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Notre-Dame, Paris, France — June 2018
Photo Credit: Ashley Andrews



The problem: In recent years, the Greater
Houston metro-stafistical area with a
growing population of 7.0 million residents
have seen an increase in the number of

major flooding events as well as the
severity of flooding events (Greater
artnership, 2019).

Downtown Houston, Texas
Photo Credit: Ryan Conine



“Category 4 landfalling hurricane Harvey
poured more than a metre of rainfall
across the heavily populated Houston
areq, leading to unprecedented

flooding and damage. Although studies
e focused on the confribution of
’ hange to this
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Flooding in Houston, Texas from

Hurricane Harvey in 2017
Photo Credit: David J. Phillip, AP Photo




PROJECT BACKGROUND

Greater Heights neighborhood (7.32 sg. mi.)

Greater Uptown neighborhood (8.24 sg. mi.)
Medical Center Area neighborhood (1.67 sg. mi.)



The goal: Utilize the data, technology,
and analysis methodology identified to
explore a possible link between increases
in land subsidence, urban development,
and impermeable surfaces and how they

Flooding in Houston, Texas from the
Memorial Day Flood in 2015

Photo Credit: Thomas B. Shea, Houston Chronicle




The data: The following data will be acquired
from the Houston-Galveston Area Council and

the City of Houston. -l—ﬁ@

Houston-Galveston
Area Council

2008 Lidar
LAS Point Cloud (LAS 1.1)

- Aerial Orthoimagery Data

2018 Aerials 6 Inch :
3
N

MrSID and GeoTIFF formats \
=\

2008 Aerials 6 Inch /‘}‘:
«  MrSID and GeoTIFF formats

-  Boundary Data

Source: City of Houston

City of Houston Super Neighborhoods

15-Greater Heights, 21-Greater Uptown, 33-M&dical
Center



The technology: The following desktop GIS @
programs will be used for data processing

1 AN : ArcGIS® Pro
« Esri's ArcGIS Pro
Version 2.5.1

Uses: Aerial orthoimagery analysis, visualizations
and cartographic outputs

- Esri’s ArcGIS Desktop
Version 10.6.1

Uses: Data processing, raster processing tools,
visualizations and cartographic outputs

GeoCue Group’s LP360
Version 2019.1.30.5, 64-bit

Uses: Data processing, lidar analysis and
derivative production

ArcGIS 104

Source: Esri
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Lidar analysis and methodology

the bare earth

- Normalized digital surface models (nDSMs) will
then be generated for both years to compare
the changes above the ground in the built
environment

Greater_Heights_AOI

- Using raster processing tools, elevation change mleg ; ,
) - @ Elevation_Diff_nDSM.img GEOG 481 Final Project nDSM
surfaces for both the bare earth and the built Flevation Change Visualization and
environment will be produced to summarize the u Legend
detected changes in all three neighborhoods

from 2008 to 2018

- The resultis six elevation change visualizations
displaying the changes in land subsidence gnd
urban development

¥ 7 TSI

Low: -210.278



Aerial orthoimagery analysis and methodology

.. Ul UC

from 2008 and 2018 wi
make image classification more accurate

- Once segmented, supervised classifications based —
on land use will be preformed to classify the
imagery

- Once classified, impervious surfaces will be
calculated using the spectral content and
classification of the imagery

- Using raster processing tools, impervious change :
S

from Esri's Calculate Impervious Surfaces from
Spectral Imagery Online Training

surfaces for the built environment will be produced
to summarize the detected changes in all three
neighborhoods from 2008 to 2018

The result is three impervious change visualiz
displaying the impervious surface changes



Acquire
raw data
and
technology

licenses

Pre-process data (i.e. clip
to boundaries, ensure
coordinate systems,
datums, and linear units,
etc.)

Lidar: Subtract 2008 nDSMs
from 2018 NnDSMs to show

total elevation gained/lost in
the built environment for the

Flow chart
continues to
next slide...

decade in all three AQOIs

Lidar: Export rasters for
both DEM and DSM
models for 2008 and 2018
for all three AQOIs

Lidar: Subtract 2008 DEMs
from 2018 DEMs fo show
total elevation gained/lost in
the bare earth for the
decade in all three AOls

Lidar: Import surfaces
into ArcGlIS Desktop to
further clip to the
bounding rectangle
of all three AQIs to
avoid edge effects
caused by LP360
exporting

Lidar: Use clipped
DEMs and DSMs o
create nDSMs for
both 2008 and 2018
for all three AOls




Lidar: Test final DEM
and nDSM
elevation change
surfaces at know
test locations

Import all final analysis
change visualizations
into ArcGIS Desktop or
Pro to create final
change detection
maps for final report

Aerials: Use spectral
content and
classifications of tiles to
create impervious
surface outputs for
various tiles for all three
AOls

Aerials: In ArcGlIS

Pro, segment 2008

and 2018 imagery -
by pixels for

various tiles for all
three AQOIs

Aerials: Used
supervised
classifications
based on land use
to classify files for
all three AQOls

Aerials: Subtract 2008
impervious surfaces from
2018 impervious surfaces to
show total gain/loss in the
built environment for the
decade in all three AOIs

Aerials: Symbolize
and display the
resulting impervious
change
visualizations for all
three AQIs

/



Change in both the bare earth and the built
environment especially are expected

Given the likely increase in all three phenomena
for all three AQIs in the decade identified, a link
can be drawn between this and the increases in
poth flooding frequency and flooding severity

=d literature from this

- Increases in land subsidence has lowered the base

flood elevation in the region

Increases in urban development and imperviouy
surfaces have decreased the permeable surfgces for
water to recede in the region
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Flooding in Houston, Texas from

Hurricane Harvey in 2017
Photo Credit: Richard Carson, Reuters




Scale Limitation

cumbersome for bo
(Viswambharan, 2020)

- As noted, the aerial orthoimagery analysis will take far
more time than allowed for this capstone project

‘:..Q‘ &7k 2 —k)
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- 4.04 sg mi. imagery files will need to be carefully a0 <51 Final Project DEM Elevation
selected to show accurate change in impervious Change Visualization and Legend
surfaces for each neighborhood

- The size of the lidar data and derivatives could
overwhelm the computing power of my curre
machine



Title Change Consideration

This capstone is not indented to solve the issue of
flooding, but rather highlight the consequences of
unmanaged urban growth and how it affects
flooding severity and frequency.

This g:ops’rc?ne can provide the base for fu’rur.e 0/ DowTT T TETE—
studies going forward to explore other flooding Phofo Credif: Matf Nielsen
concerns (i.e. climate change and weather

patterns).



July 2020

August 2020

L )ATd C

- End of capstone project analysis; compile results /

Start of GEOG 5968B; final report and presentation developmgp

Final report completion and presentation; end of GEG% 596B



Presentation Venues

\_/

May 20-22, 2021 in Tucson, A

tate University

Karen Schuckman, Associate Teaching Professor, The Penn
Larry Nierth, Geographic Information Officer, City of Ho
Bill Bass, Geospatial & Analytics Senior Manager, Hous 8ddvanced Research Center (HARC)
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