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Abstract: The distribution of resident population in the San Diego
region is well documented. However, most people spend a great deal
of their time other than where they live. Twice each day a massive
shift in the population distribution takes place, resulting in crowded
activity centers and nearly deserted residential neighborhoods.
Daytime population distribution is important to planners and public
officials as it impacts a wide range of issues from water demand and
sewage disposal to the routing of hazardous materials, Using data
from surveys and computer models, the San Diego Association of
Governments has developed a method for estimating both current and
future daytime population by smail geographic units.

INTRODUCTION

The distribution of U.S. resident population in regions is well
documented. A variety of sources, from the Federal Census to local
telephone books indicate where people live. However, in a mobile society
of bedroom communities and urban employment centers, where we live and
where we actually are during the day are often quite different. Twice each
weekday, a major shift in the distribution of population takes place. This
is evidenced by peak hour traffic jams, crowded shopping center parking lots,
and nearly deserted residential neighborhoods.

The distribution of daytime population is critical to both planners and
public officials because it impacts such a wide range of issues. For example,
sewage disposal requirements and the demand for water are radically
affected by the shift. Per-capita crime statistics are also affected by the
daytime population distribution. Crime rates for a particular geographic
area are often expressed as a ratio of incidents to population. The
population, however, refers to residents, not the number of people actually
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in that area during the day. Consequently, crime rates may be overstated
for areas of low resident population, such as central cities. This statistical
bias is reversed in the suburbs, where daytime population is relatively low.

The routing of hazardous or dangerous materials is aftected in the
same manner. If the material is being transported in the daytime, and the
goal or policy is to route it through the least populated areas, daytime
population figures become crucial. Disaster preparedness measures also
must account {or variations in resident and daytime populations. Evacuation
routes and emergency services are greatly affected depending on the time
of day (and hence the location of the population) an event may occur.

Many daytime population data products available from private
vendors are simply variations of place-of-work employment files. SANDAG
has developed a better method for estimating current and future daytime
population for the San Diego region. The method uses trip forecasting
knowledge to account for people leaving and arriving in small areas
throughout the day. In theory, the method is transferable to other regions,
however a great deal of background data and a reliable Geographic
Information System would be required.

DATA SOURCES

The data used to produce subarea estimates of daytime population
were derived from three separate elements in the SANDAG work program:
the 1986 Travel Behavior Survey, the regional and subarea transportation
models and the long-range Regional Growth Forecast, Each is incorporated
into SANDAG’s Geographic Information System.

Travel Behavior Survey

The 1986 Travel Behavior Survey was conducted between February
and June of 1986. It was the third such study in the San Diego region. As
with the surveys of 1966 and 1977, it had three purposes: 1) to calibrate and
enhance the regional and subarea transportation models, 2) to create a
comprehensive data base for short-range transportation system management
projects, and 3) to monitor trends in travel behavior.

The 1986 survey involved extensive data collection from 2,754
randomly selected households, as well as roadside interviews of drivers
leaving and entering the San diego urbanized area at five cordon stations.
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The houscholds were interviewed by telephone in two stages. The first stage
consisted of general demographic questions such as household size, number
of vehicles owned, age, sex, income and employment status. Travel Diaries
were then mailed to the household, in which all persons were asked to keep
a careful record of their trips during the assigned Travel Day. A trip was
defined as any one-way travel by any mode from a starting point {origin) to
an ending point (destination) for a specific purpose. The following day, the
household was re-contacted and the travel data were coliected over the
phone. Trip ends were then geocoded to the 753 Traffic Analysis Zones
(TAZ's) in the region and the land use at each trip end was recorded.
TAZ'’s are subdivisions of census tracts. Origin and destination data from
the survey were used to estimate trips leaving and arriving a geographic area
as explained below.

Transportation Models

SANDAG develops and maintains computer models to perform both
regional and subarea transportation analyses. The models interact with the
ARC/INFQ data base management system to store and edit the data and to
produce computer plots of the model results. One component of the
transportation modeling system is the Trip Generation Model. Its purpose
is to estimate the current and future number of daily person trip ends
produced in or attracted to each TAZ considering demographic shifts over
time and differences across the region. For example, the Travel Behavior
Surveys show that high income households produce more than twice as many
trips as low income households.

The model generates trip Productions and Attractions by TAZ for five
trip types: Home-Work, Home-Shop, Home-Other, Other-Work and Other-
Other. No directionality is implied by the trip type names; a trip originating
at home and destined for work and a trip originating at work and destined
for home are both Home-Work trips. Trips are generated by both residents
and visitors. Trips may begin and end within the region (internal-internal),
begin or end outside the region (internal-external) or simply pass through
(external-external).

Productions and Attractions (P’s and A's) should not be confused with
origins and destinations. For home-based trips, (Home-Work, Home-Shop
and Home-Other), the Production is defined as the "home" end of the trip.
"Work”, "shop" and "other" are the Attraction ends. The "other" end of the
Other-Work trips is defined as the Production and the "work" end is the
Attraction.  Other-Other 1wrips are split evenly into Productions and
Attractions. Productions and Attractions are balanced by trip type at the
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regional level, however TAZ's that are predominately residential  will
generate mostly Productions, while commercial or industrial zones will
generate mostly Attractions.

Repional Growth Forecast

Every three to five years, SANDAG produces a series forecast of population,
housing and employment for the San Diego region. The land use elements
of the region’s 92 General and Community Plans are direct inputs to the
forecast. The forecasting models allocate future activity primarily to vacant
land which has an appropriate land use designation and access to the
transportation network. Using ARC/INFO, forecast data are stored in the
smallest geographic unit in SANDAG's Geographic Information System, the
Master Geographic Reference Area, or MGRA. The 24,380 MGRA's in the
system are the result of overlaying TAZ's, city boundaries, sphere of
influence boundaries and a matrix of 2000’ by 2000’ gridcells. Storing data
by MGRA allows the user to aggregate to standard nested geographies such
as TAZ’s, census tracts, subregional areas and major statistical areas, or to
use the MGRA's to approximate the boundaries of any non-standard study
area, As will be discussed, the storage of forecast data by MGRA also
enables future daytime populations to be estimated for any geographic area,

METHODOLOGY

General

Two computer programs are used to calculate the daytime population
distribution. The first, CALC.DAYPOP, estimates current and future
daytime population by TAZ. The 753 TAZ's are the smallest of the nested
geographic units in SANDAG's GIS, so the program also outputs estimates
aggregated to the 380 census tracts, 41 subregional areas and seven major
statistical areas in the region. The  second program,
CALC.DAYPOP.MGRA, takes the TAZ-leve! estimates and distributes them
to the 24,380 MGRA'’s described above.

In general, both programs calculate daytime population in the same
manner. They begin with the resident poputation and subtract out a portion
of the departures (average daily person trips produced in a zone), and then
add in a portion of the arrivals (trips attracted to a zone). This is done
separately for each of the five trip types. TAZ-level P's and A’s by trip type
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are output from the Trip Generation Model. The portions are estimated
from the travel survey data.

Estimating By TAZ

The method requires determining what portion of each TAZ'’s
Productions should be subtracted and what portion of Attractions should
be added to arrive at the daytime population. To do this, data from the
1986 Travel Behavior Survey were analyzed, and the resulting portioning
factors are shown in Table 1. The idea was to produce estimates for peak
daytime activity. Trip purpose was cross-tabulated with time of day (hour
of arrival) and trip type. For each home-based trip type (Home-Work,
Home-Shop and Home-Other), the highest accumulation of to-purpose
activity was calculated by adding the arriving (to-purpose) trips and
subtracting the departing (from-purpose) trips for each hour of the day
beginning at 1:00am. Most trip types showed their peak accumulation (most
people at their to-purpose location) at around 11:00am. For consistency, the
11:00am accumulation or percentage was used for all trip types. An
accumulation was not calculated for non-home-based trip types (Other-Work
and Other-Other) because both ends of these trip types are somewhere
other than "home". Instead, the straight percentage of these types of trips
during the 11:00 hour was used.

Table 1 shows the trip type factors which were used to portion the
Productions and Attractions in both programs, and how they were derived.
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TABLE 1
TRIP TYPE FACTORS

Home-Work: to-work trips were 55.5% of H-W trips,
there were 679,594 to-work trips,
11:00 accumulation was 539,517 "at work",
539,517 / 679,594 = 79.4%,
H-W Factor = .555 * .794 (or .44067).

Home-Shop: to-shop trips were 42.8% of H-S trips,
there were 575,851 to-shop trips,
11:00 accumulation was 84,361 "at shopping",
84,361 / 575,851 = 14.6%,
H-S Factor = .428 * .146 (or .062488).

Home-Other: to-other trips were 48.8% of H-O trips,
there were 1,469,930 to-other trips,
11:00 accumulation was 585,574 "at other",
585,574 / 1,469,930 = 39.8%,
H-O Factor = .488 * .398 (or .194224).

Other-Work: 10.3% of O-W trips occur during the 11:00 hour,
O-W Factor = .103

Other-Other: 10.0% of O-O trips occur during the 11:00 hour,
O-0O Factor = .10

Resident Population

Resident population, or "night" population includes all persons living
in each TAZ plus an estimate of the number of people staying in hotels and
motels. The Series 7 Regional Growth Forecast provided the number living
in each TAZ for 1986, 1995, 2000 and 2010. It also provided current and
future hotel employment in each TAZ. Using information from the San
Diego Convention and Visitors Bureau, it was determined there are
approximately 3.25 hotel guests for each hotel employce:

In 1986, total hotel employment was 16,901,
there were 31,638 hotel/motel rooms,
average hotel occupancy was 72.3%,

average parly size was 2.4 persons, so,

hotel guests = 31,638 * 723 * 2.4 or 54,898.
54,898 / 16,901 = 3.25 guests per employee.
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Calculating Daytime Population

Both programs calculate daytime population in the same manner.
First, each TAZ's daytime population (DP) is set equal to its resident
population. It is then kept as a running total as factored (portioned)
Productions are first subtracted and then factored Attractions are added.
This is done for each of the five trip types in each of the TAZ's as shown
in equation 1:

DP; = RPyy » Z(Pran * Fr) + Z(Agurn * Fr) (1)
TTut 4 TT=1,8
where: DP= Daytime Population,

RP= Resident Population,
P= Productions,

A= Attractions,

TT= Trip Type,

F= Trip type factor.

Estimating By MGRA

After the TAZ-level daytime population is calculated using the
CALCDAYPOP program, the data can be distributed to the Master
Geographic Reference Areas using the program CALC.DAYPOP.MGRA.
MGRA’s are the smallest geographic unit in SANDAG’s GIS, and are
subdivisions of TAZ’s. Once at the MGRA level, current and future
daytime population can be extracted to approximate any user-defined study
area. The CALC.DAYPOP.MGRA program works by either proportioning
the Productions and Attractions from the TAZ to the MGRA level, or
recalculating P’s and A’s for each MGRA based on population, households
and employment. Proportioning of a TAZ’s P's and A’s is used for those
trip types whose P’s and A's are based on just resident population or just
one type of employment. For the other trip types, the MGRA P’s and A’s
need to be recalculated based on the person trip generation rates of
households and the various employment types found in each MGRA within
each TAZ. (See Tables 2 and 3.) The MGRA P’s and A’s are then
factored using the same trip type factors as the TAZ-level program, and
daytime population by MGRA is caiculated in the same subtract-and-add
manner described above. Trip types are proportioned or recalculated as
follows:
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Productions:

Home-Work Proportioned by resident population,
Home-Shop Proportioned by resident population.
Home-Other Proportioned by resident population.
Other-Work Recalculated from person trip rates.*
Other-Other Recalculated from person trip rates.*

Attractions:

Home-Work Proportioned by total employment.
Home-Shop Proportioned by retail employment.
Home-Other Recalculated from person trip rates.*
Other-Work Proportioned by total employment.
Other-Other Recalculated from person trip rates.*

(* See Tables 2 and 3.)

As in the Trip Generation Model, separate sets of person trip
generation rates are used for the 16 TAZ's identified as comprising the San
Diego City Central Business District (CBD). Tables 2 and 3 list the person
trip generation rates used for recalcuiating an MRGA's P's and A’s.

TABLE 2
PERSON TRIP PRODUCTION RATES
----CBD---- ---Non-CBD--
o-wW 0.0 O-W 0-O
Households 0.143 0.425 0.486 1.171
Retail Employment 1.889 1.000 1.012 2.167
Service Employment 0.786 0.714 0.395 1.238
Government Employment 0.500 0.500 0.371 1.227
Other Employment 0.120¢ 0.120 0.133 0.254
TABLE 3
PERSON TRIP ATTRACTION RATES
----CBD---- ---Non-CBD--
Households 0.143 0.143 0.478 0.374
Retail Employment 0.222 1.222 1.840 3.765
Service Employment 0.571 1.143 2.252 1.933
Government Employment 1.333 0.833 8.303 2.136
Other Employment 0.400 0.120 0.413 0.438
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In general, each MGRA is processed by trip type in the following
manner. First, P’s and A’s are proportioned from the TAZ or recalculated.
Then they are factored by trip type as in the TAZ-level program. Daytime
population is kept as a running total:

Productions
H-W, H-§,
H-O: Proportion= MGRA population / TAZ population
DP= RP - (Praz * Proportion * Frazr) (2)
0-W, 0-0O: Calculate by households and each employment type:
DP= RP - (HHyga of EMPycrarwee * Trip Rate *
Frazrr) (3)
Attractions

H-W, O-W: Proportion= MGRA Total Emp / TAZ Total Emp
DP= RP + (Ar.z * Proportion * Frazrm) (4)

H-S: Proportion= MGRA Retail Emp / TAZ Retail Emp
DP= RP + (Ap.z * Proportion * Frgrm) (5)
H-O, 0-0: Calculate by households and each employment type:
DP= RP + (HHucra Or EMPyoaurves * Trip Rate
* Fram) (6)
where: DP= Daytime Population,

RP= Resident Population,

P= Productions,

A= Attractions,

F= Trip Type Factor,

TT= Trip Type,

HH= Households,

EMP= Employment. (Type refers to retail, service, etc.)

Summary of Findings

Table 4 lists current and projected resident and daytime population
for the 37 subregional areas (SRA's) in the urbanized portion of the San
Diego region. Map 1 shows the configuration of SRA’s. Twenty-five SRA’s
had a net loss of population during the daytime in 1986, while 12 gained
population. The samec basic pattern holds true in 2010, with 24 losing
population and 13 showing an increase. Throughout the period, the Kearny
Mesa and Central San Diego SRA’s show the largest daytime gains.
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Between them, they account for more than 50 percent of the net daytime
gain of all SRA’s. This is due to their relatively low resident population and
substantial employment base.

In 1986, daytime population in the University SRA, a portion of
which is commonly referred to as the "Golden Triangle", is more than twice
the size of its resident population--an increase of 123 percent. This is due
to students and faculty traveling to the University of California, the existence
of several high-rise office buildings, and two regional shopping centers. By
2010, the daily increase rises to 134 percent,

The net losses recorded between residential and daytime population
were more evenly distributed among SRA’s. A loss of population during the
day indicates these areas are primarily bedroom communities without major
employment centers. From 1986 through 2010, the SRA showing the Jargest
numeric loss of daytime population is Southeast San Diego, losing almost
40,000 persons in 1986 and 54,000 by 2010. The Harbison-Crest SRA loses
the greatest percentage of its population during the day--36 percent in 1986
and 54 percent by 2010.

Maps 2 and 3 depict the 1986 population density (persons per square
mile) by census tract for resident and daytime population respectively. They
indicate that densely populated residential areas generally have close access
to freeways and major arterials. Areas of high density daytime population
tend to be even more immediately concentrated around major transportation
arteries, In 1986 there were only two census tracts with a resident
population density in excess of 20,000 persons per square mile. In the
daytime, however, there were 11, including seven over 30,000 and 2 over
70,000, By the year 2010, there will be 24 census tracts with a daytime
density over 20,000 persons per square mile. Maps 4 and 5 show the
change in census tract population density between night and daytime for
1986 and 2010.

CONCLUSION

An analysis of the results of this method has shown that it provides
what appears to be a reasonable portrayal of the daytime population
distribution in the San Diego region. It is difficult to assess its accuracy,
though, because little comparative data are available. However, SANDAG’s
employment files, activity center files, traffic generators and census data all
support the results, While in theory this method is transferable to other
regions, reliable travel behavior statistics to use as input are expensive to
obtain.
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MAP 5
NIGHT TO DAYTIME POPULATION DENSITY CHANGE
BY CENSUS TRACT
2010
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MAP 4
NIGHT TO DAYTIME POPULATION DENSITY CHANGE
BY CENSUS TRACT
1986
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