

« Calculate the speed correction factor (column 13) for the
correct vehicle type (line 1) and each model year (colum
9) using the design speed (1ine 3). See Chapter VI for the
correct application of this factor.

» Fill in the ambient temperature correction factor (column 15)
for model year using the ambient temperature (line 8). This
factor is identical for automobiles and light-duty trucks
and is negligible for heavy-duty vehicles Zipt=]'0)'

* Insert in column 15 for each model year, the appropriate opera-
ting temperature correction factor (rj 4,s) based on the percent
cold starts (1ine 6) and hot starts (1?ne 7). Again, this
factor is not applicable to heavy-duty vehicles.

* Calculate the emission contribution (column 16) of each model
" year by multiplying columns 11 through 15 and writing the
results in column 16.



« If the pollutant for which the emission rate being calcu-
lated is not hydrocarbons, then add the emission contribu-
tion (column 16).of each model year. The sum is inserted on
1ine 22, the final average emission factor (eh).

« For hydrocarbons, non-exhaust emissions must be considered.
In column 17, fill in the crankcase emission factor appropriate
for the vehicle type and model year.

* In column 18, fill in the evaporative emission factor in
grams per mile for the vehicle type and model year.

« Complete column 19 identically to column 12.

» Add columns 17 and 18 and multiply the sum by column 19 for
each model year. Insert the result in column 20.

+ Add columns 16 and 20 for each model year and place in
column 21. This is the model year weighted hydrocarbon
emission factor (eT,).

* The summation of column 21 should be inserted on line 22.
This is the final hydrocarbon emission factor (en).

+ This procedure must be carried out for each vehicle class.

2. Worksheet No. 2 (VEM-2)

Worksheet No. 2 is employed to calculate the composite emission
rate (i.e., the_weighted average of the emission rates of the four vehicle
classes, AG, LbT; HDG, HDD. The weighting factors, the proportion of VMT
in each vehicle class, are obtained from the VMT-4 worksheet. The emission
rates for each vehicle class are calculated on the VEM-1 worksheet in the
case of carbon monoxide, . hydrocarbons, and oxides of nitorgen.

Emissions of particulates and sulfur oxides are relatively
invariant with mode of operation. Only the change ‘to using unleaded gaso-
line in catalytic-equipped vehicles has resuited in a different particulate
emission rate. Table D.1-21, D.2-16, D.4-15, and D.5+4 of AP-42 present
emission factors of particulates and sulfur oxides for automobiles, LDT,
HDG, and HDD, respectively. The fo]lowing'equation is used to calculate the
particulate emission factor for each vehicle class.

p = 0.0 (e_e )+ (100 -P_ e )

e
p nc-nc ncons



en = particulate emission factor in year (n) including
P exhaust, tire, and brake wear emissions
Pnc = percent vehicles equipped with catalytic converters in
~ year (n) : '
€ = total particulate emission rate for vehicles equipped
with cata1ytic_converters
s © total particulate emission rate for vehicles not equipped

with catalytic converters.
The sulfur oxide emission factor can be established directly from AP-42.

» Insert the correct emission rate for the pollutant (line 2)
in column 23. In the case of carbon monoxide, hydrocarbons,
and oxides of nitrogen, this value is Tine 22 on worksheet
VEM-1 for each vehicle class. In the case of particulate
matter, the above equation is employed. The sulfur oxide
emission rate is obtained from AP-42.

« Insert in column 24 the proportion of VMT by each vehicle
class from worksheet VMT-4, lines 65 through 68.

» Compute the product of columns 23 and 24 and enter in
column 25.

« Sum the values in column 25 and insert the answer On line 26.
This is the composite emission factor for the speed in line
3.

A comprehensive example of the calculations for computing emissions of
carbon monixide, hydrocarbons, and nitrogen oxides is presented in Chapter

IX.



D. CALCULATION OF EMISSIONS

1. Worksheet No. 1 (EMI-1)

This worksheet is employed to calculate stationary source
emissions in the area of influence. It should be filled out for each fuel
type (i.e., gas, oil) and pollutant, as well as electricity consumption.

. Enger the amount of land use in units of dwelling units,
square feet -(or square meters) of floor area, or acres

(or .square metersy) in Column 1. These values: are obtained
from worksheet LUM-3, the product of lines on: the worksheet
and the proportion of land use in that category using a
particu]ar fuel type. The proportion of a land use cate-
gory using a part1cu1ar fuel type should be obtained from
local utulity companies or from national 1nfbrmat10n

[23, 24,].

» Enter the process emission.factor in-column 2, the space-
heating emission factor in column 4, the space cooling
emission factor in column 6. These values can be found by
employing the tables in Chapter II. The process emission
factor nust be adjusted if a time period other than one
year is under consideration. The space heating and space
cooling emission factors must first be multiplied by the
number of degree days or operating hours.

~+ Total manufacturing land use should be entered on Tine 17 .

The composite industrial emission factor, obtained from
Chapter II or from Volume II of this report is entered on
1line 18.

« Total emissions are calculated and entered on lines 8, 9, 10,
and 19.

2. Worksheet No. 2 (EMI-2)

This worksheet is used to calculate motor vehicle emissions
in the area of influence and in the impact area. It is filled out five
times, once for each pollutant.

» Enter in colums 12 and 13 the speed and amount of VMT in
each category from worksheets VMT-3 and VMT-4.

 Enter in column 14 the emission factof from worksheet VEM-2
for the appropriate speed category.



« Compute emissions in each category by taklng the product
of columns 13 and 14. Sum the first six Tines (line 16)
and the second six lines (1ine 17).

Worksheet No, 3 (EMI-3)

This worksheet summarizes the emissions.

* On the first four lines enter the emissions for each pollu-
tant in columns 21 through 25. These values .are obtained
from the EMI-1 worksheets, lines 8, 9, 10, and 19.

 The total stationary source emissions in the area of influence
are summed in line 27.

* Enter the mobile source emissions from lines 15 and 16, work-
sheet EMI-2.

» Take the product of line 26, total electricity consumption,
and the electric utility emission factors in Chapter II.
Enter these products in line 29.

+ Total emissions in the area of influence are computed by
adding 1lines 27 and 15.

- . Total emissions are computed by adding lines 27, 29 and 16.



EXHIBIT 7-1
"WORKSHEET RLUM-1
RESIDENTIAL LAND USE MODEL VARIABLE DEFINITIONS
(For year t+0 unless otherwise noted)

AREA OF INFLUENCE

Size of Area of Influence in acres (or mz) 1.

Number of dwelling units, excluding major project 2.

Dwelling units: per acre (or m2) = (:) + (:)

Distance from center of major project to nearest

Central Business District in miles (or km) 4,
Projected number of limited-access highway
interchanges in 5 years 5.

Number of office employees =

Office employment per acre (or m ) (:) (:)

Projected percent developable land area in 10 2
years, excluding major project, in acres (or m")

Number of manufacturing employees 10.
Manufacturing employment per acre (or m2) = ‘

OFNO) ‘ 1.

Median income level of families and 1nd1v1duals 12.
Proaected number of acres (or m ) zoned for
residential use in 5 years 13.

PrOJected percent residential zoned area =

(:) + <i>' 14.

COUNTY

Median income level of families and individuals 15.

Median income index - area of influence relative

to county = (:) + <:) 16.

Total population 17.
Projected total population in 10 years 18.
Area of county in acres (or m2) 19.

Projected population growth per acre (or m )

(@® - @)+ © 20.
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EXHIBIT 7-2
© WORKSHEET RLUM-2
RESIDENTIAL LAND USE MODEL VARIABLE DEFINITIONS
(For base year, t+0, unless otherwise noted)

Total employment 21.

Projected total employment in 10 years 22.

Projected employment growth per acre (or m2) =

(@ - @) + © 23.

Total licensed automobile drivers _ 24,
Number of dwelling units 25.
Auto drivers per dwelling unit = ) @ 26.

Auto drivers per acre (or m2) = + ~ 27.

METROPOLITAN AREA

Percent vacant office buildings 28.

Projected median income level in 2 years 29.

NEAREST MUNICIPALITY

Projected percent of land which will have public
sewerage available in 5 years 30.

MAJOR PROJECT

Projected total dwelling units in 2 years 31.
Projected total dwelling units 2 years before
project completion 32.
Projected total dwelling units at completion
(ten years from now) 33.
Projected median income level in 2 years 34.

Set equal to 1 if s < 0.85, otherwise = 0 35.

Set equal to 1 if a university exists within 3.23
miles (or 5.20 km) of the center of the major
project, otherwise = 0 36,

Projected number of school age children in 2 years 37.

School age children per dwelling unit = (:) 3 <:) 38.

Area of major project in acres (or m") 39.
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EXHIBIT 7-3
WORKSHEET RLUM-3

Land Use Categories

22-L

Variables L L, Ly Ly Lg Lg Lg Ly Lo L 12

8910 656 -400 ~ | -269
3 (3.3569) | (2.47e8) | (-1.50€8) (-1.01€8).

6790 40.5
20 (2.55E8) {264000)

=351 -73.7 15T I=2.79 -11.4 -4.42 -25.5
4 (-20300) ] (-4260) (-814) (-2.79) (-658) (-255) (-1470)

-1360 ~200 85.8 97.1
5 (-126000) |(-18600) (7900) (9020)

791 845 191
7 (2.97€8) {3.18E8) (7.18€7)
‘ “lo.0032F
21 ‘ (0.304)
0.0647 0.00175 0.0408
9 {0.00149) (4.02E-5) (9.37e-4)
601
23 (2.26E8)
1050 _
n ( 3.95€8)
-135

26 (-217)

(Metric coefficients are in parenthesis)




EXHIBIT 7-4
WORKSHEET RLUM-4

Land Use Categories

€2-L

Variables L] L2 L5 L6 L7 L8 L9 L]0 L]] le
46.6 202
16 X (75.0) (18800)
0.00595
32 X (0.00957)
1-0.682 -0.0736 0.0196
33 X  |(-63.4) (-6.88) (1.82)
15.0
28 X (1390)
-0.968
14 . X (-89.9)
. 230
27 X (8.65E7)
-150
35 X {(-13980)
A 60.2
36 ' (5590)
.2 7,46
30 x | (3830) (229)

(Metric coefficients are in parenthesis)
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EXHIBIT 7-5
WORKSHEET RLUM-5

Land Use Categories

Variables

4 L, L Ly Lg Le Ly Lg Lo Lo | 'n L2
| 184
38 1 (17100)
0.103

39 (417)
I Columns

7200 1380 355 . 761 78.8 | 488 81.7 | -23.9 2.54 -14.7 244 -33.5
+ Constant (669000) | (128000) | (33000) | (70700) (127 (45300) | (7590) (-2200) | (236) (-1370) | (22700) {(-136000)
TOTAL LAND USE

(Metric coefficients are in parenthesis)



EXHIBIT 7-6

NORKJQEET RLUM-G

RESIDENTIAL LAND USE MODEL

PROJECTED DISAGGREGATION OF LAND USE IN AREA OF INFLUENCE

AT PROJECT COMPLETION

Residential Proportions

Single family detached homes 40.
Single family attached homes 41.
Mobile homes 42.
Multifamily low rise structures 43,
Multifamily high rise structures 44.
(Note (30 ' ’ ‘ ‘ '
must =
Commercial
<50,000 ft2 45.
50-100,000 ft2 46.
*>100,000 ft2 47.

(Note @ + ' +@ must =

FINAL PROJECTED LAND USE

In Dwelling Units
Single Family Attached
Single Family Detached =
Mobile Homes
Multifamily Low Rise
Multifamily High Rise

€ECEEC

CEOOO

In 1,000 ft% (m?)
Commercial <50K
Commercial 50-100K
Commercial >100K
Office - =

7-25

48.

49.

50.

51.

52.

53.

54.

95.

56.




EXHIBIT 7-7
WORKSHEET RLUM- 7

RESIDENTIAL LAND USE MODEL

Manufacturing = @ 57.
Wholesale-Warehousing = @ 58.
Hotels, Motels = @ 59.
Hospitals = @ 60.
Cultural Facilities =‘=9 61.
Churches = 62.
Educational Facilities = - 63,
Recreational Facilities = 64.

In miles (km)

Non-expressway highway =(E:) 65.

lane distances
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EXHIBIT 7-8
WORKSHEET IOLUM-1

INDUSTRIAL/OFFICE LAND USE MODEL VARIABLE DEFINITIONS

AREA OF INFLUENCE

Size of Area of Influence in acres (or m2) 1.
Number of dwelling units ' _ 2.
Dwelling units per acre (or m2) = (:) ) (:) 3.
Number of developable acres (or m2) 4.
Percent developable area = (:> * (:) 5.
Vacant dwelling units 6.
Percent vacant housing = (:) + (:> 7.
Distance from center of Major Project to nearest
Central Business District in miles (or km) 8.
Projected number of acres (or mz) zoned for

commercial use in 5 years 9.
Projected number of acres (or mz) zoned for office

use in 5 years ' 10.
Projected number of acres (or m2) zoned for

industrial use in 5 years 11.

Projected percent commercial zoned area = (:> 4 <:) 12.

Projected percent office zoned area = * @ 13.

Projected percent industrial zoned area = (:>»+ <:)14;'

Number of office employees 15.
Office employment per acre (or mz) = (:) + (:) 16.
Railroad mileage (or km) 17.
Number of manufacturing employees o 18.

Manufacturing employment per acre (or mzj =

DEXO), | 19.

Projected number of limited access highway ,
interchanges in 5 years _ 20.

Number of wholesale and warehouse employees 21.

‘Wholesale-warehouse employment per acre (or m2) =

DENO) 2.

Nonhousehold population : 23.

Nonhousehold population per acre (or m2) =

@ + () 24.
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EXHIBIT 7- 9
WORKSHFFT IOLUM-2 -

INDUSTRIAL/OFFICE LAND USE MODEL
VARIABLE DEFINITIONS

Median income level of families and individuals 25.

Current U.S. average income level for families
and individuals 26.

Median income index-relative to U.5. average =
@9 + . 27.

COUNTY

Median income 1eve1 of families and individuals 28.

Median income jndex-area of influence relative

to county = @e 29.
Total employment 30.
Projected total employment in 10 years 31.

Projected employment growth rate = (- ) +32.
Total licensed automobile drivers
Area of county in acres (or m2) . 34.

Auto drivers per acre (or mz) = @ + 35.
METROPOLITAN AREA

Percent vacant office buildings ' 36.
Cost of 1500 kWh of electricity (commercial rate) 37.

Average U.S. cost of 1500 kWh of electricity
(commercial rate) 38.

Energy cost factor = @+ ‘ 39.
NEAREST MUNICIPALITY

Projected percent of land which will have public
sewerage available in 5 years 40. .
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EXHIBIT 7-10
WORKSHEET IOLUM-3
INDUSTRIAL/OFFICE LAND USE MODEL VARIABLE DEFINITIONS

MAJOR PROJECT

Projected total employees 2 years after project

initiation 41.
Projected total employees at project completion 42.
Land area of completed major project in acres

(or m2) 43,

Set equal to I if a private school exists within
3.23 miles (or 5.20 km) of the center of the major
project 44,

Size of floor area of comp1eted major project in
1,000 ft% (or m’) = 43.56 x @3) (English units)
= _ (Metric units) 45, _
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EXHIBIT 7-11

WORKSHEET IOLUM-3

Land Use Categories

(Metric coefficients are in parenthesis)

Variables L] L2 L3 1.4 L5 L6 L7 L8 l.»]0 L” L]2
2480 869 19.6 726
3 (9.32£8) (3.27€8) (128000) | (2.73e8)
.05 0.252 | 0.00385 10.0314 | 0.0974
5 (0.0471) (0.00579) | (1.53¢-6) | (7121€-4) | (0.00224)
. { T
563 | 1.70 17.6
36 (52300) (2.78) (71200)
A0 LA IYACL 28
,:____.__._
-128000 :
7 (-1.19€7) !
- ¥
-406 -11.5 ©14.8
8 _(-23400) (-664) ! (37200)
19
12 (11100)
-2090 -249 -283
16 (-7.86E8) (9.36E7) (1.06E8)
0.0553 | -0.0273
42 (».14) |(-2.54)
1AB] 8.65 34.8
17 (664) (499) (2010)
68.9 [
13 {6400)




EXHIBIT 7- 12
WORKSHEET 10LUM-4

Land Use Categories

H Ly L

Variables L g Te 5 Lg Ty Do T 0,
507
29 47100)
E——
254 443 1.88
19 (9.55€7) (1.67€8) | (3.08£9)
10100 1180 1440
32 (3.80E9) (4.44E8) (2.36E10)
-2620 387
27 (-253€5) (1.57€6)
76.08
~J
& 20 (-9.78)
7470
22 (2.81E9)
90.8
14 (8440)
a .07
40 (1060) (-99.4)
378
24 (1.8£8)
T34.6
39 - (-3210;

(Metric coefficients are in parenthesis)
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EXHIBIT 7-13

WORKSHEET IOLUM-5

Land Use Categories

Varizbles Ly L, L, Ly Le Le L, Lg Lg Lo Ly Ly,
0.00004
30 (0.00372)
0.0411
43 (9.44E-4)
12.6
44 (1170) |
| ~0.0746 0.0802
4 (-1.36) (7.45)
-615
35 {1.01€10)
I Columns
-9530 -838 -326 N20 -25.7 -1650 145 -20.5 23.6 -148 -925 -604
+ Constant (-885000) | (77900) | (-30300) | (104000) | (-41.4) |} (-153000) ] (13500) | (-1900) | (2190) (-13700) | (-85900) | (-2.44E6)
TOTAL LAND USE

(Metric coefficients are in parenthesis)



EXHIBIT 7-14
WORKSHEET IOLUM-7

INDUSTRIAL/OFFICE LAND USE MODEL

PROJECTED DISAGGREGATION OF LAND USE IN AREA OF

INFLUENQF AT PROJECT COMPLETION

Residential
Single family detached homes
Single family attached homes
Mobile homes _
Multifamily lTow rise structures

Multifamily high rise structures

(Note %&)S;) +@) +@® +@

Commercial
<50,000 ft°
50-100,000 ft2
>100,000 ft?

(Note@ + @ +® must = 1)

FINAL PROJECTED LAND USE

In Dwelling Units
Single Family Attached
Single Family Detached
Mobile Homes
Multifamily Low Rise
Multifamily High Rise

56566

In 1,000 ft2 (m?)
Commercial <50K
Commercial 50-100K =
Commercial >100K
Office =
Manufacturing
Wholesale-Warehousing
Hotels, Motels =
Hospitals =
Cultural Facilities =
Churches =
Educational Facilities =
Recreational Facilities=

@
(2
(2
o
(9
(9

(7

(9
C9
C1g
D,

(1)
In miles (km

Non-expressway highway = (E:)
lane distances

X X X X X

G GEEE

x xX X

45.

46.

47.

49.

50.

51.

52.

7-33

58.

Default Values

.68
.02
.06
.23
.01

.66
14
.20

54.

55.

56.

57.

58.

59,

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.




EXHIBIT 7-15
WORKSHEET LUM-1

CONFIDENCE INTERVALS FOR PREDICTED LAND USE

Final Projected Land Use Category

corresponds to Dependent Variable Name and General Category

PREDICTOR VARIABLE

Name

o o | fJw o |-

COMPUTING VARIANCE OF DEPENDENT VARIABLE

X x Covariance = 7.
O X x Covariance = 8.
0 X x Covariance =9,
EE% X (:) x Covariance = 10.
X (:) x Covariance = 11.
(:) X (:) x Covariance =12,
(:) X (:) x Covariance =13,
(2) X (:) x Covariance = 14.
x (3) x Covariance = 15.
% b x Covariance = 16.
(:) X x Covariance = 17.
X Eég x Covariance = 18.
EE% X Egg x Covariance = 19.
X x Covariance = 20.
EE% x (3 x Covariance = 21.
(3 x @) x Covariance = 22.
@) x (6) x Covariance = 23.
@ x x Covariance = 24.
X x Covariance = 25,
0 X gx Covariance = 26.
@ X x Covariance =27,
(, X (:) x Covariance = 28.
@) x (&) x Covariance = 29.
@) x ) x Covariance = 30.
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EXHIBIT 7- 16

WORKSHEET LUM-2

CONFIDENCE INTERVALS FOR PREDICTED LAND USE

COMPUTING VARIANCE OF DEPENDENT VARIABLE

@ X @ x Covariance = 31

@ X @ x Covariance - - 32.

@ X @ X Covar’ianceA _ = 33.

@ X @ x Covariance .= 34.

@ X @ x Covariance = 35.

@ X @ x Covariance__ = 36.

X @ x Covariance = 37.
@ X @ x Covariance = 38.

@ X @ x Covariance = 39.

@ X @ x Covariance | = 40.

@ X @'x Covariance = 41.

@x @ x Covariance = 42,

Sum@through = ' 43.

Standard Deviation of Dependent Variable

= 44.

F - statistic of predictive equation 45,

t - statistic of predictive equation =

"@®) | 46.

If Final Projected Land Use is Residen-
tial or Commercial, set equal to the

disaggregation percentage - 47.

1G9

+ Confidence Interval = X X 4
‘ 8.

~+ 100
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EXHIBIT 7-17
WORKSHEET LUM-3
FINAL LAND USE MODEL CALCULATIONS

MAJOR PROJECT

If Residential, total projected dwelling units at
project completion, by the following types:

Single Family Detached 49,
Single Family Attached 50.
Mobile Homes 51.
Multifamily Low Rise 52.
Multifamily High Rise 53.
If Indus.Er'laVOffice, total projected land area in
1,000 ft¢ (or m2), by the following types:
Office : 54,
Manufacturing © b5,
Wholesale-warehousing 56.

TOTAL PROJECTED LAND USE (Including Major Project)

In Dwelling Units RLUM-6Y or | 10LUM-6* | From Above
Single Family Detached = @ or @ + 57.
Single Family Attached = @ or @ + (50 58.
Mobile Homes =| 80) [or| %8 |+ G  s9.
Multifamily Low Rise =| &) |or| (&) |+ 62  60.
Multifamily High Rise =| &2 |or| &) |+ 63 6.

In 1,000 ftZ2 (or mé) '
Commercial <50K =| 53 or 62.

_ Commercial 50-100k =| 54) |or| (9 63.
Commercial >100K =f (65) |or (60 64.
Office =| 56 |or| () |+ G4 65,
Manufacturing =| 67 |or 62 + @ 66.
Wholesale-warehousing =| (58 or @ + @ 67.
Hotels, Motels = @ or @ 68.
Hospitals =| € |or| €5 69.
Cultural Facilities =| 6) |or| @66 70.
Churches = @ or 67 71.
Educational Facilities = (@ or 65) 72.
Recreational Facilities= (@ or @ 73.

In Miles (or km)

Nonexpressway highway = ( @ or ) 74.

*Use of one the two depends on project type. If the major project is
residential, obtain values from RLUM-6. If the major project is
industrial or office, obtain values from IOLUM-6.
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EXHIBIT 7-18

WORKSHEET VMT-1

VEHICLE TRIPS CALCULATION

COMPUTATION SHEET (Numbers in circles indicate previous numbered data
entries or computed values.)

Radius

R, Effective radius of‘study area 1.

7-37

Trip Calculation Amoﬁnt of E.Woik work4Trips i Qtaer OtherFTripﬂ
Land Use | Trip Rate Trip Rate] (2) x (5)
Li : T] Ty |
Sing}e Family Detached | | .~ 7. 3.
Single Family Attached 8. 14,
Multifamily Low Rise 9. 15.
Multifamily High Rise 11Q. 16.
Mobile Home 11. 17. )
Hotel, Motel 12. 18. ]
Commercial, <50,000 sq.ft. ]
Commercial, 50,000-100,000 1
sq.ft.
Commercial >100,000 sq.ft.
office 4t -
Manufacturing 119. 21.
wholeséling-warehousing 120. 22.
Cultural L
Churches
Hospitals
Educational Facilities
|Recreation | .. .
- Total Trips 23: o




EXHIBIT 7-19
WORKSHEET VMT-2

UNCORRECTED YMT

uncorrected VMT
I

A

26. YMT

@ ____ xLok
@ x.. Q@ 27. YMT
, @——— X Lother 28. Wl

@) xt, @ 29. VMT

VMT CORRECTION

» Work

, work

I

, other

A

, other

Total residential work trips @+.+@+® @ @ 30.

Proportion of residential work trips less than(:) 31.
Work trips correction = X @ _ 32.
Work VMT correction = (32 x(D) 33,
Total residential other trips = ®+ + @+ + @+ 34.
Proportion of residential other trips less than(1) | 35.
Other trips correction = x@ 36.
Other VMT correctign = @x@ - 37.

@ - G- 38. wmrL, work
€D - = . wMTR, work
-(3) = 40. yMTL, other
@-G)= 4. TR, other

Peak Hour Proportion

proportion of VMT in peak hour )
proportion of VMI in off peak hours

42, (Default
43. (Default

.10)
.90)

Fa~ci_'lii»ty Classification

Enter the proportion of distance on each facility for work and other

trips.

local streets 44, 45.
arterials 46. 47.
expressways 48. 49,
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IMPACT AREA

@ ___

®___
G __

®__
9___

®_
Go)

@ __
@____

@®___
@___

x %

l@@
l

e® 66

x X

Nl
®®

@®

@___
x@___ x@®
X_____X
)(‘I’;______J({ID
x@____x®

AREA OF INFLUENCE

G___
@a__

&
Q)

___
@___
____
ay____

X(}D x(jb
x@____ x@
x@____ x @
o J—
x @2) x @8)
8 J—
x @0 )((!}
x @D x @)

- EXHIBIT 7-20
WORKSHEET VMT-3

50.

51.

52.

53.

54,

55.

56.

57,

58.

59.

VMTI off peak, local streets

VMTI off peak, arterials

VMTI off peak, expressways

VMTI, peak, local streets

VMTI, peak, arterials

VMTI, peak, expressways

VMTA, off peak, local streets

VMTA, off peak, arterials

VMTA, off peak, expressways

VMTA, peak, local streets



EXHIBIT 7-21
WORKSHEET VMT-4

x@) x@____ =
@__ x@__ x@®___ - \

61. - VMT"', peak, expressways

A

60. VMT", peak, arterials

Vehicle Classification Proportions

Total Manufacturing and warehOUSing Trips = ++@+@='62.
€@:®+@ =e3.

IFE)>0.07, Then . « . v v v v v v v v e v o 63)- .05 = 64.
IfF(63)<0.07, Then . .« . v v v v v vt e e e e 64 = 0
0.804 -§9 = 65. automobile
0.118 = 66. light duty truck, gasoline
0.046 + .8 x= 67. heavy duty vehicle, gasoline
0.062 + .2 x(§4)= 68. heavy duty vehicle, diesel
Average Route Speeds: peak offpeak
Tocal streets 69. 72,
arterials 70, - 73,
expressways 71. 74.
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8 Ad4

- Vehicle Type

=1,

EXHIBIT 7-22

WORKSHEET VEM-1

(Gasoline Automobile, Light-Duty Trucks, Heavy-Duty Gasoline Vehicles, Heavy-Duty Diesel Vehicles)
(Carbon Monoxide, Nitrogen Oxides, Hydrocarbons)

Pollutant = 2.
Speed = 3. mph
Design Year = 4.
Region = 5. (Low Alt., High Alt., Calif)
Cold Starts = 6. %, Hot Starts = %
Ambient Temperature = 8. °F
10 9 n 12 13 14 15 16 17 18 19 20 21
Vehicle| Model | Base Fraction | Speed Ambient Operating Model year Hydro- Hydro- Fraction | Model Model
Age Year ] Emission| of Correction | Temperature | Temperature} Emission carbon carbon of Year | Year
(years) Rate Annual Factor Correction | Correction | Contribution| Crankcase | Evaporative |Annual Hydro- Jotal
cipn Travel Vips Factor Factor eipnth Emissions | Emissions Travel carbop Emissions
LA Zipt riptws fi e; min Emissions eTi
e .
HC1
1
2
3
4
5
6
7
i
9
10
11
| 12
>13

Note: When calculating carbon monoxide and nitrogen oxide emissions, euci T 0.

Average emission factor 32




EXHIBIT 7- 23
WORKSHEET VEM-2

CALCULATION OF THE COMPOSITE EMISSION FACTOR

Pollutant = 2.
Speed = 3. ‘ mph

Design Year = 4.
Region = 5. (low alt., high alt., Calif.)
Cold Starts = 6. %, Hot starts = 7. %
Ambient Temperature = 8. °F
24 ’
23 Vehicle Class 25
Vehicle Class Emission Rate Weighting Product
Automobiles
Light-duty Trucks
Heavy-duty Gasoline Vehicles
Heavy-duty Diesel Vehicles
= 26

Composite emission factor
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EXHIBIT 7-24
WORKSHEET ~EMI-1.

LAND USE CATEGORY 1 2 3 4 5 6 7
amount process  process space space space space
emission emissions heating heating cooling cooling
factor emission emissions emission emissions
factor factor

residential single family attached

residential single family detached

residential mobile homes...........

residential multifamily low rise...

residential multifamily high rise..

commercial <80K...coveviveininnnnn.

commercial 50-100K......cccvevennee.

commercial >100K ...coevivieeneannn.

wholesale-warehousing.......oceveue

hotels, MOLETS v oveeeereneeneeeenns .

hospitals .cvvvvviiiiiieienennennnn,

cultural facilities ...coveevevnnnes ‘

ChUrches & ittt e eteeennnns

educational facilities ............. :

recreational facilities............

TOTAL EMISSIONS | B. 9. 10.
) process space- space-
heating - cooling

manufacturing
land use . g x 18.

19. (See page 7-18)



VMT

VMT

> > P

VT,

- MTA,

ymrh,

wirh,

wmr?,
wrl,
wmrl,
wmrl,
wrl,
vrl,

MOTOR

off peak, local streets
off peak, arterials
off peak, expressways
peak, local streets
peak, arterials

peak, expressways

off peak, local streets
off peak, arterials
off peak, expressways
peak, local streets
peak, arterials

peak, expressways

EXHIBIT 7-25
WORKSHEET EMI-2

VEHICLE EMISSIONS

12
SPEED

12 14
VMT EMISSION
FACTOR

15
EMISSIONS

AREA OF INFLUENCE TOTAL 16

7-44

IMPACT AREA TOTAL 17
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10

19

27

15

28

29

16

30

EXHIBIT 7-26
WORKSHEET EMI-3

EMISSIONS SUMMARY

20 21 22 23 24

process emissions

PM SOX co HC NOX

- space heating emissions

space cooling emissions

industrial emissions

STATIONARY SOURCE TOTAL
AREA OF INFLUENCE

area of influence
motor vehicle emissions

TOTAL, AREA OF INFLUENCE

26 x emission factor =
eélectiric. utility -emissions

motor vehicle, impact -
area emissions

TOTAL*

25
Electricity

26.

* Area of influence stationary sources, secondary sources (i.e., electrical generation), and motor

yehicle emissions in impact area.



VIII. EXAMPLES OF USE OF COMPUTATION WORKSHEETS

This chapter presents examples of the use of the computation worksheets
from the previous chapter. The first section illustrates the use of the
land use model worksheets to compute the predicted land use for a residential
major project. The second section i]]usf}ates the estimation of VMT for
the same example case study. The third section illustrates the computation
of a motor vehicle emission factor for one pollutant, hydrocarbons. The
final section illustrates the emissions computation in the final three
worksheets.

A. EXAMPLE OF LAND USE MODEL CALCULATIONS

This section presents an example of the use of the land use model
worksheets using data from one of the Residential major projects in this
study, namely, Northglenn, Colorado. This planned residential development
was initiated in 1960 and completed in 1970 with a final size of 7,000
~ dwelling units. The worksheets are filled in English units for this example.

Thefcomputation of confidence intervals is shown for only one of
the projected land uses.
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EXHIBIT 8-1
WORKSHEET KLUM -1

RESIDENTIAL LAND USE MODEL VARIABLE DEFINITIONS

A REA OF INFLUENCE

$ze of Area of Influence in acres (m?)
Number of dwelling units, excluding major project

Dwelling units per acre (m?) (:)—(:)

Distance from center of major proaect to
?ea;est Central Business District 1n miles
km

Projected number of limited-access h1ghway
interchanges in 5 years

NHumber of office emplcyees =

Office employment per acre (mé) = (:)-(:)

 Projected developable land
area in 10 years, exglud1ng major
project, in acres (mé)

- Number of manufacturing employees
Manufacturing employment per acre (m2) =+®
Median income level of families and individuals

Projected number of acres (m2) zoned for resi-
dential use in 5 years

Projected percent residential zoned area =@e®
COUNTY

Median income 1éve1 of families and individuals

Median income index - area of influence rela-
'tive to county = @ &9

Total population

Projected total population in 10 years
Area of county in acres (m2)

Prog ted pu]a&ign growth per acre (mz)

8-2

1. 10,000
2. 250
3. 0.035
4. 1R - A
. -\

6. (o]

7. e

9. R,197%
10. 8]

11.

o e
12.. l_ébggg

13. 7, 600

14. i

-

15. 6,35
16. 1-036

17. 120,246

18. /8s ,7%9

19. 796, %00

20. D-03%32




EXHIBIT 8-2

RESIDENTIAL LAND USE MODEL VARIABLE DEFINITIONS

- WORKSHEET RLUM-2

Total employment

Projected total employment in 10 years

HPrOJected emp]oyme(f)growth per acre (mz)
21

Total licensed automobile dr1vers
Number of dwelling units
‘Auto_drivers per dwelling unit

Auto drivers per acre (m~)

==€!} = (9

METROPOLITAN AREA

Percent vacant office buildings
Projected median income level in 2 years

NEAREST MUNICIPALITY

Projected percent of land which will
have public sewerage available in
5 years

MAJOR PROJECT

Projected total dwelling units in 2
years

Projected total dwelling units 2 years
before project completion

Projected total dwelling units of com-
pletion

Projected median income 1eve1 in 2 years

Set equal to 1 'If. @< 0.85

Set equal to 1 if a university exists
within 3.23 miles (5.20 km) of the
center of the major project

Proaected mumber of school age chil-
dren in 2 years

Schifffge children per dwef]ing unit
Area of maj o project in acres (m2)

21. 40, 6 7l
23, 0.036
24. 5,005
25. 51,4957
% 0.6%0
27. 0.04 39
28. 7. R
28. P 6,740
30. J0O
31. 3,006
32. 6,000
33. 7,000
8. 387,760
35. 0

36. 0

37. 6/?00

38. a.3

39. / god




EXHIBIT 8-3
WORKSHEET RLUM-3

Land Use Categories

Varfables

-91..%

Y L L3 Ly L L L L Ly Y10 2} 12
8910 656 -400 -269
Q) 0.035, |(3.3569) |(2.47¢8) | (-1.50£8) (-1.0188)
212 | A3.0| -4 - 94
. ’ 6790 40.5
‘ O, BA3x |(2.55€8) (264000) .
: 559 >.373
381 T [-73.7 13T -2.79 BIR -4.42 -25.5
@ 1R x {(-20300) |(-4250) (-814) (-2.79) (-658) (-255) (-1470)
-4380| ~899| -17& -24,0 | —129 -539 |- 31
-1360 -200 85.8 97.1
(G) R x |(-126000) |(-18600) | (7900) (9020)
- 2720] =400 | | #& 194
- o 845 191
(:) Q X (2.97e8) = | (3.18E8) (7.18E7)
O (@) O
' 0.003%
(:} &0,635 X (0.304)
oo ‘30
' 0.0647 0.00175 0.0408
(:) < lqz X (0.00149) (4.02€-5) | (9.37e-4)
530 14.3 334
601
@ 0.0360, (2.26E8)
2.6
1050
() O ( 3.95E8)
: 0
@ 0.6%0 217)
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EXHIBIT 8-4

WORKSHCET RLUM-4

Land Use Categorfes

Varfables

b L L Ly ts Lg 4 ts L Lo bz
46.6 202
@) 1.026 « (75.0) (18800)
4%.> | 209
‘ , . 0.00595 X
(::)< 600« {0.00957)
25.%
- [e8 0,073 0.0196
(@_7060x |(.3.0) ~ (-6.84) (1.62)
— =770 ] 5% Y
: : - 5.0
‘ 7. (1390)
. 10%
L -0.968
76 « | (-89.9)
, | 230
@ 0:0432 x (8.65E7)
_ ’ i1o¢) |*
150
@———0——" (-13993) |
| - = oz ]
0O « o (55921)
, a.2 Z.88
_ 10 x |(3830) (229)
| %o | 294G
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EXHIBIT 8-5
WORKSHEET RLUM-5

Land Use Categories

Varfables T 5 " t, i p . Ty G to | 1 Ty
184
G232 | anoo)
| | 423
| 0.103
G__1, %03 « (417)
| (86
* T Columns ~6779 | -6\6 7.6 0 -38.5 ~-36) | -63.5 \3F 114.2 /55 &9 186
7200 1380 355 761 78.8 468 81.7 23,9 | 258  |-14.7 | 244 -33.5
+ Constant | (669000) | (128000) | (33000) | (70700) | (127) (45300) | (7590) | (-2200) | (236) | (-1370) | (22700) |(-136000)
TOTAL LAND USE 421 | 764 | 202 | 76! 40.3| (2% | \8. 2| W3 | J6.8 ] 140 | 736 | 153




EXHIBIT 8-6

WORKSKEET RLUM-G

RESIDENTIAL LAND USE MODEL
PROJECTED DISAGGREGATION OF LAND USE IN AREA OF INFLUENCE

AT PROJECT COMPLETION

Office =

"Residential
Single family detached homes 40. 9/ 61.
Single family attached homes 41. / 3.
Mobile homes , 42. / 6.
Multifamily low rise structures 43. 7> 29.
Multifamily high rise structures 44. () 1.
(Note @0) + Q + @ + O +
must =
. Commercial -
<50,000 ft2 5. 39 51.
50-100,000 ft? 46. % 20.
©>100,000 t2 4. 53 29.
(Note @ + +@' must = 100)
FINAL PROJECTED LAND USE
In Dwelling Units |
Single Family Attached = ({})x @ £ 100 43. 383
Single Family Detached =T{)x 41 + 100 49. 4
Mobile Homes + 100 50. 4
Multifamily Low Rise + 100 51. 30
Multifamily High Rise + 100 52. O
In 1,000 £t (m?)
Commercial <§0K = + 100 53. AIJY
Commercial 50-100K = # 100 54. Gl
. Commercial >100K = 3 100 55. AQS
56. 363



- IEXHIBIT 8-7

WORKSHEET RiUM- 7

RESIDENTIAL LAND USE MODEL

Manufacturing
Wholesale-Warehousing
Hotels, Motels
Hospitals

Cultural Facilities
Churches

Educational Facilities
Recreational Facilities

In miles (km)

Non-expressway highway
. lane distances

57. 761
58. 1272
59. []¢.&
60. 113
61. 16.%
62. 140
63. 936
64. 153
65. 403




EXHIBIT 8-8
WORKSHEET LUM-1
CONFIDENCE INTERVALS FOR PREDICTED LAND USE

A . ‘ : 2
Final Projected Land Use Category Commﬂ‘c'c_*o- z \0o, Oooj
corresponds to Dependent Variable Name COMM  and General Category La

PREDICTOR VARIABLE

“Name
OFfAcR 1 O
DISCED 2. -l
DOACRE . 0,035
HWWY INT 4. 2
_EMPGO 5. 406380
VACACR. 6 2137
COMPUTING VARIANCE OF DEPENDENT VARIABLE .
Covartance 283973 = 7. 0O
Covariance _7239 = 8, (&
Covariance — 206|172 = 9. )
Covariance _R% %26 = 10. O
Covariance —0, 0G4AD = 11. 0
Covariance |«9 1R =12, 0
Covariance __ 7339 =13, 0

Covarfance __562.1.2 =1. 9&.,459
Covarfiance _—854.7 =15. —
Covariance __ 12656 s 16. 3

.____ap_i.‘_lég_
Covarfance . s 002887 = 17. = 1431,
Covariance _0,2710 = 18. 37,10/

Covariance ~20gldF =19, 0)
Covarfance _ -854.7 =20. =~365
Covarfance _|30777 = 21. 1 4R
Covariance -2 758 =22. - (63
Covariance = 0.04(3] = 23. - 87

Covariance = .0 =24, =573
Covarfance _ 2393 = 25. D
Covariance __ 1266 =2. 33,330
Covariance _—~R2758 =27. - | 662
Covariance __ 13294 =28, 53,896
.Covariance _0.009 184 = 29. 47X
Covarfance __ 0,240 = 30. 3,255

OO CEECRCEERRRAEEOEORE

M OX X X XK X X XK X XK X X X X X X X X X X X x X X

CREREREEEEOERREEROOCOCEO
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EXHIBIT 8-9

WORKSHEET LUM-2

CONFIDENCE INTERVALS FOR PREDICTED LAND USE

COMPUTING VARIAN‘CE OF DEPENDENT VARIABLE

@ X @ x Covariance =-0,0¢495 - 31. . 0 |
@ X @ x Covariance -0.002%%% = 32, '*L43/
G x (3 x Covariance -0, 0b1R| = 33. -87
@ X @ x Covariance 0.50%)56 = 34. bo3
@ X @ x Covariance_0,0000067/S =35. 1 180
® «x @ x Covariance_D, Dvot0744 = 36. 9’47 7
® x O x covariance_ . 913 = 37. O _
@ X @ X Cova'ri.ance 0.3%710 =38. 37.10]
@ x @ X Covariance = ¥4.d = 39, - 573
® x @ x “Covariance__D.240 =40. 3 935
® x G)x Covariance D-000060 744 = 41, 2,477
@x @ x Covariance 0-00®055 =42, 128, 077
sum()through @) = 43. 431534
Standard Deviation of Dependent Variable .

= | 4. 656-9
F - statistic of predictive equation 45. /0. 0636
t - statistic of predictive equation :

46. _3.172

If Final Projected Land Use is Residen- _

tial or Commercial, set equal to the

disaggregation percentage 47. —tpg— 53
120;\(f)adgnce Interval '- ‘X ‘ .x . N 04




““““ EXHIBIT 8-10
- WORKSHEET LUM-3
FINAL LAND USE MODEL CALCULATIONS

MAJOR PROJECT

If Residential, total projected dwelling
units at project completion, by the
following types:

Single-family Detached 9. 7000
Single-family Attached _ 50. 0]
Mobfle Homes T 51. 0
Multifamily Low Rise ' - 82, 9]
Miltifamily High Rise 53. o

If Industrial/Qffice, tgotal_projected
land area in 1,000 ft¢ (m), by
the following types=

Office
Manufacturing
¥holesale-warehousing

TOTAL PROJECTED LAND USE (including Major Project)

54.

55. oma—

In dwelling units RLUM-6 or I0LUM-6 _
Single Family Detached = ( or @ ) +@ 57. 7,653
L4
Single Family Attached = ( @9 or ) + 58. 4
6)

Mobile Homes = or )+ .
Wiltifamily Low Rise = ( or )+G) - e0. 30
Witifamily High Rise = (6D or D) +6) . sl (*]
In 1,000 ft? (n?)

RO

Commercial <50K = (B or 69) 62. 299
Commercial 50-100k = (9 or &9)) 63. Gl
Commercial >100K = (6> or €0)) 6. 408 .
Office . | = (69 or @ )+g 65. 263
Manufacturing a (@ or )+~55 66. Zé ]
Wholesale-Warehousing = (68) or 3 )+G® . 61 122
Hotels, Motels = (€69 or §9)) 68. 18.2
Hospitals = (€0 or (65) 69. 3R
Cultural Facilities = (€D or &9 70. 16.9
Churches = (€ or ) 7n. )40
Educational Facilities = (€3 or- 68)) 72. 236
Recreational Facilities = ( §4) or €3)) 73. ﬁ

In Miles (km) ' .
Non-expressway highway = ( or @') 74. Dc3

lane qistances



B. EXAMPLE OF TRAFFIC MODEL CALCULATIONS

Using the projected land uses shown on Worksheet LUM-3, page 8-11,
the VMT in both the area of influence and impact area are computed. If any
development existed in the area of influence in the base year, it would
first be subtracted from the values on LUM-3 before they are entered on
VMT-1.

1. ‘Worksheet VMT-]

The amount of land use is copied from HWorksheet LUM-3 and
then multiplied by trip generation rates obtained from Table 5-2.

2. Worksheet VMT-2

The work and other trip lengths are computed via the equations

on pages 5-9.
Ly = 0.003 % p0:20 x 5 149
Ly = 0.003 * 12297980-20 * 307-49
Ly = 0.003 * 16.52 * 158.82
Ly = 7.87 |
Ly = -5(0.003 * 018 x 5,140 1 g 003 x 026 » 5 1.25)

Lp= .5(0.003 * 1229798°-18 + 30140 + 0.003 * 1229798026
* 30] -25)
Lp= .5(0.003 * 16.52 * 116.94 + 0.003 * 16,52 * 70.21)
Lp= .5(5.80 + 3.48)
Lp= 4.64



The calculation of the corrected VMT is self—egplanatory.
The default peak hour proportion is used. The facility classifications
are calculated using Tables 5-3 and 5-4 as discussed on page 5-13. Rounding
off the trip lengths calculated previously to eight and five miles respec-
tively, the example on page 5-16 is appropriate.

3. Worksheet VMT-3 and VMT-4

The calculations, though tedious, are self explanatory. The
default average route speeds discussed on page 5-18 are employed.



EXHIBIT 8-11
WORKSHEET VMT-1

VEHICLE TRIPS CALCULATION

;COMPUTATION SHEET (Numbers in circles in&{cate previous numbered data
entries or computed values.)

Radius

R, Effective l‘r‘adius of study area 1.~ Z-.'2~3 g

Trip Calculation Ammzmt of | Woik wOrk4Trips Ot:er OthersTri pS

Larid Use Tri_pl)_.Rate ’ Tri_? Ratel (2) x (5)

J -1 2 ) ]

Single Family Detached 7833 | 1.8 . :4099 | 9 . h3. 10w

Si nlg]e Family Attached "/ /S . - t 7 | 14, 8
Multifamily Low Rise 3901 12 b, % I
Muﬁifanﬁly High Rise o 0.8 '10. o Y Dhe. o0

Mobile Home 7 i /8 1. 7 -3 17. 20 |

Hotel, Motel /8.2 of ha. 71 1o s 182

Commercial, <50,000 sq.ft. | 298 | O o] 130 3870
Commercial, gg:gg?-1oo,ooo ¢l o | o! ao Y 280
Commercial >100,000 sq.ft. | 405 o O Yo /4200
Office 363 /6 5868 o 0
Manufacturing 76/ S ls. 3805 0 | 0

Mholesaling-Warehousing I/2'7 B ‘7’ 20. 508 0 22. 0 ‘
Cul tural / W8 Q- O] R 34
Churches /90 | O O 2 280
Hos;:n‘ tals | // 3 16 £ /&B -0 | o}
Educational Facilities ?36 | o | Y 374y
Recreation ) /5’3. O 1...10...]. 1530
Total Trips 23. _2608Y 24, 136 314,



EXHIBIT.8-12 -
" WORKSHEET VMT-2
UNCORRECTED YMT |

uncorrecfed YMT

@ 26084 x L., 287 = 26.20528) !, work
@ 2608Y x L, (M2.23 =127._581¢7 wrh, work
13634 x L, .. 467 = 28.632497 W1, other
@133 xt, D223 = 20.303980 W, other

YMT CORRECTION

Total residential work trips -(\+-V+C+. '®+ @
Proportion of res1dent1a1 work trips less than@
Work trips correction = D

work VMT correction = @x:)

Total residential other trips = @+ ®+ @+ @ O @

Proportion of re51dent1a1 other trips less thanO
Other trips correction = @ X @
.Other VYMT correction =,® x@

@0 -@33=38.)92% {vm , work
€h- 3= 39_y££_¢[_LVMT , work
@9 -3 =40 . 56924BVMT}, other
@ - @ 41.24073] Wi, other

Peak Hour Proportion

proportion of VMT in peak hour
pmportibn of VMT in off peak hours

Fa’cﬂ‘ity Classification A

42. /O  (Default
43. '?Q : ([kfau‘t

0. /Y158
3. Yo
32. 5

33. 126206

34. 70907

35, 4O
3%.283%62
37. 63249

.10)
.90)

Enter the proportlon of dlstance on each'facility for work and other

trips. Work ;. DOther

local streets  44. (90 45. /0

arterials 46. .38 4. .58
expressways 48, .56 49. .32




EXHIB,IT 8-13
WORKSHEET VMT-3

IMPACT AREA

@ 192655 x @ _ Q0 x@ _oe_ = 40403
@%qzva x@)_ 90 x@)_ .10, = 51232
Qlﬁ'as \INTI off peak, local streets
B9 192655x @) _ 39 x @) .38 - agege
@0 se1248 x@_ﬁgx@_s_a_ = 2417
. s @ ® 51.363,635 WMT! off peak, arterials
' !3& X ,qO X pbé = 70ﬁ
'ﬁbﬂ_"lBX@_\‘l&x_i_ 163943
B (qZ(,s_s’ . o ' __/2/5_}%{! wil off peak, expressways
—t - X ___X oob = S_ .
@)s218 x@) _.10 x@)_.0 = 5692 |
‘ o ‘ o @ 35 53. 6&‘%(8 wrl, peak, Tocal streets
192659 x @) x = __ 732 '
@z x@ 1o x@)_.58 =_3%016 |
54. Y0337 VMTI, peak, arterials
G192655 x@) _ 'O x@ .56 = (0287 -
@0 geaz4g x@) _\O x(@)_32 = _/R216 |
' 55.290p5 VMT‘I, peak, expressways

~ AREA OF INFLUENCE

@ussvl x@ _ 0 x@ Lo = _2459
@nzr3 x 10 x@)_1o = _216kk .
_ 56.24125 WP, off peak, local streets
' Y559/ x Qa0 x 3R = _/S5758 |
@)z x@)_ &0 x@)_B_ - (25662 -
57. 14/237 A, off peak, arterials
@SS[x’ _8c x@d_56 22953
@2‘(073/ x. Ao x(@9_,32 (03330 |
' 58. 92283 VMTA, off peak, expressways
@ess1l <@ _1o <@ _qe_ - " 203 |
@) 2v023, x @D __.10 x@) _.i0 2407
~ 59. 2680 VMTA, peak, local streets




EXHIBIT 8-14
'WORKSHEET VMT-4

@247 x@ _10_ x@_58 - 1396% |

| ‘ 60. 15692 VWMTA, peak, arterials
G yssY/ x@) 10 x@d_Se = 2550 |
@243 x@) .10 x@) 32 =_7703

’ 61. 102.53 VMT » peak, expressways

Vehicle Classification Proportions

Total Manufacturing and Warehousing Trips.= 19 + 20 + 21 +22=62. Y3/3
| | 62 :23+24 =63. .03
CIF63>0.07, Then . ¢ v v v o v v o 0 2 o v o o o u 63 - .05 = 64. _
If63<007, Then . . . . ... ...l 64 =0
0.804 - 64 = 65' ,80‘/ automobile.
0.118 =66. , IR light duty truck, gasoline

0.046 + .8 x 64 = .0¥é heavy duty vehicle, gasoline
0.062 + .2 x 64 = 68. .062._ heavy duty vshicle, diesel

Ayerage Route Speeds: peak ~offpeak
local streets 69. 377 72. 590
arterials - 70. 20 73. 29
expressways n. /5 78. /8



C. EXAMPLE OF CALCULATION OF MOTOR VEHICLE EMISSION FACTORS

An example of calculation of a composite motor vehicle emission
factor i1s presented in this section. An effort has been made to present
an example which represents a typical situation but requires explicit
calculation of each of the factors.

The composite emission factor to be evaluated is that for hydro-
carbons during the design year 1985 for vehicles operating in Bostén,
Massachusetts. The emission factor will be..calculated for a speed of 30
miles per hour, 30 percent of the vehicles are operating from cold start,
and 40 percent are operating from hot start.* The mean ambient temperature
during this period is 50°F. The first step is to calculate the emission
factor for each vehicle type using Worksheet VEM-1 four times (i.e., one
for each vehicle type).

1. Automobiles

* Fill in 1ines 1 through 8 using the information stated
in the problem, placing automobiles (GA) on line 1.

« Fi11 in column 9 with the model year corresponding to
each vehicle age, 1985 is put next to Age=1, 1984 is
inserted next to Age=2, down to 1973 next to Age>13.

* Locate the correct table of base emission rates (Cjpp)
in Appendix D of AP-42 corresponding to the information
on lines 1, 4 and 5. The correct table is D1.17. Fill
in column 11 with the appropriate hydrocarbon base -
emission rate (in grams/mile).

e Put in column 12 the proportion of VMI traveled by éach
vehicle model year in 1985. For this example, the
national mix presented in Table D1.22 has been used.

» Calculate the speed correction factor to represent 30 mph
using Table D1.23. Examination of the model years (column
9) indicates that all vehicles being considered were pro-
duced after 1970. Thus, a single speed correction factor
is appropriate. This is:

*That is, 30 percent of the currently running vehicles have just started
cold, 40 percent hot, and 30 percent have not recently started.



exp [0.942-0.0592(30) + 0.000567(30)23
0.72
This factor is inserted in column 13 for all model years.

« The effects of operating the vehicle at an ambient
temperature of 50°F instead of the FTP range of 68°-86°
is calculated using the equation in Table D1.25. It is
being assumed that all post-1974 automobiles are to be
equipped with catalytic convertors. Thus, separate
correction factors must be calculated for 1973-1974 and
for 1975-1985. These factors are:

<
1]

= 1.24
Zpost-1974 = -0.0304(50) + 3.25
= 1.73

‘These values are inserted with the proper model years in
column 14.

Calculation of the operating temperature correction
factor involves use of equations D1-2 and D1-3 plus Table
D1.25. Again, it is necessary to segregate by catalyst
and noncatalyst cars. :

Noncatalyst cars (pre-1975)
= 30+ 70 F(t)
20 + 80 f(t)
f(t) = 0.0079 (50) + 0.03
= 0.425
thus,

rpre-]975 -

1.1

‘Catdlyst cars (post-1974)

bL 30 +40 f(t) + 30 alt
20 + 27-f§t; + 53 g§t§

£(t) catalyst = 0-0050 (50) - 0.0409
= 0.2091 |
6(t) catatyst = 0-0018 (50) + 0.0095
| = 0.0995
= 1.3

r'cata],yst
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These values are inserted with the appropriate model years
in column 15, ‘

For each model year, multiply columns 11, 12, 13, 14, and
15 together and put the result in column 16.

Fi11 in crankcase hydrocarbon emissions (column 17) from
Table D1.26. As all model years being considered are post-
1967, this factor is 0.0 for all model years.

- Using Table D1.27, evaporative hydrocarbon emissions can be

determined for each model year. These are:

Model Year Emission (g/mi)
Post-1979 0.5
1973-1979 1.76

These values are inserted in column 18.
Column 12 is copied to column 19.

Columns 17 and 18 are added and the result is multiplied by
column 19. TFhe result is placed in column 20. For model
year 1985 this is:

(col 20) = (0.0 + 0.5) (0.112)
= 0.056

Columns 16 and 20 are added and the result put in column 21.
For model year 1975:

(col 21) = 0.05 + 0.056
- 0.106

The contributions of each model year to the total emissions
(column 21) is summed and the result, 2.15 gr/mi, is placed
on line 22. This completes calculation of the automobile
emission factor.

Light-Duty Trucks

Using a new VEM-1, put light-duty trucks (LDT) én line 1.

Fi11 in lines 2 through 8 and column 9 identically to the
automobile worksheet

Use Table D2.9 to fill in column 11 and Table D2.11 to fill
in column 12.

Speed, ambient temperature and operating temperature correc-
tion factors for LDT are identical to those for automobiles.

8-20



Complete columns 13, 14, and 15 similarily to the res-
~pective columns on the automobile worksheet.

« Compute column 16 by multiplying columns 11 through 15
together for each model year.

« Fi11 in crankcase and evaporative emissions (columns 17
and 18) by model year using Table D2.15.

« Copy column 12 to column 19; add columns 17 and 18 and
gu1t1p1y the sum by column 19. Put the result in column
0.

« Add columns 16 and 20 for each model year; insert the result
in column 21. Add column 21 and put the sum on line 22.
This is the LDT hydrocarbon emission factor.

Heavy-Duty Gasoline Vehicles (HDG)

* On a new VEM-1, write HDV on line 1 and again copy lines 2
through 8 and column 9 from the automobile worksheet.

« Fi11 in the base emission factors (column 11) from Table
D4.10. Fil11 in the model year mix (column 12) from Table
D4.11.

« Determine the speed correction factor, Vips’ using Table
D4.12. This is determined as follows:
v =exp (1.07 - 0.0663 (30) + 0.000598 (30)2)
v = 0.68 |
This value should be placed in column 13.

« The ambient and operating temperature correction factors for
HDG is 1.0. This value is placed in columns 14 and 15 for
each model year.

« Multiply columns 11 through 15; insert the result in column
16 for each model year.

o Fi1l in columns 17 and 18 using Table D4.14. Note that a
50 percent reduction in evaporative emissions is assumed
after 1978,

« Copy column 12 to 19. Calculate the HDG hydrocarbon
emission rate (line 22) similarly to the LDT calculation.

Heavy-Duty Diesel (HDD)

* Put HDD on line 1, compute lines 2 through 8 and column 9
as was done on the other worksheets.
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* Fi11 1n the hydrocarbon base emission rate using Table
Table D5.1. This number is constant for all model years.

 Use Table D5.2 to complete column 12.
Use equation D5.3 and Table D5.3 to compute vips'

=18 [(60-30) (1.38) + (30-18)(2.25)]
42(30) 1.38

= 0.71 :
This value should be inserted in column 13.
« Columns 14 and 15 are 1.0 for HDD.

» Calculate column 16 for each mode] year by multiplying
columns 11 through 15.

» Columns 17 and 18 are 0.0 for HDD.
* Line 22 thus becomes the summation of column 16.

Calculation of Composite Emission Rate

* To calculate the composite emission factor, worksheet VEM-2
should be used.

« Fi11 in lines 2 through 8 as it was done on VEM-1

* In column 23, write the final emission rate (1ine 22 of
VEM-1) for each vehicle type.

* Insert in column 24, the mix of vehicle types by class.
In this example, a nationwide mix presented in Chapter
D7.1 of AP-42 has been used.

e Multiply columns 23 by 24 and insert the product in column
25 for each vehicle class.

* Line 26 is the sum of column 25. This is the final com-
posite hydrocarbon emission rate.
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£¢-8

Vehicle Type = 1. ”
- Pollutant = 2.

c

~ EXHIBIT 8-15

(co, NOX, HC)

Speed = 3. 30 nph

Design Year = 4.

S

(6A, LOT, HDG, HOD)

WORKSHEET VEM-1

Region = 5. (Low Alt., High Alt., Calif)
Cold Starts = 6. 30 %, Hot Starts = 7. ¥
Ambient Temperature = 8. 50 °F '

10 9 11 12 13 14 15 . 16 Ry 18 19 20 21
Vehicle| Model Base Fraction | Speed Ambient Operating Model year Hydro- Hydro- Fraction | Model Model
Age Year | Emission| of Correction | Temperature | Temperature} Emission carbon carbon of Year Year
(years) Rate Annual Factor Correction | Correction | Contribution{ Crankcase | Evaporative {Annual Hydro- Total

C,i pn Travel vy ps Factor Factor e; pntwx Emissions |Emissions Travel carbon Emissions
M Zipt Tiptws fi & Min E}:’;s““s ey
V2 7gs|b27|01i2| 072 | /.73 | /34 | 20 | 0.0 | 0.59 | g/z |0.9¢ |0, 11
) /17541 032 (o143 | &72 | .73 | /.3%¥ | L.og 0.0 0.50 | 0143 8,07 | 0,15
3 /9631038 | 0)30 | 0722 | /.73 | 1.34 | v.og | OO 0.0 | 0,130 p.0 7018
4 /962 043 \o120 | 022 | /, 73 | /34 |o0.09 .60 0.s0 | 0120 | 0,06 | 0,15
5 17611049 |o./08 | 0,22 | 1.73 | /3Y | 0,07 0,0 0,50 | 0108 | p.0S | 0.4
6 /980l O.54 | 0094 | 0.22 | 173 L34 | 0oy | oo oS0 | 0094| 0,051 0,13
7 j972 59 1 o029 | 0.22| 173 | L34 | 009 | a0 1.76 | 0.077] 0. 14 | 0.22
s /9781465 (0063 022 133 | 139 | po7 0.0 1726 leoedx | oll |0.1%
s 119771 240 00¢7 | 0.22| .73 | /.3Y 0,20 g0 /.76 o,047| 0,08 | 0.2%
w /x| ag0 0032 p72| 173 | 134 | 0.s | 0o | 1.72¢ |e6.032] 000 | 0.2
n_ /9751 2,00 10019 | 0,22 1.73 | [.3Y | p,09 | o | L2t [2019]6.03 |0 I1%
12 /77 J;[,JD 0&0/§L 0173. I124 /1// ﬂ.O? o0 /.76 0.0/3 0.02- 0.'0
>13 /77 6110 0:037 &072 /I 27‘ /l// 002‘/ 040 1'7‘ 0-037 01 07 0‘3'

Note: When calculating carbon monoxide and nitrogen oxide emissions, ey = 0.

Average emission factor 22 2’__'_6:




EXHIBIT 8-16

WORKSHEET VEM-1

Vehicle Type = 1. 4DT _ (GA, LOT, HOG, HOD)
Poltutant = 2.~ HC (c0, NOX, HC)

Speed = 3. 30 mph -

Design Year = 4. [235‘

Region = 5. fad) &!t (Low Alt., High Alt., Calif)

Cold Starts = 6. 30 %, Hot Starts = 7. 4D z
Anmbient Temperature = 8. SO °F

¥¢-8

10 9 1 12 13 14 15 16 17 18 19 20 21

Vehicle| Model | Base. Fraction | Speed Ambient Operating Model year Hydro- Hydro- Fraction |}Model Model
Age Year | Emission} of Correction | Temperature | Temperature| Emission carbon carbon of Year Year
(years) Rate Annual Factor Correction }.Correction | Contribution] Crankcase | Evaporative |Annual Hydro- Total
C‘. on Travel v; ps Factor Factor e, phtwx Emissions | Emissions Travel carbon Emissions
. Z. r, f. e. m Emissions
Min ipt iptws i LI in eTi

i

[98s| Lo 0094|072 | ).23 | L3¥ | O.i¢e | o | ©S |00ty 005 |0.20
/9541 ], 2 | @4/ o722 | /73 /.34 028 0,0 oS el4l looz |0.3S
/9¢3| /.4 o132 | 0.72 | 123 /.34 | &.3) oo | 0. o132 007 1035
19¢2) 1.6 (0123 | 072 | /73 /34 | 33 | o0 | 0,5 |o123 | 006 |0.39
/9%11 /. & 0095 | 9.7 | /73 /3¢ | 0.29 | 6.0 | 0,5 |0098 |00s | o 3%
J280| 2.8 @053 | 0.7 | /73 .39 | 02§ 0.0 0.5 vog3|lood |o,32
19291 2.2 |@026 | 072 | 473 L3 | o2d% | oo 3,/ 0076 | 6,23 | 0.5/
)95\ 24 lposz | 072 | 223 | 13/ | 23 | 00 3,] leos7|eolg [0.4]
o (972 S/ |oowy | 422 | 123 134 | 0,37 | o0 | 3,1 |eoovd|ol |0-51
o  |r97e) $.4 1oo32| o | /723 | /37 | 0.2 | o | 3.1 |ee32 0.0 |03F
) /2728 $:7 \o®223| 0221 (73 [37 | 6.2) o,0 3,) 0023 | 6,07 0.2%
12 /2249) 7.6 (p.0/6 ]| 622 | 12Y | L/ | 81 | o0 | 3. o0/ | 8,050,177
>13 j923| 7.6 _[09%] | 072 ) /.2¥ [l | 6l 6,0 3./ |o.08! | 6.25]|0.%6

W N oo jon e e e =

Note: When calculating carbon monoxide and nitrogen oxide emissions, €uci © 0. : _ "Average emission factor 22 5.‘._’_.1



G2-8

Vehicle Type = 1, /IO

HO6

EXHIBIT 8-17

Pollutant = 2. H (0, NOX, HC)

30 wh

Speed = 3.

Design Year = 4. [ﬁﬁs

Region = 5. Low A+ (Low MIt., High Alt., Calif)

WORKSHEET VEM-1

(6A, LDT, HDG, HOD)

Cold Starts = 6. 3D g, Hot Starts = 7. #O g
Ambient Temperature = 8. sSO °F
10 9 n 12 13 14 15 16 17 18 19 20 21
Vehicle| Model ] Base Fraction | Speed Ambient Operating Model year Hydro- Hydro- Fraction |Model Model
Age Year { Emission| of Correction | Temperature { Temperature} Emission carbon carbon of Year Year
(years) Rate Annual Factor Correction | Correction | Contribution] Crankcase | Evaporative {Annual Hydro- Total
c Travel v, Factor Factor e. Emissions |Emissions Travel carbon Emissions
fpn Mn ps zipt riptws ipntwx f‘. e M n Emissions er
: Hci i
1 |17¢s| 6o 0062 | ©.6§ /0 /0 025 | 0.0 2.9 |becz)eis | 843
2 /7891 61 |0,124 | 068 | /0 4.0 os/) | oo 29 |o124| 0.3 |6%7
3 |/7¢3 61 o7 | .68 | /D 40 | p4g | oo 2.9 |ol17 | 0,34]0.%33
4 /982 6: / 0, /10 0.6€ /0 //Z) ﬂ,b’é o0 9 10./]10 0.32 0'78
s 179571 6.2 0093 .65 | LD /.0 39 | oo 29 0093 627 666
s /90| L2 |o.0%0| ©0.68 | / /0 234 | oo 29 |eoso| 623|057
1 |1774] é:C 0,066 | 0.6 | /D /0 | 025 | oo | 2.9 leoit] p19 047
s /779 ¢.3 | 20s7]| 0.6€ | 1D /.0 024 | oo S8 |oos7| p331057
o lgralizg |oe¥7] 065 | 4o 10 | 244 | oo | s& |oey7]|0.,27]|81l
w /976 190 |00#D | 0.6 | Jo L0 | 238 | oo sS.g |d090]0.23 |¢-C|
N 19725 ]4.0 |0.63]| 0.65 | /O VA 430 |00 S8 loo3) | blg |04%
w1974 J40 |Lo2l | 068| /4D /0 0.2 | 0o | s.8 |voal| 612|632 |
s (19731149 10.1s3] ekl 4o | /Lo | /SO |20 |sg 0153|089 ]3 .37
Note: When calculating carbon monoxide and nitrogen oxide emissipns, euci = 0. Average emission factor 2{2 ___% é7
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Yehicle Type = 1. Hpﬂ

Pollutant = 2. HC (€0, NOX, HC)
Speed = 3. 20 _ mwh '
Design Year = 4. /fS’s

Region = 5. Jow AF (Low Alt., High Alt., Calif)

EXHIBIT 8-18
WORKSHEET VEM-1

(6A, LDT, HDG, HDD)

Cold Starts = 6. (% %, Hot Starts = 7. %
Ambient Temperature = 8. SO <f
10 9 n 12 13 14 15 16 17 18 19 20 21
Yehicle| Model ] Base Fraction | Speed Ambient Operating Model year Hydro- Hydro- Fraction |Model Model
Age Year | Emission| of Correction | Temperature | Temperature | Emission carbon carbon of Year Year
(years) Rate Annual Factor Correction | Correction | Contribution| Crankcase | Evaporative |Annual Hydro- Total
Ci pn Travel Vips Factor Factor e; pNtwx Emissions | Emissions Travel carbon Emissions
. Min Zi pt ry ptws fi e, Min Emissions e.ri
_ _ €Hei
v |/9%5] 4t oo | O | LD L9 | 43) 20 | 0.0 g0 |43/
2 M8 4t ol | &1 | L2 | yo | 455 | g0 | 2D 40 085
3 19¢31 46 |elés | ©.21 | 10 /0 | 955 b0 | Go Q0 l|oss
s \J#g2] 46 \o/s¥ | ©, | /D L0 | £53 20 | oo 20 0,53
5 19811 44 o /0| 0,7/ /.0 L0 2,36 00 | g0 2o 10,36
s /790 94 \goso | 0.7/ | 42 /D | 0.26 o0 | Lo 20 |0,26
1 1979 %6 |qos7 | 0 | Lo lo | p.22 | 20| o0 00 | o022
s | 1975]| %€ ¥$| o2/ | /o L0 | 616 00| oo a0 |o/é
o (1974 #¢ |vo3¥ | all | ro fo | &)/ 090 | 60 a0 ol
w1197 %6 |18l 871 | Lo LD )04 0.0 0,0 20 | 6,06
11 19251 44 lpotl | &7/ | /2 LO | pof 0.0 0,0 20 | po¥ |
2 |197¢] 44 \evoz| 0/ | 4o | Lo | o2 oo | e€o go |602
3 W973| 4.4 120291 02/ | /LD /.0 0.0 0.0 | So 0.0 | .09
Note: When calculating carbon monoxide and nitrogen oxide emissions, euci © 0. _§;2_L

Average emission factor 22



EXHIBIT 8-19
- WORKSHEET VEM-2'

- CALCULATION OF THE COMPOSITE EMISSION FACTOR

Pol]utant- = 2, e

Speed = 3. 30 mph

Design Year = 4. [AFS

Region = 5. lho-a& (low alt., high alt., Calif.)
Cold Starts = 6. 3D %, Hot starts = 7. 4O 4

~ Ambient Temperature = 8. 50 of

23 Vehicle Class - 25
Vehicle Class ~ . - Emission Rate Weighting - Product
Automobiles - A lS 0. goY /73
Light-duty Trucks s.// 0.11% | béo
Heavy-duty Gaso]‘iné_Vehicle_s 7,LF - O,0¥%6 045
Heavy-duty Diesel Vehicles - | 3,2L 4 0,033 O/0

__Cbniposite"emission factor = 26 ga-if'
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D. CALCULATION OF EMISSIONS

This section continues with the Northglenn, Colorado, case as an
example. Only the emissions of nitrogen oxides are computed, calculations
of the emissions of the other criteria po]]uténts would be analegous. Assur
all stationary source energy demands are met by gas or electricity.

1. Worksheet No. EMI-1

The worksheet is filled out twice, once for gas combustion and
once for electricity consumption. '

« The amount of land use is copies from worksheet LUM-3,

» The process emission factors are copied from the tables
in Chapter 4,

* The spaceheating emission factor is copied from the same
tables. Before entry, it is multiplied by the number of
degree days in Northglenn as estimated from Figure 4-1.
(e.g., in the case of residential single family detached,
this would be

-3 pounds |
2.6 x 10 dwelling unit?ﬁt.d}af'* 6750 degree days

= pounds/dwelling unit),

» The space cooling emission factor is computed in an
analogous manner,

* The industrial floor area is assumed to be entirely : «-.. .
composed of SIC36.

2. Worksheet No. EMI-2

The motor vehicle traffic values are copied from worksheet
VMT-3 and VMT-4. ’

For the purposes.of this example, a set of emission factors . "
were computed from AP-42 [8] using the 1972 national mix NOx emission rate
for low altitude and 19.6 mph.. A speed correction was applied using the
1ight duty speed correction equations and extrapolation to high altitude
was made using a ratio derived from Table 3.1.2=3 [8].
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3. Worksheet No. EMI-3

Emissions on worksheets EMI-1 and EMI-2 are copied on worksheet

" . EMI-3. Emissions from electrical consumption, line 26, is computed by

multiplying 1ine 26 by the appropriate emission factor from Table 4-1.
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EXHIBIT 8-20
WORKSHEET  EMI-1

Pollitant | AOX
-Heating degree days Cooling degree days Opérating
Hours
LAND USE. CATEGORY 1 2 3 4 5 6 7
amount processS  process space space space space
emission emissions heating heating  cooling cooling
factor emission emissions emission emissions
. factor factor
residential single family attached [7,3g3 o 172.65 12950 ( o
residential single family detached Y o 17.59 20 ©
residential mobile homes........... Y o) /1,48 Y(, O
residential multifamily low rise... | 36 =) =10 243 O
residential multifamily high rise.. o o @S 0 O
commercial <50K.......... Cevenaaees 298 ) o) 8340 o
commercial 50-100K...ceuevievasonns Al o 8O /B30 o
commercial >100K cuvevvveennoennsons Yo~ o 301 12150. 0.
OFFICE . v rnnerennnnnnenns Ceeeeees 363 O o 72 o
wholesale-warehousing.....ccveeevess | 127 ) R0 | 38/9 @)
hotels, motels ......... cererenns el /8 @) .10 /80 (@]
hospitals cvveeienennnss R P 113 o .10 1130 (o)
cultural facilities........ Cresene 17 0 , 10 (20 o
T T S I 4 2 e 10 1400 o
educational facilities .......oov.n. 236 ' .4 fD 2360
recreational facilities .....cc...ou.} 153 |
' ' / 00 ‘
TOTAL EMISSIONS . © §68700 |/bs 0, ©
: process ‘ space- space-
heating

manufacturing

land use "76/ x 18.

5@

=19,

cooling




LE-8

LAND USE CATEGORY

residential
residential

single family attached
single family detached

residential mobile homes...........
residential multifamily low rise...
residential multifamily high rise..
commercial <50K......eevveereeeenns
commercial 50-100K.......... teeeses
.commercial ->100K..... e vevsreaee
office...... rereereeen Ceeeeevaes
wholesale-warehousing..............
hotels, motels ......... Cetessaesens _
hosbitals ................. Ceseraese
cultural facilities ....cevvvvnennen
churches «.....ov... ceseriensnasiaes
educational facilities .............
recreational facilities ............

TOTAL EMISSIONS

manufacturing
land use

EXHIBIT

8-21

WORKSHEET  EMI-1

17. 7@/ x 18, %DOO 19, L[ng(on

amlunt prosess prozess sp:ce spgce spgce sp:ce
emission emissions heating heating cooling cooling
factor emission emissions emission emissions
factor factor
2283 [25400 | 19r 108 o 1880 | 1vKkn? ]
/126400 | toreo® o | /880 7.5 k(63
4 |24¥00 | 7.8 x/o‘/ () (36D S.Yxw>
30 {19200 | 5.8x10% o 00 180"
o {15900 [2) [o) - @O0 o _
298] 230p 4qx0°| O 3,120 9,350
6| Q308 1Yqx10® e 320 | (9r/f
qos| 23008 9.3x10* .6 3)20| 13x
63| 28up /o xi0? IZB‘Z;L:—? Y6 x10° . Joo 2.3 x 10%
|27 3| 29:0%) O 3,120 | Yoxn®
[8 1 /12000 2.2 xi0® o 280  sS.oxiw’
113 | 43000  HAaxio® =) 3.590|  4.0¥w05
17 | /2080 2.0x10® O 35D ok
g0 | oo | S.qre% O 2.2860]  3.2x0%
236 P | eoxio® () 2P Zerio®
/53 - — -
b 25x108 kw Y6 0® licw I.8x107
B. k g, 16x/0" licWh 10.
process space- Space-
heatipg cooling




EXHIBIT 8-22

WORKSHEET EMI-2 :
, s ]
MOTOR VEHICLE EMISSIONS - Pollutant NOX
T 12 14 15
SPEED VMT  EMISSION  EMISSIONS
| FACTOR

off peak, local streets
off peak, arterials
off peak, expressways
peak, local streets
peak, arterials

peak, expressways

off peak, local streets
off peak, arterials
off peak, expressways
peak, local streets
peak, arterials .

peak, expressways

- 6O v 24128 4.2 i ox 105
28 yez 3.6 _Sucref
/8 92283 3./ _24xr°
37 2e80 Yo I xrY
2o /5692 33 Sayn’

1S 10253 3.6 3,0 x007

’ 6
AREA OF INFLUENCE TOTAL 16_/. 0 k /0 ?J\MS

50 g3 4.2 2.9 k0%
28 3303 36 _axw0f
8 zpleys 31 gaxe®
37 ¢8y8 4o _zaxn’
20 4337 33 1.3Kke5
1S 29005 3.0 8.'7;«/0“(

¢
IMPACT AREA TOTAL 1721 K0
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10

19

27

15

28

29

16

30

area emissions

brocess emissions

space heating eﬁissions
space cooling emissfons
industrial emjssions

STATIONARY SOURCE TOTAL
AREA OF INFLUENCE

area of influence
motor vehicle emissions

TOTAL, AREA OF INFLUENCE

26 x.eﬁission factor =
electric. utility emissions

EXHIBIT 8-23
WORKSHEET EMI-3
EMISSIONS SUMMARY

20 21 22
PM SOX Co

23 24 25
HC NOX Electricity
S 2.3 x (08

leg700  1.6x10®

o) /8 x 107

43000 43x/0°

motor vehicle, impact

2. xm‘/és-/‘p 26. 3,0 x /0 8“/6//%

Q9x 105

/.01(-/0"/65/9/1.

b.6¥ 106

2./x10°

TOTAL*

3.9 wo"lbs/w,,

* Area of influence stationary sources, secondary sources (i.e., electrical‘generation). and motor

yehicle emissions in impact area.
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