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Fires have always
occurred in some
places...

The Big Meadows Fire,
Rocky Mountain National Park,
June, 2013,

was triggered by lightning
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Fires have never
occurred on the
snow here...

Ski tracks, middle of the
Greenland ice sheet



Suppose you’re planning a
campfire to cook s’'mores.
Where should you be more
worried—where fires have
always occurred, or never?




https://inciweb.nwcg.gov/photos/CAANF/2014-

01-16-1131-COLBY/picts/2014_01_18-
20.07.15.072-CST.jpeg

This is the destructive
2014 Colby fire near LA,
from an illegal campfire
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Fires have always occurred
Humans cause them, too

Human-caused fires are
common where and when
nature could cause one
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Pacific Ocean

https://earthobservatory.nasa.gov/NaturalHazards/view:php?id=82878



Climate has always changed @|

National Centers for .,M
Environmental ‘
Information
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Climate has always changed
Senators and neighbors have used that to
argue humans can’t be changing the climate
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Climate has always changed

Senators and neighbors have used that to
argue humans can’t be changing the climate
Would anyone make that argument for arson?
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Climate has always changed
Senators and neighbors have used that to
argue humans can’t be changing the climate
We can easily burn a burnable place,

and change a changeable climate
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It’s a different talk, but natural changes in CO, have
been most important in controlling climate.

We could rival biggest natural changes, but faster.

One example of natural CO, influence (of many!):
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When orbits raised summer+yearly sun in north:
- Ice melted

->But the whole world warmed

-—>Including the half of the world getting less sun

->And that Is really weird—why would less sun warm?
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CEJE in air
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I | I_I_l 1 | I | 300
—->Half of world warmed with less sun
and cooled with more sun J
- CO, explains this 250
—>Nothing else does
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Warming effect of CO, raises
real questions about future
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Business
as usual
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Tompertre g )

Business
as usual

To handle wisely,
we need you!

CO, Today
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we need you!

To document
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. To handle wisely,
we need you!
To document
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Originally, | thought I'd talk about CO,

And how important you and your data are

But you know all that
So, something else

I've been working a lot
on sea-level rise...



Let’s look a bit at

— uncertainties,

— the value of knowledge

—>and making knowledge actionable...
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Nature has changed CO, In past

Warming from rising CO, melts
land Ice and raises sea level

é

Alley et al., Science, 2005
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Find sea
level...
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10% of world population

(McGranahan & Anderson, 2007, Environment and Urbanization).
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< Our long-term
future???

o 10% of world population

| This Is not a prediction,

Cn .

S but a reason to understand ice

= We humans could raise CO,

-

higher than fits on this plot...




_ Even a little sea—level rise e
mlght matter in some cases.
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http://www.democraticunderground.com/discuss/duboard.php?az=view all&address=389x3899732

A New Orleans Police Department officer peers over the Industrial Canal levee
wall from the lower 9th Ward at the high water driven in by Hurricane Gustav.
In the background, upper right is the flooded offices of Southern Scrap.



http://www.democraticunderground.com/discuss/duboard.php?az=view_all&address=389x3899732

Data show sea level Is rising. At this rate,
1 foot of rise would take almost a century.

http://sealevel.colorado.edu/
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Sea Level (m)
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But sea-level rise is accelerating

: The previous slide showed
data from 1992-2015

Previous slide

—
1900

Year

T
2000 2100
IPCC AR5 WG1 2013, Fig. 13.27



Sea Level (m)
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Here are the data since 1700

Previous slide
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And possible futures,
depending on choices we make
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Year IPCC AR5 WG1 2013, Fig. 13.27
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But as we’ll see, sea level could
rise even faster than this...
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Economists often don't worry much

-+ They expect rise to be slow, small, well-known
» And response to be efficient
—If you see the sea nearing your beach house

- Then you quit maintaining your house so it isn't
worth much when it goes under

- My house behind yours gets the valuable view
- S0 no worry, right?

+ US 100-year loss projection can be less than
New Orleans 2005 Hurricane Katrina losses

- Still invest a little in avoiding climate change,
mostly in economy, and let your incredibly
wealthy grandchildren deal with sea-level rise



Will response be efficient?

* Without blaming Katrina on sea-level rise...

+ Before Katrina, I was among the Geo profs who
taught, using publicly available, often
government documents, that:

> Sea-level is rising

—->New Orleans is sinking

—>Protective delta is eroding

->Maximum storm strength may be rising
> This influences optimal levee engineering

+ S0, our economically efficient society surely
appropriated the funds to improve the levees
that protected New Orleans...



Special Report: Hurricane Katrina 10 Year An aerial view shows flooded roadways as the Coast Guard flies over

New Orleans, Aug. 29, 2005, to assess initial Hurricane Katrina damage. U.S. Coast Guard photograph by Petty
Officer 2nd Class Kyle Niemi


http://www.defense.gov/News/Special-Reports/0815_katrina10

Why wasn’t the good informati
Many possible reasons, but a true tension:

- Hard for policymakers to act with large uncertainties
- But may not have realized how bad it could get

U.S. Coast Guard photograph by Petty Officer 2nd Class Kyle Niemi



http://www.defense.gov/News/Special-Reports/0815_katrina10

Worst-case scenarios?

You may see cost estimates of this type:
- Likely: we’re economically efficient

—>Worst-case: we lose all valuable things in zone
flooded by rising sea

That isn’t worst-case. Instead:

—>Pay to build levees or other defenses
-2 Assume we are now safe, so

—Build more valuable things behind levees
- Lose levees, original and new valuable things



AROUND THE NATION

New Maps Label Much Of New Orleans Out Of
Flood Hazard Area

Listen - 3:51 Queue Download

Transcript

September 30, 2016 - 4:43 PM ET
Heard on All Things Considered

“The new maps are like a bureaucratic magic trick. At the stroke
of midnight, the federal government waved its wand, and Friday
morning more than half of New Orleans woke up in a land safe
from storms and flooding.

“Statistically. For insurance purposes.

“After Hurricane Katrina, the federal government built the city a
S14.5 billion flood protection system...”



o . Antarctic ice sheets (IPCC AR4)
Will rise be slow,

small and expected? 6. Gm
Ice sheets decide! 60

Greenland ice sheet
(IPCC AR4),c

7.3

Mountain glacier
melt (IPCC AR4)

up to 0.37m

30

15

0
Thermal expansion of oceans/

~0.4m per degree C

(Leverman et al, 2013)




Antarctic ice sheets (IPCC AR4)

56.6m

60 —

45
Greenland ice sheet (IPCC AR4)

Lincoln
Memorial
30 m

Thermal expansion of oceans

~0.4m per degree C

(Leverman et al, 2013)



Carbon choices determine US cities committed to
fl,ltures bEIOW Séad IEVEI www.pnas.org/cgi/doi/10.1073/pnas.1511186112

Benjamin H. Strauss®', Scott Kulp?, and Anders Levermann®™*®

Combustion of available fossil fuel resources
sufficient to eliminate the Antarctic Ice Sheet

Ricarda Winkelmann,'?** Anders Levermann,’? Andy Ridgwell,*> Ken Caldeira®
Winkelmann et al. 5ci. Adv. 2015;1:e1500589 11 September 2015
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e - To see how ice
shelves matter
even more, let’s

go to Greenland...

We’'ll fly in along
the yellow arrow
to Jakobshavn
Glacier

http://www.gsfc.nasa.gov/gsfc/earth/pictures/earthpi
c.htm




Jakobshavn had
an ice shelf

Then the ocean
water warmed by
1°C

And the ice shelf
broke off to leave
a cliff

And the ice tripled
Its speed

http://www.gsfc.nasa.gov/gsfc/earth/pictures/earthpi
c.htm




Ice Sheet

Tundra

mm ICebergs
e and sea ice
M over ocean



Second
picture

Ice Sheet

Tundra

mm ICebergs
e and sea ice
M over ocean
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Calving front of Jakobshavn
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Calving front of Jakobshavn



Close to breaking, so, about

as high as an ice cliff can be...




Calving Event, Jakobshavn Glacier

Martin Truffer photographer, working with Mark
Fahnestock and lan Joughin

Field of view Is about 2 km across at the 10 km
distance of the calving face

Time series duration Is ~90 seconds



Gateway
Jakobshavn Isbrae Arch
flowing toward you Broken-up
: Big iIce In fjord.
100-m-high

ice cliff iceberg
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Jakobshavn Isbrae
flowing toward you

100-m-high
ice cliff

Events like this make the magnitude 5-

h'r

< plus earthquakes detected in the far-

4 = fleld (you can hear them here.. )

Gateway

Arch

Broken-up
Big iIce In fjord.
iceberg




Tied for highest ice cliff on Earth
Now, breaks, waits, breaks, waits
If higher, might break, break, break...
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" By lee Shelf Weddell
s, -,

Bellingshz

0 500 1,000 1,500 2,000

Kilometres

West Antarctica could make a cliff much
higher that breaks faster, and failure there
could raise sea level more than 3 m



Earth and Planetary Science Letters 412 (2015) 112-121

Contents lists available at ScienceDirect

Earth and Planetary Science Letters

www.elsevier.com/locate/epsl

Potential Antarctic Ice Sheet retreat driven by hydrofracturing and ice
cliff failure

David Pollard ®*, Robert M. DeConto °, Richard B. Alley #-¢

“Incorporating these mechanisms in our ice-sheet
model accelerates the expected collapse of the
West Antarctic Ice Sheet to decadal time scales...”
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1 m of sea-level rise with stable WAIS
(West Antarctic Ice Sheet)
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1 m of sea-level rise with stable WAIS
has some cost (how much? Depends
on how well we respond, etc.)
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Now ask the cost of the next 1 m of
sea-level rise from other sources—
It's large
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Cost of 1 m of sea-level rise with stable
WAIS Is small...
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Cost of 1 m of sea-level rise with stable
WAIS iIs small...and cost of same 1 m
of sea-level rise with WAIS loss is large
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The worse It gets, the more valuable it is
to mitigate or adapt, and the more
valuable knowledge is!
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90°N

45°N

-0.3 -0.2 &0 0 0.1 0.2 0.3 meters

Lowe & Gregory 2006 JGR, 4x CO2, difference between local and
global average sea-level rise (m), Hadley Centre model, from
changing temperature, salinity, winds, and air pressure.



Local changes
from isostasy
(shown here; still
responding to the
end of the ice
age), sediment
compaction, or
water or oll
removal can be
Important.

Sella et al.,
2007, GRL
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Probability

Problems

Suppose you have to drive somewhere. What are you
likely to encounter, and what do you plan for?



Some traffic,
blah tunes

|
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Suppose you have to drive somewhere. What are you
likely to encounter, and what do you plan for?



Probability

Some traffic,
blah tunes

|
No traffic,
great
tunes

Problems
Suppose you have to drive somewhere. What are you
likely to encounter, and what do you plan for?



Probability

Some traffic,
blah tunes

—_—
No traffic, Lots of traffic,

great test of emergency
tunes broadcast system

Problems
Suppose you have to drive somewhere. What are you
likely to encounter, and what do you plan for?



Probability

Some traffic,
blah tunes

—_—
No traffic, Lots of traffic,

great test of emergency
tunes broadcast system

—_—
Run over by

drunk driver

Problems

Suppose you have to drive somewhere. What are you
likely to encounter, and what do you plan for?



Probability

Air bags,

crumple zones,
Some traffic, seat belts, kid
blah tunes seats, insurance,
Mothers Against

_ — . .
l Drunk Driving,

No traffic, Lots of traffic,
more—real
great test of emergency.
Investment.
tunes broadcast system
—

Run over by
drunk driver

Problems

Suppose you have to drive somewhere. What are you
likely to encounter, and what do you plan for?



Probability

UN-IPCC
(best estimate)

—_—
Smaller Larger
or slower or faster
changes changes

Abrupt climate
change, ice-sheet
collapse, etc.

Problems

My interpretation of probability of
various levels of future problems.



Probability

UN-IPCC
(best estimate)

—_—
Smaller Larger

or slower or faster

changes changes Abrupt climate
change, ice-sheet

collapse, etc.

=

Problems

My interpretation of views given greatest attention
In recent Congressional hearings I've experienced.



Probability

UN-IPCC
(best estimate)

—_—
Smaller Larger
or slower or faster
changes changes

Abrupt climate
change, ice-sheet
collapse, etc.

<3

>

Problems

Science is NOT “one side”; Science is the best we
have, and the usual projections discussed are on

the optimistic side of possibilities.



Properly used, knowledge saves
lives & money

- And that requires data
— Data data data




And models
And data
assimilation

Leading to
understanding




You are important. Good data are essential,
driving solid science. So keep doing what you do.




Targets?
—> Learn most-

likely, best- &

worst-case:
whole PDF.
Policymakers
need full info.
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— Hard to act with
large uncertainties,

™ 5o reduce them.

E =2 And, work to
“F make information

more actionable.









1. Climate change is real

http://www.cnn.com/2017/02/28/us/sutter-climate-opinion-maps/index.html



2. Humans are causing the Earth to warm
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3. Scientists agree on these points
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4. Climate change is bad
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5. There are smart ways to fix global warming
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Yet, almost no one talks about climate change
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factor of increase E_#SL = 0.1 m] . return period of 50-yr water level [;:EL = 0.1 m)
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Vitousek et al., 2017, Doubling of coastal flooding frequency within decades due to sea-level rise. Scientific Reports 7, DOI:10.1038/s41598-017-01362-7

B = Rk & QN O N R D



factor of increase Eﬁsf'ﬂaﬁ m| fi s return period of 50-yr water level [IJEL=D.5 m] Vears

- 10
g
150
: i
125 ;
|'|i"l;j b
;
-1
3
2

Figure 4. Global estimates of the expected factor of increase in exceedance probability, f, .., and
the future return period, T, of the 50-yr water level, for SLR projections: p, =+0.1, +0.25, +0.5
m. We note that the estimated increase in flooding potential is purely due to SLR and not due
to changes in climate or storminess. White lines indicate the Tropic of Cancer and Tropic of
Capricorn.

Vitousek et al., 2017, Doubling of coastal flooding frequency within decades due to sea-level rise.
Scientific Reports 7, DOI:10.1038/s41598-017-01362-7



sea-level
The sea-level rise that doubles the exceedance of the former 50-yr water-level elevation rse [gg"]

10

The upper bound of SLR that doubles the exceedance probability of the former 50-year
water level. This SLR is the upper limit of a 95% confidence interval based on a Monte
Carlo simulation of the GEV parameter estimates and their associated confidence
bands. Red areas represent regions particularly vulnerable to small amounts of SLR.

Vitousek et al., 2017, Doubling of coastal flooding frequency within decades due to sea-
level rise. Scientific Reports 7, DOI:10.1038/s41598-017-01362-7



Basin: NarragansettBuzzards Bay vl <pvd= Storm: C:/sloshpkg/sloshdsp./rexfiles/dovwnload 1 238prd rex

Lty

1] i ren M &

"'M'I }
St Tide ft [ig&°
Abv l:irilzlI é:ell I

Elwelm
f | High Water
i o i

1938 Hurricane stor
surge; peak about 6
above high tic

http://www.nhc.noaa.gov/ssurge/HistoricalRuns


http://www.erh.noaa.gov/box/hurricane/hurricane1938.shtml
http://www.erh.noaa.gov/box/hurricane/hurricane1938.shtml
http://www.erh.noaa.gov/box/hurricane/hurricane1938.shtml

Antarctica & Greenland
-4000E. Antarctica

Ice sheets are
contributing to sea-
level rise now,

but could do
much more...

-2000

Mass loss from ice sheets (Gt)

Year
Shepherd et al., Science, 2012

1995 2000 2005 2010
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Sea-Level Rise (mm)



UW & Penn State grad Kurt Cuffey. Wrote The
Physics of Glaciers. Let's go over it...



Suppose
you make a
pancake. It
is a pile or
batter...




It tends to
spread
under its
own weight.




— = & Where you
— & hold it




It doesn’t
spread as
fast.




When it gets
stronger, it
doesn’t
spread as
fast.



And on a
rougher or
bumpier

bed...




It doesn’t
spread as
fast.




(And, it
makes cool
patterns!you
can probably
see the

¥ Vashon Lobe
flowing down

' Puget Sound
and across
Seattle in
there...)




f

‘Large lakes form on top of Greenland s ice in some places

Photo courtesy lan Joughin (all rlghts reserved by lan, 2008) .- ( o



'Then break through,
‘draining faster than Niagara

Photos co
J reserved b

Sarah Das (all rights
h, 2008)




This may speed ice loss, but the “waffle iron”
keeps the ice from falling in the ocean

POSSIBLE AlIR
LAKES IN
WARMER

ICE (NOT
TO SCALE)



Marine Ice Sheet Collapse Potentially
Under Way for the Thwaites Glacier

Basin, West Antarctica
Science, 2014

lan Joughin, Benjamin E. Smith, Brooke Medley

Our simulations provide strong evidence that the process of marine ice-
sheet destabilization is already under way on Thwaites
Glacier...although losses are likely to be relatively modest over the next

century (<0.25 mm/year of sle), rapid collapse (>1 mm/year of sle) will
ensue once the grounding line reaches the basin’s deeper regions
...undermining much of West Antarctica...unless CDW recedes
sufficiently to reduce melt well below present levels, it is difficult to
foresee a stabilization of the Thwaites system, even with plausible
increases in surface accumulation. Although our simple melt
parameterization suggests that a full-scale collapse of this sector may be
inevitable, it leaves large uncertainty in the timing.




Sea-level variability (RMS, cm) (modeled with MOM
1.0, 2° longitude, 1° latitude (2 cm contours, >4 cm
shaded) 12-hour, Fukumori et al., JGR, 1998



Sea-level rise
from Greenland
(top) or West
Antarctic melt
(bottom) at global
average 1 mm/yr.
| Because gravity
of an ice sheet
attracts ocean

1.4 water, melting
raises sea level
more farther
away as the
attraction shrinks.
Most of US 0.6-

|1 1x Greenl., 1.1-

1.2xX WAIS Milne+
2009 NatGeo
==
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j Greenland, West
: Antarctic go
50 - easily (10 m+) :
E ' East Antarctic
- ~ not so easily
R
= )
QO ;
7] ]
—ED-_
: De Boer et al. [2010]
T e —
=20 -10 0 10 20 30

A NH surface temperature (°C)

There are less-alarming versions of this curve...
But even those alarm some people.

Gasson, E., M. Siddall, D. J. Lunt, O. J. L. Rackham, C. H. Lear, and D. Pollard (2012), Exploring uncertainties in the relationship between
temperature, ice volume, and sea level over the past 50 million years, Rev. Geophys., 50, RG1005,Doi 10.1029/2011RG000358.






Sea-level rise (m)

Compilation of the back of the envelope
estimates of sea level rise that |” ve seen.

2000 Year 2100

PPV 777?

sensible?

Quantified
IPCC range



Ice sheets have “flying buttresses”, too
* Floating extensions called “ice shelves™--ice flows over
water for a while before breaking off to make bergs;

» Ice shelves may run aground on islands or scrape past
rocky sides of bays;

* Friction from this slows ice-sheet spreading;

- Warming air or water can attack ice shelves quickly,
speeding ice-sheet spreading and sea-level rise.
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