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Literature Review
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The Garin-Lowry Model

[ Basic Hypothesis

Population and employment distributions interact with each other and
are interdependent.

Residential
|. Population follows Qopma_tlo,) II. Employment
employment population ollows population
Place of x
é\’77ployme“

employment for
staff
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The Garin-Lowry Model

[0 Basic Hypothesis

> Baisc Employment: independent
> Nonbasic/Service Employment: follows the distribution of
residential population.

Basic Employment B

Employment Population P

Nonbasic Employment S
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The Garin-Lowry Model
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The Garin-Lowry Model

S=TP Si=eXl (Pt) = e X0, [Pi(d*/ Ty di®)]

P=GS+GB P, =h}" (Eg;)=hX[(B;+S) (deB/Z’zl:l di_kﬁ)]

- B1=1,B2=B3=B4=B5=0
° dljzl’ d”=025

« h=2.0,e=0.3,a=1.0, B=1.0

S, = 0.3 ( dii P, + diz P 4)
1 = V. = = = = —71 I'1 = = = = —1 I *
d111 + d211 + d311 + d411 + d511 d121 + d221 + d321 + d421 + d521




Solving A System of Linear Equations

O LU-factorization

- the forward substitution algorithm

IS used to solve the system

a, 0
dy dyp
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 the back substitution algorithm
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Case Study

O Study area: A Hypothetical City
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Technologic Flow
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The Workflow Implementation

Chapter 10 System of Linear Equations and Application of Garin-Lowry Model in Simulating Urban Population and Employment Patterns

Case Study 10 Simulating Population and Service Employment Distributions in a Hypothetical City
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Step by Step Workflow Execution |

a. Homepage Display

[ Home > [ lingbo > s»[;? Chapterl0_Final_web0521_postil > ® Chapterl0_Final_web0521_postil 2022-05-30 02.09.08 SR

Chapter 10:System of Linear Equations and Application of Garin-Lowry
Model in Simulating Urban Population and Employment Patterns

This chapter introduces the method for solving a system of linear equations (SLE). The method is fundamental in numerical analysis (NA), and is often used as a building block in other NA tasks such as
solving a system of nonlinear equations and the eigenvalue problem. Here, the SLE is illustrated in the Garin-Lowry model, a model widely used by urban planners and geographers for analyzing urban land use
structure.

There has been an interesting debate on the relation between population and employment distributions in a city. Does population follows employment (i.e., workers find residences near their workplaces to
save commuting)? Or vice versa (i.e., businesses locate near residents for recruiting workforce or providing services)? The Garin-Lowry model argues that population and employment distributions interact
with each other and are interdependent. The Garin-Lowry model has the flexibility of simulating a population distribution pattern corresponding to any given basic employment pattern. It can be used to
examine the impact of basic employment distribution on population as well as that of transportation network.

Title: Simulating Population and Service Employment Distributions in a Hypothetical City.

Objectives h
Showing how the distributions of population and employment interact with each other and how the patterns can be affected by various transportation networks.

Methodology
LU-factorization & Garin - Lowry Model

Data
The project primarily uses the file geodatabase SimuCity.gdb under the folder SimuCity, which contains: (1)a polygon feature (136 tracts): tract.shp

o . L PR T
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b. Read Data

Data Read&Show Data Read&Show
> ) G¢ Monitoring —
L N o
[9 Home > [T Users > [T workbook02 > o{S Chapterl0_Final web0327_2 > (5) Chapterl0_Final_web0327_2 2022-03-27 08.07.20 overview pags —
Upload tract shp file Upload road shp file Upload trtot shp file

m tract.shp Select file road.shp Select file tript.shp

Road data tract data
Road data sample tract data sample

Road tract

trtpt data
tript data sample

trtpt




Step by Step Workflow Execution |l

c. Data Preprocessing

Python Script
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Step by Step Workflow Execution Il

d. Model Simulation

Component
. o L SR
[> Spatiotemporal Simulation... G¢ Monitoring I :___
(7 Home > [T lingbo > &[2 Chapterl0_Final_web0521_postil > @ Chapterl0_Final_web0521_postil 2022-05-30 01.33.42 o
Simulating distributions of population and service employment in the basic case Data Transfer

Adjust parameter options

Description of default options

The basic case, as in the monocentric model, assumes that all basic employment (say, 100) is concentrated at the CBD. The basic case assumes that a=1.0 and p=1.0 for the two distance friction
coefficients in the gravity kernels. Basic employment pattern is defined in the field BEMP_CBD with its value = 100 in the CBD tract and O elsewhere, and it saves the results, i.e., numbers of population
and service employment, in the predefined fields * POP and * SEMF, respectively. Step 2 has already generated a different travel time data named NetwkTime.

Location ID Field Basic Employment Field
OBJECTID % BEMP_CBD %
ALPHA BETA
Ay N
1 1
N N
Distance Field H E distanceDecayFun
NetwkTime 2.0 0.3 Power

& Back




Step by Step Workflow Execution Il

d. Model Simulation

[> Spatiotemporal Simulation... G Monitoring

RA

[ Home > [ lingbo > N-[E Chapterl0_Final_web0521_postil > @ Chapterl0_Final_web0521_postil 2022-05-30 01.33.42 S

Examining the impact of basic employment pattern

Adjust parameter options

Description of default options

To examine the impact of basic employment pattern, this project simulates the distributions of population and service employment given a uniform distribution of basic employment. In this case, all
tracts have the same amount of basic employment, i.e., 100/136 = 0.7353, which has been predefined in the field in BEMP_Unif. In parameter options, change the inputs for “Basic Employment Field”
to BEMP_Unif. For the output, set “Output Service Employment Field ” as * Unif_SEMP set “Output Population Field ” as *_Unif_POP.

Location ID Field Basic Employment Field

OBJECTID ' BEMP_Unif '

0 l\""‘*-

j distributions of populstion| Examining the impact of

C Back s3mployment in the basic cagebasic employment pattern m




Step by Step Workflow Execution Il

d. Model Simulation

> Spatiotemporal Simulation... G Monitoring
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Case: Examining the impact of travel friction coefficient
Adjust parameter options

Threshold Min(ALPHA|BETA) Max(ALPHA|BETA)

AV

Description of default options

Keep all parameters in the basic case unchanged except the two travel friction coefficients a and 3. Compared to the basic case where a = 1 and B = 1, this new case realizes the sensitivity analysis of
travel friction coefficients by setting the maximum and minimum values of a and B and the threshold size of each change. In parameter options, set ALPHA as 2 , BETA as 2 and threhold as 0.5. For

the output, “Output Service Employment Fields ” and “Output Population Fields ” will be created automatically.

Simulating distributions of populetion mining the impact of travel fricti ficient
< Back and sbrvice employment in the basic case |,




Step by Step Workflow Execution Il

d. Model Simulation

[> Spatiotemporal Simulation... ¢ Monitoring
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Examining the impact of transportation network

Adjust parameter options

Description of default options
Examining the impact of transportation network, in this particular case, the building of a suburban beltway. Step 2 has already generated a different travel time data named NetwkTime1l. For the output,

set “Output Service Employment Field ” as * SEMP_Belt, “Output Population Field ” as * POP_Belt.
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OBJECTID N BEMP_CBD N\ NetwkTime1

Component Case1

:. > >
- >
] ]

Data Transfer Simiulating distributions
and service employment in the basic case

> >
___-___'-'—-
]

Examining the impact of transportation network

v

Yy




Step by Step Workflow Execution IV

e. Results Statistic
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Case: Simulating distributions of population and service employment in the basic case

Population distributions in various scenarios Service employment distributions in various scenarios
8 —o— Base case —o— Base case
1.4 -
+
f=1
§ g
= 12
o o
= = L3
T 5 =3
—=‘ @
(=N @
£ 2 1o
) =
@
wy
9 08
2
2 4 5 § 1 : @ 13 5 1
Location (ring) Location (ring)

< Back Delete this result




Contents

O Introduction OCase study
> Research background > Technologic flow
> Literature review > Workflow implementation
> Line of thought > Step by step workflow
execution
O Methodology [0 Conclusion and
> The Garin-Lowry model discussion

> Solving a system of linear
equations



Conclusion

O The model is constructed as a system of linear equations,
which Is easy to calculate.

O The case study used a hypothetical city helps us understand
the change of urban structure under various scenarios and
explain many empirical observations in urban density studies.

O The distribution of service employment and population under
different distance friction coefficients is



Discussion

O Comparison of different basic employment distributions

Casel: Simulating distributions of population and service employment in the basic case
VS
Case2: Examining the impact of basic employment pattern

Population distributions in various scenarios Service employment distributions in various scenarios
g - - Base case = Base case
“= Uniform basic employment %= Uniform basic employment

1.4 1

1.2 4

Population
Service employment

0.8 1

2 4 & 8 10 2 4 6 8 10
Location (ring) Lacation (ring)

both the population and service employment remain declining from the city.
both the population and service employment exhibit steeper slopes in the basic case than case2.



Discussion

O Comparison of different transportation network
Casel: Simulating distributions of population and service employment in the basic case
VS
Case4: Examining the impact of transportation network

Population distributions in various scenarios Service employment distributions in various scenarios

=C== Base case == Base case
- With a beleway *, =&+ With a beleway

1.4 1

Population
(7,1
[

Service employment
=
=

0.8 4

2 4 6 8 10 2 4 6 8 10
Location (ring) Location (ring)
The distribution patterns of population and service employment are similar to those in the basic case.
The lower values before the 7t ring

The higher values after the 7t ring



Discussion

O Comparison of different distance friction coefficient

Casel: Simulating distributions of population and service employment in the basic case
VS
Case3: Examining the impact of travel friction coefficient

Population distributions in various scenarios Service employment distributions in various scenarios
3.0
—— POP_AD.5B0.5 —— SEMP_A0.5B0.5
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2.5
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e g
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0.5
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0-0 T T T T T 0-0 T T T T T
2 4 5] 8 10 2 4 5] 8 10
Location (ring) Location (ring)

The steeper slopes for both population and service employment in case3 with larger a and 3.



Future Work

O Applying the Garin-Lowry model in analyzing real-world cities:
(required the division of employment into basic and nonbasic sectors)ﬁwj;

Aty
O The model may be used to examine more issues in the stu_‘;;;‘ f s
urban structure: R

the impact of road density;

the impact of road network structure;

exploring population and employment in polycentric cities.
O Model modification: »

The challenges of defining a realistic distance decayft
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https://clemensnocker.com/polycentricity/
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