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Bringing Climate Change Home  
How do we know it is happening & what 

does it mean for me? 



Earth Scientist.

Photos: H. Roop 



The Climate Impacts Group supports the development of 
climate resilience by advancing understanding and 

awareness of climate risks. We work closely with public & 
private entities to apply this information as they act to shape 

society’s future.

Established 1995



HOW IS CLIMATE CHANGE CONNECTED  
TO OUR COASTS?

H. Roop, Climate Impacts Group 



SEA LEVEL RISE



How do we measure sea level change?

Tide gauges.

Satellites.

GPS for land surface 
 elevation change.

H. Roop, Climate Impacts Group 





NCA 2014, Figure 2.26

2100 (IPCC): 1.0-3.2 ft.

Past and Projected Changes in Global Sea Level

Global	sea	level	is	rising,	and	the	rate	of	change	
is	increasing

1880-2013: +8 inches

Annual rate of change since 1993 is  
~double relative to long term trend -

Modified by UW Climate Impacts Group



Major determinants of regional SLR include both global & 
local components

NRC 2012

Thermal 
Expansion

Components of Regional Sea Level Rise



Shifting Coastlines

Miller et al., 2018



http://rocky.ess.washington.edu/areas/Puget_Lobe/

http://rocky.ess.washington.edu/areas/Puget_Lobe/


Sea level change…
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Data from NOAA, 2018



Projections for  
171  

coastal locations

bit.ly/waslr

http://bit.ly/waslr
https://cig.uw.edu/resources/special-reports/sea-level-rise-in-washington-state-a-2018-assessment/


Absolute Sea Level Rise  
versus  

Relative Sea Level Rise 

Fixed point on land

Relative sea level

Absolute sea level

Vertical land movement

UW Climate Impacts Group



Miller et al., 2018



Miller et al., 2018

Anacortes -0.1 ± 0.3 ft
Low

High

1.6 ft

2.1 ft 1.4-2.9 ft

1.0—2.3 ft 2.6 ft

3.2 ft

4.2 ft 7.4 ft

4.9 ft 8.3 ft



Need to consider more 
than average sea level

For much of Puget Sound… 

• A one foot of sea level rise 
turns a 100 year tidal surge 
event into a 10 year event. 

• A two foot sea level rise turns 
a 100 year tidal surge event 
into an annual event.

Increased storm surge and related 
episodic flooding will present a 
significant near-term challenge. 

We need to consider more than sea level rise…
Need to consider more 
than average sea level

For much of Puget Sound… 

• A one foot of sea level rise 
turns a 100 year tidal surge 
event into a 10 year event. 

• A two foot sea level rise turns 
a 100 year tidal surge event 
into an annual event.

Increased storm surge and related 
episodic flooding will present a 
significant near-term challenge. 

In Puget Sound; Morgan, 2017



Near-term Challenges of SLR

Sea level rise increases 
storm surge and the risk of:

• flooding, 
• erosion, 

• habitat loss, 
• toxics mobilization

These impacts will affect 
coastal areas long before 
permanent inundation.

UW Climate Impacts Group 



Mauger et al., 2015; Photo: H. Roop with aerial support from LightHawk

Sea level rise increases the potential for higher 
tidal & storm surge reach, and increased coastal 

inundation, erosion & flooding. 



https://ss2.climatecentral.org/#12/40.7298/-74.0070?show=satellite&projections=0-K14_RCP85-SLR&level=5&unit=feet&pois=hide

https://ss2.climatecentral.org/#12/40.7298/-74.0070?show=satellite&projections=0-K14_RCP85-SLR&level=5&unit=feet&pois=hide


https://ss2.climatecentral.org/#12/40.7298/-74.0070?show=satellite&projections=0-K14_RCP85-SLR&level=5&unit=feet&pois=hide

https://ss2.climatecentral.org/#12/40.7298/-74.0070?show=satellite&projections=0-K14_RCP85-SLR&level=5&unit=feet&pois=hide


Mauger et al., 2015



The Nature Conservancy; Mauger et al., 2015



Mauger et al., 2015



BUT,  
WHERE DOES THE 

 HEAT COME FROM?

?



From: EPA

Greenhouse gases create Earth’s “duvet”.



The most abundant 
GHG. Water vapor 
increases as the 

atmosphere warms.

Produced by the use of 
commercial & organic 
fertilizers, fossil fuel 

combustion, nitric acid 
production & biomass 

burning.

Image: 
NASA/GSFC

Produced by natural 
sources & human 

activities, including the 
decomposition of waste in 
landfills, agriculture, rice 
cultivation, and ruminant 

digestion.

Released through natural (volcanic 
eruptions) & human activities 

(deforestation, land use changes &  
burning fossil fuels). 

Modified from NASA.gov

GHG = Greenhouse Gas



From: IPCC, 2014

We are going to look at the past later…



~1.8ºF warming globally since the late 1800’s

Created by H. Roop from NASA GISS, NOAA ESRL, NOAA NCEI data 



IPCC, 2014; Images: H. Roop 

There is high confidence (>95%) that human-produced 
greenhouse gases have caused much of the observed 

increase in Earth’s temperature over the past 50 years.  



280 ppm 

Pre-industrial 413 ppm

ppm= parts per million

?
Spring 2019 

Future
Uncertainty = us. 

Heidi Roop, UW Climate Impacts Group 



Emissions of Greenhouse Gases Determine Temperature Rises 

NCA, 2018



Lakes &  
Ice!

Ice!

HOW HAS 
CLIMATE 

CHANGED?

Heidi  Roop, Climate Impacts Group  



FROM ICE CORES WE HAVE DIRECT MEASUREMENTS OF 
GREENHOUSE GASES BACK 800,000 years!

280 ppm 
Pre-industrial (late 1800’s)

May, 2019

413 ppm

ppm= parts per million

CO2

CO2

Image: H. Roop; Taylor Glacier, Antarctica 



ANCIENT AIR!

Image: P. Neff



CO2

Temperature

From: P. Neff; Data: Jouzel et al., 2007; Luthi et al., 2008
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H. Roop, Climate Impacts Group 



CO2

Temperature

From: P. Neff; Data: Jouzel et al., 2007; Luthi et al., 2008
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Universe Today



“The global climate 
continues to change 
rapidly compared to 

the pace of the 
natural variations in 

climate that have 
occurred throughout 

Earth’s history.” 
- 4th National Climate Assessment 

November 2017

Image: NASA/GSFC/Suomi NPP



So we have evidence that today is  
different.

What can we do about it? 

Heidi Roop, UW Climate Impacts Group 



HOW WE ‘FEEL’ FUTURE  
CLIMATE CHANGE DEPENDS ON:

Our actions now to  
reduce emissions of greenhouse 

gases 
(mitigation)

How well we prepare our 
communities & the systems 

we rely on (adaptation)

+

Heidi Roop, UW Climate Impacts Group 



Photo: H. Roop 



What are the options for adapting to  
sea-level rise?

Planning 
options

Regulatory 
options

Land use 
change or 
restriction 
options

Structural 
options

Soft 
options

Low – high
Potential cost to  

government and regulators

Short- to long-term
Protection

You are also likely to 
need to combine options 

For example, zoning of at-risk areas  
as unsuitable for development +  
a sea wall to protect high-value  
assets already in place 

In choosing your options you will need to consider: There are five types of 
options for adapting to  
sea-level rise: 

1

2

3

4

5

Scope objectives, 
strategies and 
policies
Taking account of 
risk and sensitivity 
to impact

Coastal hazard mapping
Mapping areas at risk of erosion 
and inundation, and mapping 
minimum floor height to avoid risk

Emergency 
planning and 
preparedness
Prepare emergency 
plans for flooding, 
upgrade resources to 
match risk

Risk management
Cost–benefit 
analysis, vulnerability 
assessment, impact 
assessment

Regulation of 
land use
Zoning to regulate land 
use, establish minimum 
setback and building 
elevation etc.  

Development 
permits
Requirements or 
regulation on specific 
developments to 
protect from hazard

Building 
regulation
Control design 
elements  
(e.g. materials)

Land 
acquisition
Purchase land at 
high risk and rezone

Transfer of 
development potential
Land swap to allow 
development on  
low-risk land

Easements 
and covenants
Restrictions or 
conditions attached 
to land title

Land trusts
Manage land 
for conservation 
benefits, restrict 
development

Foreshore tenure
Lease or license from crown 
so adjoining properties 
can develop integrated 
foreshore management

Scour 
protection
Foundation 
protection for 
new or existing 
buildings

Structural 
elevation
Infill to raise land for 
building or habitable 
areas above flood risk

Sea walls, 
groynes etc
Hard shoreline 
structures 
to protect 
from flooding

Other hard 
protection
Storm-surge 
barrier, secondary 
protection  
e.g. raised roads

Flood proofing
Use building 
materials that can 
withstand short-
term flooding, 
locate services  
(e.g. electricity) 
above flood level

Coastal wetland 
creation or 
restoration
Buffer to reduce 
wave energy

Dune building or 
rehabilitation
Creation or 
rehabilitation of dunes 
or offshore islands to 
buffer flood risk

Beach 
nourishment
Addition of sediment 
to continually 
replenish loss from 
natural erosion 

Coastal climate change infographic series  
www.coastadapt.com.au

http://bit.ly/2zQ8O3t

http://bit.ly/2zQ8O3t
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