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Background



Road Obstructions Increase Congestion 4
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Key Observations
The lack of sufficient freight parking, leads to…
Increases in double parking, increases in traffic due to 

cruising to find parking  Congestion increases
Increases in the cost of goods

On top of that, there is a need to take into account 
the needs of service activity
“Commercial” parking includes: freight and service vehicles, 

and in some cases limos
Service visits are less frequent but have longer durations

How can we address this issue?
Quantify on-street parking requirements
Take steps to allocate the space needed 
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Freight and Service Trips



Key concepts
Generation of demand/cargo (FG): 
A manifestation of the production/consumption processes
Implication: FG will increase with (economic) inputs

Generation of traffic (FTG): 
Result of logistical decisions
Implication: FTG do not necessarily increase with (economic) 

inputs (shippers can increase shipment size instead…)
Service Trip Generation (STG):
A manifestation of the amount of services received or 

produced by an establishment
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FTG and STA 8

Based on Establishment Surveys
Collected data about deliveries

received, shipments sent out, and 
service visits received (for more than 
10 years)

Estimated models to predict deliveries 
and shipments using employment

FTA/FTP/STA = f(Employment)
Approximately 1,000 models developed

In addition, the team developed 
generation models to estimate 
Internet deliveries to households



FTG for FIS, and STA for all sectors 9
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Advantages of NAICS in FTG/STA models
Model quality increases because employment by 

industry sector is a better predictor than square 
footage of broadly defined land use types

The resulting models can use employment data that 
are routinely collected for other purposes
ZIP Code / County Business Patterns
Commodity Flow Survey Microdata

National sample of freight-producing firms
If collecting data is desired  small samples could 

work because NAICS creates homogeneous groups
Sample survey instruments are available for use
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Models can be aggregated… 11

…

Establishments

Buildings Census tracts … ZIP Codes

Long Beach



Software Available at COE-SUFS Webpage
https://coe-sufs.org/wordpress/software/
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Results



Cities Selected for the Analyses
Eight American cities of different sizes
The cities were selected on the basis of population 

density using a geometric progression
New York City, NY
Boston, MA
Washington, DC
Seattle, WA
San Jose, CA
Columbus, OH
Austin, TX
Kansas City, KS

14



Summary Results 15
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Population (2016) 151,042 916,906 852,144 1,023,031 688,245 672,391 669,158 8,560,072
Total Area (mi2) 124.81 297.89 217.17 176.53 83.95 61.05 48.27 302.67
Pop density (people/mi2) 467.26 1188.44 1515.01 2237.53 3165.47 4252.46 5351.98 10919.69
Establishments 2,965 33,661 20,106 20,508 33,019 21,264 13,071 245,009
Employment 66,670 629,432 472,088 375,824 595,301 511,541 404,412 3,786,192
FTG (FTA+FTP)/day 16,138 117,216 87,997 80,165 117,681 56,647 43,929 873,380
STA/day 1,493 12,222 8,176 7,495 15,082 11,695 6,824 88,640
B2C/day 15,104 91,691 85,214 122,764 68,825 67,239 93,682 1,369,612
FTG/mi2-day 129.30 393.49 405.20 454.11 1,401.84 927.88 909.98 2,885.59
STA/mi2-day 11.96 41.03 37.65 42.46 179.66 191.57 141.36 292.86
FTG/person-day 0.11 0.13 0.10 0.08 0.17 0.08 0.07 0.10
STA/person-day 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01
FTG/STA/B2C)/person-day 0.22 0.24 0.21 0.21 0.29 0.20 0.22 0.27

Service trips are typically 10% of freight trips

Including Internet Deliveries to households, the total 
deliveries and shipments per capita ranges from 0.23 to 0.29


Sheet1

				Kansas City, KS		Austin, TX		Columbus, OH		San Jose, CA		Seattle, WA		Washington, DC		Boston, MA		New York, NY				Philadelphia, PA		Albuquerque, NM		Cincinnati, OH		Jackson City, MS		Boca Raton, FL		Washington, DC

		Population (2016)		151,042		916,906		852,144		1,023,031		688,245		672,391		669,158		8,560,072				1,559,938		556,859		298,011		172,039		91,702		659,009

		Population Growth (2010-16)		2.04%		7.69%		-3.03%		13.86%		5.54%		15.12%		11.72%		4.43%

		Total Land Area (km2)		200.9		479.4		349.5		284.1		135.1		98.3		77.7		487.1				215.8		302.1		125.4		178.7		47.2		177.0

		Population density (pop/km2)		751.98		1912.61		2438.18		3600.95		5094.34		6843.67		8613.18		17573.54				7228.63		1843.29		2376.48		962.73		1942.84		3723.21

		Total Area (mi2)		124.81		297.89		217.17		176.53		83.95		61.05		48.27		302.67				134.09		187.72		77.92		111.04		29.33

		Pop density (people/mi2)		467.26		1188.44		1515.01		2237.53		3165.47		4252.46		5351.98		10919.69				4491.66		1145.37		1476.68		598.21		1207.22		5,639

		Freight Intensive Sectors																														126,989

		Establishments		1,517		11,340		8,305		8,371		12,495		5,639		4,030		103,192		27,591		12,351		6,478		8,937		1,545		3,364		48,065		1,517		103,192

		Employment		42,560		258,065		201,803		184,094		243,446		126,989		111,291		1,366,604		455,108		201,863		132,519		220,142		29,477		51,262		2,308

		FTG/day		15,414		106,056		82,096		74,096		107,419		48,065		39,408		802,472		244,047		97,552		59,965		89,705		13,075		29,998		50,373

		STA/day		893		3,159		2,294		1,927		3,422		2,308		1,828		23,669		7,238		2,987		1,831		2,647		835		1,668		8.93

		FSA/day		16,307		109,215		84,390		76,024		110,841		50,373		41,236		826,141		251,285		100,539		61,796		92,352		13,910		31,666		0.40

		FSA(FIS)/establishment-day		10.75		9.63		10.16		9.08		8.87		8.93		10.23		8.01		9.11		8.14		9.54		10.33		9.00		9.41		0.08

		FSA(FIS)/employment-day		0.38		0.42		0.42		0.41		0.46		0.40		0.37		0.60		0.55		0.50		0.47		0.42		0.47		0.62

		FSA(FIS)/person-day		0.11		0.12		0.10		0.07		0.16		0.07		0.06		0.10		ERROR:#REF!		0.06		0.11		0.31		0.08		0.35

		FSA(FIS)/km2-day		81.19		227.82		241.46		267.60		820.43		512.70		530.78		1,696.04		ERROR:#REF!		465.89		204.55		736.46		77.84		670.89		0.00

		FSA(FIS)/mi2-day		130.66		366.63		388.59		430.65		1,320.36		825.12		854.20		2,729.51		ERROR:#REF!		749.78		329.20		1,185.22		125.27		1,079.69		384,552

		FSA(FIS)/person-km2-day		21.69		57.10		34.61		21.11		21.76		7.36		4.79		47.01		ERROR:#REF!		13.91		33.52		38.86		14.45		16.30		8,583

		FSA(FIS)/person-mi2-day		34.90		91.90		55.70		33.98		35.02		11.85		7.70		75.66		ERROR:#REF!		22.38		53.95		62.54		23.25		26.23		9,387

		Service Intensive Sectors																														17,970

		Establishments		1,448		22,321		11,801		12,137		20,524		15,625		9,041		141,817		42,114		15,599		8,925		12,229		2,510		7,707		168,668,678.93

		Employment		24,110		371,367		270,286		191,731		351,855		384,552		293,121		2,419,588		577,807		353,723		137,233		272,390		47,212		89,186		0.05

		FTG/day		724		11,161		5,901		6,069		10,262		8,583		4,521		70,909		21,057		7,800		4,463		6,115		1,255		3,854		0.03

		STA/day		600		9,063		5,883		5,567		11,660		9,387		4,996		64,972		21,215		8,377		5,470		7,505		1,191		3,082

		FSA/day		1,324		20,223		11,783		11,636		21,922		17,970		9,517		135,880		42,272		16,177		9,933		13,620		2,446		6,936		5,639

		FSA(SIS)/establishment-day		0.91		0.91		1.00		0.96		1.07		1.15		1.05		0.96		1.00		1.04		1.11		1.11		0.97		0.90		511,541

		FSA(SIS)/employment-day		0.05		0.05		0.04		0.06		0.06		0.05		0.03		0.06		0.07		0.05		0.07		0.05		0.05		0.08		56,648

		FSA(SIS)/person-day		0.01		0.02		0.01		0.01		0.03		0.03		0.01		0.02		ERROR:#REF!		0.01		0.02		0.05		0.01		0.08		11,695

		FSA(SIS)/km2-day		6.59		42.18		33.71		40.96		162.27		182.90		122.50		278.96		ERROR:#REF!		74.96		32.88		108.61		13.69		146.95		68,343

		FSA(SIS)/mi2-day		10.61		67.89		54.26		65.91		261.14		294.34		197.14		448.94		ERROR:#REF!		120.64		52.91		174.79		22.03		236.49		12.12

		FSA(SIS)/person-km2-day		1.76		10.57		4.83		3.23		4.30		2.63		1.10		7.73		ERROR:#REF!		2.24		5.39		5.73		2.54		3.57		0.13

		FSA(SIS)/person-mi2-day		1.28		7.63		3.88		2.49		3.68		2.21		0.93		5.95		ERROR:#REF!		1.87		4.78		5.08		1.99		2.55		0.10

		All Sectors

		Establishments		2,965		33,661		20,106		20,508		33,019		21,264		13,071		245,009				27,950		15,403		21,166		4,055		11,071				2,965		245,009

		Employment		66,670		629,432		472,088		375,824		595,301		511,541		404,412		3,786,192				555,586		269,752		492,532		76,689		140,448		0.12		66,670		3,786,192

		FTG (FTA+FTP)/day		16,138		117,216		87,997		80,165		117,681		56,647		43,929		873,380				105,352		64,428		95,820		14,330		33,852		79,081

		STA/day		1,493		12,222		8,176		7,495		15,082		11,695		6,824		88,640				11,364		7,301		10,152		2,026		4,750		135,729

		FSA/day		17,631		129,438		96,173		87,660		132,763		68,343		50,753		962,021				116,716		71,729		105,972		16,356		38,602		24.07

		B2C/day		15,104		91,691		85,214		122,764		68,825		67,239		93,682		1,369,612

		FTG/mi2-day		129.30		393.49		405.20		454.11		1,401.84		927.88		909.98		2,885.59				785.67		343.22		1,229.72		129.05		1,154.23		0.27

		STA/mi2-day		11.96		41.03		37.65		42.46		179.66		191.57		141.36		292.86				84.75		38.89		130.29		18.25		161.96

		FTG/person-day		0.11		0.13		0.10		0.08		0.17		0.08		0.07		0.10				0.21		0.27		0.22		0.21		0.27		0.21

		STA/person-day		0.01		0.01		0.01		0.01		0.02		0.02		0.01		0.01				0.07		0.13		0.36		0.10		0.42

		FSA/km2-day		87.78		270.00		275.17		308.55		982.70		695.60		653.27		1,975.00				540.85		237.43		845.07		91.53		817.84

		FSA/mi2-day		11.96		41.03		37.65		42.46		179.66		191.57		141.36		292.86				84.75		38.89		130.29		18.25		161.96

		FSA/person-km2-day		23.45		67.68		39.44		24.34		26.06		9.99		5.89		54.74				16.15		38.91		44.59		16.99		19.87

		Internet Deliveries to Households

		Rate		0.11		0.12		0.12		0.13		0.12		0.12		0.12		0.15		0.15		0.13		0.12		0.12		0.11		0.11

		Internet Deliveries to HH		16,615		110,029		102,257		132,994		82,589		80,687		80,299		1,284,011		ERROR:#REF!		202,792		66,823		35,761		18,924		10,087						 

		Total Trips (B2B+B2C)		32,753		227,245		190,254		213,159		200,270		137,334		124,228		2,157,391		ERROR:#REF!		308,144		131,251		131,581		33,254		43,939

		B2B+B2C/Establishment-day		11.05		6.75		9.46		10.39		6.07		6.46		9.50		8.81		ERROR:#REF!		11.02		8.52		6.22		8.20		3.97

		B2B+B2C/Employment-day		0.49		0.36		0.40		0.57		0.34		0.27		0.31		0.57		ERROR:#REF!		0.55		0.49		0.27		0.43		0.31

		B2B+B2C/person-day		0.22		0.25		0.22		0.21		0.29		0.20		0.19		0.25		ERROR:#REF!		0.20		0.24		0.44		0.19		0.48

		B2B+B2C/km2-day		163.06		474.02		544.36		750.30		1482.39		1397.80		1599.02		4429.05		ERROR:#REF!		1427.91		434.46		1049.29		186.09		930.92

		B2B+B2C/mi2-day		262.42		762.86		876.06		1207.48		2385.67		2249.54		2573.37		7127.87		ERROR:#REF!		2298.01		699.20		1688.67		299.48		1498.16

		B2B+B2C/person-km2-day		43.56		118.81		78.03		59.20		39.31		20.07		14.42		122.76		ERROR:#REF!		42.63		71.20		55.37		34.54		22.62

		B2B+B2C/person-mi2-day		70.10		191.21		125.58		95.27		63.27		32.30		23.21		197.57		ERROR:#REF!		68.60		114.59		89.11		55.59		36.40

		FTG/STA/B2C)/person-day		0.22		0.24		0.21		0.21		0.29		0.20		0.22		0.27





























































































































































































































































































































































































































































Freight and Service at a ZIP Code Level 16

The bulk of freight 
and service trips in 
lower Manhattan



Establishment Level Estimates 17



Parking Requirements



Procedure Developed
Most congested ZIP Codes were analyzed from the 

selected cities
Daily freight and service trips were estimated at these 

ZIP codes
Parking requirements were obtained from the number 

of estimated trips and duration of the delivery
Parking slots required were calculated

19
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ZIP Code: 10001
Population (2016): 23,947
Establishments: 8,221
Employment: 174,552

Deliveries/day        = 16,250  FTA = 16,250 truck trips
Shipments/day       = 18,920  FTP = 18,920 truck trips
B2C deliveries/day  = 3,830    FTA = 550 truck trips
Service visits = 2,400    STA = 2,400 trips

New York, NY: Midtown Manhattan (10001)



Seattle, WA: 98101 21

ZIP Code: 98101
Population (2016): 12,408
# of Establishments: 2,956
Employment: 87,500

Deliveries/day = 3,680  FTA = 3,345 truck trips
Shipments/day = 3,598  FTP = 3,270 truck trips
B2C deliveries/day  = 1,240    FTA = 180 truck trips
Service visits          = 1,580    STA = 2,750 trips



Summary Results 22

Kansas 
City, KS

Austin, 
TX

Columbus, 
OH

San Jose, 
CA

Seattle, 
WA

Washing
ton, DC

Boston, 
MA

New 
York, NY

ZIP Code analyzed 66111 78701 43215 95112 98101 20036 02116 10001
Population (2016) 9691 7875 14322 62039 12408 5836 23215 23947
Total road length (mi) 305.98 59.67 187.34 155.82 38.69 15.94 38.30 25.31
Establishments 377 2,996 2,571 2,197 2,956 2,824 2,060 8,221
Employment 14,534 59,387 67,682 44,735 87,499 65,962 61,340 174,552
FTG/day 4,157 7,279 6,274 11,071 9,537 4,458 7,372 35,174
STA/day 335 970 925 747 1,583 1,474 1,180 2,748
B2C Deliveries to HH 969 788 1,432 7,445 1,241 584 3,250 3,832
FTG/mile 13.59 121.99 33.49 71.05 246.50 279.63 192.45 1,389.54
STA/mile 1.09 16.26 4.94 4.79 40.92 92.43 30.80 108.56
B2C/mile 3.17 13.20 7.64 47.78 32.07 36.60 84.85 151.36


Sheet1

				Kansas City, KS		Austin, TX		Columbus, OH		San Jose, CA		Seattle, WA		Washington, DC		Boston, MA		New York, NY		New York, NY

		ZIP Code analyzed		66111		78701		43215		95112		98101		20036		02116		10001		10019

		Population (2016)		9691		7875		14322		62039		12408		5836		23215		23947		39114

		Total road length (mi)		181.28		40.17		116.22		119.35		27.48		10.22		25.32		15.82		19.13

		Total road length (km)		583.47		129.28		374.06		384.14		88.44		32.89		81.50		50.92		50.92

		% road available		84%		74%		81%		65%		70%		78%		76%		87%		87%

		Total road length (mi)		305.98		59.67		187.34		155.82		38.69		15.94		38.30		25.31		16.69		0.8439716312		0.7428571429		0.806		0.6527777778		0.704		0.78		0.7564102564		0.8722222222

		Establishments		377		2,996		2,571		2,197		2,956		2,824		2,060		8,221		4,928

		Employment		14,534		59,387		67,682		44,735		87,499		65,962		61,340		174,552		153,825

		FTG/day		4,157		7,279		6,274		11,071		9,537		4,458		7,372		35,174		16,055

		STA/day		335		970		925		747		1,583		1,474		1,180		2,748		2,400

		FSA/day		4,492		8,249		7,199		11,818		11,120		5,932		8,551		37,922		37,922

		B2C Deliveries to HH		969		788		1,432		7,445		1,241		584		3,250		3,832

		FTG/mile		13.59		121.99		33.49		71.05		246.50		279.63		192.45		1,389.54		962.21

		STA/mile		1.09		16.26		4.94		4.79		40.92		92.43		30.80		108.56		143.84

		FSA/mi		14.68		138.24		38.43		75.85		287.42		372.06		223.25		1,498.10		2,272.73

		FTG/Establishment-day		11.03		2.43		2.44		5.04		3.23		1.58		3.58		4.28		3.26

		STA/Establishment-day		0.89		0.32		0.36		0.34		0.54		0.52		0.57		0.33		0.49

		FSA/Establishment-day		11.92		2.75		2.80		5.38		3.76		2.10		4.15		4.61		7.70

		FTG/Employment-day		0.29		0.12		0.09		0.25		0.11		0.07		0.12		0.20		0.10

		STA/Employment-day		0.02		0.02		0.01		0.02		0.02		0.02		0.02		0.02		0.02

		FSA/Employment-day		0.31		0.14		0.11		0.26		0.13		0.09		0.14		0.22		0.25

		B2C/mile		3.17		13.20		7.64		47.78		32.07		36.60		84.85		151.36		6,649

		PH FTG length (mi)		6.89		12.06		10.40		18.35		15.80		7.39		12.22		58.29		26.61

		PH STA length (mi)		0.16		0.46		0.44		0.35		0.75		0.70		0.56		1.30		1.14

		PH B2C length (mi)		0.00		0.01		0.00		0.02		0.02		0.02		0.04		0.07		3.15

		FSA Occupancy (%)		2.30		21.00		5.79		12.02		42.83		50.83		33.46		235.70		185.14
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37th Street and 7th Ave, New York City, 1945
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Kansas 
City, KS

Austin, 
TX

Columbus, 
OH

San Jose, 
CA

Seattle, 
WA

Washing
ton, DC

Boston, 
MA

New 
York, NY

ZIP Code analyzed 66111 78701 43215 95112 98101 20036 02116 10001
FTG/day 4,157 7,279 6,274 11,071 9,537 4,458 7,372 35,174
STA/day 335 970 925 747 1,583 1,474 1,180 2,748
B2C Deliveries to HH 969 788 1,432 7,445 1,241 584 3,250 3,832

Spaces for PH FTG 346.46 606.62 522.81 922.59 794.71 371.52 614.32 2,931.16
Spaces for PH STA 125.58 363.75 347.04 280.10 593.69 552.62 442.37 1,030.48
Spaces for PH B2C 80.76 65.63 119.35 620.39 103.40 48.63 270.84 319.29
Space Required 552.80 1,036.00 989.20 1,823.08 1,491.80 972.77 1,327.53 4,280.93
Spaces per 100 ft 0.03 0.33 0.10 0.22 0.73 1.16 0.66 3.20

Spaces for PH FTG 138.58 242.65 209.12 369.04 317.89 148.61 245.73 1,172.46
Spaces for PH STA 50.23 145.50 138.82 112.04 237.47 221.05 176.95 412.19
Spaces for PH B2C 32.30 26.25 47.74 248.16 41.36 19.45 108.34 127.72
Total Space Required 221.12 414.40 395.68 729.23 596.72 389.11 531.01 1,712.37
Spaces per 100 ft 0.01 0.13 0.04 0.09 0.29 0.46 0.26 1.28

25% Peak Hour Traffic 

10% Peak Hour Traffic 


Sheet1

				Kansas City, KS		Austin, TX		Columbus, OH		San Jose, CA		Seattle, WA		Washington, DC		Boston, MA		New York, NY		New York, NY

		ZIP Code analyzed		66111		78701		43215		95112		98101		20036		02116		10001		10019

		Population (2016)		9691		7875		14322		62039		12408		5836		23215		23947		39114

		Total road length (mi)		181.28		40.17		116.22		119.35		27.48		10.22		25.32		15.82		19.13

		Total road length (km)		583.47		129.28		374.06		384.14		88.44		32.89		81.50		50.92		50.92

		% road available		84%		74%		81%		65%		70%		78%		76%		87%		87%

		Total road length (mi)		152.99		29.84		93.67		77.91		19.34		7.97		19.15		13.80		16.69		0.8439716312		0.7428571429		0.806		0.6527777778		0.704		0.78		0.7564102564		0.8722222222

		Establishments		377		2,996		2,571		2,197		2,956		2,824		2,060		8,221		4,928

		Employment		14,534		59,387		67,682		44,735		87,499		65,962		61,340		174,552		153,825

		FTG/day		4,157		7,279		6,274		11,071		9,537		4,458		7,372		35,174		16,055

		STA/day		335		970		925		747		1,583		1,474		1,180		2,748		2,400

		FSA/day		4,492		8,249		7,199		11,818		11,120		5,932		8,551		37,922		37,922

		FTG/mi		27.17		243.98		66.98		142.10		493.00		559.26		384.91		2,548.97		962.21

		STA/mi		2.19		32.51		9.88		9.59		81.84		184.86		61.59		199.14		143.84

		FSA/mi		29.36		276.49		76.86		151.69		574.85		744.12		446.50		2,748.11		2,272.73

		FTG/Establishment-day		11.03		2.43		2.44		5.04		3.23		1.58		3.58		4.28		3.26

		STA/Establishment-day		0.89		0.32		0.36		0.34		0.54		0.52		0.57		0.33		0.49

		FSA/Establishment-day		11.92		2.75		2.80		5.38		3.76		2.10		4.15		4.61		7.70

		FTG/Employment-day		0.29		0.12		0.09		0.25		0.11		0.07		0.12		0.20		0.10

		STA/Employment-day		0.02		0.02		0.01		0.02		0.02		0.02		0.02		0.02		0.02

		FSA/Employment-day		0.31		0.14		0.11		0.26		0.13		0.09		0.14		0.22		0.25

		B2C Deliveries to HH		969		788		1,432		7,445		1,241		584		3,250		3,832		6,649

		25% Peak Hour Traffic 

		Spaces for PH FTG		346.46		606.62		522.81		922.59		794.71		371.52		614.32		2,931.16		26.61

		Spaces for PH STA		125.58		363.75		347.04		280.10		593.69		552.62		442.37		1,030.48		1.14

		Spaces for PH B2C		80.76		65.63		119.35		620.39		103.40		48.63		270.84		319.29		3.15

		Space Required		552.80		1,036.00		989.20		1,823.08		1,491.80		972.77		1,327.53		4,280.93

		Spaces per 100 ft		0.03		0.33		0.10		0.22		0.73		1.16		0.66		3.20		185.14

		10% Peak Hour Traffic 

		Spaces for PH FTG		138.58		242.65		209.12		369.04		317.89		148.61		245.73		1,172.46		0.24

		Spaces for PH STA		50.23		145.50		138.82		112.04		237.47		221.05		176.95		412.19		1.08

		Spaces for PH B2C		32.30		26.25		47.74		248.16		41.36		19.45		108.34		127.72		0.09

		Total Space Required		221.12		414.40		395.68		729.23		596.72		389.11		531.01		1,712.37

		Spaces per 100 ft		0.01		0.13		0.04		0.09		0.29		0.46		0.26		1.28		8.40



















Concluding Remarks



Concluding Remarks
This research estimates parking requirements for freight 

and service trips
 It takes advantage of the FTG/STA models estimated by  

NCHRP/NCFRP Projects 
The results indicate that depending on the level of density 

of the cities there is a wide range of parking requirements
PH parking needs at the most congested ZIP codes show 

insufficient road space for parking 
Reducing PH traffic can reduce this value considerably
Bad as it is, the situation is bound to get worse with the 

effects of the on-demand economy…
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Questions? Thanks!
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