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Abstract

Through the GIS analysis of Puget Sound Coast Zone, we intended to study thefrgjuduzl
warming induced mean sea level rise on a 261 square mile zone of centraldRugeiBe
created a mask of the affected area and used this mask to make theabgsis an the area,
transportation and land cover. It turned out that in the central Puget Soard&sguare miles
will be inundated by the mean sea level rise, and this will be more sktlexagise is not
confined to two feet. The analysis results can act as a guide fogtaahments to improve the
coastal zone management, and minimize the possible loss due to global warming.

1. Introduction

The problem that we are interested in is the impact of global warmiriged?uget Sound region.
Increased greenhouse gasses from anthropogenic sources such as carbdnodiottidause of
fossil fuels, methane, nitrous oxide and other gasses are contributingptampagcts on global
climate, causing an increase in global temperatuviean sea level is expected to continue rising
over the next 100 years as is seen in the graph below from the IPCC (Intergavatritanel on
Climate Changé)
Sea level rise In regards to global warming, our question is how
much of the coastal zone surrounding the Puget
Sound will disappear due to mean sea level rise and
how will this impact transportation, population
centers, vital infrastructure, and natural features.
According to a University of Washington study
released in 2005 this may be an issue of particular
concern in the Puget Sound basin. It stated that by
2050 the mean sea level there will increase 1.3 feet.
] This is higher than most areas of the world due to
20 2@ changes in Pacific Ocean currént¥he
Environmental Protection Agency concedes that the
extent of sea level rise in the future is difficult to determiité @ high degree of accurdcyin
this project, we rounded this figure up to 2ft for conservative hazard maeagpunposes.
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According to US Census data from 2000 compiled by the Puget Sound Regional Council the
population of the Puget Sound area was 3,275,8dIbreover, the region is growing quickly.
This means that millions of people could be impacted by a global-warming ¢hdseen the
Puget Sound sea level. Vital infrastructure such as roads, bridgesepwtgency response
systems, utilities and other systems would be affected. In additiomldaast is some of the
most valuable land in the Puget Sound region, economically and culturally speakisags &

very important issue for Coastal Zone Risk Management.

In the following sections of this report, we will describe the methodology wetaseddel the
extent of inundation due the mean sea level rise on the Puget Sound f&gastaland to
predict the extent of impact on natural and human-built infrastructure. Wenaiyiza
these impacts, and present visualizations of selected areas.

Our study area focuses as shown in the following map:



On the Western side of Puget
Sound, our study area extends as
= far north as just south of

. Jefferson point in Indianola
(Western Puget Sound coast),
including the Bainbridge Island
coastal zone, as far south as
Middle Point and the Orchard
Point Military Reservation and
as far west as Annapolis, just
east of Port Orchard. On the
Eastern Puget Sound coast, it
extends as far south as Lincoln
Park in West Seattle, as far East
as the west coast of Mercer
Island and Seward Park, as far
north as Woodway and as far
north as Kenmore. This
encompasses a 261 square mile

2. Project Method

Our methodology is to develop a model that simulates the 2ft sea level riseri tiowve
occur suddenly in the year 2006, and then analyze how many and which types of coastal
zone land use would be affected or inundated with water.

To calculate the change of the mean sea level, we need simply to draw thé 2ft hig
contour line:

Mean Sea Level in Future

Mean Sea Level Rise:

x ft
Area Affected

Current Mean Sea Level

However, to investigate the impact of mean sea level rise on the land, we need to take
into account tidal effects. The typical tide pattern is as follows:



—x So, even with the current
mean sea level, we

Tides . . already have some part of
H'gheSt ngh the land above mean sea
(H H) level inundated for a

portion of each day. We

""""""""""""""""""""""""""""" shouldn’t count these
Mean Sea Level areas as the inundation

caused by global

warming. Instead, we will

calculate the area as in the

following diagram:

In this diagram the red
zone is the actual
impacted area by global
warming, i.e., the zone
between highest high
(HH) and x + HH.

Mean Sea

To create a model of sea
Level

level rise based on the
diagram above we will
0 use several data sources.
We will apply the
prediction of a sea level
rise of 2 feet to the Puget
Sound Digital Elevation Model (PSDEM) which is the combined bathymetry and
topography of the Puget Lowlands (January 2d@sjind the inundation zone, and then
compare this to national land cover data (NLCDB%@)show impacted land uses,
infrastructure data such as railroads and other infrastructure from nat@smgi?, as
well as vector data from Washington State Geospatial Data Archive (WWAGIDowing
impacted natural features and buildings. This will provide a picture of the impact of
global warming on the human and natural environment in the central Puget Sound coastal
zone.

The GIS operations we will do are shown in the following diagram:



Data layers Process(es) Results
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Clipping

Our first methodological step will be to create a digital elevation modehwdiows our
study area. We will focus on the central Puget Sound area, while the PSDig&dat
greatly exceeds that extent. In order to speed up the calculation, we will use the
Geospatial Toolbox to clip the PSDEM data to the specified area.

Slope Correction

Our second methodological step is to find the sarfea found in the clipped PSDEM. One cell
in PSDEM data set accounts 80" 30 = 900m? of area, which does not consider the slope of
the land. We will use the following equation basedhe Pythagorean Theorem to estimate the
area found on the slope. In this equation, thedkyavalues of each cell will substitute for the
two known sides of a triangle, which are Rise and.RThe slope will be estimated by solving
for the hypotenuse of the triangle.
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We will apply this set of equations by using the following GIS model to estittnate
area:

Surface Area Calculation Incorporating Slope

Squared Slope

Square Root




Raster Mask: Inundation Zone

Bl [ Mask
PSDEM Slope
| Value

High : 261,993

Lo - 0

The first step in estimating the
area in the clipped PSDEM was
to use Spatial Analyst to create a
representation of the slope found
in the clipped PSDEM. See the
figure to the left for the resulting
map. Next we will create and
run a model using the
mathematical operations on the
PSDEM slope representation
shown in the diagram above. In
order to evaluate the efficacy of
the process of slope interpolation
to estimate the actual inundated
area found in the clipped
PSDEM, we will also calculate
the distance using the
untransformed clipped PSDEM
raster.

Our second methodological step
will be to create a map layer that
will allow us to focus on the
coastal land use types affected by
mean sea level rise. We will use
the clipped PSDEM to create a
raster mask layer by using the
raster calculator in Spatial
Analyst to render all values
below the lowest low and above
the highest high elevation values
as no data while the values
between these extremes will be
given a value of 0. This mask
will isolate the inundation zone
and establish the new shoreline
given a sea level rise of 2 feet.

The third methodological step
will be to overlay the inundation

zone with various representations of land uses which could potentially be impacted by
sea level rise. The coastal zone raster mask will be overlayed on a map tlsat show
Washington State Land Cover, derived from the NLCD92 data. With this overlay, the
full impact of sea level rise on the human and natural environment can be analyzed. The
relative amount of impact on various land covers including built environments such as
industrial zones, commercial areas and residential areas as welliad agas such as
forests and wetlands can be studied. We will also overlay the inundation zone mask on



various other layers including vector layers such as infrastructure datl as w
wetlands.

As a final methodological step, the coastal zone raster mask will be overlalged w
orthographic data (satellite photos) of the Seattle coastal zone. Thisawlualto

develop a very convincing visual representation of the impact of mean sea level rise on
the Seattle coastal zone. This may help to motivate policymakers and the @uidiket

the necessary energy and sustainability choices that we must magiwbal ociety in
order to avert the worst effects of global warming.

3. Findings and Discussion (note how this differs from method)

Using the two methods described above to calctit@teotal inundated area in the clipped
PSDEM, we arrived at very close figures. Usingdlope interpolation to calculate the area, we
arrived at a total inundated area of 20,142,70f&ter$ or 7.78 mileSout of a total area of 261
square miles. Calculating the inundated area fautide clipped PSDEM without respect to
slope we found that the inundated zone extende€i9@%00 metefor 7.72 mile& Thus, the
slope interpolation method revealed an area 14380@eterSor 0.06 mileé greater than the
other method. This was a difference of .71 %. iff@act conveyed by these numbers is given
more meaning when a population density of 2,13pleeper square mile in the Seattle-Everett-
Tacoma metropolitan area is taken into accBurwhile the difference in land area lost to sea
level rise revealed by these methods is relatisetgll, it shows a potential impact on a greater
number of people and infrastructure which may pravtecal in preparing for these changes.

Land Cover Type sq mi By comparing the inundation mask with
Pasture/Hay 0.00069% |and cover types found in the NLCD92
— I 0.00243p data we were able to better discern the
Barren Transitiona ‘ ~ impacts of sea level change on various
Woody Wetlands 0.00590¥ |and covers. As the graph to the left shows
Mixed Forest 0.006602 the greatest impacted land covers are
Barrent Bare Rock/Sand/Clay 0.007297 forests, followed by residential areas and
Deciduous Forest 0.00938p €conomic infrastructure including
Grasslands/Herbaceous 0.01355P commercial, industrial and transportation
Shrubland 0.02675y 2 Uses
Commercial/Industrial/TransportatiorD27799 In order to concretely illustrate some of
Low Intensity Residential 0.0382241 these effects on specific locales within the
Evergreen Forest 0.11085| central Puget Sound, we chose several case
studies of sensitive built and natural
environments endangered by sea level
change.

Our first example of an area with sensitive infrasture was in Carkeek Park in Seattle. As can
be seen in the image below, the mainline of thdiBgton Northern Santa Fe railroad along the
West Coast runs very close to the Puget Sound. nWieeoverlayed the inundation mask across a
vector data set of the national railway networknfdwn nationalatlas.gov, we found that the
railway line cross the raster mask in a numberefs. While this could be attributed to error
introduced by the z- value resolution of the rafiterof two feet, it still shows that sensitive
infrastructure such as railroads lies very clostéinundation zone if not within it.



Another important component
of the Puget Sound economic
engine relating to trade is the
Port of Seattle. The importance
of this facility to the economy

of the Puget Sound region is
illustrated by the volume it
handled in 2005. During that
year, 2,087,929 TEUs (twenty-
foot equivalent units) passed
through the Port of Seattfe

The length of one TEU is half of
the length of a modern forty
foot containe?. This
infrastructure is particularly
sensitive to sea level change
because of its inherent
proximity to the water.

Another issue we looked at is
the impact of sea level change
on the natural world. As was
mentioned previously 0.11085
miles’ of forest are endangered
by seal level rise. While this
impact could also be attributed
to the resolution of the elevation



data, it still points to a potential threat to
the environment posed by global warming.

Another environment that could
be impacted by sea level rise is wetlands.
According to our analysis of the NLCD92
data, 0.005907 miles could be inundated.
Coastal wetlands are  an important
component of both the natural and human
environments. They provide habitat
which supports commercial fisheries,
provide a buffer against storms, and filter
sediments and pollutants. According to
the United States Geological Survey,
coastal wetlands are threatened by global
warming. These wetlands become
submerged if sea level rises faster than
the surface builds. In addition, many
wetland environments experience
subsidencg. The Environmental
Protection Agency found that a five to
seven-foot rise in sea level, which could
occur by the end of the century, could
result in a loss of 30 to 80 percent of
coastal wetlands nationwitfe

4. Conclusions and Recommendations

In a region with a high population density, we estimated that 7.8 square miles will be
inundated by water, taking into account slope effects. For areas such as downtown

Seattle there will be fewer effects from sea level rise becausefiaiarchanges to the
topography such as the sea wall. In other areas, there will be a loss ofuotuastsuch

as roads, buildings and other land covers. These consequences may be more severe if sea



level rise exceeds the prediction used in our project. It is more certain tleffeitie of
sea level rise will increase beyond the date of 2050 used in this project.

We recommend that in the future elevation data with a resolution better tharb@ feet
created. This will allow for a more realistic analysis of the effecsgaflevel change in
the near term. More importantly, there are many uncertainties aboutecthenge

which must be better research without political bias to be able to better pretlict a
prepare for sea level rise. We would also recommend more GIS analysehaltngst
used in our report to assess the impacts of sea level rise. Finally, and perhaps most
obviously, we would recommend that the federal government takes rapid action
domestically and internationally to help reduce greenhouse gas emissions.
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