











the freeway corridor (streets go from western-most to eastern-most when reading from
left to right) and significant decreases were experienced on the freeway/boulevard. Once
the boulevard was fully opened to traffic, traffic rebounded on the western side of the
corridor and dipped back down to levels similar to the before period in the eastern section
of the corridor. Overall, the corridor did not see any excessively high V/C ratios which
means that even though the distribution did change throughout the area, it still remained
fairly balanced.

Removing the urban freeway segments in all three case studies caused traffic in
the surrounding area to redistribute, albeit in different ways. The Embarcadero and Park
East Freeway corridors both experienced redistributions that were fairly balanced with no
excessively high or low V/C ratios. The Central Freeway, however, experienced a
redistribution similar to the “before” condition which was still distorted with very high
VIC ratios on the replacement boulevard. These results suggest that the specific type of
boulevard design may have a significant effect on how the traffic redistributes. Both the
Embarcadero Boulevard and McKinley Avenue were fully connected into the street
network so that they functioned very similar to the other streets around them. Octavia
Boulevard, however, was completely different than all the streets around it with its multi-
way boulevard design. This design significantly limited turning movements from the
boulevard and in essence forced people to stay on the road until it ended. This design
functions similar to a freeway in the sense that there are only limited points at which to
exit. This difference in boulevard construction might explain why the distribution of
traffic changed in different ways. With the Embarcadero and Park East Freeways, an

elevated freeway was replaced with a street which functioned as just another part of the
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Central Freeway saw the traffic distribution remain distorted with high traffic
concentrations on the boulevard and lower concentrations on other surrounding streets.
These results suggest that a difference in road design can have significant effects on
traffic distribution and therefore careful consideration must be given as to what is the
desired effect after the boulevard is constructed. Doing similar analyses in nine other
North American cities showed that they currently have traffic distributions similar to the
pre-removal condition of the San Francisco case studies. Therefore, these cities would be
good candidates for pursuing the capacity removal projects which have been discussed in
order to bring a more balanced traffic distribution to their network. It is likely that many
other cities throughout North America have similar traffic distributions and this shows
that excess capacity in the surrounding street network does exist in most cases to absorb
the traffic that is currently carried by segments of urban freeways. With the results of
this analysis, municipalities can make more accurate assessments of post-removal traffic

distribution by comparing their network to those analyzed in this paper.
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CONCLUSIONS

As our road infrastructure continues to age, more and more cities will be forced to decide
what to do with segments of their urban freeways. From an economic standpoint,
rebuilding these freeways is a very expensive venture that many cities cannot afford.
Replacing these freeways with a boulevard is a lower cost solution that can meet their
transportation needs without breaking their budget. Socially speaking, many of these
freeways were built on top of and through existing neighborhoods. For years,
communities have been forced to deal with large, loud, unsightly structures, and now
there is an opportunity to reconnect these neighborhoods and encourage redevelopment.
However, most people throughout North America travel via their automobile. So
removing a high capacity road from the network comes as a concern to many motorists.
The biggest objection to freeway removal is based on the fear that removal will cause
substantial negative traffic effects, possibly even gridlock. Therefore, a better
understanding is required of how traffic flow changes and redistributes after road
capacity is removed.

A growing number of cities throughout the world have already completed
capacity removal projects. Minimal research exists as to the traffic related results of
embarking on these projects. The research that does exist tends to focus on aspects such
as housing prices and land values. Some research does exist as to the effects on traffic,
but they tend to focus on just the difference between the freeway and the new boulevard
and not the changes in traffic behavior throughout the surrounding area. Because traffic

distribution is such a sensitive part of the decision making process, a detailed traffic
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analysis is required in order to provide more information to municipalities facing the
tough decision as to the fate of their urban freeways.

The traffic volume analysis showed that removing the urban freeways caused the
distribution of traffic in the surrounding area to adjust. The pre-removal condition in the
San Francisco case studies showed a distorted distribution with high V/C ratios on urban
freeways and low V/C ratios on urban streets. The pre-removal condition in Milwaukee
did not see high V/C ratios in either the urban streets or freeways, which is likely because
the freeway was significantly underutilized. When the freeways were removed, traffic
shifted to the surrounding street network and some of the traffic disappeared from the
area entirely. The largest decrease in traffic volume occurred in the intermediate time
period and the volume rebounded somewhat once the boulevard was completed. The
distribution for the Embarcadero Freeway became much more balanced after the freeway
was removed. The distribution for the Park East Freeway was balanced before and after
the freeway removal, but there were changes in the V/C ratios of some of the streets.
The distribution for the Central Freeway, however, initially changed when the freeway
was removed and the boulevard was not yet opened. But, after the boulevard was
opened, the distribution returned to the pre-removal condition. The results suggest that
this may be because of the road design that was employed in the Central Freeway.

The Embarcadero and Park East Freeways were both replaced by traditional
boulevards that were well connected to the street network and provided numerous choices
for travel routes. The Central Freeway employed a multi-way boulevard which operates
more similar to a freeway. Because multi-way boulevards have separate one-way local

travel lanes, intersection design is difficult as turning movements from the main through
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lanes can cause significantly more conflict points than a traditional intersection.
Therefore, in this case, the design limited left hand turns in many locations because this
was felt to be safer. In essence, this created a limited access roadway which funneled
traffic through a corridor. Since only one case study was used for this type of road
design, it is difficult to make a definitive observation that can be applied across the board.
However, based on the three case studies it does appear that the design of the replacement
roadway does play some role in the redistribution process.

Nine other cities that are currently considering urban freeway removal projects
were selected to see how their current traffic distribution compares to those of the case
studies. The results showed that the distribution of traffic in all these cities was distorted
with large differences between the V/C ratios of urban streets and freeways. Therefore, it
can be seen that significant excess capacity exists in the surrounding networks which can
be used to absorb some of the traffic carried by the freeways in question if they are
ultimately removed. It is hoped that based on the results of this work, local
municipalities will be able to make more informed decisions when considering what to

do with their aging urban freeways.

FUTURE RESEARCH

This project provides a good baseline for what cities can expect to happen to the traffic
distribution in the area around a capacity removal project. However, much can be gained
by building on this thesis and refining some of the processes. Adding more cities to the
case study list would be helpful in presenting a more comprehensive picture of the effects

of capacity removal on traffic distribution. Unfortunately, there are a limited number of
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case studies to choose from and the older case studies do not have good data that can be
used in a detailed analysis. As more cities embark on the process of capacity removal
projects, it is likely that data would be available, as they are more current, and could
therefore be used to strengthen this analysis.

The analysis presented in this paper centers around V/C ratios of streets and
freeways. For the case studies in San Francisco, volume and capacity data was available
thus eliminating the need to estimate these parameters. With the other cities currently
considering capacity removal projects, capacity estimation techniques had to be utilized.
This means the results were limited in their ability to specifically present the current
situation in these cities. Utilizing traffic simulation models for these cities would expand
upon the limited data that is available.

The results presented in this paper suggest that the design of the replacement road
affects the nature of traffic redistribution. Unfortunately, too few case studies were
available to make definitive conclusions. Employing more case studies and classifying
them by replacement road design can help provide a more comprehensive understanding

of this matter.

81



REFERENCES

1.

10.

11.

Sheffi, Y. Urban Transportation Networks. Prentice Hall, Inc., New Jersey,
1985.

6 Case Studies in Urban Freeway Removal. City of Seattle.
http://www.cityofseattle.net/transportation/docs/ump/06%20SEATTLE%20Case
%20studies%20in%20urban%20freeway%20removal.pdf. Accessed November
10, 20009.

New York, NY: West Side Highway. The Preservation Institute.
http://lwww.preservenet.com/freeways/FreewaysWestSide.html. Accessed
October 15, 20009.

West Side (Joe DiMaggio) Highway: Historic Overview.
http://www.nycroads.com/roads/west-side/. Accessed October 28, 2009.

Traffic Data Viewer. New York State Department of Transportation.
http://www.nysdot.gov/tdv. Accessed November 10, 2009.

Green Light for Midtown Evaluation. New York City Department of
Transportation. January 2010.

Milwaukee, WI: Park East Freeway. The Preservation Institute.
http://www.preservenet.com/freeways/FreewaysParkEast.html. Accessed
October 20, 20009.

Bessert, C. Milwaukee Freeways: Park Freeway.
http://www.wisconsinhighways.org/milwaukee/park.html. Accessed November
6, 20009.

Milwaukee County Traffic Counts.
http://www.dot.wisconsin.gov/travel/counts/milwaukee.htm. Accessed November
6, 20009.

History of the Central Artery/Tunnel Project. Massachusetts Department of
Transportation. http://www.masspike.com/bigdig/background/history.htmi.
Accessed November 17, 2009.

Technical Briefing: Gardiner/Lake Shore Corridor. Toronto Waterfront

Revitalization Corporation.
http://www.waterfrontoronto.ca/dbdocs/451ad1fc5015e.pdf. July 2004.

82



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Llewellyn-Thomas, K. Dismantling the F.G. Gardiner Expressway East:

Removing Toronto’s Elevated Expressway One Piece at a Time. http://www.tac-
atc.ca/english/resourcecentre/readingroom/conference/conf2003/pdfs/gadiner.pdf.
2002.

San Francisco, CA: Embarcadero Freeway. The Preservation Institute.
http://www.preservenet.com/freeways/FreewaysEmbarcadero.html. Accessed
October 1, 2009.

South of Market Cordon Count — Pre-Earthquake and Current. San Francisco
Department of Parking and Traffic, 1992.

Traffic Volume Information. San Francisco Municipal Transportation Agency.
http://www.sfmta.com/cms/vhome/hometraffic.htm. Accessed on June 5, 2010.

Cervero, R., J. Kang, and K. Shively. From Elevated Freeways to Surface
Boulevards: Neighborhood, Traffic, and Housing Price Impacts in San
Francisco. University of California Transportation Center, December 2007.

San Francisco, CA: Central Freeway. The Preservation Institute.
http://www.preservenet.com/freeways/FreewaysEmbarcadero.html. Accessed
October 1, 2009.

Paris, France: Georges Pompidou Expressway. The Preservation Institute.
http://lwww.preservenet.com/freeways/FreewaysPompidou.html. Accessed
November 12, 2009.

Masshouse Circus. City of Birmingham. http://www.birmingham.gov.uk.
Accessed on March 5, 2010.

M30 Madrid Calle 30 Project, Madrid, Spain. Net Resources International, Inc.
http://www.roadtraffic-technology.com/projects/m30_madrid/. Accessed on
March 5, 2010.

Cairns, S., C. Hass-Klau, P. B. Goodwin. Traffic Impact of Highway Capacity
Reductions: Assessment of the Evidence. Landor Publishing, 1998.

Hastrup, S. Battle for a Neighborhood. Places, Vol. 18, No. 2, 2006, pp. 66 — 71.
MacDonald, E. Building a Boulevard. Access, No. 28, 2006, pp. 2 — 9.
Traffic Monitoring Volume Information. Connecticut Department of

Transportation. http://www.ct.gov/dot/cwp/view.asp?a=3532&0q=330402.
Accessed February 5, 2011.

83



25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

2008 Traffic Volumes State Maintained Highway Network. Connecticut
Department of Transportation.
http://www.ct.gov/dot/lib/dot/documents/dpolicy/traflog/traflog08.pdf. Accessed
February 5, 2011.

Traffic Count Maps. Indianapolis Metropolitan Planning Organization.
http://www.indympo.org/Data/Maps/Pages/TrafficCountMaps.aspx. Accessed
February 7, 2011.

INDOT Average Daily Traffic and Commercial Vehicles. Indiana Department of
Transportation. http://dotmaps.indot.in.gov/apps/trafficcounts/. Accessed
February 7, 2011.

Traffic Counts and Count Stations. Kentucky Transportation Cabinet.
http://transportation.ky.gov/planning/maps/count_maps/count_maps.asp.
Accessed February 7, 2011.

Traffic Volume Maps. Maryland State Highway Administration.
http://www.sha.maryland.gov/Traffic_Volume_Maps/06_Traffic_Volume_Maps.
pdf. Accessed February 8, 2011.

BMC Traffic Count Database. Baltimore Metropolitan Council.
http://bmc.baltometro.org/traffic/Traffic.aspx. Accessed on February 8, 2011

Maps. Greater Buffalo-Niagara Regional Transportation Council.
http://lwww.gbnrtc.org/maps/. Accessed February 8, 2011.

Traffic Flow Data and Maps — 2008. Seattle Department of Transportation.
http://www.cityofseattle.net/transportation/tfdmaps.htm. Accessed February 9,
2011.

2009 Annual Traffic Report. Washington State Department of Transportation.
http://lwww.wsdot.wa.gov/mapsdata/travel/pdf/Annual_Traffic_Report_2009.pdf.
Accessed February 9, 2011.

Average Weekday, 24 Hour Traffic Volume (Most Recent Counts from 2005 —
2009). Toronto Transportation Services.
http://www.toronto.ca/transportation/publications/brochures/24hourvolumemap.p
df. Accessed February 9, 2011.

Traffic Counts. Regional Planning Commission for Jefferson, Orleans,

Plaguemines, St. Bernard and St. Tammany Parishes.
http://lwww.norpc.org/traffic_counts.html. Accessed March 15, 2011.

84



Inoy Jad sied Jsbuassed = ydad .

18alls € 6€°0 G952 200'T ¥5€‘8 = 1S sajreyo jo 1se3q 1S aluad
199l1S 4 (0)740] OT.L'T 889 9€/'S ylogd pAlg | JOI1SSM\ 1S ebojeles
Bury Jayin unrey
193i1S € €0 G9G5‘C 8/8 LTE'L yrog 1S spisald | JOI1SaM\ 1S alownfed 3
193i1S 4 9¢€'0 0TL'T 979 0€T'S N 1S 8)ua) | JO ymnos 1S eded
199l1S 4 f4740) OT.L'T 122 0T0‘9 ylod 1S sWweliiM\ | JO 1SS 1S ensilusH
199l1S € 6T°0 G9G'e 961 0ET'V ylod 1S Aemuo) | Jo yinos 1S ss|reyd
19allS 4 150 60€'C E€TE'T Z2v6'0T N 1S AusqiniN | 4o yuoN 1S eded
19a.1S € 060 G9S'C TIEC 092'6T 3 1S eded JO1se3 1S Aulsqiniy
1981S € 9’0 G9S'C 98T'T 0886 S 1S uipjueld | JO YuON IS [ned 1S
19ai1S € T2°0 G9G‘e 928'T 022'stT N 1S ulpMueld | Jo YuoN 1S UaAeD
199l1S € 18°0 G9G‘e .0 082'/T M 1Snedis | JO1saM\ 1S ulpjueld
1ealls € 6.0 G952 8€0'C 086°9T S 1S leld | JOo yinos 1S susal9
Remaaio 14 60 002'L ZvL'9 08T'9G yrog 1S Aemuo) | Jo yinos S6€E-1
KemaalH 9 €0'T 000°2T 8TV'CT 08Y7'€0T ylog G6-1 | JO UuoON S6¢E-
Remaalio 9 €Tl 000CT 8T9‘eT 08V'ESTT yrog 1S MeAeD | JO 1SS\ €8-1
adAL saue’ oney (xydaod) (xydad) ay uonoalg 199.11S SS0ID W 190.11S Arewlid
peoy JIN Aoede) Mo|d [oAe. |
Yead
9002 - €002 abuey rea
AN (10105->)

1019e4 InoH ubisaq

AW ‘FHONILTVE JO4 SISATVNY O/A 1V XIANIddV

85



Baltimore Volume-Capacity Ratios

/ \

——Streets

= Freeways

1.20

1.00

=) =) =
0 o =
= ) =

oney Aypede)-awnjop

0.20

0.00

86



Inoy Jad sied sabuassed = ydod

19811S 14 Ge'0 | oZr'e 002'T 000°0T yiog 1S Ulpjueld JOo1IsaM\ 1S 4yaInyd
19811S [ 00 | OTL'T QTS 062t ylog }S uoinHiseq | Jo yinos 1S noay|3
19811S Z 2e0 | 0TLT (0]74° 00S'v ylog 9NV Mled yinos | JO yinos 1S euelsino
19911S Z GT0 | OTL'T 414 00T'2 ylog 1S obealyd jo 1segq 9AY ied Yinos
193l1S 4 020 OT.L'T [4%> 058'C yiod 1S uoibulyse jO 1seq 1S Aled
19811S c 820 | OTL'T 08t 000'v yiog 93Ny alemel|aQ JO1IsoM\ 1S 9|beq M\
19811S 14 220 | ocv'e 89/ 00v'9 ylog 1S BI3USS 0 YuoN ANy uebiyoIN
19811S 14 8’0 | 0ZP's 959'T 008°cT 3 1S uoibulysem jo 1seq 1S uoIsing yinos
193l1S 14 92’0 0cr'e 9/8 002 yiog 9NY aleme|a(d jo1se3 | 1S emaddiyd 1sa
19811S 14 ve'0 | 0Zv's 9/T'T 008°6 ylog ANy JO1saM\ 1S elebelN
poomuwi|3 yinos
19811S 14 Zro | ocv'e 8¢V'T 006'TT ylog 1S yaInyd 40 YloN 9Ny alemel|aQ
19811S 14 82°0 | 0cv'e 2l6 00T'8 ylog 1S abueyox3 | jo yinos 1S uoibuiysem
Aemaai- 9 T8'0 | 000CT 80,6 006'08 yiog ANy UebIyaIN jo i1seq 06T-I
KemaaiS 9 T6'0 | 000CT 968°0T 008'06 ylog dwey s yainyd | Jo yinos 06T-I
Kemaaio v 19°0 | 0008 806'7 006'0 ylog duwey | jo yinos AemAXS oreyng
PA|g uuew.ayny
adAl saue | oney | (yydad) (vydad) 1av | uonosang 19811S SS0.1D v 192.11S Arewlid
peoy J/IA | Anoeded | moj4 Mead [anel]

£00¢ - 200¢

abuey Jea

(AN

(1010e4-))

1010e4 InoH ubisag

AN ‘O1Vd4dNg JO4 SISATVNY J/A 9 XIANIddV

87
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New Haven Volume-Capacity Ratios
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Toronto Volume-Capacity Ratios
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