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Introduction
▪ Objective: analyzing taxi demand and taxi traffic flow in New York City

▪ Dataset: Yellow taxi trip record data of Aug 2024 ( provided by the NYC TLC)

▪ Data published on the TLC website, separated by year, month and vehicle type

https://www.nyc.gov/site/tlc/about/tlc-trip-record-data.page


Vehicle Types

Yellow 
Taxis

Green 
Taxis

For-hire 
Vehicles 
(FHVs)

High-
volume 

FHVs

▪ Vehicles do not respond to street hails
▪ Data collected & provided by third-party 

corporations

▪ "Traditional" taxi (respond to street hails)
▪ More reliable data collection system (collected 

by TLC-authorized technology providers)

Target narrowed down to Yellow and Green Taxi trip records



Vehicle Types (continued)

▪ Green taxi has very small trip counts (2% of total taxi trips)

▪ Mainly covers outer boroughs (cannot pick up new passengers in "yellow zone")

▪ Green Taxi trip record data does not fit our purpose, and is neglectable in size



Yellow Taxi Trip Data

▪ Raw dataset (old version; left) consists of 18 columns, including key variables representing temporal 
(Pickup/Dropoff Date & Time) and spatial (Pickup/Dropoff coordinates) information.

▪ Each row is a yellow taxi trip record

▪ The TLC has replaced pickup/dropoff location details with "taxi zone" ID information for records since 2011
▪ Our goal is to analyze recent taxi demand patterns; need to work with the new format by generating 

(approximate) coordinates to perform spatial analysis



Yellow Taxi Data (continued)

▪ The TLC also provides taxi zone details; great asset for calculating centroid coordinates and visualization
▪ NYC is divided into 263 taxi zones; centroid coordinates are acceptable alternative for exact coordinates
▪ Columns have shape & geometric information, zone name, location ID, borough name
▪ PU_Longitude/Latitude, DO_Longitude/Latitude columns, each working as a pair, are mutated and merged 

to the Yellow Taxi Trip Dataset with PULocationID/DOLocationID used as reference

All rows now have coordinates of pickup/dropoff locations



Data Cleaning

▪ Original dataset has 3 million rows; used 1 million randomly extracted samples for efficiency

▪ Most variables often have missing/unusual values; only considered spatial & temporal variables for cleaning

▪ Spatial variables (PULocationID, DOLocationID) are intact for all rows; temporal variables more vulnerable

▪ "Duration": Gap between pickup and dropoff time (new variable); negative or extreme values removed

▪ "trip_distance": Extreme values removed (by IQR method)

▪ 859762 rows remain after data cleaning



1. Pickup/Dropoff Counts by Location

2. Pickup Counts by Time Periods

Exploratory Data Analysis



Pickup Counts by Taxi Zone

▪ Pickups are heavily focused in Manhattan borough, 
especially midtown Manhattan area

▪ 'Midtown Center' has the most pickups of 44892
▪ LaGuardia Airport and JFK Airport are the only two non-

Manhattan area with significant volume of pickups

▪ Taxi zones in gray have no pickup recorded
▪ "Governor’s Island/Ellis Island/Liberty Island" always 

have zero pickup counts since these areas can only be 
accessed by ferry boats



Dropoff Counts by Taxi Zone

▪ Dropoffs are also heavily focused in midtown Manhattan 
area, although slightly more spread out to other zones

▪ 'Midtown Center' also has the most dropoffs of 35758
▪ Outside Manhattan, dropoffs are less concentrated in 

LaGuardia Airport and JFK Airport

▪ Gray zones exist for dropoff counts as well



Pickup Counts by Hour

▪ 12 - 1PM has most pickup counts

▪ Pickup counts decline rapidly from 5 PM



Pickup Counts by Weekday

▪ Thursday has the most pickup counts

▪ Significantly less pickups on Mondays



Objective

• To understand the general 
traffic flow based on demands

• To capture the traffic flow from 
outer areas into the city during 
commuting hours and 
movements into the bar area 
during night times



Work Flow

Pick-Up 
Demand 

Clustering

• Pickup Location 
• Pickup Time 

Drop-Off 
Demand 

Clustering

• Drop off Location 
• Drop off Time 

Match Clusters



Preparing the Data



Cyclic Time Behavior
Zone 88 in Manhattan



Cyclic Time Behavior
Zone 33 in Brooklyn



Fourier Transform on Time Series
(Lecture 7 – SpaceTime-Discrete)

The temporal demand fs(t) can be represented by 
Fourier coefficients: 



Our Model (Lecture 7 – 
SpaceTime-Discrete)



Methodology (Chavent, 2017)

Aggregation measure based on the 
combined dissimilarity of two points 
i and j: 

Squared dissimilarity 
based on features

Squared dissimilarity 
based on spatial 
relationship In matrix form:

• D0: captures how different two locations are 
based on their feature patterns 

• D1: captures how geographically 
unconnected two locations are based on 
spatial adjacency 

• When alpha = 0, the feature coefficients are 
clustered without any spatial smoothing

Standard Ward's Method:



Methodology (Chavent, 2017)



Using ClustGeo in R 

ClustGeo in R 

D0 "feature": time coefficients
D1 "constraint": geographical 
dissimilarities

https://cran.r-project.org/web/packages/ClustGeo/vignettes/intro_ClustGeo.html

Using ClustGeo: 
1. Compute the Features 
2. Compute the Spatial Constraints 
3. Pick alpha 
4. Cluster using hgeoclust()

https://cran.r-project.org/web/packages/ClustGeo/vignettes/intro_ClustGeo.html


• Beneficial for capturing cyclical behaviors 

• Steps
1. Prepare the data
2. Center the demand (helps the analysis 

focus on the deviation from the baseline)
3. Use fft() in R to decompose the time series 
4. Extract the first four of real and imaginary 

components 

Fourier Transform on Time Series
Heatmap of the scaled temporal coefficients

Calculate the pairwise distance 
between the rows of scaled temporal 
data (used dist() function) 



Spatial Constraint
The spatial connectivity w_s is derived 
from k-nearest neighbor graph to define 
spatial connectivity. 

Calculate the spatial dissimilarity 
matrix as.dist(1-adj_matrix)



Picking the best alpha

• Q0: Temporal homogeneity

• Q1: Spatial contiguity

Pick up Demand Drop off Demand



Pick up Demand by Clusters



Taxi Pickup Analysis: Time Effect



Drop off Demand by Clusters



Taxi Dropoff Analysis: Time Effect



Overall Traffic Flow: Matched Clusters



Traffic Flow: Into Manhattan

To analyze the traffic flow into 
Manhattan, we gathered the trips 
from clusters 1, 2 (pick up) to 
clusters 3,4,5 (drop off)



Traffic Flow: Into Manhattan



Traffic Flow: Out of Manhattan

To analyze the traffic flow out 
of Manhattan, we gathered the 
trips from clusters 3,4,5 (pick up) 
to clusters 1,2 (drop off)



Traffic Flow: Out of Manhattan



Traffic Flow: within Manhattan

For the traffic flow within Manhattan, 
we gathered the trips from (pick up) 
and to (drop off) clusters 3,4,5



Traffic Flow: within Manhattan



Traffic Flow Analysis

Pickup - 
Dropoff

Avg (SD) Trip 
Distance 
(miles) 

Avg  (SD)
Passenger 
Count

Avg (SD) 
Fare 
Amount ($)

Avg (SD) 
Duration 
(mins) Total Trips

into city 4.47 (0.18) 1.32 (0.07) 26.62 (1.81) 21.09 (1.43) 5755

out of city 3.57 (1.83) 1.44 (0.51) 33.91 (14.74) 22.54 (2.17) 21625

Within city 2.16 (0.72) 1.36 (0.06) 14.41 (2.8) 13.17 (2.62) 801588
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