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The impact of residential growth patterns on vehicle travel and pollutant emissions
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Abstract: In light of the increasing reliance on compact growth as a fundamental strategy for reducing vehicle emissions, it is important to
better understand how land use-transportation interactions influence the production of mobile source emissions. To date, research findings
have produced mixed conclusions as to whether compact development as a strategy for accommodating urban growth significantly reduces
vehicle travel and, by extension, mitigates environmental impacts, particularly in the area of air quality. Usingan integrated simulation approach
coupled with long-term land development scenarios, we conducted an assessment of the impacts of different long-term primarily residential
growth patterns on vehicle travel and pollutant emissions in the eight counties of the San Joaquin Valley region in central California. The
results suggest that higher residential densities result in slightly decreased regional vehicle travel and emissions. Our comparative analysis also
suggests that the effects of future land use growth patterns may vary among different spatial areas. That is, compact growth strategies can result
in significantly more travel and emissions changes in already fairly urbanized counties. This work indicates a minimum density threshold of

approximately 1500 houscholds per square mile is necessary to achieve commensurate emissions reductions relative to existing densities.
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One of the major problems in connecting changes in land
use and vehicle travel to air quality impacts is that it is usu-
ally difficult to translate changes in one or the other directly
into vehicle emissions reductions (Louis Berger Group 2004).
Handy (1996) noted that the methods used to study the rela-
tionships between land use and transportation have tradition-
ally fallen into two categories: empirical studies and studies
relying on travel forecasting simulation methods. One limita-
tion of the empirical land use-transportation studies, regard-
less of whether the approach is aggregate or disaggregate, is
that the mobile source estimation is delinked from any actual
(or simulated) travel conditions or network, and must usu-
ally be derived using averages. The emissions-speed curves for
most pollutants are generally parabolic and therefore changes
in speed can create significant changes in emissions. Con-
versely, studies based on simulation have an advantage in that
travel speeds can be attached to an actual network, although
traditional travel demand models are not always well-linked to
relevant policy questions. The simulation approaches, though
dependent on the quality of the models used, offer the poten-
tial to explore the effects of development pattern scenarios as
a way of examining alternative futures.

In this study, we use an integrated modeling framework to
examine future mobile-source air pollutant emissions under
a variety of long-term growth scenarios in the San Joaquin
Valley (SJV) in central California. The San Joaquin Valley
currently experiences severe air pollution problems, with all
the concomitant emissions control challenges associated with
population expansion, which has in turn driven changes in
transportation, industry, agriculture, and power generation
(Hall ez al. 2006). Over the next 30 years, the population of
California is expected to grow by 15 million, with roughly
25 percent of that growth occurring in the SJV (California
Department of Finance 2007). Where this growth goes and
how it is placed within the context of the cityscape are vi-
tally important to achieving many of the state’s environmental
goals, including reducing air quality problems and changing
the long-term anthropogenic drivers of global warming.

2 Empirical setting

Our study takes place in the heart of the SJV and in-
cludes eight counties: Fresno, Kern, Kings, Madera, Merced,
San Joaquin, Stanislaus, and Tulare. Each county has its own
federally designated metropolitan planning organization and
operates its own four-step travel model. The counties are
part of the San Joaquin Valley Air Pollution Control District.
The region is designated by the U.S. Environmental Protec-

tion Agency (EPA) as an “extreme” nonattainment area for
national one-hour ozone standard and “serious” for national
eight-hour ozone standard (U.S. Environmental Protection
Agency 2004), The most recent conformity demonstration
was conducted in 2007. Each of the SJV counties has long-
term growth projections that are significant in terms of the
potential impacts to county travel and land use (Table 1; Fig-
ure 2).

Historically (Figure 1), the populations of the counties have
grown at an average rate of about three percent per year (Pop),
with VMT growth exceeding that rate. Average density across
all of the counties has remained fairly flat regardless of popu-
lation growth. The estimated transportation greenhouse gas
(GHG) emissions (F) have also increased as population has in-
creased and are projected to roughly approximate increases in
VMT as new regulations come into play (e.g., the Pavley stan-
dards, which regulate GHG emissions in new vehicles, and
the Low Carbon Fuel Standard). Official state projections in-
dicate that San Joaquin County will experience the highest
growth in population, adding more than 660000 people be-
tween 2000 and 2030, while Fresno County is projected to
have the largest residential and employment growth, adding
more than 200000 new houscholds and 270000 employees
by year 2030.

To assess the impact of potential long-term growth patterns
within the eight county region, we developed a process that
included looking at a variety of regional and local policy vari-
ables to define a number of different long-term growth scenar-
ios, all physically plausible but some more politically realistic
than others. The variables and the scenarios were vetted by an
expert review committee and then used to simulate four dif-
ferent land-use-change scenarios using UPlan (Johnston ez 4/.
2003). The outputs of UPlan were then used to derive inputs
to each of the eight counties’ travel demand models.

2.1 Regional and local policy variables

Combinations of regional and local policy variables (Ta-
ble 2) were evaluated to establish working scenarios for test-
ing the travel implications of different long-term growth pat-
terns. Regional variables represent policy issues that the state
largely influences, with local participation generally funneled
through regional bodies (e.g., the pollution control board or
the metropolitan planning organizations). Local policy vari-
ables are assumed to be mostly or predominantly influenced
by local cities and to a lesser degree by the county. To establish
our working scenarios, we reviewed current local and regional
policy documents with respect to each of the major variables.
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Figure 1: Historical growth patterns in population (Pop), density, VMT, and Transport GHGs (F).
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Figure 2: Projected growth in population, number of houscholds, and employment, SJV counties, 2000-2030.
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Table 1: County population, household and employment growth projections.

County Year 2000 Year 2030
Pop HH Emp Pop HH Emp

Fresno 803401 271620 335168 1297476 481618 609393
Kern 664694 213289 247389 1114878 360392 439926
Kings 129823 37957 47228 223767 73036 101033
Madera 124372 36979 35506 219832 78915 76254
Merced 210876 104871 83547 437880 225189 223734
San Joaquin 567798 205597 200621 1229757 357973 284017
Stanislaus 449777 146057 175149 744599 263789 293938
Tulare 369355 112608 132445 650466 204391 222215

Source: Individual travel demands from each county.

Table 2: Variables potentially affecting long-term growth patterns in the SJV.

Regional Policy Variables

Local Policy Variables

e Transportation investments:
- major highways
- rail
- bus
- air
¢ High-speed rail
o Agricultural preservation
e Habitat preservation

Transportation investments:

- Local roads

Local zoning policies

Urban service boundaries
Transit oriented development

We used the Regional Transportation Plans (RTPs) to de-
termine policy goals and trends for transportation infrastruc-
ture development. In reviewing these plans, we noted that a
consistent theme was to promote mobility while preserving
the environment. Most counties were planning to upgrade
highway systems and complete gaps between local and state
highway systems. And many plans also emphasized promot-
ing alternatives to automobile travel including inter-city rail
and bus service, intra-city public transportation, and bicycle
and pedestrian facilities. The circulation elements in city and
county general plans were used to determine policies for local
road, rail, and bus development. The city and county general
plans were also used to determine future land use policies, in-
cluding zoning designations, density limits, and urban service
boundaries. These policies shape what kind of land develop-

ment will happen where.

We selected a limited number of combinations of values
for each policy variable based on four distinct policy scenar-
ios (Table 3). The Baseline Growth (BG) scenario assumes no

change in the trend for all variables. The Controlled Growth
(CG) scenario assumes no roadway capacity enhancements
and, conversely, expansion of alternative forms of transporta-
tion and increases in residential densities through infill devel-
opment and changes in zoning density limits. The Uncon-
trolled Growth (UG) scenario assumes low and very low res-
idential densities and significant roadway capacity expansion
with little or no implementation of alternative forms of trans-
portation. The As Planned (AP) scenario represents current
plans; in this scenario, there are both new roads and high
speed rail, and densities vary between low and high. We as-
sembled a panel of seven experts with diverse backgrounds
in economics and land use, transportation, air quality, agri-
culture, and energy policy to review key variables underpin-
ning the policy scenarios. The expert panel included members
representing the California Energy Commission, the Califor-
nia High Speed Rail Authority, the California Air Resources
Board, Caltrans, the Great Valley Center (a regional NGO),

and academic experts on economics and air quality.
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Table 3: Summary of future growth pattern scenarios.

Scenario 1: Scenario 2: Scenario 3: Scenario 4:
Baseline (BG) Controlled (CG) Uncontrolled (UG) As-Planned (AP)
Transportation No change e No new roads e New roads e New roads
o High-speed rail e Road capacity e Road capacity
expansion as expansion as
planned planned
e No high-speed rail e High-speed rail
Land use Growth follows e High-density Low- and ¢ Residential
existing patterns residential very-low-density densities as

e Transit oriented

planned

residential

development e Some increased
e Infill and preservation
redevelopment

2.2 Land use modeling

We selected UPlan, a heuristic GIS-based program for build-
ing land-use scenarios developed at UC Davis (Johnston ez 4/.
2003) to translate the policy variables into long-term growth
patterns. In UPlan, each land use variable translates into three
possible inputs: attraction factors, discouragement factors,
or masking factors (Figure 3). For example, high speed rail
stations and highway networks act as attraction factors for
growth (i.c., UPlan assumes population growth will expand
in these areas before moving into other areas). Conversely,
the agricultural and habitat preservation areas act as discour-
agement factors for growth. We used current trends to esti-
mate growth in agricultural preservation agreements and land
that will remain undeveloped. For habitat restoration, we as-
sumed that land currently under contract will remain undevel-
oped and used existing trends to project any growth in habitat
preservation. Land identified as being preserved was assigned
discouragement factors for development in the UPlan model.
Finally, transportation facilities were given no-development
buffers consistent with the fixed assumptions recommended
by the expert panel. UPlan has a 50-meter grid cell resolution.

A GIS layer was developed for all of the relevant input vari-
ables for each scenario and a quality assurance check was com-
pleted to ensure that results were reasonable. We allocated 100
percent of projected population growth for all scenarios and
used input levels as defined in Table 4; all inputs are the same
across the four scenarios except as noted.

The UPlan modules created projections of population and
employment for specified grid cell sizes, based on attraction,

discouragement, and masking factors, and then produced the
number of households for four residential density categories
and the number of employees for three employment categories
(Table 5) as its final result. The CG and UG scenarios bracket
growth patterns between high density (compact growth con-
ditions) and low density (sprawl-like conditions). UPlan grid
cell results were aggregated into each county’s traffic analysis
zones (TAZs) as inputs for travel demand modeling,

2.3 Travel modeling

In order to use UPlan results, it was necessary to perform two
additional steps to convert the results for use in the travel mod-
els. First, because UPlan forecasts only the new growth (or
changes) in the assigned household and employment numbers
between the base year and the target year (2030), we com-
bined county-specific base year land-use data with UPlan out-
puts to generate 2030 houschold and employment numbers
by TAZ. Second, because UPlan provides a limited number
of houschold and employment categories and these categories
tend to be more aggregate than the resolution of the data used
in the travel models, we used the county socio-demographic
data represented in the base year travel demand modeling
to sub-divide UPlan categories into detailed household or
employment categories (e.g., single-family and multi-family
houscholds; manufacturing, retail, and government employ-
ment, etc).

As noted previously, each county has its own four-step
travel model. We utilized these models, including trip gener-
ation, trip distribution, mode split, and trip assignment, with
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Project population and emp loyment
growth (external factors)

UPlan

High speed rail links

Socioeconomic inputs
¢ population

e persons/hh

e employment/hh

Transportation infrastructure
e major highways

e rail transit

e  bus rapid transit

v

Residential distribution (%)
e HD,MD, LD, VLD

Transportation infrastructure
o local roads

v

Lot size (acres) by residential type
e HD,MD, LD, VLD

v

Habitat preservation

Agricultural land preservation
incentives

Urban service boundaries

Local zoning ordinances

Transit-oriented development
& redevelopment

Vacancy proportion (%)

S A e |

Employment distribution (%)
¢ industrial, commercial (HD, LD)

Sq. ft by employ ment type
¢ industrial, commercial (HD, LD)

__-1____--
v

Floor area ratio by employment type

e industrial, commercial (HD, LD)

Attraction factors/weights by land-use type*

¢ highways, freeway ramps, major & minor
arterials, SOI

e no. of buffer intervals, range

e weights

Discouragement factors/weights by land-use type*
o floodplains, wetlands, habitats, slopes

¢ no. of buffer intervals, range

e weights

Mask (exclusion) factors/widths
e lakes, rivers, public lands, existing urban
areas

Land-use Demand

|_|

Land-use Supply

Land-use allocation (outputs)
e residential (HD, MD, LD, VLD)
e industrial, commercial (HD, LD)

* The very low density (VLD) residential category is not included.
HD: High Density, MD: Medium Density, LD: Low Density, VLD: Very Low Density

Figure 3: Translation of variables into UPlan inputs.
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Table 4: Assumptions for translation of variables into land use model inputs.

Scenario 1: Scenario 2: Scenario 3: Scenario 4:
Baseline (BG) Controlled (CG) Uncontrolled (UG) As-Planned (AP)
General plans: Legacy general plan County general plan Legacy general plan County general plan
Attractions: 1998 freeway ramps 1998 freeway ramps 2030 freeway ramps 2030 freeway ramps
1998 network 1998 network 2030 network 2030 network
Existing urban 1000 ft Existing urban 500 ft N/A Existing urban 1000 ft
buffer buffer buffer
N/A HSR station N/A HSR station
Redevelopment: N/A Allowed N/A N/A
Masks: Existing urban Existing urban minus Existing urban Existing urban
redevelopment areas
Lakes Lakes Lakes
Streams Streams Streams Streams
Public lands Public lands Public lands Public lands
HSR line 500 ft buffer HSR line 500 ft buffer HSR line 500 ft buffer HSR line 500 ft buffer
Wetlands Wetlands 50% increase Wetlands Wetlands 25% increase
Floodplains Floodplains 50% Floodplains Floodplains 25%
increase increase

Residential growth: Trend, four types

One type, 100% HD

Two types, 50% RL and
50% RVL

Trend, four types

Employment growth: Trend, three types

Trend, three types

Trend, three types Trend, three types

Note: HD: High Density, RL: Residential - Low Density, RVL: Residential — Very Low Density; HSR: High Speed Rail.

the land use patterns obtained from UPlan defined for each
model’s TAZs (numbers of houscholds and employees by dif-
ferent categories). It is also important to note that, for the sce-
narios in which high speed rail is included, some additional
adjustments were made. Based on forecasts provided by the
California High-Speed Rail Authority (CHSRA), seven per-
cent of private auto travelers will be diverted to the high-speed
train (California High-Speed Rail Authority 2000). To spa-
tially quantify the effects of high-speed rail in the Controlled
Growth and As Planned scenarios, we first identified the high-
way corridors used by through-county traffic, the county high-
way network gateways, and the associated external-external
trips in the origin-destination (OD) matrix. We then identi-
fied the traffic analysis zones in the downtown areas that were
potentially affected by high-speed rail stations and the asso-
ciated external-internal trips in the OD matrix. We reduced
the identified external-external and external-internal trips by
seven percent before loading the OD matrix into trip assign-
ment models, and we increased the corresponding number of
internal-internal trips associated with those identified down-
town area traffic analysis zones in trip assignment.

2.4 Emissions modeling

In the final step, we used the UCDrive model to combine
travel modeling results with MOBILEG6 (a model for predict-
ing on-road mobile source pollutant emissions) emission fac-
tors to generate SJV mobile source emissions. UCDrive is
a grid-based mobile source inventory model, which has the
ability to simulate fine-scale vehicle emissions resulting from
travel activity changes (Niemeier and Zheng 2004; Niemeier
et al. 2004). Specifically, travel modeling results were orga-
nized by roadway link (e.g., link VM T and speed) and by TAZ
(e.g., number of vehicle starts and within-zone VMT). Emis-
sions rates from MOBILE6 were divided into two categories:
link emissions (e.g., running exhaust and running loss) and
non-link emissions (e.g., start exhaust and hot soak). These
MOBILEG6 emission rates were also revised based on SJV
county-specific information such as temperature and relative
humidity profiles, fuel program and inspection/maintenance
program, and then aggregated into composite emission factors
across vehicle type and vehicle age.

The UCDrive modeling process calculates three types of

emissions rates: interzonal running emissions, intrazonal
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Table 5: Number of SJV new households and employment allocated by UPlan.

Scenario 1: Scenario 2: Scenario 3: Scenario 4:
Baseline (BG) Controlled (CG)  Uncontrolled (UG)  As-Planned (AP)

Residential Density:?

High (20 DU /acre) 189080 914 860 140 198020
Medium (5 DU/acre) 693 326 37 29 702 413
Low (0.25 DU/acre) 16997 0 895583 8802
Very low (0.05 DU/acre) 14889 220 18096 5124
Employment:

Industrial 135032 128475 128428 128347
High-density commercial 296508 295916 291105 292096
Low-density commercial 589684 566220 566936 566991

2 Average houschold density expressed as dwelling units per acre (DU/acre), used in UPlan as a criterion to allocate new houscholds from

year 2000 to year 2030.

running/trip-end emissions and interzonal trip-end emissions
(Figure 4). Specifically, interzonal running emissions are es-
timated on a link-by-link basis by first identifying the com-
posite emission factors (CEF) based on link speed. The to-
tal link emissions are then calculated by combining link ac-
tivities with link-specific CEF. Finally, link emissions are dis-
tributed spatially (to grid cells) and temporally (to each hour
of the day). The intrazonal running/trip-end and interzonal
trip-end modules produce non-link emissions for each TAZ,
based on trip productions, trip attractions and within-zone ve-
hicle miles traveled. For each growth scenario, the results of
the grid cell emissions for four tailpipe and evaporative pol-
lutants, total organic gas (TOG, a typical form measured for
mobile source hydrocarbon), carbon monoxide (CO), nitro-
gen oxides (NOx) and particulate matter (PM10), were aggre-
gated into the regional total inventory for each SJV county.

3 Results

We conducted a comparative analysis of the travel and vehi-
cle emissions results from the four planning scenarios at the
regional level as well as at the county level. As noted carlier,
residential density is a primary factor reflecting land use pat-
terns in different growth scenarios. For the eight SJV eight
counties, household density from the year 2000 and the den-
sity criteria applied in UPlan to allocate new households (see
Table 5) were used to generate weighted average houschold
densities corresponding to each growth scenario for the year
2030 (Table 6). We used these to analyze the association be-
tween density and the estimated changes in travel and emis-
sions presented in the subsequent sections.

3.1 Regional-level comparison

At the regional level, the modeling results show consistent pat-
terns across growth scenarios (Table 7): compared to the BG
scenario, higher-density land use patterns in the CG scenario
(with average densities between 6000 and 8000 houscholds
per square mile) tend to result in lower vehicle miles trav-
eled (VMT) and vehicle hours traveled (VHT) at the regional
level, as well as shorter travel distances at the trip level; con-
versely, significant increases in VMT, VHT, and average trip
length are associated with low-density development in the UG
scenario. As expected at the regional level, emissions of criteria
and primary pollutants are correlated with vehicle miles trav-
cled. Regional total emissions in the CG and UG scenarios
reflect the low and high ends of the range of changes across
the different scenarios—six to 10 percent lower and seven to
10 percent higher, respectively, than under the BG scenario.

3.2 County-level comparison

At the county level, differences across growth scenarios sug-
gest a similar pattern. The CG and UG scenarios tend to
bracket the lowest and highest estimates of trafhc activities
by 2030. However, the magnitude of changes relative to
the BG scenarios varies by county (Figure 5). Compared to
the baseline growth pattern, high-density growth scenarios
result in VMT reductions of roughly 10 percent in Fresno
and San Joaquin Counties, two areas with large urban cen-
ters (the cities of Fresno and Stockton, respectively); however,
VMT reductions are less than five percent in predominantly
rural Kings and Madera Counties. In contrast, uncontrolled
growth with low densities in Merced and Stanislaus Counties
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Figure 4: Mobile source emissions modeling process in UCDrive.

is associated with approximately 30 percent higher VMT than
would be expected under the baseline growth condition.

To further investigate the relationship between densities
and travel activities, we focused on the comparison between
the CG and AP scenarios in each county. In particular, this
comparison identifies the county-level changes in a compact
growth (CG) pattern versus what would be expected under
the “business-as-usual” scenario (AP). Residential densities in
the CG scenarios are 90 to 150 percent higher (roughly 3000
to 4000 more houscholds per square mile) than under the AP
scenarios across all STV counties (Figure 6). Except for Merced
and Kern Counties, where VMT and VHT marginally in-
crease, the modeling results for other counties indicate a con-
sistent reduction in per-household vehicle miles and hours
traveled in the CG scenarios. Compact growth patterns in
San Joaquin and Stanislaus Counties result in the largest re-
ductions in VMT and VHT, while traffic activities drop mod-
erately in rural Kings and Madera Counties.

We calculated the elasticity of vehicular travel with respect
to density in order to quantify the impact of compact growth
in each of the SJV counties relative to the as-planned (AP)
scenario.” Specifically, elasticity in this context is calculated

! Care should be taken in reviewing elasticities given the large changes
in densities.

as the ratio of the percentage change in household VMT or
VHT to the associated percentage change in residential den-
sity. In six of the eight SJV counties, VMT and VHT elas-
ticities are negative with respect to houschold density, rang-
ing from —0.19 to —0.05 and from —0.27 to —0.01, respec-
tively (Table 8). Based on the elasticities, the compact growth
pattern in San Joaquin County (with the largest population
growth in the SJV region between 2000 and 2030) has the
most significant impact on vehicular travel; given a 10 per-
cent increase in residential density, reductions of 1.9 and 2.7
percent in VMT and VHT (respectively) can be reasonably
anticipated. In terms of absolute values in travel activity, the
San Joaquin County results also suggest an average decrease of
1519 houschold annual vehicle miles given every 1000 house-
holds per square mile increase in density. This result is slightly
higher than that calculated for California as a whole in Golob
and Brownstone (2005). The impact of compact growth ap-
pears marginal in Kings and Madera Counties, two areas in the
SJV region with the smallest projected population increases by
2030. A 10 percent increase in residential density is associated
with a reduction of only 0.5 percent in houschold VMT and
VHT. Increases in Merced are associated with inter-county
travel growth.

Finally, we examined the effects of the different growth pat-
terns on vehicle emissions. It should be noted that, in addi-
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Figure 5: County-level VMT changes in CG, UG and AP scenarios by 2030 vs. BG scenario.
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Figure 6: Houschold density and travel modeling results by county: Percentage difference in CG scenario by 2030 vs. AP scenario.
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Table 6: County houschold densities across growth scenarios.

County Year 2000 Year 2030 Weighted Average Residential Density
Residel.ltial Scenario 1: Scenario 2: Scenario 3: Scenario 4:
Density Baseline (BG) Controlled (CG)  Uncontrolled (UG)  As-Planned (AP)

Fresno 1657 3448 6519 1003 3463
Kern 1276 2748 5996 818 2782
Kings 839 2744 6279 532 2833
Madera 1033 2779 7315 565 2950
Merced 2109 3573 7818 1068 3609
San Joaquin 1775 3284 6511 1082 3448
Stanislaus 1689 3094 6670 1006 3206
Tulare 1459 2781 6456 887 2809

Table 7: Travel modeling results for the SJV regional total: travel activities and emissions per day by 2030 (change vs. BG scenario).

Scenario 1: Scenario 2: Scenario 3: Scenario 4:

Baseline (BG) Controlled (CG)  Uncontrolled (UG)  As-Planned (AP)
VMT (million miles) 1842 — 1723 (=6%) 2068 (+12%) 193.9 (+5%)
VHT (million hours) 61 — 54 (-11%) 6.6 (+8%) 6.0 (—2%)
Trip length (miles/trip) 11.1 — 10.7 (—4%) 124 (+12%) 11.6 (+5%)
TOG (tons) 445 — 402 (~10%) 477 (+7%) 439 (~1%)
CO (tons) 6793 — 6312 (-7%) 747.7 (+10%) 7029 (+3%)
NO, (tons) 537 — 49.8 (=7%) 59.1 (+10%) 557 (+4%)
PM (tons) 77 — 72 (~6%) 85 (+10%) 8.1 (+5%)

tion to VMT, there are other confounding factors in different
growth scenarios that may influence changes in vehicle emis-
sions; that is, changes in growth patterns will also change link
vehicle speeds and the number of starts. Our emissions com-
parison reflects the combined influence of these factors. How-
ever, since running-exhaust emissions dominate the mobile
source inventories, county-level emissions differences should
be expected to correlate strongly with VMT changes across
growth scenarios. As illustrated in Figure 7, vehicle emissions
changes relative to the baseline growth scenario suggest pat-
terns similar to observed VMT changes. High residential den-
sities in the CG scenario generally result in a reduction of
roughly 10-15 percent in criteria and primary pollutant emis-
sions in Fresno and San Joaquin Counties, while urban sprawl
conditions potentially lead to an increase of more than 30
percent in vehicle emissions over the baseline growth pattern.
Elasticities of vehicle emissions with respect to residential den-
sities (Table 9), based on the comparison between the CG and
AP scenarios, indicate that the effects of compact growth on
emissions will be similar in magnitude to the effects seen ear-

lier on VMT. For cxample, given a 10 percent increase in av-
erage residential density in Fresno and San Joaquin Counties
by 2030, a reduction of approximately 1.5 to 1.9 percent in
vehicle pollutant emissions can be reasonably anticipated.

4 Discussion and conclusions

Using a simulation approach coupled with long-term land de-
velopment scenarios, we assessed the impacts of different long-
term growth patterns on vehicle travel and pollutant emissions
in the eight counties of the San Joaquin Valley region in central
California. The results, based on an integrated modeling pro-
cess, suggest that higher residential densities can contribute to
development patterns that decrease regional vehicle travel and
emissions. In contrast, inefhicient dispersed growth patterns
tend to result in longer travel distances and times which, in
turn, worsen air quality.

Previous studies linking land use and travel have produced
a range of results regarding the quantitative effects of den-
sity on vehicle travel. Ewing and Cervero (2001) reviewed a



76

JOURNAL OF TRANSPORT AND LAND USE 4.3

Table 8: Travel modeling results and elasticity by county: CG vs. AP scenarios.

County
Fresno Kern Kings Madera Merced San Stanislaus  Tulare
Joaquin
Density cG 6519 5996 6279 7315 7818 6511 G670 6456
(hh/sqmi) AP 3463 2782 2833 2950 3609 3448 3206 2809
% change +88 +116 +122 +148 +117 +89 +108 +130
CcG 29424 39003 30022 45101 28308 23475 21347 41506
VMT AP 33925 41452 31830 48755 27548 28128 26097 49767
(miles/hh/year) 95 change -13 -6 -6 -7 +3 -17 -18 -17
E[asticiz‘y -0.15 -0.05 -0.05 -0.05 +0.02 -0.19 -0.17 -0.13
CcG 1049 985 1233 1510 1051 682 852 923
VHT AP 1270 970 1255 1596 933 897 1027 1102
(hours/hh/year) 95 change  -17 +2 -2 -5 +13 ~24 -17 -16
E[ﬂsl’ifil’_)/ -0.2 +0.01 -0.01 -0.04 +0.11 -0.27 -0.16 -0.13
VMT reduction per 1000
hh/ $q. mi. increase in 1473 762 524 837 —181 1519 1371 2265

residential density

large group of empirical studies and calculated travel mileage
elasticity values ranging from —0.16 to —0.05. Golob and
Brownstone (2005) found that households will drive 1171
miles per year less for every increase in housing density of
1,000 units per square mile, which is equivalent to a VMT
elasticity of —0.12 with respect to residential density (assum-
ing 30 000 miles annual travel per household and 3000 house-
holds per square mile density as base, which is similar to the
AP 2030 scenarios in our study). In a recently published re-
port based on meta-analysis of regional simulation studies,
the best estimate of the elasticity of VMT with respect to re-
gional density was calculated as —0.075 (Ewing ez a/. 2007).
In contrast, Stone er /. (2007) found the median vehicle
travel (and emissions) elasticity to be —0.35 across eleven large
metropolitan regions. Our study, however, indicates a me-
dian travel (VMT) elasticity of —0.09 with respect to residen-
tial density, which suggests that increased density has a much
more moderate impact on travel reductions.

Our comparison analysis also suggests that the effects of
future land-use growth patterns may vary among differently
sized spatial areas (Figure 8). That is, the highest elasticities
occur where land patterns are already densest, but the dens-
est counties also experience the smallest changes in density,
which is reasonable. Practically speaking, within the SJV re-
gion, compact growth strategies are likely to result in signifi-
cantly more travel and emissions changes in counties that are

already fairly urbanized. This finding is consistent with Stone
et al. (2007), who also found that densification of urban ar-
cas was about 2.5 times more effective in reducing VMT than
densifying rural areas. Our analysis also suggests that, specific
to the SJV, we may have two categories of urban areas. Our
work seems to indicate that a density threshold of approxi-
mately 1500 hh/sq. mi. is necessary to achieving both VMT
reductions and commensurate reductions in air pollutants rel-
ative to existing densities.

Since the integrated modeling process developed in this
study is based on the traditional four-step travel demand
model used by each county, travel activity effects are mainly
measured with respect to roadway network performance,
rather than travel behavior. Therefore, one important limi-
tation of this study is the lack of consideration of some con-
founding factors, especially those at the local scale (e.g., avail-
ability of various travel modes, potential improvement of lo-
cal transit, quality of the pedestrian environment, and peo-
ple’s perception of safety), which can play important roles in
trip-making decisions and may directly influence travel and
emissions in different growth scenarios. In addition, policies
on residential density are primary drivers of the differences
in development patterns in the scenarios, as the assumptions
about employment density and commercial/industrial zoning
do not vary between the scenarios (although employment lo-
cation is influenced by other assumptions, such as the attrac-
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Figure 7: County-level mobile source emissions changes by 2030 vs. BG scenario.

tiveness of locating near transit stations). In other words, the
distribution of new population does not affect the projected
distribution of new commercial and industrial development,
and jobs/housing balance was not a consideration in the de-
velopment of the scenarios. Takinginto account the local scale
factors and a better job/population balance in the land use and
built environment strategies might result in further improve-
ments. Finally, while we have not specifically incorporated es-
timates of uncertainty in the modeling process, and these ef-
fects will certainly play a role in the accuracy of future fore-
casts, the range of elasticities across the counties gives some in-
dication of the overall uncertainty, or at least the dependence
of the elasticity on other factors.”

* For additional information on the effect of uncertainty in travel mod-
els, see Pradhan and Kockelman (2002).

Coordinating land use strategies with transportation and
air quality improvement is particularly challenging in areas
such as the SJV region, where rapid growth is occurring and
future development is expected. The comparison and elastic-
ity values developed in this study suggest that compact growth
may be better than urban sprawl in terms of reducing vehicle
activities and costs for the environment. This work also has
implications for greenhouse gas (GHG) reductions: as VMT
decreases so will GHG emissions. However, compact growth
with high residential density is not only hard to achieve, it also
likely insufficient to fully accommodate travel demand with-
out air quality impacts in a rapidly growing region. Our con-
clusion points not so much to the futility of this approach as to
the necessity of adopting a package of complementary policies
(such as pricing and technological improvements) in order to
achieve the needed reductions in vehicle emissions.
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Table 9: Vehicle emissions results and elasticity by county: CG vs. AP scenarios.

County % Change in emissions (CG vs. AP) Elasticity (emissions vs. density)
TOG CcoO NO, PM TOG CcoO NO, PM
Kern 0 -5 -5 -6 0 -0.04 —-0.05 —0.05
Kings -1 -4 -4 -5 -0.01 -0.03 -0.04 -0.04
Madera -6 =7 -8 -7 -0.04 —-0.05 —0.05 —0.05
Merced +11 +8 +8 +6  +0.10 +0.07  4+0.07  +0.05
San Joaquin -17 -14 -15 -17  -0.19 -0.16 -0.17  -0.19
Stanislaus -13 -15 -16 -18 -0.12 —-0.14 -0.15 -0.17
Tulare -13 -18 -18 -19 -0.10 -0.14 -0.14 -0.14

San Joaquin Stanislaus Fresno Tulare Kern Madera Kings

PM

NOXx

Co

Elasticities

TOG

VMT

| |
| |
2200 hh/sgmi < x <1500 hh/sgmi

Figure 8: Elasticity comparisons. In this figure the circles (elasticities) scale to the San Joaquin VMT elasticity. The size of the boxes
represent year 2000 densities (hh/sq. mi.) and grey color scale represents the change in densities from the As Planned to
Compact Growth scenarios (darker indicates greater change from year 2000 densities).
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