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I. Introduction
A) Purpose: The main purpose of this project is to predict the effects sea-level rise will have over
the next 90 years along the Texas coast, mainly focusing on Galveston Bay.

B) Problem Formulation:
a. What will Galveston look like in 21007
b. Given the low and high predictions of sea level rise for 2100, what will the effects be
on coastal waterways and barrier islands around Galveston Bay?

i. To Find the answer to these questions one must calculate the initial/present
surface area of the “Zero” elevation and then compute the rise in sea level of
0.38m. Take the initial surface area and subtract the new “zero” elevation
surface area and you have the amount of land affected by the rise in sea level.

ii. Do this same process for the rise of 1.4m.

iii. Compare how the infrastructure is impacted.

iv. Only the calculated results of the affected area will be reported.
c. State the results of the project.

I1. Data Collection

e Digital Elevation Model (DEM) of Galveston
O http://seamless.usgs.gov/
e ned_ 88244742

e LandSat Image
O https://zulu.ssc.nasa.gov/mrsid/mrsid.pl
e N-15-25-2000.sid

e Base Map Data
0 http://www.glo.state.tx.us/gisdata/gisdata.html
= Texas Roads and Highways

e usdotroads.shp
= Waters under Tidal Influence
e tidalwtr.shp
=  Washover Areas
e washovers.shp
O http://www.tnris.state.tx.us/datadownload/county.jsp
=  Galveston Roads
e (085urban.dgn
=  Harris County Roads
e 102urban.dgn
=  Chambers County Roads
e 036urban.dgn
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1ll) Data Processing

1) First, in order to download the DEM from the Seamless Server, one needs to highlight the
region to be downloaded. As shown in Figure 1.

Figure 1: Highlighting the downloaded area of interest, Galveston bay. Downloaded from Seamless Server of the
USGS the Digital Elevation Model NED_88244742

2) After downloading the LandSat file from Zulu, and pulling it up in ArcCatalog it was found to

have no Spatial Reference.

a. Inorder to remedy this problem, one simply clicks on the Edit button and selects a
reference datum of their choice. The one chosen for this projection was
GCS_North_American_1983 as shown in Figure 2.

b. Thisis all done before adding it to ArcMap
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Figure 2: Depiction of the steps involved in editing/adding spatial references to projections. Shown above in the
green box is the Raster Dataset Properties box with an <undefined > Spatial Reference. In the Red box, is the Spatial
Reference Properties box, which displays the new spatial reference/ Geographic Coordinate System:
GCS_North_American_1983.

3) After adding the Galveston Roads, Harris County Roads and Chambers County Roads, all of
which had a spatial reference of GCS_North_American_1927, a transformation must be made
to calculate the correct position of this data in relation to all the other data.

a. Figures 3 and 4 show the transformation process from GCS_North_American_1927 to
GCS_North_America_1983

Geographic Coordinate Systems Warning E‘E| Figure 3 (Left) shows the Warning that

The following data sources use a gengraphic coordinate system that is different from

the one used by the data frame you are adding the data into: pops up letti ng you know that the (Geographic Coordinate System Transformations ‘E”z‘
Data Source | Geographic Coordinate System Spatial references of the data that you Convert From:
036urban . dgn Annotation GC5_Narth_American_1927 . . . .
036urban.dgn MultiPatch GCS_Morth_gmerican_1927 are addlng IS dlfferent than the Spatla| 0K I
036urban dgn Point GCS_North_american_1927
036urban. dgn Polygon GC3_arth_Amerizan_1927 references of the data already loaded. Cancel
036urban. dgn Polyline GCS_Morth_gmerican_1927
Alignment and accuracy problems may arise unless there is a carrect transformation Figure 4: (nght) the Transformations Into:
between geographic coordinate systems.
pop up showing the Datum that will be o5 ot ameran 1963 [
fou can use this button ta specify or modify the T
transformation(s) used by this data frame: conve rted from and the datum |t W|” Using:
The Transformations dislog can also be accessed from the Data Frame Properties . . NAD_1927_To_MAD_1983_NADCON j Hew.,.
dialog’s Coordinate Systems tab after you have added the data, be conve rted into. In th IS case, fro m I
: Method:  MADCON - dataset=conus
I Don't warm me again in this session G CS_N Orth_Amenca n_1927 to
e ] ﬂl GCS_North_American_1983
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Figure 5: Depiction of the newly added vector data along with reclassification of the DEM into 2m classes.

Everything at or below sea level is symbolized blue.

4)

In order to really understand the digital elevation model in a fast and visually pleasing way,

one must reclassified the interval size of the DEM to 2 meters. Choosing such a small scale

helps with identifying the very gentle slope of the coast line. As seen in Figure 5 everything at

or below sea level is symbolized blue.

a.

To reclassify the DEM, one must open the Layer Properties of the DEM, and select the
Symbology Tab. Then the Classified scheme must also be selected, which will open up
a window much like the one in Figure 6.

Click on the Classify... button which will open up the Classification window (Figure 7).
From the Classification window select the Method: Defined Interval and set the
interval size to 2m.

The Color Ramps can be adjusted and in this project it is imperative to know where
the shoreline is located. So to ease in the recognition of the shoreline, the symbology
was changed for everything below sea level to dark blue as seen in Figure 6 and 8.
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5) Created a Zero elevation (Sea Level) Contour line:
a. This contour line will denote the present day shoreline. It will be used to visually
compare future sea level models.
i. First one must make sure the Spatial Analyst Extension is on by going to Tools
and then Extensions.

ii. Then under the Spatial Analyst Drop down Menu, select Surface Analysis and
Contour...

iii. This will open the Contour Window as seen in Figure 9. In the Input Surface:
ned_88244742 (the DEM) and make the base contour: 0 for sea level and the
contour Interval: 200 (or anything above the largest elevation on the DEM).

iv. This will give you a shore line like that in Figure 10.

Input surface: ned_gazd4742 - = .
s =] Figure 9: (Left) Shows the Contour
Contour definition
Input height range: Zmin: -7,30365479  Zmax: 58,7 W|nd0W used to deflne a Slngle
Contour interval 200 contour (in this case) of the shoreline.
Base cantour: o
7 factor: 1
Oukput information based on input cantour definition
Minirmurmn contour; o
Maximurn conkour: o
Total number of contour vaues: : Figure 10: (Below) Screenshot of the
DEM with the new shoreline contour
Output Features: cal Settings| Temp'ctour2, shp E X .
line (Zero elevation).
e ]
I".::;hl.:l T X amO e
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6) Inorder to find some reasonable estimates of Sea level rise in 2100, some research was

needed.
a. Research found the following website:

i. http://news.mongabay.com/2006/1214-sea level.html

Stefan Rahmstorf, a scientist at the Potsdam Institute for Climate Impact Research
in Potsdam, Germany, uses air temperature measurements and past sea level
changes rather than computer models to calculate that ocean levels could rise by
S0-140 cm by 2100, well above the 9-88 cm projected by the United MNations
Framework Convention on Climate Change. & mrise in sea levels could swamp
low-hying cities like New York and Venice while causing‘:}tastrophic flooding in
Bangladesh and South Pacific island nations. |

"A rise by over one meter by 2100 for strong warming scenarios cannot be ruled
out... [but] very low sea level rise values as reported in the [IPCC report] now
appear rather implausible in the light of the observational data," wrote Rahmstorf in
the Science paper. "The possibility of a faster sea level rise needs to be considered
when planning adaptation measures such as coastal defenses, or mitigation
measures designed to keep future sea level rise within certain limits."

Rahmstorf added that the
lowest plausible limit to sea

level rise by 2100 —

around a foot.

Rahmstorf says that sea level
changes are dependent on
poorly understood factors
such as the rate at which
glaciers and ice sheets melt
in Greenland and Antarctica
and the thermal expansion of
sea water.

7) Create a new DEM with a predicted sea level rise of 0.38m

Figure 11: A reliable article, estimating
sea level to rise higher than predicted
from 0.38m to 1.4m.

a. First, more advanced Spatial Analyst functions require one to create an Analysis Mask

as shown in Figure 12.

“Before beginning any Spatial

Options

General l Estent | Cell Size |

Working directon:

P ned_88244742 | g

Analyziz Coordinate System

0 Apalysiz output will be zaved in the zame coordinate
zugtem as the input [or first raster input if there are
multiple inputz).

7 Analpsis output will be zaved in the same coardinate
zhgtem as the active data frame.

[v Display warning message if razter inputs have to be
prajected during analysiz operation.

] | Cancel

[ect\Project_DatatNew_Grid g3 grids.

Analyst procedures always set the
Options. Most functions within this
extension create new grids (rasters)
by performing operations on old

It is imperative that you set
a Working directory, so that these
new grids are saved in a place where
you can retrieve them.”

-Dr. Helper, Lab 6-

Figure 12: (Left) Showing the Spatial
Analyst Options window with the
Analysis Mask Set to the DEM we are
working with.
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b. Use the Raster Calculator to raise the water level/ lower the land level by 0.38m as
seen in Figure 13.

i Raster Calculator, Figure 13: (Left) shows the equation

Layers: used to lower the land by 0.38m hence

high_sea_lv! . . g g e | and raising the water level by 0.38m.

high_sea_Ivl

/ 4 ] E > ¥= Or

new_sea_lvl

g'edgsf;-e'rlrﬂg 11 2| 3 | oe= | Hor Figure 14: (Below) Shows the new
DEM created (black and white) and the

< | B ¢ 0 : (] 1| Mot _

— — shoreline that corresponds to the new

[ned &8244742] - (0.38) rise in sea level. Shown in Red.

About Building E xpreszions Ewvaluate Cancel | > |
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8) Create a “Zero elevation” Contour for the new rise in sea level.

a. Use the same steps as before

i. First one must make sure the Spatial Analyst Extension is on by going to Tools

and then Extensions.

ii. Then under the Spatial Analyst Drop down Menu, select Surface Analysis and

Contour...

iii. This will open the Contour Window as seen in Figure 15. In the Input Surface:
HS_Rise.38 (the DEM) and make the base contour: O for sea level and the
contour Interval: 60m (or anything above the largest elevation on the DEM).

iv. This will give you a shore line like that in Figure 14.

Input surface: |HS_Rise 38 j =

Contour definition

Input height range: Z min: -7.6886549  Zmax: 58,34
Cankour interval; 60
Base contour: o
Z Factor: 1
Qutput information based on input contour definikion
Minirnurmn contour; o
Maximumn conkour: o
Tatal number of contour values: 1
Output Features: | t_Data\New_Gridi3gcnrise. st [

oK | Cancel |

Figure 15: (Left) Shows the Contour
Window used to define a single contour (in
this case) of the new shoreline.

10
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9) Create a new DEM with a predicted sea level rise of 1.40m
a. Use the same processes as before and use the Raster Calculator as shown in Figure 18.

B Raster Calculator

Layers:
H5_Fiiee. 38 2 .
2334_41_1.5id 71 @€ @ ||)enE

e e
o ETee [T e
] o || ]l

[ned 6244742]- [1.40]

Figure 18: (Left) shows the equation
used to lower the land by 1.40m hence

|~

raising the water level by 1.40m.
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Figure 19: (Above) The created DEM for a rise of 1.40m of sea level.

12




Stephen Bryant

Contour ! |[z|

Input surface: high_sea_lvl ~| =

Contour definition

Inpu: height range: Zmin: -5.7086544  Zmax: 57.32 Figure 20: (Left) Shows the Contour
Contour inkerval: &0 Window used to define a Single

Base contour: o
Z factor: 1

Qutput information based on input contour definition

contour (in this case) of the new
shoreline of 1.40m.

TMinimum contaur: 1]
Maximurn contour: o
Total number of conkour values: 1

Qukput Features: taiMew_Gridihioh_sea_lvl.shp [
Ok | Caneel |
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Figure 21: Shows the Sea Level at the highest projected increase of
1.40m, Shoreline in red.
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10) Classified the two new rasters into defined intervals of 2m
a. 0.38m increase raster

Layer Properties _ . .
Shihall | ——=  Figure 21: (Top Left)
General] Source] Extent] Display Symbology | Fields I Joing & Helates] . .
Show _ _ Layer Properties window
Unique Yalues Draw raster grouping values into classes Impoart. .. Showing the Sym bOIOgy
Stretched Figlds Classification . . .
Value: T — - Tab with Classified Field
Normalization: Classes: highlighted. Also shows

c ) the new classification
olor Ramp: [ . =

scheme of 2m intervals

Symbol | Range ~
Bl = and the new color ramp

-5.9000090900 - -4
-3.99099599 - -2 with everything below
-1.999999999 - 0 i
0-2 sea level in blue.
2.000000001 - 4
4 NNNANNNM - &

W
I™ Show dlass breaks using cell values Display MoDiata as -

[ Use hillshade effect

Ok, | Cancel | Apply |

Figure 22: (Left) Shows
the rise of 0.38m with
the water blue and the
shoreline in green.
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11) Create a Binary Raster from the old sea level and the new sea levels.
a. First one must classify the Raster to only have 2 classes

Classification
Classification Classification Statistics
Methad: <[ 77z
Iinimurm: -7 305654785
Classes: Mapdmmun: 58.72771072
Data Exclusion Surn: 83,410,384.33
Mean: 4,711901104
Exclusion ... | Sampling ... | Skandard Deviation: 6.290370058
Columns: 100 <= I~ Show Std. Dew. [~ Show Mean
g Break Values i
s000000- o E o
I 58,72771072
&
go0oo0o
4000000
2000000+
a T T T K
-7.308654785 9200436582 2470852797 4221861835 A87277107: _
[ Snap breaks ko data valoes Cancel

Symbolize them accordingly as shown below:

Layer Properties

General] Source] Extent] Dizplay  Symbology l Figlds ] Jain . Flelates

Show: = .
Unique ¥alues Draw raster grouping values into classes Import. ..
Stretched Fields Classification

Yalue: Mariual

Mormalization: Classes: z - Classify. ..

Coorkarps | -_—

Symbol | Range | Label |

305654755 -0 -7.3086534735 - 0

[ Use hillshade effect

I Show class breaks using cell values Display NoData as -

ak. | Cancel | Apply |

May 6, 2010

Figure 23: (Left)
Classifying the
original DEM into
2 classes

Figure 24: (Left)
Water symbolized
as blue and land
symbolized as
green.
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Figure 25: (Above) shows the original DEM with the new 2 class raster with shoreline in red.

12) Then you must Reclassify the two Classes into a binary raster

Reclassify

Input raster:

Reclass figld;

Ined_ggz244742

Set values ta reclassify

o
&

Outpuk rasker:

[ Change missing walues to Molata

2ld values Mew values Classify, .. |
-7.308655 -0 i1
MaoData N-:uData
add Entry
Delete Entrigs
Load... | Save... | Precision. ..

|'l,'l,disk.austin.utexas.edu'l,sml:u2545$'l,geu:uprcuFile'l,u:ln E.F’l

Ik

Cancel |

Figure 26: (Left) Shows the
Reclassify window with
giving values only to the
cells at or below sea level.
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a. With the following results:

May 6, 2010

i. A raster with only the values of the area that is below or at sea level as in
Figure 27.

Figure 27: (Left) A
raster with only the
values of the area
that is below or at
sea level

13) Do the same procedure with the new sea level of a rise 0of.38m and 1.40m

= Pew_praject - Arclag - Arciafo

D& B> -
REQuNGew P

AR .w

D ———

a. With the same results
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pram |
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=

“ O sty

[ st e

# O 1trban o Srons L
B s g
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Figure 28: (Left) A
raster with only the
values of the new
rise in sea level that
are below or at the
new sea level,
shown in pink with
the shoreline in
green.
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May 6, 2010

14) Layering the old and new layers on top of each other, the following results are reached.

= Mew_papject - Arelbap - Diciata

[ ———
CERS B> o & [ o - P
GERENOTEIE  ROKA LS G

D [t | s [P TR TR e & 5

frwrg = Or Ar & S = wr A S s
9% B4 23 598 D v

Figure 29: (left)
Layering the data on
top of one another
gives the affected area.
Original sea level in
Blue and the rise of
0.38m in pink.

15) To calculate the area of the effected land, the following steps must be taken:

a. Find the Cell Size of the Rasters

Figure 30: (Left) shows the

Gemeral Source lExtent] Displa}l] Symbolog_l,l] Fieldz ] Jaing &Helates]

Property Value ~
= Raster Information

Calurins and Rows 4427, 4308

Mumber of Bands 1

Cellsize (%, 1) 77

Uncompressed Size 15.19 ME

Format GRID

Source Type conkinuaus

Pixel Tvpe unsigned integer

Pixel Depth 3 Bit 2

[rata Source

Data Type: File System Raster

Folder:

‘i disk, austin.utexas. eduismb2545$ geoprofileldesktopl GIS_Labh10_Labs\Project\Project_DatalMew_Gr
idy

Raster: new_sea_|vl

Set Data Source..,., |

i] | Cancel |

Layer Properties window with
the Cell size highlighted.
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b. Find the total Cells of each of the Rasters:
i. New_sea_lvl_0.38: 7503956 cells
ii. Old_sea_lIvl: 7379845 cells

B Attributes of new_sea_lvl _ _ _ Figure 31 (|Eft)
| Rowia | vaLUE* | counT |
Y — 17503956 shows the number

of cells within the
New raster created
for the rise in sea
level of 0.38m.

Record: ﬂj 1 jﬂ Show: W Selected Records (0 out of 1 Selected) Options =

b. Since the Cell Size units are in degrees | had to multiply the cell size by 1/120 to get it
into kilometers.
i. 0.00027777778 =1 arcsec =30.72222222222m
ii. 30.72222222222%=943.8549383m” per cell

c. Multiply the total number of cells of each Raster by the cell size:
i. New_sea_lvl Area: 943.8549383 * 7503956 = 7,082,645,927 m? =
ii. Old_sea_Ivl Area: 943.8549383 * 7379845 = 6,965,503,147 m’=
d. Then Subtract the old from the new

7,082,645,927 m’ - 6,965,503,147 m*= 117,142,780.1 m’

16) Calculate the area affected by the rise in sea level to 1.4m
a. Since the Cell Size units are in seconds of a degree, and 1” = 33.333333meters
i. 0.00027777778 =1 sec=30.72222222222m
ii. 30.72222222222%=943.8549383 m’ per cell

B Attributes of high_sea_lvl E_|[E|E|

| Rowid | VALUE* | count Figure 32: shows the number of cells

» 0 1 [F399EE3

Recnrd:ﬂjliljﬂ u:nw:j

within the New raster created for the
rise in sea level of 1.4m
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b. Multiply the total number of cells of each Raster by the cell size:
i. high_sea_Ivl 1.40 Area: 943.8549383 * 7899663 = 7,456,135,933 m? =
ii. Old_sea_Ivl Area: 943.8549383 * 7379845 = 6,965,503,147 m’=

c. Then Subtract the old from the new

7,456,135,933 m> - 6,965,503,147 m>= 490,632,785.9 m*
IV) Results

What will Galveston look like in 2100?

Compilation of Projected Sea Level Rise of Galveston Island
2010-2100

Legend

— Major Roads

Residential Roads

- Current Sea Level

- Sealevel Rise of 0.38m

|:| Sealevel Rise of 1.4m

May5,2010 1:128,000 GCS_Nonh_America_1983

Given the low and high predictions of sea level rise for 2100, what will the effects be on coastal
waterways and barrier islands around Galveston Bay?

If the sea level rises 0.38m an estimated 117,142,780.1 m? of land will be covered with water. If
the sea level rises 1.4m an estimated 490,632,785.9 m? of land will be covered with water. Luckily, the

affected areas are mostly already marshland and are not developed. Some of the low lying Islands will be

affected.
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