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Traversing Scales: Regional to Local, Populationt o Traffic Demand
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Goal - Disaggregate regional
scale jobs/households
projection into traffic analysis
zone projection.
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Current Method for Dis-aggregation: ZAPPER

ZAPPER allocates change at CT level via known distribution at TAZ level.

A

Census Tract J

»
|

Change in Variable

ﬂ sl |

Current

TAZ Distribution of

Variable

‘HH_HH ;

Distribution of
Change of Variable

May 25, 2007

, PBS!
4 L 0%
et 4



Opportunity for Improvement in ZAPPER
Distribution of variable (jobs, household) will cha nge as land is used.

Location of new jobs, household will be driven by | ikelihood of development.

Major Roads

This TAZ has a lot more vacant land than others.
new distribution existing distribution.

Is it more likely new development will occur in the
heavily developed TAZ or the less developed
TAZ?

[aasg Basic Employment

giﬂc SgTjrgveerlgls;Er:ployment Allocation of projection must be driven by

Mcaae  Residential availability of land AND by likelihood of
Mvac  Vacant development.
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TAZ Disaggregator

Develop a new tool to dis-aggregate ARC population and
employment forecasts from large districts (Census T racts)
to traffic analysis zones (TAZ).

* GIS-based Tool, user-friendly

« Proximity analysis to drive allocation
(roadways, interchanges, sewers, existing development, DRIS)

e Calibrated and Verified

e Scenario analysis
(traditional growth, re-development, mixed use)

* Replaces current Zapper
(FORTRAN-based programs)
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Proximity Analysis to Drive Allocation

Emulate development at parcel level,
then aggregate up to TAZ Level...

1000

New 500 New/
Jobs A —HaA |

How to emulate Development?

1. Use Proximity Analysis to determine

where new development goes... Slaee  Basic Employment

[ Aac Commercial Employment

. Un-developable
2. Allocate Projected New development e Residential

[vac  Vacant
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Likelihood of Development: The Likelihood, ‘L’, Ra  ster

L raster is composed of several term rasters, 1 for each factor.

I—(va)Category = al,Category*F(X’y)l i aZ,Category*F(va)2+ 200 A aN,Category*F(X’y)N

Example L Raster for Commercial Landuse

b a

a, Expressway + a,Major Roads + aj;Commercial LU = Likelihood, L

Each Landuse type will have a different L raster:
commercial, basic employment, residential
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Likelihood of Development: The Likelihood, ‘L’, Ra  ster

L raster is composed of several term rasters, 1 for each factor.

I—(va)Category = al,Category*F(X’y)l i aZ,Category*F(va)2+ 200 A aN,Category*F(X’y)N

Potential Factors, (F)

* Major Roadway

» Expressway Interchange

o Sewer Avalilability

* Floodplain

* Previous Development (by Type)
e DRI

e LCI

» Central Tendency

e Proximity to Schools (Quality)
 Airport Noise
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Algorithm: Emulation of Development
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Emulating Development

003
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TAZ Disaggregator Toolset
ArcMap 9.2 Extension
Table of Contents Panel
Workflow-driven
Tree-based
Scenarios use differing
factors and weights, a..
e Traditional Growth

* High Redevelopment

Creates Growth
Animations
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Setting up a Scenario for Calibration

1. Specify Business Layers
 Census-Tract Projections
 Density
» TAZ Polygons

2. Specify Landuse Layers
e  Start Landuse
e Calibration Point
*  Verification Point Landuse

3. Add Proximity Factors
*  Proximity to Roads
e  Proximity to Like Landuse
 Free to add any factor.

4. Run Calibration

e Tool Proceeds with
Optimization routine

* Using Simplex Routine, tries
weight sets until can’t improve
on difference between actual
landuse (at calibration point)
and modeled landuse.
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List of Map Layers: Available as \
Proximity Factors or Business

Layers.

To set a layer as input in the tree,

click on the node you want to

specify in the tree, then double-click
the layer you want to use in the list.

Run Calibration by Double-clicking
the run calibration node in the tree.
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Calibration Process

ﬁ he meta-operation om

calibration runs the
basic emulation
process many times to
find the set of weights
that results in modeled

LU as close as Emulation process Depending on the calibration
possible to actual LU is same process run procedure being run, the SSE
at the end of when doing a simple produced by a single set of

projection.

Find Emulation Find
Calibration Process Calibration
PrOJect|0ns SSE

xT

hese two processes
are optionally run within
the emulation code if
running a calibration.
The SSE is the measure
of how close the
modeled LU is to the

Qctual LU. /
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weights is compared to the other
SSEs to determine what set of
weights to try next.

calibration period.

Evaluate
SSE Done
Finished?

Set Weights




Two Calibration Procedures to Find Best set of Weig hts

1. Brute Force Method

1. For specified resolution of factor weights
 (eg.0.2forweight=[0.0,1.0] 0,0.2,0.4,0.6, 0.8, 1.0)

2. For every permutation of weights subject to Sa = 1.0, find SSE using calibration process
. Eg, if factors are Proximity to Expressway Ramp, Major Road, Like Landuse, try
. 0.0 * Expressway + 0.0 * MajorRoad + 1.0 * LikeLanduse
. 0.0 * Expressway + 0.2 * MajorRoad + 0.8 * LikeLanduse
. 0.0 * Expressway + 0.4 * MajorRoad + 0.6 * LikeLanduse

3. Select lowest SSE method as best weights.

*  Simplex Method

» Searches for lowest SSE by following SSE surface in the direction of the steepest
downward gradient (explained in next slides)
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Calibration Result: Brute Force

May 25, 2007

Calibration shows this
factor weight set gives

best result - lowest SSE
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Calibrating Weights: The Simplex Procedure

« Objective is to find weights, a;, that produce Model Landuse = Actual Landuse (measured with SSE)

» With Brute Force Procedure in this example (calculate every set of weights on a grid with Da = 0.2),
calculate 21 points on Objective Surface.

* With Simplex Searching Procedure, Calculate 10 points on Objective Surface.
» Simplex will always require fewer calculations than brute force methods.
» Extends to N Factors; Percentage of brute force calculation drops exponentially.

Each set of weights will produce

an ®
Obijective is to find weights with o Optimal SSE
minimum SSE. ° e (0.2,0.4,60.4)

Factor 3 To find best set of weights,

1. Start with a triangle
(simplex) where SSE is
found for each vertex.

Dueto Sa = 1.0 /

constraint, viable weight
sets only exist on this
plane for 3 Factor

2. “Flip” triangle moving
toward lower SSE (blue
arrows)

Factor 2
3. Stop where no more

improvement in SSE can

Factor 1 be found
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Calibrating Weights: Example

e Withres=0.1

66

Each point represents a
set of weights, eg.
(0,0.2,0.8) and results in
an SSE. The simplex 63 _ 62 61
procedure searches the 63 62 61
surface for the lowest 60 59 58 57
SSE.

65 64

56 5 54 53 52

51 50 49 48 47 46

45 44 43 42 41 40 39

38 37 36 3 34 33 32 31
Trough in SSE Surface

Simplex is modified to 30 29 28 27 26 25 24 23 22
avoid getting stuck here

and providing a local T
optimum solution. 21 20 19 18 17 16 % 14 13 12
\

1110 9 8 7 6 S5 4 3 2 1
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Advantage of Simplex Process

With simplex method
same result is found,
but requires calculation
of only 12 out of 21
possible sets of
weights. Savings in
computation increase
as number of factors
increases, resolution
becomes finer.
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How powerful are our conclusions...

Important to understand if the weights chosen have significant skill.

Introduce a hypothesis test:
Null Hypothesis:

HO: The proximity analysis under the weights chosen does not skillfully predict development

Alternative:

H1: The proximity analysis under the weights chosen does skillfully predict development.

Build Null Distribution by selecting weights at random 1000 times (Monte Carlo) and evaluating resulting SSE.

Compare SSE found through calibration (or though user specification) with 95th percentile of null distribution.

If SSE_,in > SSEgs,, then can reject null hypothesis

model is skillful (really, model is not unskillful!).

Greater difference between SSE_,;, and SSE,, implies higher skill in prediction (greater power in hypothesis test).

SSE
95t percentile

Larger this gap, more

Null distribution
Built by choosing weight sets randomly
Finding resulting SSE

-

SSE(ActuaI,Model)

confident we are in skill
of model
A 4
| . / >
| SSE T
O Calibration

5% chance that SSE would
fall here with randomly
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What about Re-development?

Current Analyses (ZAPPER) look at development
on Vacant Land .

New Approach:

* TAZ Disaggregator will include re-development.

e Likelihood of re-development is based on
different factors than vacant-land development.

* An override layer will be added to the tool that
will allow analyst to add in known upcoming
development.

*High likelihood will be allocated to override to

ensure that projected new employment and HH
will be allocated there first.
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Basic Employment
Commercial Employment
Un-developable
Residential

Vacant
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