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"he important thing first, briefly
C Rising Sehevels

> As the temperature of the Earth changes, so does the sea
level. Temperature and sea level are linked for two main
reasons:

I Changes in the volume of water and ice on land (namely glaciers an
iIce sheets) can increase or decrease the volume of water in the oce:

I As water warms, it expands slighthan effect that is cumulative over
the entire depth of the oceans
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Rising Sehevels; Absolute vs Local Levels

> Absolute sea levethange refers to the height of the ocean
surface above the center of the earth, without regard to
whether nearby land is rising or falling.

> Relativesea levelchange is how the height of the ocean rises
or falls relative to the land at a particular location.
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Global Average Absolute Sea Level Change, 1880-2015
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Data sources:

« CSIRO (Commonwealth Scientific and Industrial Research Organisation). 2015 update to data originally published in: Church, LA,
and N_J. White. 2011. Sea-level rise from the late 19th to the early 21st century. Surv. Geophys. 32:585-602.
www.cmar.csiro.aussealevel/sl_data_cmar.htmil.

= NOAA (National Oceanic and Atmospheric Administration). 2016. Laboratory for Satellite Altimetry: Sea level rise. Accessed June

2016. http://ibis.grdl.noaa.gov/SAT/SealevelRise/LSA_SLR_timeseries_global.php.

For more information, visit U.5. EPA's “Climate Change Indicators in the United States” at www.epa.gov/climate-indicators.




Relative Sea Level Change Along U.S. Coasts, 1960-2015
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Data source: NOAA (National Oceanic and Atmospheric Administration). 2016 update to data originally published in: NOAMA. 2009,
Sea level variations of the United States 1854-2006. NOAA Technical Report NOS CO-OPS 053.
www tidesandcurrents.noaa.gov/publications/Tech_rpt_53.pdf.

For more information, visit U.5. EPA's “Climate Change Indicators in the United States” at www.epa.gov/climate-indicators.






Sea Level

GROUND DATA: 1870-2000

Data source: Coastal tide gauge records.
Credit: CSIRO
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Sea level rise is caused primarily by two factors related to global
warming: the added water from melting ice sheets and glaciers and the
expansion of seawater as it warms. The above graph, derived from
coastal tide gauge data, shows how much sea level changed from about
1870 to 2000.

SATELLITE DATA: 1993-PRESENT RATE OF CHANGE
Data source: Satellite sea level observations /]\ 3 2
Credit: NASA Goddard Space Flight Center =
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This graph tracks the change in sea level since 1993 as observed by
satellites. Data shown are latest available, with time allowed for
processing. (Source)
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"he other important thing, briefly
¢ Land Subsidence

Existing Condition Disturbance Effect of Disturbance

Oil / Natural Gas
Extraction

Mining

Dissolution of Limestone

Groundwater-Related

ii I Water

By Mpettyl- Own work, CC BSA 3.0, https://commons.wikimedia.org/w/index.php?curid=14698311



¢ Land Subsidence

Land subsidence in California
Approximate location of maximum |
subsidence in the United States
identified by research efforts of
Dr. Joseph F. Polanpictured).
Signs on pole show approximate
altitude of land surface in 1925,
1955, and 1977. The site is in the *
San Joaquin Valley southwest of
Mendota, California.




¢ Land Subsidence

Salt and gypsum underlie
7 about 40 percent of the contiguous
: United States. Carbonate karst land-

! Z 1 7 ' \-- scapes constitute about 40 percent of
SIS (&S - the United States east of Tulsa, Okla-

\ Ji7 /% / Z o/ v homa (White and others, 1995).
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(modified from Davies and Legrand, 1972

The sudden and sometimes catastrophic subsidence associated with localized collapse of subsurface cavities (sinkholes) is detailed in two case studies. This type of sub-sidence is commonly
triggered by ground-water-level declines caused by pumping and by enhanced percolation of ground water. Collapse features tend to be associated with specific rock types, such as evaporites
(salt, gypsum, and anhydrite) and carbon-ates (limestone and dolomite). These rocks are susceptible to dissolution in water and the formation of cavities Salt and gyp-sum are much more soluble
than limestone, the rock type most often associated with catastrophic sinkhole formation. Evaporite rocks underlie about 35 to 40 percent of the United States, though in many areas they are
buried at great depths. Natural solution-related subsidence has occurred in each of the major salt basins in the United States . The high solu-bilities of salt and gypsum permit cavities to form in
days to years, whereas cavity formation in carbonate bedrock is a very slow process that generally occurs over centuries to millennia. Human activities can expedite cavity formation in these
susceptible materials and trigger their collapse, as well as the collapse of pre-existing subsurface cavities.

Souce: Land Subsidence in the United States, USGS Fact Sheet 165-00



Critical Infrastructure

Critical Infrastructure Sectors

Currently there are 18 critical infrastructure sectors.

Banking and stz Commercial
Finance emica Facilities
Critical
Communications ,-q M g Dams
anufacturing

Defense Emergency E
Industrial Base Services nergy
Food and Government Healthcare and
Agriculture Facilities Public Health

. Nuclear Reactors
Information National M ial d '
RO Monuments and aterials, an
Postal and .
Shipping Transportation . Water

https://emilms.fema.gov/is921/assets/€3ectors.pdf



Critical Infrastructure

Transportation

Sector-Specific
Agency:
Department of
Homeland Security?,
Transportation
Security
Administration and
U.S. Coast Guard®

The Transportation Systems Sector is a vast, open
network of interdependent systems that moves millions of
passengers and millions of tons of goods annually.

What is unique about the Transportation Systems Sector
is its part in the global transportation network. The
Transportation Systems Sector relies on global partners to
share critical information that can lead to more informed
decisions by identifying and understanding threats,
vulnerabilities, and consequences using global threat
information and assessments.

The sector is divided into six modes of transportation:
Aviation, Maritime, Mass Transit, Highway, Freight Rail,

_and Pipeline.

\ https://emiWs/Gﬂeetors.pdf
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https://emilms.fema.gov/is921/assets/€3ectors.pdf
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STEPS TO RESILIENCE

Explore Hazards

Assess Vulnerability & Risks

Investigate Options
Prioritize & Plan

Take Action

https://toolkit.climate.gov/#steps
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STEPS TO RESILIENCE

Explore Hazards

Assess Vulnerability & Risks

Investigate Options

Prioritize & Plan

Take Action

https://toolkit.climate.gov/#steps

— Explore Hazards

A

A
A
A

Gather a team of people who want to
protect local assets.

Check past weather events and future
climate trends.

List the things you value that could be
damaged.

Determine which of your assets are
exposed to harm.
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|dentification of infrastructure atisk

|. Assets and infrastructure have social, economical and
strategic values.

Il. Being prepared means knowing about what, when, where,
and how?

l1I. It provides time to evaluate your options and plan your
response.

I\VV.Helps in
A Making infrastructure resilient
A Meaningful use of economical and physical resources
A Saving time and securing national interests
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|dentification of infrastructure In coastal areas

|. Investigate the land subsidence trend spatially along
the coast of Louisiana and Texas.

ll. Investigate the sea level rise and combined it spatially
with spatial land subsidence.

lll. Investigate and identify transportation infrastructure
that is at risk because of the combined effect of sea
level rise and land subsidence based on forecasted

trend in the coastal region.
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Study Area Extent
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Phases of data processing
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