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Summary

socio-economic characteristics such as employment, population, and land use. High economic inten-

travel speeds within a travel demand model.  

the modeled transportation network. A seamless integration of ArcInfo, Python and GISDK allows 

economic characteristics of the surrounding territory.

The procedure determines the economic intensity associated with a centroid for the developed area 
of land for each transportation analysis zone.  A raster type economic intensity surface is generated, 

-

and can leverage additional GIS data as appropriate.

Role of Area Type and Economic Intensity in Travel Demand Modeling

-

Tables 1 and 2. A more clearly de-

Table 1: Volume-Delay Function Codes with Area Type and Functional Class
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(1) CBD 11 12 13 14 15 16 17 18 19 10

(2) Outlying CBD 21 22 23 24 25 26 27 28 29 20

(3) Mixed Urban 31 32 33 34 35 36 37 38 39 30

(4) Suburban 41 42 43 44 45 46 47 48 49 40

(5) Rural 51 52 53 54 55 56 57 58 59 50
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Table 2: Free Flow Speed and Volume-Delay Function Parameters

Area Type Code Functional Class Free-flow Speed 
(mph)

BPR 
Alpha                       Beta

1  CBD 
(Central Business District)

0 HOV Lane 65 0.74 4.60
1 Freeway 62 0.87 5.00
2 Expressway 47 0.96 2.30
3 Collector 25 0.96 2.30
4 6-Leg Arterial 36 0.96 2.30
5 Centroid Connector 15 -- --
6 Major Arterial 34 0.96 2.30
7 Unmetered Ramp 39 0.96 2.30
8 Metered Ramp 30 0.96 2.30
9 C/D Road 50 0.87 5.00

2  Outlying Central Business 
District

0 HOV Lane 68 1.88 3.10

1 Freeway 65 0.75 4.00
2 Expressway 49 1.13 2.64
3 Collector 28 1.13 2.64
4 6-Leg Arterial 37 1.13 2.64
5 Centroid Connector 20 -- --
6 Major Arterial 39 1.13 2.64
7 Unmetered Ramp 40 1.13 2.64
8 Metered Ramp 30 1.13 2.64
9 C/D Road 53 0.75 4.00

3 Mixed Urban

0 HOV Lane 75 1.88 3.10
1 Freeway 71 0.71 3.47
2 Expressway 55 0.73 2.36
3 Collector 37 0.73 2.36
4 6-Leg Arterial 39 0.73 2.36
5 Centroid Connector 25 -- --
6 Major Arterial 39 0.73 2.36
7 Unmetered Ramp 44 0.73 2.36
8 Metered Ramp 30 0.73 2.36
9 C/D Road 57 0.71 3.47

4 Suburban

0 HOV Lane 75 1.88 3.10
1 Freeway 73 0.71 3.47
2 Expressway 55 0.33 3.00
3 Collector 39 0.33 3.00
4 6-Leg Arterial 40 0.33 3.00
5 Centroid Connector 25 -- --
6 Major Arterial 40 0.33 3.00
7 Unmetered Ramp 44 0.33 3.00
8 Metered Ramp 30 0.33 3.00
9 C/D Road 59 0.71 3.47

5 Rural

0 HOV Lane 75 1.88 3.10
1 Freeway 75 0.71 3.47
2 Expressway 57 0.16 3.80
3 Collector 40 0.16 3.80
4 6-Leg Arterial 41 0.16 3.80
5 Centroid Connector 30 -- --
6 Major Arterial 44 0.16 3.80
7 Unmetered Ramp 46 0.16 3.80
8 Metered Ramp 30 0.16 3.80
9 C/D Road 61 0.71 3.47
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Legacy Approach

The economic intensity was previously calculated as a function of employment and population at the 

 

   Where: EI is economic intensity for RAZ,

     E is total employment in RAZ,

     P is total population in RAZ,

     A 

Figure 1 shows a map of area type polygons created with the legacy approach.  Prior to implementing 
this new methodology, the area-type information was hard-wired in the roadway network links as an 

(E * 2 + P)
EI =

A

Figure 1 : Area Type Polygons with Old Methodology
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New Approach 

-

developed parts of each TAZ.

-

accomplished for all horizon years and versions of the travel demand model network. 

Input Datasets

The modeling area of MAG includes the Arizona counties of Maricopa and Pinal as well as parts of 

Software Requirements

This methodology was developed using ArcInfo, Python and GISDK, along with software licenses 

The use of GISDK is necessary as the MAG travel demand and forecasting model runs within a GISDK 
shell. 
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A New Methodology in Estimating Area Type

and forecasting model.

1. 
A dataset of developed land is derived from the land use dataset.
The acreage of high density retail land use is calculated for each TAZ.
Initial intensity is calculated using the following formula:

      

(E * 2 + P)
II =

A
  Where: II is initial economic intensity for TAZ,

   E is total employment in TAZ,

   P is total population in TAZ,

   A is area of TAZ in acres.

6. Final intensity is calculated using the formula:

  

     

II
FI =

AF

   Where: II is initial economic intensity for TAZ,

     FI 
     AF is adjustment factor. 

7. 
Barriers among the centroids of the developed parts of TAZs.

8. 

 Area type values are transferred from area type polygons to transportation network links.

10. 
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Adjustment Factor and Cases of Special Consideration 

adjustment factor is used to correct underprediction errors whereas a value of 1 is assigned for all 
other zones.

The Case of Underprediction of Economic Intensity

It was noticed that the interpolation surface underpredicted the level of economic intensity in the 

Table 3.

Table 3: Cases of Very High Economic Intensity

TAZ Characteristics Adjustment factor
30 acres < Area of Retail Center <= 60 acres 0.8

60 acres < Area of Retail Center <= 100 acres 0.6
100 acres < Area of Retail Center 0.3

5,000 < ASU Enrollment <= 10,000 0.5
10,000 < ASU Enrollment <= 20,000 0.4
20,000 < ASU Enrollment <= 30,000 0.3

30,000 < ASU Enrollment 0.2

The Case of Overprediction of Economic Intensity

surface generated through interpolation overpredicted the economic intensity in these areas. The fol-

zone. The zones with no developed land in them are also given an initial intensity of zero along with 
an adjustment factor of one.  

patterns have an adjustment factor of 1. 

Notes on the Spatial Interpolation 

centroid of the developed portions of the TAZ. The resulting economic intensity surface is shown on 
Figure 2. 
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The type of spatial interpolation is Kernel with Barriers using the Epanechnikov function, which is a 

          

r1–
h(  )2

 
For

    

r < 1
h     

   Where: r is the radius,

     h 

-

-

Figure 2: Continuous Economic Intensity Surface
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Another important aspect in running the interpolation procedure was the decision to generate cen-

Going From Continuous to Categorical Variable

-

each category were incrementally adjusted until the outlines of the area types closely matched those 

-
gons shown in Table 4

area type polygons delineated at this step of the process are shown in Figure 3. 

Figure 3: Discrete Economic Intensity: Area Type Polygons with New Methodology
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Table 4: List of Area Type Values and their Corresponding Economic Intensity

Area Type Value Description Level of Economic Intensity
1 Central Business District (CBD) Very high economic intensity
2 Outlying CBD High economic intensity
3 Mixed Urban Moderate economic intensity
4 Suburban Low economic intensity
5 Rural Very low economic intensity

Transfer of Area Type Values from Polygons to the Transportation Network Links

A single area type value was assigned to each link within the network that is dependent upon the 
location of the link mid-point. The use of other criteria, such as assigning the link to the area type 

Figure 4 shows a map of the transportation network links after having an 
area type assigned to them.

Figure 4: Area Type at the Level of Network Links
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Model Application of New Area Type 

the new area type methodology. The following is a summarization.

-
tion was performed. The VDF essentially determines link travel speed which affects the trip assign-

in the left part of Figure 5.

Figure 5: VDF Calibration Flow Chart
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Figures 6, 7 and 8 identify BPR-Old Area Type 

than the BPR curves created with the old methodology. 

-
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Figure 6: VDF BPR Parameters Calibration—Area Type 1



Methodology and Automation in Estimating Area Type for Transportation Modeling  12

0 

10 

20 

30 

40 

50 

60 

0.00 0.50 1.00 1.50 

Sp
ee

d
 (

m
p

h
) 

V/C 

Field Data 

BPR-Old Area Type 

BPR-New Area Type 

0 

10 

20 

30 

40 

50 

60 

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 

Sp
ee

d
 (

m
p

h
) 

V/C 

Field Data 

BPR-Old Area Type 

BPR-New Area Type 

Figure 8: VDF BPR Parameters Calibration—Area Type 3, 4 and 5

Figure 7: VDF BPR Parameters Calibration—Area Type 2



Methodology and Automation in Estimating Area Type for Transportation Modeling  13

Conclusion

productivity due to automation. More importantly the new area type methodology presented in this 

Abbreviations and Terms:

 ASU:  Arizona State University

 CBD:  

 C/D Road:

 BPR -
mine the volume-delay function for roads depending on their functional class.

 GIS:  Geographic Information Systems

 HOV:  High Occupancy Vehicle Lane: also known as carpool lane

 MAG:  Maricopa Association of Governments: the metropolitan planning agency for the greater 

 AF:  Adjustment Factor

 RAZ:  Regional Analysis Zone

 V/C:

 VDF:  Volume-Delay Function

 TAZ:
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