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INTRODUCTION

Since the 1960s, transportation planners and engineers have used the output of traditional “four-
step” travel demand forecasting (TDF) models to plan future roadway and transit networks. In
general, these models have performed well in predicting the overall travel demand that resulted
from buildout of the suburban neighborhoods that are characteristic of modern America.
However, in the past decade, new trends in urban planning have emerged and there is a growing
emphasis toward more compact development with a mix of
housing types (e.g., single-family homes and apartments),
work places, and retail opportunities. These “smart
growth” communities have well documented benefits in
terms of lower energy use, smaller development footprints
which require less agricultural land or open space
conversion, and healthier residents. In addition, there is
ample evidence that smart growth communities generate
fewer and shorter vehicle trips since residents and
employees of these areas have more home, work, and
shopping opportunities within walking or biking distance.
Transit is also a more viable form of transportation since
these developments have a larger number of potential
transit users and can support more frequent transit service
to regional destinations.

The unique travel characteristics of smart growth communities pose a problem for traditional TDF
models. While TDF models are sensitive to the location and type of different land uses, they
operate on a vehicle-travel scale and measure proximity in terms of travel time by car or transit.
Therefore, the close proximity of uses within a smart growth community that are typically
accessible by walking and biking are not considered in a traditional TDF model. This lack of
sensitivity to the built environment is a critical shortcoming of traditional TDF models that makes
them unable to account for the vehicle trip reductions characteristic of smart growth communities.

To address this shortcoming, Fehr & Peers has developed an enhancement that corrects the
smart growth blind spot in traditional TDF models. This document summarizes how the smart
growth enhancement was developed for the City of Chico VISUM TDF model and presents the
results of the TDF model run when the smart growth enhancement is enabled.

The remainder of this document is organized as follows:
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Section 2 — Smart Growth and the “4Ds” Defined
Section 3 — Developing the 4D Values for the City of Chico
Section 4 — Implementing the 4D Enhancements in the City of Chico TDF Model

Section 5 — Results of the Enhanced 4D TDF Model Runs

SMART GROWTH AND THE 4Ds DEFINED

As described above, smart growth development principles
seek to reduce the environmental impact of land use
development by limiting the amount of land consumed,
creating more energy efficient buildings, and increasing !
the viability of walking, biking, and transit. The focus of
this document is on how smart growth developments #
increase the viability of non-auto modes of travel and
thereby decrease the number of vehicle trips and the
amount of vehicle miles traveled (VMT). Research
conducted by Fehr & Peers, the Environmental Protection
Agency, and academic researchers in 2001 found that four
key smart growth variables have a strong influence on " "
travel. These four variables have been termed the “4Ds”:

Density — The number of dwelling units and
employees per area (acres or square miles) of $
developed land %

Diversity — Jobs/housing balance

Design — Pedestrian network quality

Destinations — Accessibility by all modes to regional activity (jobs and retail) centers

Using household travel survey data from across the country and in communities of varying sizes,
Fehr & Peers developed relationships between changes in travel behavior (e.g., the number of
vehicle trips) and changes in the 4D variables. These changes were related in a ratio known as
an elasticity. Simply put, an elasticity describes how a change in one variable (e.g., density) is
correlated with the change in another variable (e.g., vehicle trips). Table 1 on the following page
summarizes the vehicle trip elasticity related to the 4D variables from Fehr & Peers’ research.

The data in Table 1 is best explained with an example. The table shows that the vehicle trip
elasticity related to density is -0.043. In other words, given a 100 percent increase in density
(e.g., from five dwelling units per acre to ten dwelling units per acre), the corresponding decrease
in vehicle trip making would be 4.3 percent (+100% density x -0.043 = -4.3%). Note that the
elasticities work in both directions. For example, if a neighborhood has 50 percent less access to
regional destinations than the average neighborhood, its vehicle trip generation would be
expected to be 1.8 percent higher (-50% destinations x -0.036 = +1.8 %).
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To determine the overall impact on vehicle trips, the
effect of each D variable is added together. For .
example, if a study neighborhood is 20 percent ) e
denser, 15 percent more diverse, has a 10 percent S ) U
better pedestrian design index, but has access to 20 i

percent fewer regional destinations than an average '
neighborhood, the study neighborhood could be 0
expected to generate 1.5 percent fewer vehicle trips
(20% x -0.043 + 15% x -0.051 + 10% x 0.031 + (-
20%) x -0.036 = -1.5%).

+)* - .+

The example above shows the importance of
selecting a baseline scenario from which to measure 1 :
changes in D variables and resulting variation in
travel behavior. Typically the baseline scenario is a
future business as usual condition, although the /7
existing conditions can be used as well. In the case
of the City of Chico enhancements, buildout of the
1994 General Plan will be used for the baseline
scenario since it represents a reasonable business
as usual future for the City. Changes in the 4Ds for
the other land use alternatives will be measured
against the 1994 General Plan.

DEVELOPING THE 4D VALUES FOR THE CITY OF CHICO
This section describes how the 4D input variables were calculated for the City of Chico’s future
year land use scenarios. Per direction from the City, the following land use alternatives were
considered:

Buildout of 1994 General Plan (baseline scenario)

General Plan Update Preferred Land Use Alternative

General Plan Update Land Use Alternative A — Traditional Development Patterns

General Plan Update Land Use Alternative C — Compact Development Patterns

Calculating the D variables for these land use alternatives started with collecting parcel-level GIS
data from the City of Chico. The GIS data contained the following information:
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Existing and future land use (defined by
the City's land use categories — see +$ + $1 9
appendix)

Existing and future vacancy status (e.g., -
was the parcel vacant or occupied by a

1$+

use)

(e+p)

Density=

Existing and future number of dwelling z

units or square feet of building space

e =employeesvithin 0.5milesof parcel

Existing and future number of employees | p =residentiapopulationwithin 0.5milesof parcel

(for non-residential uses)

Acreage of parcel

The detailed parcel-level land use data supplied
by the City allowed Fehr & Peers to calculate the
following D variables in the GIS software:

Density — residential
employment per square mile

Diversity — a measure of jobs-housing

balance

population plus

z =areaof developedandwithin 0.5milesof parcel

(b p)-e
(b p)+e

b =regionalemployment regionalpopulation

Diversity=1-

e =employeesvithin 0.5milesof parcel

p =residentidpopulationwithin 0.5milesof parcel

As shown in the text box to the right, the density and diversity variables are based on the land
uses within a half-mile radius of the parcel. This half-mile “buffer” distance came from the 4D
research, which found that land uses within a half-mile of a person’s home had the greatest
influence as whether they would drive or use some other form of transportation to reach their

destination.

Figure 1 — Schematic of Grid
Cell Calculation Method

To calculate the density and diversity variables for the City's
28,000 parcels, Fehr & Peers used an approximation
method based on grid cells. In this approach, the entire City
is divided into grids that are one-third of a mile across. The
first step in the process is to calculate the average density
and diversity for each grid cell. Then the density and
diversity values are calculated over a half-mile radius by
averaging the values of nine grid cells. This “moving
average” calculation is repeated for every grid cell in the city.
Figure 1 shows a schematic of the grid cell calculation
process. Figure Figures 2A through 2D show the average
density per grid cell and figures 3A through 3D show the
average diversity per grid cell with the for each of the four
future year land use alternatives.

While the grid cells are required to calculate the density and
diversity variables, the overall travel results are analyzed by
the City of Chico TDF model using a larger geographic unit,
the traffic analysis zone (TAZ). Figure 4 shows a map of the
City’'s TAZs. Based on the results of the grid cell analysis,
the average density and diversity values were aggregated
into TAZs using GIS software so that the results can be
incorporated into the TDF model.
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Figure 2A — 1994 General Plan Density
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Figure 2B — Preferred Land Use Alternative Density
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Figure 2C — Alternative A Density
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Figure 2D — Alternative C Density
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Figure 3A — 1994 General Plan Diversity
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Figure 3B — Preferred Land Use Alternative Diversity
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Figure 3C — Alternative A Diversity
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Figure 3D — Alternative C Diversity
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Figure 4 — Chico TDF Model TAZ Map
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The design variable differs from the density and
diversity variables in that design is based on $2+ [$+
transportation system data (as opposed to land use
data). Specifically the design variable measures the | 8 -
quality of the pedestrian system in terms of sidewalk
availability (i.e., does a sidewalk or path exist along Design=0.0195 " s+ 118" ¢+ 363" r
a street), block length (shorter blocks encourage

walking), and route directness (i.e., shorter walking s =lengthof streetcenterlindn miles/ areaot

distances encourage walking). These three neighborhodin squarenmiles
measures are the combined in a “Design Index” : : ;
score for an area. ¢ = totallengthof sidewalksn neighborhod/

. . . . . 2 streetcenterlindength
Based on discussions with the City of Chico, a g

detailed pedestrian infrastructure inventory is not | z =airlinedistanceocenterf neighborhod/
available for the City, so the grid cell calculation
technique used for density and diversity was not an
option. To calculate the design score, Fehr & Peers

averageoaddistanceo centerof neighborhod

worked with City staff to identify seven representative areas based on existing land uses:
Very low density residential
Low density residential
Medium and Medium-High density residential
Downtown (office and high density residential)
Community commercial (major retail areas)
Office
Manufacturing, warehousing, industrial

The appendix describes the areas in the City that were chosen to represent the land use types
described above. Using City street centerline files and aerial photos, Fehr & Peers calculated the
design score in GIS. The design score for each of the future year land uses was calculated
based on the existing and planned land uses included in each land use alternative. The design
scores were then aggregated to TAZ as shown in Figures 5A through 5D.

The final D, access to regional destinations, is defined by how many retail, employment, school,
and recreational opportunities are near a home or business. For example, the destinations score
for neighborhoods near downtown Chico is much higher when compared to neighborhoods near
the airport. The accessibility of regional destinations is calculated by the trip distribution module
of the Chico TDF model. No additional off-model calculations or modifications are required to
account for the destinations element of the 4Ds.
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Figure 5A — 1994 General Plan Design
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Figure 5B — Preferred Land Use Alternative Design
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Figure 5C — Alternative A Design
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Figure 5D — Alternative C Design
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IMPLEMENTING THE 4D ADJUSTMENTS IN THE CHICO TDF MO DEL

Implementation of the 4D adjustments in the Chico TDF model was carried out with a
spreadsheet tool. As shown in Figure 6, the 4D spreadsheet tool uses density, diversity, and
design input data for each TAZ for the baseline condition (1994 General Plan Buildout) and a test
condition (Preferred Land Use Alternative, Alternative A, and Alternative C). The 4D spreadsheet
calculates the percent difference in each D variable and then multiplies that change by the
appropriate D elasticity. This calculation is preformed for each TAZ in the model. Finally, the
total change in vehicle trips related to each D variable is calculated to obtain the overall trip
reduction caused by the urban form of the TAZ. The trip adjustments for each of the test land use
scenarios (Preferred Land Use, Alternative A, and Alternative C) were calculated in separate 4D
spreadsheets.

A B [ ¢ | D E | F | & # # K | L | M
1| Test_Scenario_INPUT Base_Scenario_INPUT *>>1 4 4Ds A«
5 TAz Density |Diversity | Design Density  |Diversity | Design | Density Dfrsrry Design | Density |Diversity | Design
J
3 1021] 7355. 1021 1969?53‘"4.138? 5324 280452 70, 39662| 38.14%) o 40%| 4.35%| -1.53% #32% -0.09%
4 1022 9908 716122 NI M5376 4.15] 10251.8: 05509 409 335%) 1962%| 147%] 013%| -118%) 0.03%
] 1= 1] -16.60% | -43.82%| 1.8§
E #o# B 5 >4 Bl 3021 %] S4.05% | 6.7
7 #= 37] | 0.00%| 0.00% 1.42
g TOAZ] 11331 59001 O 132235] 40413 #= P| 38.67%| -79.61%| 465
9 1061| 6533.130898| 0.713746| 4095217555 16206 T 00000 To4| 130.59% | -2558%| B92%wmT Szz7 Toa7] U147
10 1081|3854 204117 0] 4.1054) 3894 204117 a 3.83| 0.00%) 0.00%|) 7.19%| 0.00%| D0.00%| -0.14%
1 1082 a a 4.09 a a 3.83| 000%) 0.00%| 6.79%| 0.00%| 0.00%| -0.14%
12 1053| 8358.320687 | 0.505439) 4.0773| 8783.975547| 029069 3.9955| -4.85%| 74.22%| 2058%| 0.19%| -445%| 0.04%
13 1054 B195.74153| 0.264733 4.09) b336.3559997 [ 0.41961 383 -222%| -36.91%| B.79%| 0.09% 2.21%| -0.14%
14 AnoC |l 4240 ATTO0T n A Nom2l 4240 ACTO0T mn =N = [alnigl:rs [alninls =N ahTs mnonnos moOnos [p i pl=y Ty
Figure 7 — 4D Adjustment Calculation Spreadsheet

Additional rules governing outlier data were also incorporated into the 4D calculation
spreadsheets. Research indicates that there are diminishing returns when increasing D variables
beyond a certain point. In other words, increasing the density of typical suburban development
would be expected to lead to a reduction in trip generation per capita; however, increasing the
density of a major downtown area like San Francisco would not lead to a similar trip generation
reduction since many trips are already made with other modes. Special rules known as “floors
and ceilings” limit the extent of the 4D adjustments where there are unusually large differences
between the baseline and test scenarios. The floor and ceiling limits used in this analysis are
defined in Table 2 and were developed by Fehr & Peers for previous 4D applications for SACOG,
SJCOG, SLOCOG, Kern COG, and other regional and local agencies.

3 | 4 5#
&)) 6! $&$+21 2) 7$.-. &&)* %& | +2
93 )<
95 # 4 43 P
#0 (<
95 # . #$ N<

In addition to the floor and ceiling limits, special rules were applied in certain “greenfield”
development areas. For example, if the one of the test land use scenarios proposes to have
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development in an area that does not have any development in the baseline scenario, no 4D
adjustment was made. Not applying the 4D adjustments in these cases makes sense because
measuring the change in D variables from undeveloped land to developed land is not meaningful
and would result in an overstatement of trip reductions in the new greenfield areas. The full 4D
spreadsheets showing the vehicle trip adjustment per TAZ for each of the test land use scenarios
are presented in the appendix.

RESULTS OF THE 4D MODEL RUNS

With the vehicle trip adjustment for each TAZ defined, we used these factors to adjust the number
of vehicle trips in the Chico VISUM TDF model. The updated vehicle trips were then assigned to
the roadway network to produce smart growth-sensitive forecasts of roadway link volumes, total
daily vehicle trips, and total daily VMT.

The results in Table 3 summarize the total daily VMT and VMT per household for the 1994
General Plan, the Preferred Land Use Alternative, Alternative A, and Alternative C. While total
VMT summarizes the amount of travel for a given land use scenario, the VMT per household
measure is potentially more telling since it is a measure of travel efficiency. All households must
travel to go to work, school, shop, and recreate; fewer and shorter vehicle trips (i.e., less VMT)
represents a more energy efficient and less carbon intensive travel scenario.

8 !! " #
Sl + $+
- = )& )- g& %s(a 41 &
& +

*>>14 n? 2(* )iTka +! @A#
1 B O> > +>(( )+ &**<
# # (+C*l +C */( ) &*I<
# . () >1? )» (! )® &C<

The results in Table 3 are somewhat mixed. In terms of total VMT, Alternative A has the greatest
overall VMT, while the 1994 General Plan scenario has the least overall VMT. These results are
not surprising given that Alternative A has the greatest number of households (and therefore
represents the scenario with the most new growth), while the 1994 General Plan alternative has
the fewest number of households. The Preferred Land Use and Alternative C fall in between
Alternative A and the 1994 General Plan when it comes to total VMT.

In terms of VMT per household, the situation is reversed. The 1994 General Plan alternative has
the highest VMT per household at 64 miles, while Alternative A has the lowest VMT per
household, at 55 miles (14 percent less). The fact that the 1994 General Plan alternative has the
greatest VMT per household (and is therefore the least travel efficient) is not surprising given the
relatively sprawling, low density land use pattern outlined in the 1994 General Plan. All the new
land use alternatives considered as part of the General Plan update have substantially lower VMT
per household.

It came as a surprise that Alternative A generated less VMT per household than Alternative C. It
was anticipated that the more compact Alternative C land use plan would have the lowest VMT
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per household. A closer look at the 4D data indicates that while Alternative C is denser than
Alternative A, the latter alternative is slightly more diverse and has a better design score*. While
the density, diversity, and design scores vary somewhat between Alternative A and Alternative C,
these variations are too small to explain the difference in VMT per household.

A potential reason for Alternative A’s lower VMT is related to the distribution of land uses.
Specifically, Alternative A’s larger development footprint places work and retail opportunities
closer to Oroville and Paradise. These Butte County communities rely on Chico for regional
shopping and employment and a substantial amount of travel (and VMT) occurs between Chico
and these locations. By placing work and shopping choices closer to Paradise and Oroville, the
VMT between Chico and these other communities could be reduced.

To test this hypothesis, the VMT related to travel that occurs entirely within the City of Chico was
isolated using the Chico VISUM TDF model. In this way, the effects of travel between Chico and
other areas in Butte County are removed and the effects of the different land use alternatives can
be evaluated for City of Chico travel exclusively. The results of this internal travel analysis are
presented in Table 4.

/[ + $+ ).
'+ 9 e ()& ’ §94+)(&8)L+
*>>1 4 & @A#H
B 1 21 &*<
# # /21 &**<
# . 2" &*(<

The results in Table 4 confirm the hypothesis that the distribution of land uses in Alternative A
provides significant regional benefits to VMT?. However, as can be seen in Table 4, Alternative C
is the most efficient land use alternative in terms of travel within the City of Chico (however, all
the land use alternatives considered as part of the latest General Plan update are relatively
efficient). This result is consistent with general expectations since Alternative C has the most
compact land use form.

CONCLUSIONS

The results presented in this memorandum demonstrate that the land use alternatives developed
for the latest General Plan Update (Preferred Land Use, Alternative A, and Alternative C), are
considerably more dense, more diverse, have better pedestrian design, and have better access
to regional destinations when compared to the 1994 General Plan land use alternative.

The Preferred Land Use Plan represents a good compromise between the more compact
Alternative C land use plan and the Alternative A land use plan, which accommodates more
residents and has a larger development footprint. As shown in Tables 3 and 4, the Preferred

! Alternative A: density = 10,140, diversity 0.495, design 3.31; Alternative C: density 10,400, diversity 0.485, design 3.22.
% Note that while providing retail and employment opportunities closer to the edge of an area can reduce the travel of the
residents that live near the edge of the community (and the residents that live outside and commute into the area), this
type of development can have long-term growth inducing impacts by making it more convenient to live near the urban
fringe.
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Land Use Plan strikes a balance in terms of minimizing VMT for both regional and local travel,
while archiving all the other goals stated in the General Plan.

Overall, the reductions in VMT related to the Preferred Land Use Plan are consistent with the
results of similar efforts conducted in other parts of California. Specifically, as part of the
Sacramento Regional Blueprint planning process, a VMT reduction of 12 percent is anticipated in
comparison to business as usual conditions. Blueprint planning in the San Joaquin Valley and
San Louis Obispo area are also anticipating similar reductions in VMT per household. These
similarities, combined with the nationally validated relationships between urban form and VMT
used in this analysis demonstrate that the 4D adjustments are required to give a more accurate
assessment of VMT, air pollution emissions, and greenhouse gas emissions related to
transportation and land use.
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