Trip Distribution

Where we are in the modeling process:
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Trip distribution allocates person trips from zone to zone 

for example ... if there are 200 trips produced in zone 1... where are they attracted? 

What are the components of the Trip Distribution Process?
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Models must be "calibrated" for the "base year" by an origin-destination study (OD study)

2 types of models: Growth factor methods and Theoretically based methods

Growth: Uniform, Average Factor, Fratar, Detroit, ...
Theoretical: Gravity, Intervening Opportunities, Wilson's Entropy, Logit, ... 

Gravity Model

- Based on land use and transportation network 
- Calibrated for many urban areas
- Simple
- Accurate
- Supported by the USDOT
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"The number of trips between 2 zones is directly proportional to the number of trip attractions at the destination zone and inversely proportional a function of the travel time"

Tij = Trips produced in zone i and attracted to zone j
Pi = Trips produced in zone i
Aj = Trips attracted in zone j
Fij = Friction factor for impedance (usually travel time) between zones i and j
Kij = Socioeconomic adjustment factor for trips produced in i and attracted to j

How do we determine values for the variables?

- Recall Ps and As come from trip generation
- The sum of productions has to equal the sum of attractions 
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- Ks are used to force estimates to agree with observed trip interchanges (careful! do not use too many of these! Have a good reason for using them!)
- Fs are determined by a calibration process (by purpose), and depend upon the willingness of folks to make trips of certain lengths for certain purposes
   recall... trip purposes

  HBW - home based work 

  HBO - home based other 

  NHB - non-home based 

  HBS - home based school 

  etc...

- Example Curves from FHWA friction factor paper:
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- Can be borrowed from a region with similar travel preferences
- Enter curves with travel time (tij) then find Fij
Trip length and % by purpose


Attraction Adjustment

You will notice that the form of the gravity model always provides the proper number of production totals (sum of the rows in the trip matrix will always equal to the number of productions for each zone). This is good, because the production totals come from trip generation analysis, and we don't want to change them in the distribution phase. However, after running the model, you will notice that the sum of the columns does not equal to the number of attractions for each zone. To take care of this, we change the attraction totals in a systematic way, and run the model again (a second iteration). If we are smart about the way we adjust the attractions, we can converge in about 3 iterations (both production and attraction totals will equal to the desired amounts.) [image: image6.png]GRPVITY MoDEL A DTUSTMERT
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Gravity Model Example

From Garber and Hoel, example 10-2 (gravity model calculation)
[image: image7.png]Table 10.9 Trip Productions and Attractions for a Three-Zone Study Area

Zone 1 2 3 Total
Trip Productions 140 330 280 750
Trip Attractions 300 270 180 750

Table 10.10 Travel Times Between Zones {min}

Zone 1 2 3
1 5 2 3
2 2 6 6
3 3 6 5

Table 10.11  Trave! Time Versus Friction Factor

Time F

82
52
50
41
39
26
20
13

e m =

Note: Obtained from the calibration process.

= Determine the number of trips between each zone using the gravity model
formula and the given data. (Note: F} is obtained by using the travel times
in Table 10.10, and selecting the correct F value from Table 10.11. For
example, travel time is 2 min between zones 1 and 2. The corresponding F
value is 52.)

T,=P, TAM K; =1 for all zones
L AEK,
300 x 39
T = A S S T 0 w52+ T80 30 =
Toam 140 270 x 52 5

300 x 39+ 270 x 52+ 180 X 50
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Po=140

Tpy=140x 36

= Make similar calculations for zones 2 and 3.

T, =188 Tp,=85 Tps=5T; P,=330
Ty =144 Ty =68 Tuy=68 P,=280

» Summarize the results as shown in Table 10.12. Note that the sum of the
productions in each zone is equal to the number of productions given
in the problem statement. However, the number of attractions estimated
in the trip distribution phase differs from the number of attractions
given. For zone 1 the correct number is 300 whereas the computed value
is 379. Values for zone 2 are 270 versus 210 and for zone 3 are 180 versus
161.

Calculate the adjusted attraction factors according to the following
formula.'®

A= CA_ Age—n
= 1)

where

Ay, = adjusted attraction factor for attraction zone (column) j,

iteration k. -

A, = A;when k=1
ctual attraction (column) total for zone j, iteration &
esired attraction total for attraction zone (column) j
ttraction zone aumber, j=1,2,...n
number of zones
k = iteration number, £ =1,2,...m
m = number of iterations

Table 10.12 Zone to Zone Trips: First lteration

Zone 7 2 3 P
1 47 57 36 140
2 188 85 57 330
3w & s om
Computed 4" 379 210 161 750

Given 4 300 270 180




[image: image9.png]To produce a mathematically correct result, repeat the trip distribution
computations using modified atiraction values, so that the numbers at-
tracted will be increased or reduced as required. For zone 1, the estimated
aitractions were too great. Therefore, the new attraction factors are ad-
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= Apply the gravity model formula in each iteration to calculate zonal trip
interchanges using the adjusted attraction factors obtained from the pre-
ceding iteration. In practice, the gravity model formula thus becomes

1 = PAREE,
/g AF Ky ,

where T, is the trip interchange between i and j for iteration k and 4 = 4,
when K = 1. Subscript j goes through one complete cycle every time &
changes, and ¢ goes through one complete cycle every time / changes. The
above formula is enclosed in brackets, which are subscripted to indicate
that the complete process is performed for each trip purpose.

Perform a second iteration using the adjusted attraction values.

B7x
D= X T T 2T IR 0
_ 347 % 52 B
Toa= X S R T X 2 X S0
201x 50
T M0 S S T < R AT X0
P =140

» Make similar calculations for zones 2 and 3.

T =153 Tp =113 T,,=65 P,=330
Ty, =116 Too=88 Tyy=76 Py=280
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Table 10.13  Zone to Zone Trips: Second Iteration

Zons 1 2 K P

1 34 68 38 140
2 153 112 65 330
T
Computed 4" 303 268 179 - 750
Given A 300 270 180 750

List the results as shown in Table 10.13. Note that, in each case, the sum
of the attractions is now much closer to the given value. The process will
be continued until there is reasonable agreement (within 5 percent) be-
tween the A that is estimated using the gravity model and the values that
are furnished in the trip generation phase.




After running the Gravity Model ...

· Need to factor in auto occupancy 

· Account for directionality [image: image11.png]O/_\LD
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· Add trip tables (one for each purpose plus taxi, truck, external, ...) 

Fratar Model

· Limited
- Used for short term updates and through trips
- Must know O-D for base year
- Must have an estimate of future trip ends (growth factors for each zone)
See Garber and Hoel, example 10-3
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Trip distribution can also be computed when the only data available are the
origins and destinations between each zone for the current or base year and the
trip generation values for each zone for the future year, This method was widely
used when O-D data were available but the gravity model and calibra-
tions for F factors had not yet become operational. Growth factor models are
used primarily to distribute trips between zones in the study area and zones in
cities external to the study area. The most popular growth factor model is the
Fratar method, which is a mathematical formula that proportions future trip
generation estimates to each zone as a function of the product of the current
trips between the two zones T, and the gmwth factor of the attracting zone G;.
Thus,

/4G,

X 1uGx

Ty =G

where
T, =number of trips:estimated from zone { to zone j
=present trip generation in zone i
growth factor of zone x
4G, = future trip generation in zone /
t,. = number of trips between zone i and other zones x

To illustrate the application of the growth factor method consider the following
example.
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Example 10-3 Forcasting Trips Using Growth Factor Model

A study area consists of four zones (A, B, C, and D). An O-D survey indicates
that the number of trips between each zone is as shown in Table 10,14, Planning
estimates for the area indicate that in § years the number of trips in cach zone will
increase by the growth factor shown i Table 10.15 and that trip generation will
be increased to the amounts shown in the last column of the table. Determinine
the number of trips between each zone for future conditions.

w—
Table 10.14  Present Trips Between Zones

A B8 [ D
A — 400 100 100
B 400 — 300 —
< 100 300 —_ 300
D 100 300 -
Total 600 700 700 400

w—
Table 10.15  Present Trip Generation and Growth Factors

Present Trip

Generation Growth Trip Generation
Zone {trips /day) Factor in & Years
A 600 L2 720
B 700 L1 770
< 700 14 980
D 400 13 520

Using the Fratar formula, we can calculate the number of trips between zones A
and B, A and C, A and D, and so forth. Note that we obtain two values for each
zone pair (that is, T, and T5,). These values are averaged, yielding 2 value
Tas=Ta + Tan)f2.

The calculations are as follows:

400x 1.1 s
Tar =800 X 12 e T + (00 = L9 £ (W00 < 1) ~ 16
Tpy=T00x Ll 00X 12, ___

@00 = 12) +(300% 14

o 446+411
R

428
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Table 10.16  First Estimate of Trips Between Zones

Estimated
Total Trip Actual Trip
A B [ D Generation Generation
A — 428 141 124 693 720
B 428 — 372 — 800 770
C 141 372 —_ 430 943 980
D 124 — 430 _ 554 520

Totals 693 800 943 554

Similar calculations yield
Tee=14l; Tp=124 Tpe=373 Top=430

The results of the preceding calculations have produced the first estimate (or
iteration) of future trip distribution and are shown in Table 10.16. Note, however,
that the totals for each zone do not equal the values of future trip generation as
stated earlier. For example, the trip generation in zone A is estimated as 693 trips,
whereas the correct value is 720 trips. Similarly, the estimate for zone B is 800
trips, whereas the desired value is 770 trips.

We now proceed with a second iteration in which the input data is the number
of trips between zones as previously calculated. Also, new growth factors are
computed as the ratio of the trip generation expected to occur in 5 years and the
trip generation estimated in the preceding calculation. The values are given in
Table 10.17.

—
Table 10.17 Growth Factors for Second lteration

Estimated Actuel Trip
Zone  Tip Generation  Generation  Growth Factor
A 693 720 104
B 800 770 0.95
c 943 980 104
D 554 520 0.94

The calculations for the second iteration are left to the reader and can be
repeated as many times as needed until the estimated and actuai trip generation
values are close in agreement.





