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Executive Summary

INTRODUCTION RESEARCH OBJECTIVES

2013

2015 - 2016

2017 -2018

2019 - 2020

2021

Officially launched 
in June 2013

(75 stations and 750 
bikes)

Goal
Invest US$50 million to:
• Expand stations to 

all 50 city wards
• Add 175 stations 

and 10,500 bikes

• To assist with the expansion plan, our team 
developed a relational database that will enable 
quick response and analysis on the current state 
Divvy operations in regard to ridership, station 
locations and various other factors affecting 
them. And:

Second expansion
(107 new stations)
Provided its 15 
millionth rides in 2018

• 2019: More than 20k rides 
per day in peak seasons.

• March 2019, Lyft took over 
Divvy

• Early 2020: Plan to pass 20 
millionth rides mark.

Bikeshare system

First expansion
(175 new stations)

6,000 bikes

608 stations

Chicagoans’ regular mode 
of transportation 

Put forward a future state 
blueprint for the new stations 
and bikes allocation process

Provide methodologies and 
various tools used in the process

Provide data analysis and 
visualization 
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Our final deliverables will enable Divvy 
leadership to:
• Understand current ridership and station 

locations
• Understand various factors that impact 

ridership. i.e
• Demographic
• Traffic volume
• Bike racks / lanes
• Weather

• Develop dashboards and KPIs to gauge 
overall business / operation performance

• Plan for future station & bikes allocation

• Develop a scoring model to determine 
optimal number of stations and bikes 
by zip codes based on various factors

• Visualize findings from analysis -
trends, outliers, patterns and 
predictions

PROPOSED FINDING

METHODOLOGY

DATA SET

Divvy Trips
Divvy 

Stations
TrafficBike Racks/

Bike Lanes
Demographic Weather

3

2

Business use case

1



5

Data Source

Dataset Source File Format Size

Trip Divvy https://www.divvybikes.com/system-data CSV > 1mil rows

Station City of Chicago
https://data.cityofchicago.org/Transportation/Divvy-Bicycle-
Stations/bbyy-e7gq

CSV > 600 rows

Station_zip Divvy https://feeds.divvybikes.com/stations/stations.json JSON > 600 rows

Weather
National Weather Service 
Forecast Office

https://w2.weather.gov/climate/xmacis.php?wfo=lot CSV > 12k rows

Bike racks City of Chicago
https://data.cityofchicago.org/Transportation/Bike-Racks/cbyb-
69xx

CSV > 5k rows

Population City of Chicago
https://catalog.data.gov/dataset?res_format=CSV&organization=c
ity-of-chicago

CSV < 100 rows

Bike route City of Chicago
https://data.cityofchicago.org/Transportation/Bike-
Routes/3w5d-sru8

CSV < 1k rows

Zip code Chicago Data Type
http://robparal.blogspot.com/2013/07/chicago-community-area-
and-zip-code.html

CSV < 100 rows



Relational Database and Tools
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Fact and dimensional table

Table Name Table Type Cardinality Additional Details

fact_trip Fact Table
M:1 Relationship with Station and 
Weather Table

Contains information about each trip including the start/end station, 
total time, age, gender of the customer 

dim_station Dimensional Table 1:M relationship with Fact Table
Contains information like station address, total number of docks 
available, date the station became available.

dim_weather Dimensional Table 1:M relationship with Fact Table
Contains temperature, rain/snow, wind information in hourly format. 
Also, contains the sunset and sunrise time.

dim_population Dimensional Table
1:M relationship with Location 
Table

Contains information about the population (age, gender) demographics 
zip wise.

dim_location Dimensional Table
M:1 relationship with Population 
Table

Contains the location of all the stations, traffic routes, bike routes. Zip 
code is a must have for each address. 

dim_traffic Dimensional Table
1:M relationship with Location 
Table

Contains the traffic flow information daily including the direction 
(Northbound, Southbound, Westward, Eastward) on streets.

dim_bike_racks Dimensional Table
1:M relationship with Location 
Table

Contains information about the non-divvy bike racks scattered across 
Chicago city

dim_bike_lane Dimensional Table
1:1 relationship with Location 
Table

Contains information about the bike routes in the city, including their 
length and the streets they run on.

Fact table joined with Dimension tables provides interesting insights into how variables interact. Fact Table can be sliced by time and diced by 
stations, gender and age variables.
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Database Design: Enhanced Entity Relational Diagram

DDL

DML

Dimensional Schema: SNOWFLAKE



Tools 
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ETL 
Process

Data from 
various 
sources

Data 
Warehouse

Data 
Analysis

Data 
Visualization

Findings and
Recommendations

2 3 4 5 6

Data
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Data extraction, Cleaning, Normalization

• Construct fact_trip table to import to my SQL: 
• Calculate the age group of Divvy users
• Add in new column as a foreign key using in mySQL.

• Get the zipcode using longitude and latitude for dim_location table
• Estimated the distance between trips
• Stack the distance data to produce an adaptable format  for tableau 

visualization purpose
• Conduct some correlation between trips and other factors: weekday, 

bike racks, weather…
• Clean all dimensional tables to import to 

mySQL
• Analyze descriptive data: customer 

profiling, zip, stations
• Build the scoring system for research 

objectives’ purpose: add more stations and 
bikes.

• Create and and load database
• Produce queries to support project’s 

analysis purpose

• Import, clean, and extract real-time station data from Divvy to get 
the zip code for each station.



Data Analysis and 
Visualization

11



12

Sample Queries

Net influx per station and hour Average distance travelled per station and zip code



Subscriber

Non-subscriber
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Customer Profiling
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Findings by zip code

• Total population
• Male & Female %
• %s of different age_groups
• Vehicle volume
• Number of bike racks
• Number of stations
• Number of docks
• Avg of avg distance of stations from other stations
• Trip Out, Trip In, Net
• % of subscribers

Zip code 60605

Total Population 24672

Male% 0.4852

Female% 0.5148

0_19_M 0.0678

20_29_M 0.138

30_39_M 0.1094

40_49_M 0.0565

50plus_M 0.1134

0_19_F 0.0719

20_29_F 0.1451

30_39_F 0.1169

40_49_F 0.0603

50plus_F 0.1206

Vehicle Volume 8300

Number of Bike racks 356

Number of stations 19

Total # of docks 550

Avg # of docks 28.94736842

Avg of Avg Distance of  
stations from other 

stations (miles)
4.754563244

Trips Out 68902

Trips In 65243

Net -3659

% of total trips 0.063305521

Subscriber % 0.606542626

Sample zip code findings

* Sample calculation
- Distance between stations

• Latitude & Longitude for 608 
existing stations

• Used complex formula involving 
trigonometry to find distances

• =IFERROR(6371*ACOS(COS(RADIANS(90
-$B563))*COS(RADIANS(90-
VS$2))+SIN(RADIANS(90-
$B563))*SIN(RADIANS(90-
VS$2))*COS(RADIANS($C563-
VS$3)))/1.609,0)

• Resulting in over 30k distance 
values for each pair of stations

Sample calculation

Factors considered for analysis. For each zip code we found:
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Score based approach

Current station locations (Before expansion plan)
Where are the stations?
• CTA, Metra stations
• employment centers, shopping districts, medical centers, schools
• other popular destinations.

Category Score Description Weight Comments

Divvy Stations (existing) less number of stations = more points  20%
More weight assigned to zip codes with no stations.
Points deducted to zip codes with stations

Trips (Trips Out) more number of trips = more points  10% -

Net (Trip From - Trip To) lower Net value = more points  5% Points only added to zip codes with a negative net value

Subscriber% higher % of subscribers = more points  15% -

Population Total higher population = more points  15% -

Male% higher male % = more points  5% -

20_39 Age Group higher % of 20_39 age group = more points  10% -

Average Distance to other stations higher avg distance to other stations = more points  10% -

Traffic higher vehicle volume = more points  5% -

Bike racks more number of bike racks (bike friendliness score) = more points  5% -

How were the locations chosen?
• population density
• business permits 
• other stations in the surrounding network. 

Our scoring methodology
• When Divvy first launched, it focused more on the popular destinations (tourist attraction areas, shopping centers, offices etc.)
• The expansion plan is focused more on expanding to the areas where there are currently no Divvy stations
• Priority = underserved communities (in terms of number of Divvy stations).
• Score based system for the allocation of the stations and the bikes taking into consideration the below factors. New station allocation determined 

based on overall score (i.e. higher score = more stations)
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Scores by zip code

Scoring by zip calculation Scoring by zip visualization



Tableau Visualization
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Dashboard

• Net Outflux: Number of bikes stalled minus
number of bikes taken for each station and
filtered by hour

• Origin & Destination: All destinations of the
trips taken from a respective station

• New Stations (Recommendation): Suggested
number of new stations per zip code, based on
the previously described scoring methodology
(+ Number of suggested new bikes and stations
per zip code as bar chart)

• Trips / Zip: Average number of trips started in
a respective zip code

• Stations / Zip: All divvy stations filtered by zip
code (color wise) and number of docks (bubble
size)

• Void Btwn Station: Average distance in 100
meters between stations within one zip code

• Trips & User Type: Number of trips taken
filtered by subscribers and non-subscribers
(‘customers’)

Derived recommendation from trip and 
zip demographics:
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Demographics by Zip Code

19



Summary
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Summary

• Choose your data sources carefully, every data source has its own conventions and business case.

• Make sure geographic data from different sources is coherent.

• Don't over normalize for OLAP - keep it simple!

• Split up data sources / use views for faster processing in tableau.

• Excel is a very powerful tool.

Recommendations and Future Vision:

• Increase stations in ZIPs father from downtown Chicago based on scoring variables to serve the needs of local 
residents better

• Allocate more bikes to stations with higher net outflux (especially during summer)

• More advance analysis based on variables like customer feedback, commercial footprints, real estate bike scores 
etc.

• Capitalize on the existing bike rack network in Chicago

• Expand to OLTP framework to support real time trip information.

• Scaling out to support the ever increasing data repository.

Lessons Learned:



THANK YOU!
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