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Research Background

Data Technology

··· Population Density by Distance from City Center

(Selected Cities)

Beijing
Shanghai

Guangzhou

parameter

Simulation comparison of different scenarios

https://transportgeography.org/contents/chapter8/transportation-urban-form/distance-density-urban/


Literature Review

Urban Spatial Structure

land 

use population 

spatial 

structure

traffic 

network green 

space 

water area

···

Static urban spatial structure

Dynamic urban spatial structure

Transport Land Use

Cost

PopuDensity vs. distance 

exponential trend line

Location of multinational 

subsidiaries in the Paris

Gravity 

Model

https://journals.openedition.org/cybergeo/35411


Spatial Interaction Model

Literature Review

Lowry Model

• A urban simulating model of the spatial 

organization of human activities within a 

metropolitan area.

• Predict changes in metropolitan form:

the pattern of employment

the growth of population

the efficiency of transportation system

Garin-Lowry Model

nonlinear

optimization

𝑦2 = 𝑦1𝐴1 + 𝑥2

From unique case studies 

to multi-scenario simulations

https://transportgeography.org/contents/methods/spatial-interactions-gravity-model/spatial-interactions-basic-models/


Line of Thought

Data Collection

• Study area：N tracts &

Connected
Visualization

Model SimulationData Curation

• Basic employment 

distribution

• Travel time

• Manually set the 

parameter variation 

range

https://www.shutterstock.com/zh/image-vector/map-world-spots-connected-each-other-70529440
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The Garin-Lowry Model

Basic Hypothesis 

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

I. Population follows 

employment

II. Employment 

follows population

Place of

employment  for 

staff

Residential

population

https://www.dreamstime.com/modern-house-building-process-isometric-d-vector-illustration-construction-site-industrial-transport-concrete-mixer-crane-image163447358#_
https://www.cartoonstock.com/directory/m/modern_day_pirates.asp
https://www.sollie.net/Property/Details/20602
https://www.pinterest.com/pin/793126184347417739/
https://www.fox2detroit.com/video/1077743
https://pixabay.com/vectors/shop-store-sale-shopping-building-158317/
https://economictimes.indiatimes.com/industry/banking/finance/banking/at-rs-1-lakh-indias-bank-deposit-insurance-lowest-in-world/articleshow/71487589.cms
https://cn.depositphotos.com/77214903/stock-illustration-modern-office-building-in-cartoon.html


The Garin-Lowry Model

Interaction between population and employment distributions in a city 

Employment

Basic Employment

Nonbasic Employment

Population

Basic Hypothesis 

➢ Baisc Employment: independent

➢ Nonbasic/Service Employment: follows the distribution of 

residential population. 

https://tstoaddicts.com/2015/06/04/should-i-spend-donuts-on-roscoe-and-the-ajax-steel-mill/
https://pixabay.com/vectors/shop-store-sale-shopping-building-158317/


The Garin-Lowry Model

𝑺 = 𝑻𝑷

𝑷 = 𝑮𝑺 + 𝑮𝑩

𝑆𝑖 = 𝑒σ𝑗=1
𝑛 (𝑃𝑗𝑡𝑖𝑗) = 𝑒 σ𝑗=1

𝑛 [𝑃𝑗 𝑑𝑖𝑗
−𝛼/σ𝑙=1

𝑛 𝑑𝑙𝑗
−𝛼 ]

𝑃𝑖 = ℎσ𝑖=1
𝑛 (𝐸𝑖𝑔𝑖𝑗) = ℎ σ𝑖=1

𝑛 [ 𝐵𝑖 + 𝑆𝑖 𝑑𝑖𝑗
−𝛽

/σ𝑘=1
𝑛 𝑑𝑖𝑘

−𝛽
]

𝑒 =
𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

ℎ =
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡

𝑑𝑖𝑗∶ 𝑡ℎe 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑖 𝑎𝑛𝑑 𝑗, 𝑖 j = 1,2, … , n)

𝜕 ∶ 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡

𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡 − 𝑠𝑒𝑟𝑣𝑖𝑐𝑒

𝛽：𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡

(𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡 − 𝑤𝑜𝑟𝑘𝑝𝑙𝑎𝑐𝑒)

𝐵: 𝐵𝑎𝑠𝑖𝑐 𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡

𝑃: 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

𝑆: 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡



The Garin-Lowry Model

𝑺 = 𝑻𝑷

𝑷 = 𝑮𝑺 + 𝑮𝑩

𝑆𝑖 = 𝑒σ𝑗=1
𝑛 (𝑃𝑗𝑡𝑖𝑗) = 𝑒 σ𝑗=1
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−𝛼/σ𝑙=1

𝑛 𝑑𝑙𝑗
−𝛼 ]

𝑃𝑖 = ℎσ𝑖=1
𝑛 (𝐸𝑖𝑔𝑖𝑗) = ℎ σ𝑖=1
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/σ𝑘=1
𝑛 𝑑𝑖𝑘

−𝛽
]

3

4 1 2

5

𝑆1 = 0.3
𝑑11
−1

𝑑11
−1 + 𝑑21

−1 + 𝑑31
−1 + 𝑑41

−1 + 𝑑51
−1 𝑃1 +

𝑑12
−1

𝑑12
−1 + 𝑑22

−1 + 𝑑32
−1 + 𝑑42

−1 + 𝑑52
−1 𝑃2 ∗ 4

• B1 = 1, B2 = B3 = B4 = B5 = 0

• d1j=1, dii=0.25

• h=2.0 , e=0.3, α = 1.0, β = 1.0



Solving A System of Linear Equations

LU-factorization
• the forward substitution algorithm 

is used to solve the system 

• the back substitution algorithm 

is used to solve the system 

𝜜 = 𝑳𝑼

𝑳𝒛 = 𝒃
𝑼𝒙 = 𝒛

𝑆1 = 0.1500𝑃1 + 0.1846𝑃2

𝑆2 = 0.0375𝑃1 + 0.2538𝑃2

𝑃1 = 𝑆1 + 1.2308𝑆2 + 1

𝑃2 = 0.25𝑆1 + 1.6823𝑆2 + 0.25

−1 0 0.15 0.1846
0 −1 0.0375 0.2538
1 1.2308 −1 0

0.25 1.6823 0 −1

𝑆1
𝑆2
𝑃1
𝑃2

=

0
0
−1

−0.25

𝜜𝒙 = 𝒃

1 0 0 0
−0.25 1 0 0
−1 0.7316 1 0
0 −0.5944 −0.0681 1

−1 0 0.15 0.1846
0 1.6823 0.0375 −0.9539
0 0 −0.8774 0.8825
0 0 0 −0.2531
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Case Study

Shapefile Type File Detail Key Fields Key Variable Data Source

tract Polygon Base map for plotting

The case study is built 

upon the work reported 

in Wang (1998), but 

revised extensively for 

clarity of illustration.

trtpt Point Study area centroids 
BEMP_CBD 

BEMP_UNIF

Basic employment 

per region：single 

center | uniform

distribution

road line

The hypothetical city is 

here assumed to be 

partitioned by a 

transportation network 

made of 10 circular rings 

and 15 radial roads.

LENGTH

LENGTH1

Length of each 

road segment

 Study area: A Hypothetical City

 Data 



Technologic Flow

Road

Tract

Tract Point

Data Input Distributions

OD Cost Matrix

ComparedData Preprocessing

Population

distributions 

in various 

scenarios

Service 

employment 

distributions 

in various 

scenarios

Create a network dataset Garin – Lowry Model

The basic case

(Monocentric)

A uniform distribution

travel friction 

coefficients (α | ß )

transportation network

Streets Primal Graph

http://docs.momepy.org/en/stable/user_guide/graph/convert.html
http://docs.momepy.org/en/stable/user_guide/graph/convert.html


The Workflow Implementation

                      

                 
      

               

          

                       

                                                                                                                                 

                                                                                               

                    

                                                                                             
                   

       

                                                       

             

      

         
          
      
      
       

                        

                                 

             

            
               

       

                      

     

                    

            
               

           

                       
                        

                                              

                     

                     

                                                               

                                      
                                        

                 

                    

                                           

                  

              

             

                            

             

             

                    

         

          

         

          

                     

                     

                   

         

          

         

          

             

             

         

                               

        

                      

                 
      

               

          

                       

                                                                                                                                 

                                                                                               

                    

                                                                                             
                   

       

                                                       

             

      

         
          
      
      
       

                        

                                 

             

            
               

       

                      

     

                    

            
               

           

                       
                        

                                              

                     

                     

                                                               

                                      
                                        

                 

                    

                                           

                  

              

             

                            

             

             

                    

         

          

         

          

                     

                     

                   

         

          

         

          

             

             

         

                               

        



The Workflow Implementation
                                                                                                                                 

                                                                                               

                                                       

       

                    

                                                                                   
                   

                                    

            
             

       
             

            

                                                  
                                        

                       
                        

                                              

                                                   

                          

                   

     

     

     

             

          

                       

                                                                                                                                 

                                                                                               

                                                       

       

                    

                                                                                   
                   

                                    

            
             

       
             

            

                                                  
                                        

                       
                        

                                              

                                                   

                          

                   

     

     

     

             

          

                       

c. Data

Preprocessing

d. Model Simulation 

b. Read Data

e. Results 

Statistic

a. Homepage 

Display 



Step by Step Workflow Execution I

a. Homepage Display 



Step by Step Workflow Execution II

b. Read Data



Step by Step Workflow Execution II

c. Data Preprocessing



Step by Step Workflow Execution III

d. Model Simulation



Step by Step Workflow Execution III

d. Model Simulation



Step by Step Workflow Execution III

d. Model Simulation



Step by Step Workflow Execution III

d. Model Simulation



Step by Step Workflow Execution IV

e. Results Statistic
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Conclusion

 The model is constructed as a system of linear equations, 

which is easy to calculate.

 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.

 The distribution of service employment and population under 

different distance friction coefficients is simulated.



Discussion

• 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.

Case1: Simulating distributions of population and service employment in the basic case

VS

Case2: Examining the impact of basic employment pattern

Comparison of different basic employment distributions



Discussion

• The distribution patterns of population and service employment are similar to those in the basic case.

• The lower values before the 7th ring

• The higher values after the 7th ring  

Comparison of different transportation network
Case1: Simulating distributions of population and service employment in the basic case

VS

Case4: Examining the impact of transportation network



Discussion

• The steeper slopes for both population and service employment in case3 with larger α and ß. 

Case1: Simulating distributions of population and service employment in the basic case

VS

Case3: Examining the impact of travel friction coefficient

Comparison of different distance friction coefficient



Future Work

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

 The model may be used to examine more issues in the study of 

urban structure: 

the impact of road density;

the impact of road network structure; 

exploring population and employment in polycentric cities.

 Model modification：
The challenges of defining a realistic distance decay function.

 ...

https://clemensnocker.com/polycentricity/
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