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HOW ARE WE DOING IN THE 
FORECASTING GAME?
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HOW ARE WE DOING IN THE 
FORECASTING GAME?
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The Europeans (ECMWF) 
are Still Winning

BUT GFS has made some 
Significant improvements



US vs. THEM: Solutions

 Resolution
 More Ensembles
 Data Assimilation
 Initial Conditions
 Manpower
 Research-to-Operations

CAPCA Meeting Annapolis 23 September 2019



CAPCA Meeting Annapolis 23 September 2019



CAPCA Meeting Annapolis 23 September 2019



SANDY



SANDY: CHESAPEAKE BAY

“Tide on Tangier streets, coming up fast, highest in Lonnie's life. 
Jessie at Bishops Head reports little rise and no problems. 
Very interesting storm. Thanks again for heads up. Don”

Tangier, 10:32am, Monday 29 October 2012
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DORIAN



CAPCA Meeting Annapolis 23 September 2019



Surge 
Propagation
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NORFOLK

ANNAPOLIS



Nuisance Flooding, Annapolis
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Dorchester County, Maryland
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David Harp



UPDATE, MD

1.4± ft. by 2050

by 2100, 
it depends on
emissions and 
ice



UPDATE, MD

2018 Update



Mid-Atlantic is a Hot Spot 
for Sea-Level Rise
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Dorchester County storm surge 
from an Isabel Storm, past and future



2018 PROJECTION UPDATE:2050
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AND LONGER…
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HURRICANES: IT’S NOT JUST 
THE WIND

 AGNES 1972
 HARVEY 2017
 IMELDA 2019
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Are Hurricanes becoming more 
frequent or more intense?

CAPCA Meeting Annapolis 23 September 2019



IMPACTS

 WIND
 SURGE
 RAIN
 ECOSYSTEMS/FISHERIES 
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CERTAINTY AND UNCERTAINTY

“There are known knowns.  There are things 
we know we know.  We also know there are 
known unknowns.  That is to say, we know 
there are some things we do not know. But 
there are also unknown unknowns, the ones 
we don’t know we don’t know.”

Donald Rumsfeld



THWAITES GLACIER



Warming will increase the size and intensity of 
storms, but it will also make them more difficult to 
form—Kerry Emanuel, MIT

A hurricane is an absolutely, beautifully smooth-
running engine with a very temperamental starter 
motor—Ed Zipser, University of Utah



Acceleration
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The Day After Tomorrow
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Rise for Bay since 1961: 
Mid-Atlantic “Hot Spot”
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Global Rise: 1.8mm/yr
Subsidence: 1.7mm/yr

3.5mm/yr





NUMERICAL FORECASTING



The Day After Tomorrow



Hurricane Katrina 2005
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TIMING







Before the Storm











ARTHUR

Temperature—Hurricane Arthur



Triply-nested WRF 
(12km-4km-1.3km)

Unstructured FVCOM 
(50 m to 20 km)

CINAR-TEMPESTS
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LIDAR BARNEGAT BAY
NOAA



Graphic Visualizations for Street-Level flooding in 
Cambridge, MD
Using GIS and Google Earth 
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1933,2003: VULNERABILITY

NOAA

Isabel August, 1933



Warming will increase the size and intensity of 
storms, but it will also make them more difficult to 
form—Kerry Emanuel, MIT

A hurricane is an absolutely, beautifully smooth-
running engine with a very temperamental starter 
motor—Ed Zipser, University of Utah



IMPACTS



Ba

David Harp





Prospects

 Intensity
 Phasing
 Wetting and Drying
 Transition to Operations
 Partnerships
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SANDY:
CHESAPEAKE
BAY

Wakefield, VA
08:57am, Wednesday

31 October 2012





SEA-LEVEL RISE

NOAA NOS CO-OPS







Groundwater
water-level
decreases
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Groundwater extraction vs. 
Subsidence
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HURRICANE KATRINA 2005



2011: IRENE
BEFORE                  AFTER



SANDY: NYC’S PREPARATIONS



… SOME WERE NOT ADEQUATE



POST SANDY





MARACOOS Glider Network

Satellite Ocean Color

Satellite SST

Subsurface 
Glider 
Data



AIR DROP
FLOATS



Hurricane Arthur



FORECASTING STORM
INTENSITY AND INUNDATION



ARTHUR STORM SURGE 
PREDICTION



AUV-REMUS





SCIENCE
MOVING
RAPIDLY



IT’S NOT JUST WARMING AND 
SEA-LEVEL RISE

• Ocean Acidification and Coral Bleaching
• Permafrost melting.
• Global changes in agricultural production.
• Increases in temperature sensitive diseases.
• Disruption of Ecosystems
• Droughts
• Increase in Forest Fires
• Famine
• Mass Extinctions



A Changing Conversation

 “It’s a Hoax…”  
 “It’s not Happening…”
 “It’s just Natural Cycles”
 “I didn’t do it…”
 “I’m not a Scientist…”
 “Tax Carbon”
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WHAT CAN WE DO?

• Advocate for the pricing of carbon, through tax, trading, or regulation.
• Support innovation and the deployment of low-carbon technologies.
• Conserve, and help remove barriers to improving energy efficiency
• Educate and advocate: do not leave the decisions solely to scientists, 

economists, and politicians.
• Support research to eliminate known unknowns and diminish the number 

of unknown unknowns.
• Watch for new scientific discoveries and evolving understanding of 

climate future.



IS THERE ANY GOOD NEWS?

Tackling climate change is the pro-growth strategy 
for the longer term, and it can be done in a way that 
does not cap the aspirations for growth of rich or 
poor countries. The earlier effective action is taken, 
the less costly it will be.

Stern Review:





Scientists Warn of Rising Oceans From Polar Melt
By JUSTIN GILLIS and KENNETH CHANG

The depletion of large parts of the ice sheet in West Antarctica is almost 
certainly unstoppable, with global warming accelerating the 
disintegration, two groups of scientists reported Monday.

http://www.nytimes.com/2014/05/13/science/earth/collapse-of-parts-of-
west-antarctica-ice-sheet-has-begun-scientists-say.html?emc=eta1

Bipartisan Report Tallies High Toll on Economy From Global Warming
By JUSTIN GILLIS

Treasury secretaries dating to the Nixon years backed a new report 
predicting a heavy loss of coastal properties, a shift of farming 
northward, and dangerous outdoor conditions because of climate 
change.
http://www.nytimes.com/2014/06/24/science/report-tallies-toll-on-
economy-from-global-warming.html?emc=eta1

http://www.nytimes.com/2014/05/13/science/earth/collapse-of-parts-of-west-antarctica-ice-sheet-has-begun-scientists-say.html?emc=eta1
http://www.nytimes.com/2014/06/24/science/report-tallies-toll-on-economy-from-global-warming.html?emc=eta1


“I AM NOT A SCIENTIST…”

U.S. | Political Memo
Why Republicans Keep Telling Everyone 
They’re Not Scientists

By CORAL DAVENPORT
OCT. 30, 2014

http://www.nytimes.com/2014/10/31/us/why
-republicans-keep-telling-everyone-theyre-
not-scientists.html?smprod=nytcore-
iphone&smid=nytcore-iphone-share&_r=0

http://www.nytimes.com/2014/10/31/us/why-republicans-keep-telling-everyone-theyre-not-scientists.html?smprod=nytcore-iphone&smid=nytcore-iphone-share&_r=0


If You See Something, Say 
Something
By MICHAEL E. MANN

JAN. 17, 2014

should we go full-bore on nuclear power? Invest in and deploy renewable energy —
wind, solar and geothermal — on a huge scale? Price carbon emissions through cap-
and-trade legislation or by imposing a carbon tax? Until the public fully understands the 
danger of our present trajectory, those debates are likely to continue to founder.







“CONTINUATION OF HIGH FOSSIL FUEL 
EMISSIONS, GIVEN CURRENT KNOWLEDGE OF 
THE CONSEQUENCES, WOULD BE AN ACT OF 
EXTRAORDINARY WITTING 
INTERGENERATIONAL INJUSTICE.”



SIR WILLIAM CROOKES, 1898

“England, and all civilized countries, stand in 
deadly peril.”

Humans would begin dying of hunger in large 
numbers somewhere around 1930.

Not enough new farmland, and not enough 
natural fertilizer: manufacture some.



NITROGEN



[Inaction] over the coming few decades could create 
risks of major disruption to economic and social 
activity, later in this century and in the next, on 
a scale similar to those associated with the great 
wars and the economic depression of the first half 
of the 20th century. And it will be difficult or 
impossible to reverse these changes…. Climate 
change is the greatest market failure the world has 
ever seen, and it interacts with other market 
imperfections. 

The Stern Review: The Economics of Climate 
Change, Royal Society of London October 30, 2006 
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http://abcnews.go.com/US/north-carolina-bans-latest-science-rising-
sea-level/story?id=16913782#.VFDrxwREFlw.email

http://wapo.st/1o0VLQr 

http://www.nytimes.com/2014/06/23/opinion/paul-krugman-
conservatives-and-climate-change.html?emc=eta1&amp;_r=0

The Coming Climate Crash
Lessons for Climate Change in the 2008 Recession
By HENRY M. PAULSON Jr.JUNE 21, 2014
http://www.nytimes.com/2014/06/22/opinion/sunday/lessons-for-
climate-change-in-the-2008-recession.html?emc=eta1

http://abcnews.go.com/US/north-carolina-bans-latest-science-rising-sea-level/story?id=16913782#.VFDrxwREFlw.email
http://www.nytimes.com/2014/06/23/opinion/paul-krugman-conservatives-and-climate-change.html?emc=eta1&amp;_r=0
http://www.nytimes.com/2014/06/22/opinion/sunday/lessons-for-climate-change-in-the-2008-recession.html?emc=eta1
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