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Motivations and research questions

Motivations
Ridership projection
Transit operation
Subway station planning

Research questions
How is ridership spatially distributed?
How is ridership temporally distributed?
What factors contribute to ridership temporal 
distribution?



Datasets

• Ridership
• Transfer ridership (bus to subway)
• Subway station and bus station location
• New York City street map files.
• Land use
• SES. data 
• Employment information
• General travel cost to three zones in CBD



Ridership spatial distribution
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Ridership spatial distribution



Randomly Selected Ridership Temporal Distribution

161 St – Yankee Stadium (B,D,4)

14 St (F,V,1,2,3)/6 Av (L)135 St (2,3)

Canal St (A,C,E)



Ridership Temporal Distribution – Cluster analysis

• Concentration of ridership
Morning peak hourly ridership
Afternoon peak hourly ridership
Early morning hourly ridership
Midday hourly ridership

• Transfer ridership ratio (bus to subway)
Morning peak transfer ridership ratio
Afternoon peak transfer ridership ratio
Early morning transfer ridership ratio
Midday transfer ridership ratio

• Position of Concentration in time
Morning peak stating time
Morning peak duration
Afternoon peak starting time
Afternoon peak duration

• Relative magnitude of ridership
Ratio of morning peak hourly 
over total daily ridership
Ratio of afternoon peak 
hourly over total daily 
ridership
Ratio of early morning hourly 
over total daily ridership
Ratio of midday hourly over 
total daily ridership
Ratio of morning peak hourly 
over maximum hourly 
ridership
Ratio of early morning hourly 
over maximum hourly 
ridership
Ratio of midday hourly over 
maximum hourly ridership



Ridership Temporal Distribution – Cluster analysis

• 64 stations
• Total daily: 32,137
• Morning peak hourly riders: 2,309
• Afternoon peak hourly riders: 4,514
• Early morning hourly riders: 315
• Midday hourly riders: 1,707
• A.M. peak starting time: 8:12 am.
• A.M. peak duration: 62 minutes.
• P.M. peak starting time: 4:53 pm.
• P.M. peak duration: 77 minutes.

High Afternoon Peak Pattern



Ridership Temporal Distribution – Cluster analysis

• 123 stations
• Total daily: 8,196
• Morning peak hourly riders: 1,068
• Afternoon peak hourly riders: 707
• Early morning hourly riders: 143
• Midday hourly ridership: 447
• A.M. peak starting time: 7:40 am.
• A.M. peak duration: 61 minutes
• P.M. peak starting time: 4:10 pm.
• P.M. peak duration: 82 minutes

High Morning Peak Pattern 



Ridership Temporal Distribution – Cluster analysis

• 12 stations
• Total daily: 24,061
• Morning peak hourly riders: no 

morning peak
• Afternoon peak hourly riders: 4,961
• Early morning hourly riders: 164
• Midday hourly riders: 1,461
• A.M. peak starting time: ~
• A.M. peak duration: ~
• P.M. peak starting time: 4:52pm.
• P.M. peak duration: 68 minutes

No Morning Peak Pattern 



Ridership Temporal Distribution – Cluster analysis

• 167 stations
• Total daily: 5,294
• Morning peak hourly riders: 1,024
• Afternoon peak hourly riders: 297
• Early morning hourly riders: 137
• Midday hourly riders: 280
• A.M. peak starting time: 7:26 am.
• A.M. peak duration: 62 minutes
• P.M. peak starting time: 3:39 pm.
• P.M. peak duration: 97 minutes

Low Ridership Pattern



Ridership Temporal Distribution – Cluster analysis

• 57 stations
• Total daily: 12,100
• Morning peak hourly ridership: 2,113
• Afternoon peak hourly ridership: 724
• Early morning hourly ridership: 298
• Midday hourly ridership: 629
• A.M. peak starting time: 7:25 am.
• A.M. peak duration: 63 minutes
• P.M. peak starting time: 3:47pm.
• P.M. peak duration: 97 minutes
• Transfer ridership (>25%)

High Transfer Pattern



0.310.270.390.410.37Ratio of midday hourly ridership over maximum peak hourly

1.241.261.551.331.30Ratio of midday hourly ridership over daily hourly

0.140.140.040.130.06Ratio of early morning hourly over maximum peak hourly

0.590.650.170.440.21Ratio of early morning hourly over daily hourly

3.003.780.181.660.49Ratio of morning peak hourly over afternoon peak hourly

0.060.060.180.090.15Ratio of afternoon peak hourly over total daily

6292801,4614471,707Midday hourly ridership (average)

298137164143315Early morning hourly ridership (average)

7242974,6917074,514Afternoon peak hourly ridership (average)

1,2844905,0861,0195,823Afternoon peak ridership volume (average)

0.180.200.030.130.06Ratio of morning peak hourly over total daily

2,1131,0246251,0682,309Morning peak hourly ridership (average)

2,2111,05801,0762,331Morning peak ridership volume (average)

11111Afternoon peak dummy (whether there is peak or not)

11011Morning peak dummy (whether there is peak or not)

Concentration of the Volume
12,1005,29424,0618,19632,137Total daily ridership

Total Volume
571671212364Number of stations
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Ridership Temporal Distribution – Pattern Statistic



9797688277Afternoon peak duration (minutes)

63620.006162Morning peak duration (minutes)

3:473:394:524:104:53Afternoon peak starting time (pm.)

7:257:26~7:408:12Morning peak starting time (am.)

Position of the Concentration

0.250.040.010.060.03Ratio of midday transfer ridership over midday hourly 
ridership

0.380.050.040.100.07Ratio of early morning transfer ridership over early 
morning hourly ridership

0.240.050.010.060.02Ratio of afternoon peak transfer ridership over afternoon 
peak hourly ridership

0.250.040.020.070.05Ratio of morning peak transfer ridership over morning 
peak hourly ridership

Transfer Ridership
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Ridership Temporal Distribution – Pattern Statistic



Built environment and temporal distribution

• Discrete choice analysis
• Dependent variables: five identified patterns
• Independent variables:

Local features (within 500 meters radius)
Socio-economic and demographic
Land use 
Employment
Street density
Bus station density

General travel cost to three zones in CBD 



meanmeanmeanmeanmeanS.E.D.

3287232369703143445268359Median income
373993710Hispanic (%)
6361916390Non-Hispanic (%)
66363Two races or more (%)
11813814Asian alone (%)
28307256

Black & African 
American (%)

3434734073White alone (%)
48685693393668178515Household
136841626075121756215516Population

571671212364Number of Stations
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Built environment and temporal distribution :
Location Statistic associated with each pattern



Land use and employment

meanmeanmeanmeanmeanTransportation

7383136726
Percentage of residential 
floor area (%)

2717873374
Percentage of commercial 
floor area (%)

3329255386172602671020Total employment

14137127Distance to valley
14147117Distance to midtown
15147127Distance to downtown
2123116

Number of express bus 
stops

2621492743Number of bus stops
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Built environment and temporal distribution :
Location Statistic associated with each pattern



Built environment and temporal distribution

Patterns and associated features
High Afternoon Peak Pattern – Land use mixed zones, 
high commercial land use percentage
High Morning Peak Pattern  – Land use mixed zones, 
medium commercial land use percentage
No Morning Peak Pattern  – Highly commercial zones
Low Ridership Pattern – Highly residential zones mostly 
outside Manhattan
High Transfer Pattern – Highly residential zones and 
subway service boundary 



Influence of independent variables on Patterns

Population + Employment:
High PM Peak -> No AM Peak -> High AM Peak-> Low Riders and High Transfer

Percentage of white population:
No AM Peak -> High PM Peak -> High AM Peak-> Low Riders and High Transfer

Percentage of Asian population:
No AM Peak -> Low Riders and High Transfer -> High PM Peak -> High AM Peak

Commercial floor area:
No AM Peak -> High PM Peak  -> High AM Peak-> Low Riders and High Transfer

Distance to midtown:
Low Riders and High Transfer -> High AM Peak-> High PM Peak -> No AM Peak

Percentage of residential floor area:
Low Riders and High Transfer -> High AM Peak-> High PM Peak -> No AM Peak

Largest 
probability

Larger 
probability

Smaller 
probability

Smallest 
probability



Conclusions

• Few has looked at time of day aspects, ours is 
one of the first

• Developed methodologies to characterize time 
of day pattern

• Demonstrated that:
– Ridership time of day patterns vary by station
– Distinctive time of day patterns can be identified
– Local land use and station position in the transit 

network are both important factors in determining 
pattern membership



Next Steps
• Identify how the time of day attributes are related with 

each other
• Understand differences between weekdays and 

weekends
• Understand the change in patterns over time
• Linking station level analysis to metro-card level analysis




