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GWRC/FAMPO

Virginia: 21 Planning District Commissions
PD16 GWRC PDC vs. FAMPO (Mid/small size MPO)

Stafford, Spotsylvania, King George, Caroline, and Fredericksburg City
1-95

Population: 309,763 (2006)

Employment: 113,501 (2006)

TAZ: 802 zones



2000 GWRC/FAMPO Work Trip Patterns

FAMPO Work Trip from FAMPO Residence (CTPP 2000)

FAMPO Work Trip to FAMPO Residence (CTPP 2000)
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2000 GWRC/FAMPO Work Trip Patterns (Intra Only)

FAMPO Intra-Zonal Mean Travel Time (CTPP 2000)
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Land Use Modeling Frameworks

1960

1970

1980

1990

2000

From Waddell 2005

LOWRY:
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Leontieff:
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Integration of Land Use and Transportation

— Macro: Spatial Interaction Models
e TELUM, Metropilus, ITLUP, DRAM/EMPAL/LANCON (S.H. Putman)
e CUSIM-M / CUSIM-C++ / CUSIM-G (David J-H. LEE)
— Linear Programming Models
e TOPAZ
— Input-Output
e TRANUS (De La Barra)
e MEPLAN (Echenique)
e PECAS (J.D. Hunt)
— Micro: Economic Based Approaches
* MUSSA (Francisco Martinez C.)
e METROSIM (Alex Anas)
e METROSCOPE (Portland Metro)
e UrbanSIM (Paul Waddell)
DELTA (D. Simmonds)

— Four Step Modeling
e CUBE/Voyager Travel Demand Model (TDM)
e TransCAD Travel Demand Model (TDM)

— Activity Based Approach




MODEL SEARCH :
Aggregate vs. Disaggregate: Zonal System

[REFERENCE] (from Disaggregate Res): FC Auditor's Tax Parcel Info

e TAZ: small enough?

e Zonal Scale

9 W

- Broadbent’s Rule i gL

- Sikdar (1982, 1984) L o R N =
Reference Disaggregate Res Reference_Fixed Kemel Density Esti

- Steel and HOIt (1996) [OBJECTIVE] (Re-related Zonal Aggregate: Pop): 2000 Census SF3

- Norner and Murray (2002) |~ %
- Gitlesen (2004)
as disaggregate as possible

e GIS & Microsimulation: ‘ I :

models the behavior of individuals ===
- Dissagregate data; DBMS WL Eip

- Fotheringham & Wegener (2000) | = ““"r |
- Spiekermann & Wegener (1996) ' J":'*'-"

Transform of Zonal to Cellular (Puﬁ}

.l.'ﬁ-l.'l'.'
ESEl. 0,

- Landis & Zhang

Zonal Density MaPimsISQmi]&} CT_pupr#CT e T
- GWRC data:

H - - I David J-H. Lee ) . .
I_ Imite d p arce I I aye r aval | a b I | i ty gﬁ:lzl Fg; u ;b;nplsa;:;':?:lg Interaction Modelling (CUSIM) #470 Knowlton Hall
- Kncmitqn School of Archilecture
GeOCOd | ng - TAZ Ievel accu racy The Ohio State University

Thiessen Polygon

Vector grid zonal system example



MODEL SEARCH :
Aggregate or Disaggregate ?

Fotheringham and O’Kelly (1989)

Aggregate Flows

Disaggregate Flows
Individual Decisions

More Behavioral
Geo-psychological

Spatial Awareness

Spatial Information Processing




MODEL SEARCH :
Spatial interaction modeling (SIM)

(1) spatial interaction as social physics

Newtonian gravity model
Lowry model
Extensions of Lowry model

(2) spatial interaction as statistical mechanics

Wilson’s entropy maximizing procedure
family of spatial interaction models
Alonso’s (1973; 1978) framework

Additive Version of Family of SIM by Tobler

(3) spatial interaction as aspatial information processing
(4) spatial interaction as spatial information processing

Fotheringham 2000



MODEL SEARCH :
Spatial interaction modeling (SIM)

(1) spatial interaction as social physics

(2) spatial interaction as statistical mechanics

(3) spatial interaction as aspatial information processing

discrete choice models by McFadden

LOGIT formulation (1974; 1978; 1980)

Two undesirable properties

- independence from irrelevant alternatives (11A)
- regularity

(4) spatial interaction as spatial information processing
Nested Logit

[ Competing Destinations model

No more IIA and Regularity

Fotheringham 2000



MODEL SEARCH :
Nested Logit vs. Competing Destinations

hierarchical processing
search strategy

assumes that the modeller has considers the likelihood
knowledge to individual choice of an alternative being
sets in the true choice set

This likelihood is according to
the similarity, or position,

of that alternative relative

to the other alternatives.

Pellegrini
and Fotheringham (1999)



OPERATIONALIZATION

[C++: CUSIM-C++-2005-10 Model]

!T Ext_Luwry_m“- - E

About Dev-C++ :)

Fle Edit Wiew Favorites Tools Help 4
» - x>
O Back - > 'Tr / Search
o . Fold X MName
Copyright (c) Bloodshed Software “arsion 4.9.9.0 ohders
GMU General Fublic License -~ E—q INPUTL_Pwh et
GHIU GEMERAL FUBLIC LICEMSE P ||:;!| INF)_ng—PhS'tXt
rmainG. cpp
Yersion 2, June 1991 Fmains.exe
Copyright (CJ 1989, 1391 Free Software Foundation, Inc. £l ou PUT_projectt. bt
B75 Mass Ave, Cambridge, MA 02139, USA B oUTPUT _projects. s
he [ Projectl_private.h
|_}| P . .
Projectl_privaterc
Contact Infarmation - I J P )
PrOJectl _privateres
Bloodshed Software Wehsite:  http:/ fwewwe bloodshed.net P N ]
Mingw CompilerWebsite: i fasmminguecr G:\LEE\2006_08_27_KINGSTON_Data\2005_Lowry_C++\Exi_Lowry_006c_Multi_Attractiveness... [l [a] £
Dev-C++ discussion forums:  http:/ fwwew bloodshed netiforum Lall# Porb. distribution of . B
Dien-C++ users mailing list: hittp:f fvevewe bloodshed.net/desvepp-ml.hitrnl 3 5 seru. center location from [i] to [j] #
Den-C++ Resource Site hitp:f fvenewe bloodshed net/dew ;;;E;};Eé"-;’ -------------------------------
11 obj Phs[@][1 0:
& Check forupdates @@ Authors || o Dk | ocate D[] (the n [deSICHN 0.
5[11[31; 0.
TS[11[1]=T8[1] [1]+5[1][1]: 0.
AER[k]=AER[k]4ER[i]; 0.
Tkl o 0.
iwhile (i<=nZone-1) ; 0.
el 0.
lwhile {j<=nZ%one-1} ; 0.
TER=TER+AER [k]; o]
0.
TE 1] [31=0; o
i=0; 0.
do{ 0.
J=0: .
dof
TE[1][§]1=TE[i] []+Iwh[i] [i]; Congratulations! The project has been compiled successfully.
Open "OUTPUT_project6.txt' to see the results
B8 Cornpiler | By Resources | lh Compile Log | ' Debug | [G Find Results] Press a key and "Enter™ to close the console:

1646 Insert 384 Lines infile |




OPERATIONALIZATION

[MATLAB: CUSIM-M-2007-09 Model]

X

About MATLAB

MATLAB

Yersion 6.5.0.18091353 Release 13
June 18, 2002

License Mumhber: 0
David
Gy

! GWRC_LOWRY_v3.m - Notepad

File Edit Format Wiew Help

% Probability distribution of Service Center
Phs=EMP_T. /EMP_m;

% CD-Factors
i=1;
while i<=nZone;

= iF Layers
& B Skin Layers
# O Dxfferences
= B Aggomeration
& 00 ZOMEL
= 0 ZOMNEL
= B Cometeiton
B0 ZoneL
= 0 ZoNEL
= B Classic LOWRY
O 2oMEL
O 1bet=10
« CDZER
=B ZoMel
El1Dot=30
« CD.IZPOP
# [0 Agglomeration
# 0 Cometetton
# O Classic LOWRY

Chhs (1, 1)=EMP_fr1 T B I
i=i+1;
end

Capyright 1
% CD-Probabil{ty distrikuticn o
COhs2=(RE¥onea{l,nzZone1). *(ones i

=
i
L, —h

Chhsd=sum{CohsZ (i, :));

Chhs S=ones (nZgfe, 1) *CDhs4;
CD_Phs=CDhs2. JC :




OPERATIONALIZATION

[GAMS: CUSIM-G-2007-09 Model]

[ eamside: D:\2007_GWRC_ProjectiMadels_LandUse\LOWRY_GWRC\Optimization_Madeli\Madeinaamswa... (2 |3

L2 Ele Edt Search Windows Utiities Help e
IDE| .
gamside: D:\2007_GWRC_r
sl &
m Ole Edt Search  wWindow{EE La02_PT14_Gh_16_CAPS st
@@EBE 3
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gllsiaz (CHles sellel Integrated Development Environment EXECUTTON TINE - 1.921 SECONDS 141 Mb WINZZ5-1
Const2 (i) .. 52{1i) GRAMS Rev 148 x86/MS Windows 09/20/
Const3 (1) .. PT{i)= General ARlgebraic Modeling Syste
*Constd (1) .. H{i} o GAMS IDE 0367 Solution Report SOLVE GAP Using LP From line 22650
ConstS.. sum{i, POEZ 1
+ With the given 4 hModule GAMS Rew 148
. . S CLVE SUMMARY
* YR ? 1 To deal Lic date Jun 1, 2007
* VR 7P D a8%ve3
R BUlld v|5 225 148 MODEL GAP OBJECTIVE OBJ
: YR 2035: 592696 TYPE LE DIRECTION MINIMIZE
YR Z006: 308763 — SOLVER CPLEX FROM LINE 22650
) ) POR2
OUTPUT1.. TB =e= sum{i,Bi{i})); 52 **%%* SOLVER STATUS 1 NORMAL COMPLETION
OUTPUTZ.. Teb =e= sum{i,eb(i}} ; B **%% MODEL STATUS 1 OPTIMAL
FOUTPUTS. . TPOP =e= sum(i,POP(i)) : E’Epz #%%% OBJECTIVE VALUE 418975.0000
OUTPUT4.. TPOPZ =e= sumii,PCPZ (1)) ; TS2
SUTRUTS TS2 =e= sum(i,52 (1)) . Exccoution RESOURCE USRAGE, LIMIT 1.058 1000.000
o T A ) T . w0 Display ITERATION COUNT, LIMIT 261 10000
TOTGRP.. OBJ === sum{i, PT{(i)-sum{], P{(]J,1)*eb{])})}
GAMS/Cplex Jun 1, 2007 WIN.CP.CP 22.5 034.037.041.VIS For .
* Cplex 10.2.0, GAMS Link 24
Cplex licensed for 1 use of lp, gp, mip and barrier, with 4 par —
* Defining and solving the model : : b4
Model GAP /all/:; = —— ——
Solve GAP using lp mirimizing ORJ e
S .
GUOdODtIrT ization Tool
Display eb.l, eb.m, PQrz.1l, PxPZ.m, 82.1, 8Z2.m, S ohnsla Al upigiaig al isior -l J
*
* end of model —————-
Ed
< |
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COMPONENT :
Economic

Base

Theory

Input Data:

Basic Employment

Travel Time Matrix

Activity & Population Serving Ratios
Parameter Values

Residential and Service Altractors

Constraints
) > £ Land-Usesk

h 4

Allocate The Increment Of Employment
To The Residence Zones

Calculate Increment Of Residential Population

A 4

Calculate The Increment Of Service Employment
Demanded By Residential Population

Allacate Increment Of Service Employment

Calculate Service Employment In Centers

5 Increment Of Population & Employment Below
Convergence Limits?

-

YES

Garin-Lowry Model
Source: Batty 1972

>

STOP



COMPONENT

Deterrence Function [Travel Time Matrix] :

T Cube (Liconsad to Virginas Department of Trassportation) - [FAMPOZO0
© B B Uh fode dew

WRE_Dats\BWRE_TOMIVIOT, orignahI00CINE TWOR!

Esst Twet FETook Fgn

@ AwBanwY >80

o Network

+ Figure No. 1
File Edit MWindow

Help

Visualized Travel Time Matrix

1000

From FAMPO Travel Demand Model

1 Cube (Licensed to Virginia Department of Transportation) - [FAMPO_TOM.app, Fredericksburg Area MPO Model (Scenario ‘Base 2006° Catalog FAMPO_Regional_Mo.
Fl"mrne!v Yew Data Frogram Qortol Fupchons  Appkcaton Group Settngs Bun UtRes  Qther Apps  Window  Hep

Deda

W asFEs =

FAMPD,_Raponsl Model ¢4t

A

L OX

Fredericksburg Area MPC Model

. 4-Step Model

# Finpors

“ Travel Time Matrix




INPUT :
Control Totals

2000 2005

BAS

Virginia Employment
Commission

NBAS Virginia’s Electronic

Labor Market Access

EMP
US Census Bureau
Estimates Annual
POP Population Data

Activity Rate

Population Serving Ratio

2006 2010

73,042 82,891 94,658 | 107,137
37,742 42,831 48,911 55,359

2015 2020 2025

61,808

2030

131,766
68,086

2035

143,917
74,364

110,784 | 125,722 M 162,496 | 181,424 | 199,852 | 218,281

State Demographer Projections Population Data

a=TTP/TTE
b=TSE/TTP

2004 2005 2006
a 2.878 2.984 2.794
b 0.137 0.108 0.122




INPUT :

Control Totals (Population)

George
Waszhington Morthern Richmond Rappahannock{ Thomas Morthern Middle
SOLLEEEE YEAR | pegional Virginia PD 08 | Regional PD 15|Rapidan PD 8 |Jefferson PD 10 |Neck PD 17 |Peninsula PD 18
Commission PD 16
2040 657,515 3,140,553 1,332,690
2035 B09.784 3071422 1,280,913 3.500.000 ;——  —¢— Seriesl
2030 558,302 2.346.511 1,235,283 253,409 JEER 57072 116,534 - Series?
State Demographer 2025 506,513 2,822,400 1,181,663 —s— Seriesd
Projections 2020 453,945 2,647,224 1,113,542 216,450 268,261 54,300 05,411 —+— Series5
Population Data 2015 40,070 2472047 1057.422 - a
200 /213 2,247,960 993633 176,584 734 FOR 51,721 94,630 2,000,000 —+— Series? 2
2005 309,483 2,065 14 944,820 153,348 221504 50653 1,009 e
2005 301,355 2,023,672 929,844 158,442 713,444 50,608 59,494
2004 230,438 1,394,556 915,482 152,308 214,351 50,442 83,136
2003 278,733 1,953,932 902,298 147,924 211,195 50,318 87,143
2002 267,179 1916526 890,053 143,762 207,805 49,793 85,733 STaO0Ti00
20 254,229 1,378,346 878,927 139,293 204244 49,384 84,875
2000 243505 1,829,041 868,785 135,617 200477 43,351 83,578
1339 234,780 1,777,043 856,807 132,665 195,913 43,189 83,147
1333 227678 1,730,285 45 466 130,356 132,589 48,921 200
1957 222,435 1,693,959 934,045 128,183 188,571 48528 &1.134
1996 217,125 1,656,907 820,855 126,128 185,009 48334 79,958 2.000.000
1395 209,644 1,622,565 009,461 124,532 131,432 47.943 79,038
1354 202,785 1.534,454 797,445 122,247 178,356 47.155 77.583
1953 134,508 1,564,457 784,637 121,327 175,323 45,670 77.080
1332 187,245 1,533,809 770,881 120,371 71460 45623 75,420
1991 180,310 1500416 757171 118,341 158,399 44,927 74,216 1,500,000
1330 173,781 1,472,561 744,063 117,209 165,430 44331 73,302
US Census Bureau 1989 162,273 1,448,876 728968 114,082 151,456 43,686 72442 ok
Estimates Annual 1998 153,289 1,413,991 715,393 110,616 168,191 4324 71474 P
Population Data 1907 145,042 1,377,277 £99,433 107,271 155,434 42,607 70,005 o
1356 133,71 1,332,067 £53,700 103,590 152,675 42,245 £2.423 &
1985 133,670 1,257,634 671741 100,711 52,331 41693 665,536 1.000.000 e =
1354 130,158 1,246,062 662,575 95,343 143,733 41509 £:4.583
1953 126,593 1,206,577 655,087 9,460 143,586 41,213 £3.238 Plot srea
1382 124,056 1,176,553 643593 95,347 147,455 41333 £1,956 e
1981 121,615 1,148,665 641,702 94,356 145,716 41983 £1.103 P
1380 118,674 1,105,714 £32.015 92,857 143,557 40,950 53,387 500,000
1379 117,200 1,085,700 £26.100 92 500 143,400 41,000 53,700
1978 113,100 1071600 15600 90,600 141,700 41000 58,700 . :
1977 107,200 1,048,300 609,400 55,000 140,200 40,300 57.500 x
1976 101,000 1,039,400 595,500 65,700 138,700 39,600 565,000 N +
1375 96,700 1,015,000 536,400 63,300 138,200 33,500 55,300 0 . . : . . * * i
1974 92,500 1,001,600 578,300 1300 131,300 38,500 54,200 1960 1970 1980 1990 2000 2010 2020 20320 2040 2050
1973 87.300 952,400 571,200 78,500 127,400 38.400 52,200
1972 3,900 976,300 560,600 7,800 123,700 37.600 50,500
1971 1,000 939,500 553,000 75,200 718,100 38.200 48,700
1370 77425 921,237 547 542 72222 115,235 37071 47 503




INPUT :

Basic vs Non-Basic (Location Quotients)

e, = employment in some
iIndustry (1) in some region (r)

Zeir = total employment in the
region

Ei = national employment in
some industry (1)

ZEi = total national employment



INPUT :
Basic vs Non-Basic (Location Quotients)

e Location quotient =1
— Local production can just satisfy local consumption.

e Location quotient > 1

— Local production can satisfy local consumption, and
the excess is exported. This is a “basic” industry.

e Location quotient <1

— Local production can not satisfy local consumption,
and the difference must be imported.



INPUT :
Basic vs Non-Basic (Location Quotients)

* Not all of a basic industry Is “basic.”

e Only that part of the industry that serves
the export market is considered basic.

* It is that part of the industry that raises the
location quotient above 1.0



INPUT :

Basic vs Non-Basic (Location Quotients)

Calculating Basic Employment Using Location Quotients

PD16 United States
NAICS 236xx 2,050 1,721,661
Total Private Sector
Employment 105,167 131,640,225
Employment Ratio 019492 013078

Location Quotient = (.019492 / .013078) = 1.49
Non-basic Employment = (.013078) * 105,167 = 1,375
Basic Employment = 2,050 — 1,375 = 675




INPUT
Zonal Basic Employment (exogenous)

I
2 2006 2010 2015

3 |LEE_Ta&Z BAS_06 MNBAS_06 EMP_OG P_BaS 06 |PY_MBAS_O6 |PY_EMP_06 |EAS 10 WEAS 10 EMP_I0 |POP_ M JBAS 1S MBAS 1S EMP_IS JPOF_
783 780 29 0 29 0.00040 0.00000 0.00027 e 2

784 i o 0 o 0.00000 0.00000 0.00000 o o

785 e o 0 o 0.00000 0.00000 0.00000 a a

786 783 0 1 il 0.00014 0.00003 (0. 00010 m 13

787 7o 3 2 b 0.00004 0.00005 0.00005 3 4

785 785 2 0 2 0.00003 0.00000 0.00002 2 3

789 7BE an 3 a3 0.00042 0.00008 0.00030 3 i

730 a7 0 0 0 0.00014 0.00000 0.000039 m 13

791 788 20 5 a0 0.00035 0.00014 0.00028 29 33

792 789 13 0 13 0.00018 0.00000 0.00072 15 v

733 730 0 1 il 0.00014 0.00003 (0. 00010 m 13

734 il 20 13 a3 0.00028 0.00035 0.00030 23 2R

735 732 3 1 4 0.00004 0.00003 0.00004 3 4

796 793 7 5 12 0.00010 0.00014 0.0001M g8 a9

797 734 3 0 3 0.00004 0.00000 0.00003 3 4

733 735 74 5 =] 0.00104 0.00014 0.00073 36 38

739 79k g3 it e 0.00087 0.00033 0.00071 72 a3

200 a7 1| i 262 0.0026 0.00462 0.00240 05 120

2m 798 414 3 527 0.00574 0.00305 0.00453 476 544

802 ¥39 166 223 389 0.00230 0.00603 0.00357 =l 218

803 800 a0 a8 58 0.00089 0.00022 0.00053 b7 EE

804 = o 0 o 0.00000 0.00000 0.00000 o o

205 502 01 14 115 0.00140 0.00033 (. 0005 15 133

806 | TOTAL 72,080 37.007 109,087 1 1 ] 52891 42,831 125,722 351213 94 £58 48911 143,563 401,070
807 | PDOS (203 286,643 2,055,4 907643 335620 122121 2247 560 398128 3448200 1342348 2472047
808 | PO15[204] 207,742 344,820 328800 215475 547275 933633 3439058 232500 5324030 1057422




APPLICATIONS & FILE FORMAT
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Visualization: ArcGIS




CUSIM-M-2007-09 Model : Forecasting




Density

Constraint

Input Data:

Basic Employment

Travel Time Matrix

Activity & Population Serving Ratios
Parameter Values

Residential and Service Attractors

Constraints
L 1 ¥ ta 4 1 1) b

¥R

A

Allocate The Increment Of Employment
To The Residence Zones

Calculate Increment Of Residential Population

Alter Weight On The Residential Attractor

k.

Calculate The Increment Of Service Employment
Demanded By Residential Population

Allocate Increment Of Service Employment

5 Maximum Density Constraint On Population
Satisfied?

Calculate Service Employment In Centers

Output Data:

Total Population and Total Employment
Work Trip And Service Trip Matrices
Trip Length Distribution Curves

S Increment Of Population & Employment Belo
Convergence Limits?

-

YES

Modification | of the Garin-Lowry Model

Source: Batty 1972

YES




Density Constraint

Wt_POP: cp pono I POP* A™) X, exp(—fd,
=7 Srt_POP* AT X, exp(- ,[’ )

weighting factor T
A vector of the ratio of the zonal maximum constrained population
over the zonal estimated population

8000 . . . T
6000 s _
Maximum
4000 L Popula;ion
Capacity
2000 b I | (Const_POP):
l IR \ || ||U | | i i 500
T M 0 L 8 W e LS L 5 N oo o o o
0 100 200 300 400 500 600 700 800 a00
3000 : ! . . .
Maximum
o000 - Population
Capacity
40001 1 (Const_POP):
M 2,000
|
A bl s g ] M‘zL WMM.A\A J-'m,u.L'-.._.Jm'..ﬂ,‘Iu.;L'I".,

0 100 200 300 400 &S00 600 700 300 Q00




Density Constraint

s000
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Density Constraint
w/ Land Use CLRP:

CLRP: Land Use Model
Land Use Map

06/05/2007 David J-H. LEE
(540) 3T3-2690 Ext.23
lee@gwiegion.org

B oeveioped (Commercial)

Developed (Industrial)

Bl iy
Developed (Residential) ,.'( J I_'. R( ¥ }_‘,
- Government & Cthers a \y\' \Q’H] \ GT(-_)V
= »~ REGIONAL COMMISSION
- ‘Vacant Developable - . }\ -1
. . —
- Undevelopable % ‘ ' MMKE
’ L. ‘ i Fearterichesbung Ama Matropcitan Flasang Organiaion

Current Land Use for George Washington Region, 2006



Density Constraint

Zonal Specific Population Capacity Constraints

= =] . = *
m P_| -] [ - 1 s . wn *
U > == ' w2 ; T -, = 5
= = o B == Flgs | g ) E o =
7 | R 22 | B0 | He = 2 O & =l . 3 U
| =and] ;: L oo ol - ool - o CD ry ) 4ﬁ5
Q| 4 2 | SE|SEISE SE (S2 S| SR | & . | g a
E = ! = = . ~

1203.03 | 1077.32 | 125,71 | 18.84 | 5.08 | 455.33 | 0.00 | 193.53 | 404.54 1048 | 0.434 | 859.87 | 1979
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Hybrid Modeling Approach

characterizing the general operations
and mechanics of land use changes

and development patterns

/
GAMS
Optimization

(Prescriptive)
Model

prescribing
optimal urban development patterns

with minimal concerns associated
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Thank you very much!!

David J-H. Lee

GWRC/FAMPO
540-373-2890 Ext.23

lee@gwregion.org

GEZ:RGE

WASHINGTON FAM

REGIONA L C OMMISSION Fredericksburg Area Metropolitan Planmng Orgamzatfon




