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partnership with the Lucas College and Graduate School of Business at San José State University (SJSU), 
increases mobility for all by improving the safety, efficiency, accessibility, and convenience of our nation’s 
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help create a connected world. MTI leads the Mineta Consortium for Transportation Mobility (MCTM) 
funded by the U.S. Department of Transportation and the California State University Transportation 
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MTI conducts multi-disciplinary research 
focused on surface transportation that contributes 
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policy; security and counterterrorism; sustainable 
transportation and land use; transit and passenger 
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workforce and labor. MTI research publications 
undergo expert peer review to ensure the quality 
of the research.  
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To ensure the efficient movement of people and 
products, we must prepare a new cohort of 
transportation professionals who are ready to lead 
a more diverse, inclusive, and equitable 
transportation industry. To help achieve this, 
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and education opportunities. The Institute 
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Lucas Graduate School of Business: a Master of 
Science in Transportation Management, plus 
graduate certificates that include High-Speed 
and Intercity Rail Management and 
Transportation Security Management. These 
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an advanced degree regardless of their location. 

Information and Technology Transfer 

MTI utilizes a diverse array of dissemination 
methods and media to ensure research results 
reach those responsible for managing change. 
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workshops, websites, social media, webinars, and 
other technology transfer mechanisms. 
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and works to integrate the research findings into 
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world-class Martin Luther King, Jr. Library.

__________________________________________________________________________________ 

Disclaimer 

The contents of this report reflect the views of the authors, who are responsible for the facts and accuracy 
of the information presented herein. This document is disseminated in the interest of information exchange. 
MTI’s research is funded, partially or entirely, by grants from the California Department of Transportation, 
the California State University Office of the Chancellor, the U.S. Department of Homeland Security, and 
the U.S. Department of Transportation, who assume no liability for the contents or use thereof. This report 
does not constitute a standard specification, design standard, or regulation. 

https://transweb.sjsu.edu/mctm#:~:text=The%20Mineta%20Consortium%20for%20Transportation,mobility%20of%20people%20and%20goods.
https://transweb.sjsu.edu/csutc


















































 

M I N E T A  T R A N S P O R T A T I O N  I N S T I T U T E  18 

is suitable to implement at the regional level, since it creates transportation barriers, which is very 
similar to the effect of barriers to trade. For the purposes of urban compaction, it might work to 
apply this policy in the rural areas to restrict spatial interactions within the city’s boundary.  

Figure 14. Population Changes Between L2 and T1 

 

Figure 15. Employed Residence Changes Between L2 and T1 
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Figure 16. Land-use Changes Between L2 and T1 

 

 

3.5 Carbon Tax (T2) 

The T2 scenario builds on the L2 scenario to square travel cost. The difference between the T2 
and L2 results is presented in Figures 17, 18, and 19. The idea of this policy is similar to a carbon 
tax in that longer travel will be punished more than shorter travel. Therefore, we expect that future 
activities would interact with each other within a smaller geographical area. In Figure 17, the 
population changes between L2 and T2 present a pattern of spatial autocorrelation across the study 
region so that both positive and negative changes cluster in a small area. Those positive-change 
clusters take shape most likely due to a stronger local economic body which serves as the driver of 
future developments as presented in Figure 11 (shades of dark blue). The same consideration also 
applies to those negative-change clusters, where there is a weaker local economic body. This small-
area clustering of future activities breaks the original smooth spatial pattern and produces an 
uneven distributed outcome. 

The abovementioned uneven spatial pattern of population changes also applies to that of employed 
residence changes (Figure 18), which essentially represent the economic driver of future 
developments. Similar to the T1 results, Figure 19 shows that land-use changes are all minor, 
implying that the effect of transportation policies on land uses is less than that of land-use policies. 
It is worth noting that a policy such as a carbon tax might not promote a compact city and would 
change the urban form into an unevenly distributed one. In this case, the goal would no longer be 
to make a monocentric compact city but rather a multicentric compact one. If this policy is 
considered an important measure for the reduction of greenhouse gas emissions, planners would 
have to learn how to respond to this change to keep running the city efficiently. A possible solution 
could be to establish very affordable public transit to compensate for the increased travel cost of 
driving. Another possibility is to implement the idea of TOD (Transit Oriented Development), 
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which connects those small-area clusters with a complete transit network that residents can walk 
or bike within their own areas and use transit for longer travel times to interact with activities in 
another small cluster. These ideas are, of course, experimental and require further exploration. 

Figure 17. Population Changes Between L2 and T2 
 

 
 

Figure 18. Employed Residence Changes Between L2 and T2 
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Figure 19. Land-use Changes Between L2 and T2 
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4. Summary & Conclusions  
This study aims to solve a longstanding urban planning problem (i.e., urban sprawl) through a new 
methodological approach of operating a classic urban gravity model, TELUM. Urban models have 
been used to forecast future city developments and, therefore, planners would be able to prepare 
for providing adequate land use as well as transportation and public infrastructure and facilities. 
Most studies have only focused on the function of forecasting in these urban models but have 
largely neglected the possibility that these urban models can be operated in the reverse direction. 
For instance, one can easily use an urban model to simulate what will happen if a high-density 
zoning policy is implemented in a city. Nevertheless, this study uses an urban model to test the 
extent to which a high-density zoning policy should be implemented to initiate the process of 
urban compaction. This study also applies this approach to other polices in order to promote a 
sustainable compact city, including a growth boundary, locational transportation impedance, and 
carbon tax. 

Fresno, California is selected as the study region for this proposed methodological approach. The 
key findings are summarized as follows. 

BL (baseline): This scenario assumes that the city grows naturally without any policy interventions. 
The results are used as a benchmark for further comparisons. TELUM results show that the city 
will inevitably expand outward due to the lack of available vacant developable land within the city’s 
boundary. In a word, the “do-nothing” policy will exacerbate the issue of urban sprawl in Fresno. 

L1 (high-density zoning): The L1 scenario increases the availability of vacant developable land in 
urban core areas. The results show that the urban core would compete with the rural areas for 
attracting future developments if one additional layer of usable land is added in the urban core 
areas. Until two layers of usable land are added, urban compaction would occur and make a 
meaningful change to the city in the next 20 years. 

L2 (growth boundary): Building on the high-density zoning policy, the L2 scenario applies a 
growth boundary by lowering the amount of vacant developable land to zero in rural areas. The 
results suggest that the growth boundary, indeed, speeds up the process of urban compaction by 
about 10 years and makes the city more compact as compared to L1’s results. 

T1 (locational impedance): Building on the assumptions of the L2 scenario, the T1 scenario 
decreases travel cost in the urban core areas by 50% and doubles that in the rural areas. Interestingly, 
the results reveal that this policy essentially creates transportation barriers between the regions 
defined in this study (urban, suburban, and rural areas). Future activities would accordingly interact 
within their own regions. The urban core areas will see more future developments because of lower 
travel costs and stronger local economies. On the other hand, the suburban areas will lose 
development due to poorer travel and economic conditions. The rural areas will see more 
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developments when the local economy matures. The effect of this scenario is remarkably similar 
to that of barriers to trade. 

T2 (carbon tax): This scenario aims to punish long travel across the study region by squaring travel 
cost. We expect that future activities would interact with those nearby to avoid penalties. Therefore, 
future developments will cluster with those that are more alike, resulting in spatial autocorrelation. 
Thus, the goal will be to create a multicentric compact city from a monocentric compact one. The 
idea of TOD (Transit Oriented Development) might help with this goal by connecting those 
small-area clusters with a complete transit network. 

From the results, the current usable land in the city’s core must increase threefold to initiate the 
compaction process for Fresno (L1), and a policy restricting land supply in the outskirts, such as 
growth boundary, would speed up the compaction process (L2). Land-use planning is evident as 
an effective measure for promoting urban compaction. Building on the proposed land-use policy, 
the designed transportation interventions produce mixed results: (1) locational impedance does not 
seem to help urban compaction; (2) an extreme carbon tax policy might result in a multicentric 
compact city; and (3) both of the two interventions do not speed up the urban compaction process. 
From the T2 results, future activities would cluster in a small area if long travel is heavily penalized. 
In this case, TOD could be integrated into such a transportation policy to connect the resulting 
clusters. 

The idea of urban compaction has been discussed for decades in planning, but it is still rare to see 
a successful case in the real world. The proposed research framework can be used in any city to 
evaluate how a transportation or land-use policy would affect the urban form, how much effort is 
required to make a difference, and how long it will take to complete the compaction process. Five 
scenarios were considered, and the results provide insight into the practice of some sustainable 
policies, such as smart growth and new urbanism. More policy scenarios are necessary to test their 
effectiveness for promoting urban compaction. Evaluating all possible scenarios, however, was 
beyond the scope of this study and remains an area for future research.  
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