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October 2012 - Hurricane Sandy 

•  Affected 20 states 
•  Fatalities: 185 (US: 113) 
•  Damage (estimated): 
 $52 billion 

New	
  Jersey	
  	
  

New	
  York	
  	
   Rhode	
  Island	
  	
  



FEMA: Sandy’s Impact 



Sandy and Surrounding Weather Systems 



Hurricane Sandy and Climate Change: 
Media 

•  “It’s Global Warming stupid” Bloomberg Businessweek 

•  “Will Climate Change get some respect now?” NY Times 

•  “Hurricane Sandy: Is climate change to blame?” Week 
Magazine.  

•  “Effect of climate change increases risk of storms’ 
impacts” Boston Globe 

 
 



Hurricane Sandy and Climate Change 
Scientists: More studies are needed 

•  Possible contributing factors: 
– Record breaking sea surface temperatures off 

the US east coast 
– Weaker jet stream, which favors slow-moving 

weather systems, possibly due to reduced 
poleward temperature gradients  

– Large “blocking” Arctic weather system north of 
Sandy, possibly enhanced by ice melting and 
Artic warming.   



	
  
• 	
  Colored	
  bars	
  show	
  changes	
  for	
  	
  the18	
  model	
  CMIP3	
  ensemble	
  (27	
  seasons);	
  dots	
  show	
  range	
  of	
  
changes	
  across	
  4	
  individual	
  CMIP	
  models	
  (13	
  seasons).	
  

Cat	
  4+5	
  frequency:	
  	
  
81%	
  increase,	
  or	
  10%	
  
per	
  decade	
  

Source:	
  	
  Bender	
  et	
  al.,	
  Science,	
  2010.	
  

EsPmated	
  net	
  impact	
  of	
  
these	
  changes	
  on	
  
damage	
  potenPal:	
  	
  
+28%	
  

Projected Late 21st Century  
Changes in Atlantic Hurricanes 



Accelerated sea level rise in the Northeast 
LETTERS NATURE CLIMATE CHANGE DOI: 10.1038/NCLIMATE1597
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Figure 1 | Spatial variations of SLRD on the North American east coast. Each circle represents a gauge location and is colour-coded to reflect SLRD. Circles
with no colour fill are not statistically different from zero. Confidence limits are ±1σ and account for serial correlation. More gauges were available for plots

that show results from shorter time series. a, 1950–2009. b, 1960–2009. c, 1970–2009.
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Figure 2 | SLRDs for 60-yr time series at gauge locations across North
America. Circles are colour-coded to reflect computed SLRDs; no colour fill

indicates SLRDs that are not statistically different from zero. Confidence

limits are ±1σ and account for serial correlation; 50- and 40-yr time series

results are shown in Supplementary Fig. S3.

The authors of ref. 16 reported ‘little regional dependence’
of SLR acceleration in the US counter to our detection of a
NEH. They found mean negative acceleration for 57 US gauges,
including 17 in our observed NEH. Fitting a single quadratic
equation for the entire time series available at each station, they
calculated average accelerations from gauges having record lengths
from 60 to 156 yr and compared them. The spatially averaged
SLRDs (and accelerations) in NEH are, however, dependent on
time-series length (Fig. 3 and Supplementary Fig. S4). Statistically
significant positive SLRDs were detectable in 40-yr (1970–2009)
to 72-yr (1938–2009) windows. SLRDs for windows longer than
72 yr were not significantly different from zero. Seventy-six per cent
of the NEH data from ref. 16 were longer than 72 yr. By using
variable record lengths, their results are biased towards SLRDs not
statistically different from zero,masking the observedNEH.

The observed NEH is similar to the modelled NEH projected for
the end of the twenty-first century2–4 and later1. A robust prediction
across all models is for significantly greater SLR north of Cape
Hatteras in agreementwith the observedNEH.Using IPCC scenario
A1B, ref. 2 projected 0.1–0.15m dynamic SLR (over∼100 yr) along
the coast north of Cape Hatteras and 0.05–0.1m south. Using the
ensemble mean of ten IPCC Assessment Report 4 models also
running scenario A1B, ref. 3 reported 0.15–0.2m dynamic SLR (by
about 2100) along the coast north of Cape Hatteras and 0.0–0.05m
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Figure 3 |Dependency of SLRDs on time series lengths for averages of
NEH gauges. Confidence limits are ±2σ and account for serial correlation.

All SLRDs were found for start years (on x axis) to 2009. The most recent

start year was 1970, yielding a 40-yr time series; the oldest was 1894,

yielding a 115-yr series. The numbers of gauges used in each average are

indicated by the colour code. Recent SLRDs are based on averages using up

to 21 gauges; the oldest are based on as few as one gauge, NYC.

south. Observed SLRDs were not statistically different from zero
south of Cape Hatteras, where the small modelled estimates
of SLR were probably undetectable in gauge data. Modelled
NEHs generally extended, with variations, north to Newfoundland.
Observed NEH varied in northward extent depending on window
length; the 40-yr. SLRDs extended the farthest north in closest
agreement with models.

The authors of ref. 3 used model results to localize dynamic SLR
anomalies for New York City (NYC), projecting 15, 20 and 21 cm
for scenarios B1, A1B and A2 by 2100 (relative to 1981–2000) with
ensemblemeans ofmultiplemodels. Using estimates of global steric
SLR, they found dynamic plus steric for each scenario, yielding SLRs
of 51, 47 and 36 cm. For low-emission scenario model runs (RCP3-
PD and RCP4.5), ref. 7 found dynamic plus steric SLR for the
vicinity of NYC of 24 and 36 cm. These projections are comparable
to the twenty-first century extrapolations from our NYC 60-yr
SLRD of ∼20 cm and our 40-yr SLRD of ∼29 cm (assuming no
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Source: Sallenger et al: Hotspot of accelerated sea-level rise  
on the Atlantic coast of North America, Nature Climate Change, June 2012  

North of Cape Hatteras, sea level rise rate is 4 times  
higher than the global average, making the region more  
vulnerable to storm surges and flooding.  



Adapted from:  
http://tidesandcurrents.noaa.gov/sltrends/ 

sltrends_station.shtml?stnid=8452660%20Newport,%20RI 

HEIGHT NOW 

Source: Boothroyd 2011 



Intensities 

One of the most dangerous implications of climate change is 
worsening of extreme weather events around the world in 
respect to: 

Frequencies 

Fatalities and Damages  

IPCC Special Report, 2012: Managing the Risks  
of Extreme Events and Disasters to Advance  
Climate Change Adaptation 
 
http://ipcc-wg2.gov/SREX/ 
  
 
 



February 2009 - Wildfires, Australia 
Largest on record  

More than 175 fatalities 

Source: Reuters, Berlin 



Pakistan         Russia         China 
2010 

The hottest recorded  
summer in Russian history. 
56,000 died. 



February 2010  
Snowmageddon in the U.S 

Moisture from storm 2000 
miles away:  
subtropical Atlantic where 
ocean temperatures at record 
high levels! 

Source: K. Trenberth 



Blizzard February 2011  
affected at least 30 U.S. states,  

more than 100 million people 
New Hampshire 

Chicago Milwaukee  

Wisconsin 



2011 Southern US Drought  

Texas experienced 
driest July-August 
period on record 
  

Losses: $5.2 billion      



August 2011 - Hurricane Irene 

Vermont	
  	
   Rhode	
  Island	
  	
  

Philadelphia	
  	
  

•  Landfall in NC, NJ, NY, CT 
•  Affected 11 states 
•  Fatalities: 56 
•  Damage: $15.6 billion 



November 2012 - Nor’easter 

•  Snow: 4-13 in  
•  Winds: 40-60 mph 
 

New	
  Jersey	
  	
  

New	
  York	
  	
   Massachuse>s	
  



Weather Disasters in U.S.  
The Cost and Number of Events Exceeding $1 Billion  

Source:	
  www.ncdc.noaa.gov/oa/reports/billionz.html	
  

Total disasters since 1980: 136 
1980-1995 disasters: 46 
1996-2012 disasters: 90 
Total damage: $897b 
 
  



World Natural Catastrophes: 1980-2011 

1 ,000

800

600

400

200

0

1980 1985 1990 1995 2000 2005 2010

50 MUNICH RE Topics Geo 2011

NATCATSERVICE AND RISK MANAGEMENT

820 events
Percentage distribution worldwide

Fatalities: 27,000
Percentage distribution worldwide

Overall losses: 
US$ 380bn
Percentage distribution worldwide

Insured losses: 
US$ 105bn
Percentage distribution worldwide

The year in 
 figures
Petra Löw, Angelika Wirtz

The year 2011 was the most expen-
sive natural catastrophe year ever  
in national economic terms. At  
US$ 380bn, it far exceeded 2005, 
previously the costliest year on 
record. Insured losses also came to a 
record US$ 105bn. Munich Re’s Geo 
Risks Research recorded 820 loss-
related events, which corresponds to 
the average for the past ten years. 
Hurricanes in the North Atlantic 
accounted for the bulk of the enor-
mous claims expenditure in 2005 
but last year’s severe earthquake dis-
asters in Japan and New Zealand 
alone accounted for overall losses of 
US$ 228bn and insured losses of 
US$ 50bn. 

Nearly 90% of 2011’s events were 
weather-related. Overall and insured 
losses from weather-related natural 
catastrophes were the second-highest 
on record since 1980 (taking inflation 
into account). Consequently, 2011 
also goes down as a year of extreme 
weather-related catastrophes.

Number of events 
 
NatCatSERVICE’s database records 
all natural hazard events that give 
rise to property damage or personal 
injury. Depending on the monetary 
and humanitarian impact of these 
events, we divide them into six cat-
egories, ranging from minor losses to 
great natural catastrophes. 

The following five events from last 
year fall into loss category 6 (great 
natural catastrophes, with thousands 
of fatalities and/or hundreds of thou-
sands left homeless and/or substan-
tial economic/insured losses).

 − 22 February: Earthquake, New Zea-
land
 − 11 March: Earthquake, tsunami, 
Japan
 −April to May: Tornado outbreaks, 
USA
 −August to November: Floods, Thai-
land
 −October 2010 to September 2011: 
Drought: East Africa

The breakdown of loss-relevant 
events between the main geophysical, 
meteorological, hydrological and cli-
matological hazards is more or less 
in line with the average over the past 
30 years. In 2011, 91% of the world’s 
natural catastrophes were weather-
related: 300 storms, 310 floods, storm 
surges and mass movements caused 
by torrential rain. The climatological 
events category – wildfires, droughts, 
heatwaves and cold waves – com-
prised 140 events, including 117 wild-
fire events. Geophysical natural 
 hazards made up 9% – namely 54 
earthquakes and 16 volcanic erup-
tions that caused personal injury 
and/or property damage.

The percentage breakdown by conti-
nent is also in line with the long-term 
average, most catastrophes occur-
ring in Asia (240) and America (290); 
in Europe there were 150, in Africa 
80 and in Australia 60.

9%
37%
37%
17%

62%
11%

25%
2%

47%
37%
13%
3%

61%
19%
17%
3%

Number of natural catastrophes 1980–2011 Geophysical events: Earth-
quake, volcanic eruption 

Meteorological events:
Tropical storm, winter storm, 
severe weather, hail, tornado, 
local storm 

Hydrological events: Storm 
surge, river flood, flash flood, 
mass movement (landslide) 

Climatological events: Heat-
wave, cold wave, wildfire, 
drought

Source: Munich Re, 2012 



Summary 
•  New 2012 IPCC report confirms that extreme 

weather is worsening due to climate change 

•  Scientists are virtually certain – 99% – world will 
have more periods of high-impact weather events 
through 21st century  


