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Presentation Outline

- Background
- Bike Share
- Spatial Regression
- Goals
- Build a Web Tool to Explore Spatial Regression

- Use Visual Analytics Techniques to present, explore, and
disseminate results of Spatial Regression Analysis

- Investigate and Explore Bike Share Hypothesis
* Approach & Timeline



Brief Overview of Bike Sharing

- Bike sharing has become increasingly popular
INn many large and medium sized urban areas

» This popularity is driven by the benefits of both
the city and population



Bike Sharing Hypothesis

- The more roads with bike lanes
around a given bike station, the
greater the chance the station will
have high bike usage

- Use the web tool to explore and
prove/disprove hypothesis

Traila and sidepathes are off-road facilities

Conflict Zones

Conflict 2anas ara marked with das rEen
pairit. They am imended to alert cytlists
maitonists that they need to EATE
EPACE.

tage Left turna
two etaga turn bow offers cycliste & way
ks a [eft tum at & multi-lane signdized
mersectian. To ugs tha two stage turn ba
proceed straight through the intaresction
the grean signal and wait in the box
on the cross street. Proceed through the
mersectia the cros street geis @



Bike Data Sources

- Data sources for Indego Bike
Share can be found on their
website

Each .csv file contains data for one quarter of the year. Each file contains the following data points:
« Trip ID

« Duration (sec) — Trip times listed are calculated by taking the check-out and check-in times and

. Va”able Data |S retrieved from rounding down to the minute. For example: checkout time = 4:09:14 PM, return time = 4:15:49 PM
ESR | ,S BUSineSS Analyst (6 minute and 35 second trip). The dataset records the trip time as 6 minutes or 360 seconds.
extension

« Start Date, Time
« End Date, Time

« Start Station ID, Lat/Lon — The station name corresponding to the station to the station ID can be
found in the Station Table.

« End Station ID, Lat/Lon

- Bike ID

« Plan Duration — This shows the type of pass by number of days (i.e., thirty-day pass shows "30’)
« Trip Route Category — Round Trip or One Way

« Passholder Type — Walkup, Indego Flex or Indego30

2016 Esri Business Analyst Desktop Variable and Report List

Summary

Data and report listing for over 10,000 demographic and business variables.



Overview of Spatial Regression
Analysis

- Spatial regression analysis helps you answer
the question WHY

- Allows the user to model, examine, and explore
spatial relationships

- Assists In predictions and forecasts to help
make decisions



Ordinary Least Square (OLS)

- Models a dependent variable in terms of its
relationship to a set of explanatory variables

- |Is a global regression model



Geographically Weighted
Regression (GWR)

- Explore spatial non-stationarity
- |Is a local regression model

- The equations incorporate the dependent and
explanatory variables of features falling within
the bandwidth of each target feature

.lil::' = .HIII T Z Ir-lli'-"'-'-'li' TE —— F — ,I'.?:u [J'l'.'- 1 |+ Z JI;-':!I:-?".':'-L'.-& T &
@ &



Choosing Bandwidths for Localized
Regression Models

- GWR constructs a separate equation for each
target feature

- The features that fall within each target feature's
separate eqguation is dependent upon the
bandwidth

- Two types of bandwidth: Fixed distance or
number of neighbors



Rooks Case Bishops Case Queen’s (Kings) Case

Weight Matrix, I AR
Moran's |, and Spatia
Autocorrelation

T
4

Checkerboard Pattern: Spatial Autocorrelation Clustered Image Spatial Autecorrelation



Alternative Exploration Technigues

- Spatial Lag Models

» Spatial Error Models
- Structured Equation Models [5]

Figure 1.a BikeSEM Model



Introduction of R and Spatial
Regression Packages

Classes for spatial data

raster _—. )
Classes for raster data . - . S— .\‘--—f/
. p Spatial sampling

raster GIS functions

similarity/abscence
of species

| asp '::/\' |'I EpgwT f’fu vl m o | - E'."ul l|.l Ct‘_-—_:)l /@ m /@
— | _,
Spatial a rrelation ﬂnﬂ' s U‘f point pattern enerallzed linear
i ns | outbreaks mterface analysis spatial models
I
clusters of automated seismic analyzin
diseases |/ vect tedgistricting tomography missingwalues
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Project Goals

- Create a web tool that can run spatial
regression analysis on a wide range of datasets

* Use visual analytics techniques to present,
explore, and disseminate results of spatial
regression analysis

* |Investigate the bike share hypothesis using the
web tool



Web Tool Design

Spatial Regression Web Tool

c E> x Q { shinyapps.io

) @ D

View & Sort Data

ID|Dep Variable |IndepVar1 |IndepVar2 [Lat Lon
Add Data

1 |100,321 234 234 4034 |-74.88

2 |230,039 948 201 4023 [-7419

3 232,312 139 590 4032 |-74.49

Choose Analysis Method
® GWR (selected)
O OLS

Spatial Regression Web Tool

<J E> x Q { shinyapps.io

) @& )

View & Sort Dato

ID|Dep. Variable |IndepVar1 |IndepVar2 |Lat Lon

1 |100,321 234 234 4034 |-7488
2 |230,039 948 201 4023 |-7419
3 1232312 139 590 4032 |-7449

| Select Dep Variable ‘ - |

- Load data into web tool
- Ability to data wrangle
« Choose spatial regression

| Select Indep Variable ‘vl
| Select Indep Variable ‘vl

| Select Spatial Weight MotrT] v]

| Select Visualization Metho_d] v]

- Explore data via webmap

- Add supporting charts

- Print webmap for presentations

- Combine multiple layers for
Improved visualizations

- Layering and brushing

Spatial Regression Web Tool

<J E> x Q { shinyapps.io

) @ )

[

Choose variables for analysis
Select visualization method

Add Charts @ |Coeff|c|ents_\{ T-Va Iues\{ Combmatlon\

View & Sort Data

ID|Dep Variable |[IndepVar1 |IndepVar2 |Lat Lon

1 |100,321 234 234 4034 |-74.88

2 |230,039 48 201 4023 |-74.19

3 1,232,312 139 590 4032 |-74.49
G




Simplifying Code

Packages can be pre installed with shiny.

install.packages("rgdal™)
install.packages{"maptools™)
install.packages("spdep")

___-. - - -
) ibrary(rgdal) Libraries can be ready without the need for
library(maptools) the user to turn them on. _
library(spdep) File Input
boston<-read0GR{dsn="F: /RShortcourse",layer="boston") Upload the file
class I: boston :I Browse No Tile selected

bostonfLOGMEDV< -log(boston$CHMEDV)
coords<-coordinates(boston) peraul Ak fie sz S8
IDs<-row.names(as(boston, “data.frame"))

2 Select the read table parameters below
bost_knl<-knn2nb({knearneigh({coords, k=1), row.names=IDs) .

dist<-unlist(nbdists(bost_knl, coords)) | Header
summar‘y( diEt:I stringAsFactors
bost_kdl<-dnearneigh{coords, dl=8, d2=3.973, row.names=IDs) Separator
plot{boston) ® Comma
plot{bost_kdl, coords, add=T) jiﬁmmn

ai

Space

bost_kdl_w<- nb2listw({bost_kdl)

moran.test({boston$LOGMEDY, listw= bost_kdl_w)
moran.plot(boston$LOGMEDY, bost_kdl_w, labels=as.character({boston$ID), xlab="Log of Median Home VWalue", ylab="Spatially Lagged Median Home Value")
title("Moran scatterplot™)

bostlm<-1m{LOGMEDV~RM + LSTAT + CRIM + ZN + CHAS + DIS, data=boston|)
summary ( bostlm)

bostonflmresid<-residuals(bostim)
Im.morantest(bostlm,bost kdl w) This equation that is repeated
moran.plot(bostlmgresid,bost_kdl w) multiple times can be assigned as
Im.Mtests(bostlm, bost_kdl_w, test="all") " "o

- Model 1" in the web tool.

library(lmtest)
bptest{bostlm)

bostlag<-lagsarlm{LOGMEDV~RM + LSTAT + CRIM + ZN + CHAS + DIS, data=boston) listwsbost kdl w)
summary(bostlag)

bptest.sarlm(bostlag)

bosterr<-errorsarlm(LOGMEDV~RM + LSTAT + CRIM + 7N + CHAS 4 DIS, data=boston], listw=bost_kdl_w)
summary( bosterr)




Mennis [4] Example of Bivariate
Choropleth Mapping

.
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Kilomuiers

Population Density Population Density
Parameter Estimate

t-value
87 - 68 14,59 - 10,81
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Figure 3. Choropleth maps of @ parameter estimares and b t-values by census tract for the GWER of median home value using an equal step
dara classification and a sequential no-hue colour scheme for each map
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Figure 4. Choropleth maps of & parameter estimates and & t-values by censos tract for the GWR of median home value. In the parameter
estmate map, a2 modified standard deviation data classification and a diverging colour scheme is used whereas in the t-value map, an exogen-

ous data classification based on commonly accepted significance thresholds and a sequential no-hue colour scheme is used
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Matthews and Yang [3] Example of
Isolines
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Displaying Results on an Interactive
Map

Static Map in Base R vs Interactive Map in R + Leaflet
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- Interactive map allows for layering of regression outputs
« The ability to tab between models will help determine which model is the most accurate



Explanation of Shiny as a Web
Framework

- Makes building interactive web applications
with R possible through “reactivity”

- Htmlwidgets package allows for HTML, CSS,
Javascript to be added

- Shinyapps.io Is a server where shiny
applications can be hosted



Advantages of Web Tool over
Existing Software Solutions

- ArcGIS: Very expensive, not as much customization as other
GWR tools listed

ArcGIS®

- Using base R: Steep learning curve to understanding the
language. Without shiny it can not be shared easily on the web

- Geoda: Unable to share results on the web

- GWR4: Great tool for setting up GWR model but there is no visual
output and it can not be run on the web




Who Should Use this Web Tool?

- Students, Teachers, and Researchers

- Allow decision makers in low budget areas to
make informed decisions based on solid data
analysis
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Build First
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Project Timeline
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