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Datasets: Global 6-hourly MSLP fields

1. ERA-40 reanalysis
2. NCEP reanalysis 1958-2001 (44 yr)

“Observations” (on a 2.5x2.5 lat/long grid):

3. CGCM2 simulations:
IS92a scenario: 1975-94, 2040-59, 2080-99 (3x20 yr)

Projections (on a 96x48 Gaussian grid):

- Converted to a 250x250 km EASE-grid for  
detection/tracking of cyclones

Equal Area SSM/I Earth
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Cyclone detection/tracking algorithm:
(Courtesy of Mark Serreze; Serreze et al. 1997)

1.  Cyclone detection: test whether a grid-point 
MSLP value is surrounded by grid-point 
values higher than the central point being 
tested

2.  Cyclone tracking: based on a “nearest 
neighbor” analysis of the positions of 
cyclones between time steps with a 
maximum distance threshold between 
candidate pairings.
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Cyclone-track: A cyclone and its trajectory during its lifetime
(may consist of many cyclones, one at each specific time step)

Terminology
Cyclone: A single low pressure center at a specific time & site

Mean position of extra-tropical storm track: Mean latitude of
all cyclones within each 5°-long. band in 30°-70° N (S)

Strong cyclones: Central SLP < 990 mb

Weaker cyclones: Central SLP = 990 mb
All cyclones
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Total # of
all
strong

(log-odds) weaker
cyclones

observed
1958-77

1982-2001

simulated 1975-94
2080-99

20-yr periods:

Any significant change in the frequency
or areal mean lifespan of cyclone-tracks?

(from the first to the second period)

One-sided two-sample t-tests:



Wang et al. 2004 6

Observed changes (ERAObserved changes (ERA--40)40)
(1982(1982--2001 minus 19582001 minus 1958--77)77)
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Observed changes – NH winter
(1982-2001 minus 1958-77)

Red: Blue:
Large dots: >= 95% conf.

# of strong cyclones:    
# of weaker cyclones:   

1982-2001

Storm track: northward shifted

Siberia

Pacific

Europe

China

Greenland

Total # of cyclones:

Greenland
Siberia
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Observed changes – NH winter
(1982-2001 minus 1958-77)

Consistency between
ERA40 & in-situ data

Changes: most likely real,
not artifact!

More evidence

1982-2001

Storm track: northward shiftedERA40 SLP

Cyclone activity:
in N. Canada &
in S. Canada

In-situ SLP (99 stns)

Pacific

Greenland
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99.8% confidence

98.5% confidence

No step-change around 1979!

1982-2001

Northward shifted storm track

Most likely real!

Greenland

Middle East
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Changes in distribution:

ERA40 - JFM: High-latitudes of NA (55N-70N, 45W-15E)
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1982-2001

Strong cyclones

# of strong tracks:     (+157)
# of weaker tracks:     (-89)

# of all tracks:     (+68)

20-yr total:

Extreme SWH changes (2000 minus 1975)

Northward shifted storm track

# of strong cyclone-tracks:     (-125)
# of weaker cyclone-tracks:     (+38)

# of all cyclone-tracks:     (-87)

ERA40 - JFM: Mid-latitudes of NA (45N-55N, 75W-10W)
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Observed changes – NH spring
(1982-2001 minus 1958-77)

Red: Blue:
Large dots: >= 95% conf.

# of strong cyclones  

Total # of cyclones:

# of weaker cyclones

N. Pacific

Greenland

Greenland
Siberia

Siberia

N. Pacific

Greenland
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Observed changes – NH summer
(1982-2001 minus 1958-77)

# of strong cyclones 

Red: Blue:
Large dots: >= 95% conf.

Total # of cyclones:

Weaker changes # of weaker cyclones

Greenland

Greenland

Greenland

Pacific

Pacific
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Observed changes – NH fall
(1982-2001 minus 1958-77)

Red: Blue:
Large dots: >= 95% conf.

# of strong cyclones:    
# of weaker cyclones:   

Total # of cyclones:

USA

Greenland

Greenland

Greenland

China
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(hr)

Number of 

1982-2001 minus 1958-77

No change in lifespan
# of cyclone-tracks

Generally:

lifespan
# of cyclone-tracks

NA JAS:

(fewer but longer-lived)
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# of strong cyclones:    
# of weaker cyclones:   

Observed changes – SH - JFM
(1982-2001 minus 1958-77)

Red: Blue:
Large dots: >= 95% conf.

Australia
S. Pacific S. Atlantic

S. Pacific

Total # of cyclones:
S. Atlantic

S. Pacific



# of strong cyclones:

strong cyclone activity in the high latitudes, but    in the mid-latitudes!

Observed changes – SH – AMJ, JAS, OND
(Similar to JFM)

S. Pacific S. Atlantic

S. Pacific

S. Pacific S. Atlantic

S. Atlantic

Australia

Australia

Australia
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ERA-40 versus NRA (NCEP/NCAR):

Any difference in terms of cyclone activity?
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Total # of cyclones in the 44 yr:
(ERA-40 minus NRA)

Red: More in ERA-40   Blue: Less in ERA-40
Large dots: >= 95% conf.

Significant differences over some land areas!

But similar in terms of changes!

N. Pacific

N. Pacific N. Atlantic

N. Atlantic
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1982-2001

ERA-40 Strong cyclones
Weaker cyclones

NRA Weaker cyclones
Strong cyclones

ERA-40 versus NRA: Similar changes! 

N. Pacific

N. Pacific

N. Pacific

N. Pacific

Greenland

Greenland

Greenland
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CGCM2 Projected Changes
(IS92a forcing scenario)

(2080-99 minus 1975-94)
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# of strong cyclones:    
# of weaker cyclones:   

Projected changes – NH winter
(2080-99 minus 1975-94)

Red: Blue:
Large dots: >= 95% conf.

Clock-wise rotated storm track

2080 -99

Greenland

Greenland

China USA

China

Total # of cyclones:
Greenland

China

Eurasia
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Contours:
Red: differences (2080s – 1970s)

Dashed:          Solid: 
Hatching: changes of at least 5%  

significance
Black: 2080s’ climate
Shading: 1970s’ climate

(IS92a scenario)

Intensified & southeastward expanded Aleutian low
Clock-wise “rotated” storm track

Related climate change Related climate change –– N. PacificN. Pacific
(2080s (2080s –– 1970s)1970s)

2080-99

1975-94

More frequent
strong cyclones

 JFM: Mid-latitudes of western NP (WNP: 35N-50N, 140E-165W)
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1975-94
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20-yr total:

# of strong cyclone-tracks:     (+142)
# of weaker cyclone-tracks:    (-128)

# of all cyclone-tracks:     (+14)

Extreme SWH changes
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# of weaker cyclones:   
# of strong cyclones:    

Projected changes – NH spring
(2080-99 minus 1975-94)

Red: Blue:
Large dots: >= 95% conf.

2080-99

Total # of cyclones:

Northward shifted 
storm track

Northward shifted storm track

Greenland

Greenland

Greenland

China
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Projected changes – NH summer
(2080-99 minus 1975-94)

Red: Blue:
Large dots: >= 95% conf.

Total # of cyclones:

# of strong cyclones:

# of weaker cyclones:

Greenland

Greenland

Greenland

China USA



Wang et al. 2004 25

Projected changes – NH fall

# of weaker cyclones:   
# of strong cyclones:    

Total # of cyclones:

(similar to NH winter)
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CGCM2 - OND - Box 2 (50N-75N, 0-60E)
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# of strong cyclone-tracks:      (+142)
# of weaker cyclone-tracks:     (-272)

# of all cyclone-tracks:      (-130)

(+94)       
(-69)               
(+25)    

West- & southeast-ward expanded Icelandic low
~     positive NAO
~     SLP gradient & stronger westerly

Related climate change Related climate change –– NA (2080s NA (2080s –– 1970s)1970s)

Extreme SWH changes

(IS92a scenario)

Distributional shift:
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(hr)

lifespan
# of cyclone-tracks

2080-99 minus 1975-94

No change in lifespan
# of cyclone-tracks

Similar to the observed:

(except N. Europe
& Baffin Bay:

# and lifespan)

Number of
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Projected changes – SH - JFM
(2080-99 minus 1975-94)

Red: Blue:
Large dots: >= 95% conf.

# of strong cyclones:

Total # of cyclones:

in mid-lat.
in high-lat.
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Projected changes – SH – AMJ, JAS, OND
(2080-99 minus 1975-94) Red: Blue:

Large dots: >= 95% conf.Total # of cyclones:
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SummarySummary

1. Observed or projected climate: 
Most substantial changes ~ freq. and track of strong 

cyclones, especially in NH

2. In the past half century: 

> NP:      freq. of strong cyclones in winter & spring
> NA:      freq. of strong autumn & winter cyclones, and

winter storm track shifted slightly northward

> freq. of strong cyclones in SH extra-tropics:     
poleward of 60S &    in 45S-60S zone, in all seasons 
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Summary (cont’d)Summary (cont’d)

3. CGCM2 projected changes in the 21st century: 

> NP: storm track turns clock-wise in winter 
& shifts northward in spring 

> SH:     freq. of strong cyclones in 45S-60S

> NA: more freq. strong cyclones projected
for N. Eurasia in all seasons except summer,
& for Baffin Bay-Labrador in autumn & winter.
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-- The End The End --

Thank you very much!Thank you very much!

Acknowledgement
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Between
2 decades

before 1979

Between
2 decades
after 1979

satellite

After and 
before 1979

First & last
decades in 
1958-2001

Northward shifted

sto
rm

tra
ck

Most likely
real!

satellite
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Observed changes – SH – AMJ, JAS, OND
(1982-2001 minus 1958-77)

Total # of cyclones:

More frequent strong cyclone activity in the high southern latitudes!
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# of strong cyclones:    
# of weaker cyclones:   

Observed changes – SH - AMJ
(1982-2001 minus 1958-77)

Red: Blue:
Large dots: >= 95% conf.

Total # of cyclones:
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# of weaker cyclones:   
# of strong cyclones:    

Observed changes – SH - JAS
(1982-2001 minus 1958-77)

Red: Blue:
Large dots: >= 95% conf.

Total # of cyclones:
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# of strong cyclones:    
# of weaker cyclones:   

Observed changes – SH - OND
(1982-2001 minus 1958-77)

Red: Blue:
Large dots: >= 95% conf.

Total # of cyclones:
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# of weaker cyclones:

# of strong cyclones:

Projected changes – SH - AMJ
(2080-99 minus 1975-94) Red: Blue:

Large dots: >= 95% conf.
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Projected changes – SH - JAS
(2080-99 minus 1975-94) Red: Blue:

Large dots: >= 95% conf.
# of weaker cyclones:

# of strong cyclones:
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Projected changes – SH - OND
(2080-99 minus 1975-94)

Red: Blue:
Large dots: >= 95% conf.

# of weaker cyclones:

# of strong cyclones:


