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Datasets: Global 6-hourly MSLP fields
“Observations” (on a 2.5x2.5-lat/long grid):

> > 1958:2001 (44 yr)

1. ERA-40 reanalysi
2. NCEP reanalysis

Projections (on a 96x48 Gaussian grid):

3. CGCM2 simulations:
1S92a scenario: 1975-94, 2040-59, 2080-99 (3x20 yr)

Equal érea SSM/I Earth

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

Wang et al. 2004




Cyclone detection/tracking algorithm:
(Courtesy of Mark Serreze; Serreze et al. 1997)

1. Cyclone detection: test whethera 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.

Wang et al. 2004




Terminology

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

Cyclone-track: A cyclone and its trajectory during its lifetime
(may consist of many cyclones, one at each speeific time step)

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 {

Wang et al. 2004




20-yr periods:
1958-77

) observed{
1982-2001

all
Total # of {strong cyclones.
weaker L simulat {1975-94

(log-odds)
2080-99

One-sided two-sample t-tests:

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

(from the first to the second period)

Wang et al. 2004




Observed changes (ERA-40)

(1982-2001 minus 1958-77)
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Observed changes — NH winter PR
(1982 2001 minus 1958-77) IEEEatARl

. Winter(JEM),

.

l# of weaker cyclonés ;
W# of strong cyclones:

Total # of cyclones
Winter (,JFM)




Observed changes — NH winter
(1982 2001 minus 1958-77)

.af"__f??_Greenland

I S PaC|f|c e210rM AT |
:é_._;-ERA4o SLP Winter (JFM) | [ Winter (JFM)

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

Consistencgy between
ERA40 & in-situ data

Changes: most likely real,
not artifact!

. 1

: More evidence
In-situ SLP (99 stns)
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Strong winter cyclone counts
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# of strong tracks: W (+157)

# of weaker tracks: 8 (-89)
# of all tracks: = (+68)
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Large dots: >= 95% conf.
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Observed changes — NH spring Red W Blue: %/ f
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Observed changes — NH summer |GEEh ST
(1982-2001 minus 1958-77) el ALl

Weaker changes W # of weaker cyclones

1# of _strong cyclones




Observed-changes — NH fall Red @ Blue: &
~(1982-2001 minus 1958-77) Large dots: >= 95% conf.

Total# of cyclones




High-lat. NA | Midle. NA North
Cyclone igh ke
(REPN-70°N, | (4h°N-EE°N, Hemisphere
Lifespan(ny)| srow.ipEy | mow-10°W} | Extowtropies
OND | Strong | 24 (618589} | 42 (€2.9-58.7) | 19 (47245.3)
All 17 (FL070.3) | 0.8 (FAF-7RE) | 0.5 (20.8-20.3)
JFM | Strong .H‘F 158} | 0.9 (80.6-803) | 1.6 (46.0-44.4) 1982-2001 minus 1958-77
All 1.1 (66.0-64.8) | -2.1 (6A.5-70.6) | 02 (27.1-26.8)
AMD | Strong | 17 (516499} | 0.3 (F0.1-49.8) | 2.2 (40.1-36.9)
All 17 (60.6-67.9) | A0 [(ThAT24) | 0.9 (27.426.5) ——r
High-lat. NA Mid-lat. NA North
JAS | Strong | 24 (#.0:608) | -0.2 (he8-57.0) (5.8 J417-37.8) NUMaer.o 'gh ==
Cyclone-tfracks (EECN-TION, (4EeN-EEON, Heminphara
an (78 yrr.ee9.8) @'m.ﬂ-?ﬂ.’i’} 1.1 (28.3-27.2)
4EPW-15°E) FEOW-10°W) Extra-tropme:
ANN | Strong | 13 (Bv.256.0) | LE (BO4878) | 24 (447429
Strong | B0 ( TA2-682 ) | -6 ( 484488 ) 155 ( A116-3271 )
All A0 (AURERF) | L7 (rA0-723) | 06 (27.5-26.9)
OND | Weaker | 41 ( 426466 ) 2 ( 702704 ) LB (20757-20°03)
AL | 0 (1571148} | -4 (119-1192) 100 (23873-22972)
Strong @Bﬁﬁ 698} | -126 [ 6861 ) 160 { AME-IELE )
1T JFM | Wl (X847} | 28 ( 682721 446 (23617-22071)
Al | ea [12;3-1155} _87 (1389-1283) 286 (2H7A-EEAT)
Strong | 29 ( DE2EL} | 28 ( 228190 ) 7 147E-1482 )
AMD | Wanler | 26 (8608243 | 88 (10041092} |  -1006 (21618-20613)
NA JAS: ﬂ ||feSpan AL | -3 (108K-1088) | KO (1232-1282) 006 (2309332007}
Strong | -3 ( 263258 20 [ 105125 A% 13441307
& # of cyclone-tracks (Blhey Xl ( )
JAS | Weanker | -45 ( S16-881} | -39 (1014975 ) CR4E (1467-30912)
(fewer but Ionger-llved) Al |CERY1069-1117) | IR 1119-1100) CRE2 (2280132218}
Strong | I7H (2046-1871) | -152 (1506-1354) U8 [ A197-0455 )
ANN | Waker | -142 (2450-2692) | 88 (3265-3453) | -206H (105E81-10351€)
2 (4406-446%) | -84 (4871-4807) | -1807 (114778-112971}




Observed changes — SH - JFM EEEBEIEE]
958-77) Large dots: >= 95% conf.

(1982-2001 minus-1

JFM

8 # of weaker Cyclohes: 3

T# of strong cyclones: T




Observed changes - - AMJ, JAS, OND

(Similar to JFM)

# of strong cyclones
Australla

] S PaC|f|c

Trstrong cyclone activity in the high latitudes, but 8in the mid-latitudes!



ERA-40 versus NRA (NCEPINCAR):

Any difference in terms of cyclone activity?

Wang et al. 2004




~<" Winter (JEW).

Total# of cyclones in the 44 yr:
) (ER-40ins NRA)

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

But similar in terms of changes!

]

_.-.:"f‘Wint.eré (JFM)




lar changes!

imi

S

nos

qf;ur—w_

'V‘ﬁnt

.

@ruFM)

n

W

ter (JFM)

Win




CGCM2 Projected €hanges

(1S92a forcing scenario)

(2080-99 minus 1975-94)

Wang et al. 2004




Projected changes — NH winter B2 BEIE. ]
(2080 -99 mlnus 1975- 94) 3 Large dots: >= 95% cohf_
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l # of weaker cyclones§
B of strong cyclones: T




Related climate-change — N. Pacific
(2080s —1970s) W (1S92a scenario)

Y winter (JEM)
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# of weaker cyclone-tracks- i (-128)
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20-yr total:



Projected changes — NH spring pEE =
(2080-99 minus 1975-94) Large dots: >= 95% conf.




Projected-changes — NH summer mrE—]
(2080-99 minus 1975-94) Larg.e dots: >= 95% conf.
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Distributional shift;

CGCM2 - OND - Box 2 (50N-75N, 0-60E)

2:Strong cyclonese

0 |

Areal mean cjiclone counts

_# of strong cyclone-tracks ‘.'(+142)
—# of weaker cyclone-tracks: 8 (-272)
— # of all cyclone-tracks: & (-130)

Cyclone center pressure (hPa)
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West- & southeast-ward expanded Icelandic low,
~TT positive NAO

~1T SLP gradient & stronger westerly




Cyclonia Northern Europe | Bafin Bay Mid-lat. ENP Mid-lat. WNP Northern
_ (BO*N-7EN, (ROSN-7H®N, (AHeN-HIPN, (AH*N-EO°N, Hemisphere
Lifespan 0-60°E} AOCW-HISW) | 18E0W-1260W) | 140°E-1660W) Extrustropics
OND | Strong | 2.0 (72.0-70.0) 2.0 (a2.5-70.6) | (8.9 Je£r7a) | £4 (20.0-842) 2.0 (BB.7-EE.T)
All 0.7 (BEA-BE.5) | 4.2 (92.8-80.8) | 62 (8.5-82.3) ‘lﬂﬁ 1966} | 0.0 (39.429.4)

JFM | Strong | A8 [87.061.7) 2.0/(81.2-72.2) | 08 (F18-713) | 6.8 (76.8-70.0) A2 (BE.6-E2.4)
All 41 (TA-82.8) | |6.2)(AEA-PA0} | 2.0 (7AA-TTA) | 20 (PrTAs) | -LE (341-358)

AN | Strong | 0.4 (86.0-65.6) (EE.E-?:!.I]} @[ﬁﬂ-ﬁu.q} B (79544} £ (BEA-EL4)
All 62 (ALA97.E) | -1.6(87.2-88.8) | -6.4 (A2.0-8A.4) | -6.8 (104.8-1118) | 0.0 (41.0-41.0)

JAS | Strong | -BA8 (REAe12) | A (edaerd) |CRAYALAANT) | -2 (892-92.5) A (4.8 41.0)
All 206 (10241008} | -2.0 (86.5-80.5) [ma;-aaa} (32 1271004} | 08 (4r.7-46.8)

ANN | Strong | 2.2 (67.2.65.0) 7.0 (A10-7AO) | A0 (FES-TRE) | 46 (A12-76.7) A [H2.840.8)
All 2.4 (B92-91.8) | 0.9 (A7.0-BE.1) | 24 (8ED-818) | 2.1 (97.8-95.K) 0 (3.7-39.7)

2080-99 minus 1975-94

Similar t0 the observed:

Trifespan
J# of cyclane-tracks

No change iR lifespan

T# of cyclonestracks

(except N. Europe

& Baffin Bay:
T # and lifespan)

Number of | Northan Europs Baffin Buy Mid-lat. ENP | MMid-lat. WNP Northern
Cyclone-tracks (HO°N-7HeN, (HOPN-TEPN, [MeN-EO°N, (APN-EO°N, Humisphere
0-80°E} MOW-E0°W) | 186°W-126°W) | 140°E-185°W) Extm-tropic
Strong | 142 ( £33-361) | 94 (360-25€) .0 (210-340) | -123 (A36-4E0) | 220 (072863}
OND | Weakar | -272 ( BEO-822) | -89 (403-472) 15 (394400} | -82 (I8T-469) | 1773 (14971-16744)
All | 130 (10831213} | 26 (7HA-728) B (roLvEE) | (S208) (T23928) | -15E8 (180341907}
Strong 08 |( BEI-46Y) | | 23| (403-370) 142 (809-467) | -1EQ (BEE7OT) B4 (34233349}
JFM | Wenkar | -233 [ 47E-708) 11 (403-302) | 128 (244.472) | -192 (A8TE74) | -1929 (1E0FT-16098)
All | <135 (1026-1161) | | 44| (806-762) 14 (9E3-939) | -342 (939-1281) | -185H (18480-20345)
Strong | 144 ( 344200} -B ) (262-267) -48 ) (4391} | -102 (171-273) 29 (20031974}
AMD | Wanker | -200 [ 742-942) (T ERLT ) 27 (A70-307) | -100 (F12-612) | -1150 (1984820999}
All | -RE (1086-1142) 1 (‘PE-795) TE (413-488) | -202 (B83-88F) | -1121 (2185222973}
Strong & ( 82-7€) X (120-152) @ (23-23) B0 [PO-130) | -30E (24142810}
JAS | Wanlker -8 (1081-1090) | -27 (HR0-807} 18 (230-248) | -89 (629-608) -a1 (18833 18024)
All -3 (1163-1166) | -FA (00-7H8) 18 (2E3-271) | (C129) (699-828) | -487 (2124721734}
Strong | 473 (1489-111€) | 8A (1118-1020} W (984-926) a1 (11251566} |  -h4 (10774 10828}
ANN | Weandear | -714 (27972511} | -7 (1916-1995) | -190 (1324 1514} | -444 (1BAF2327) | -4031 (6784372774}
ALl | -341 (A286-4627) | 9 (AIL02E) | -132 (2308-2440) | -88E (0083893} | -408F (FAE1T-8IE02)




Projected changes — SH - JFM Red: W Blue: ¥
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Summary

1. Observed or projected climate:
Most substantial changes ~ freq. andytrack of strong
cyclones, especially in NH
2. In the past half century:

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

winter storm track shifted slightly northward

> freq. of strong cyclones in SH extra-tropics:
poleward of 60S & B In 45S-60S zone, In all seasons

Wang et al. 2004




Summary.(cont’d)

3. CGCM2 projected changes in the 21s! century:

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

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

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

Wang et al. 2004
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-The End -

Thank you verymugch!
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Between
2 decades
before 1979

18022001 minuws 198089

Between
2 decades
after 1979

1980-89 minus 1963-78

satellite
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Observed changes - — AMJ, JAS, OND
(1982-2001 minus-1958-77)
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Observed changes - - AMJ EET
(1982 2001 minus-1958-77) il Large dots: >= 95% co

# of weaker cy"c:lon'es.l
| # of strong cyclonesf




Observed-changes - Blue: &
(1982-2001 minus-1958-77) Large dots: >= 95% co
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Observed changes - - T Bluel
(1982-2001 minus 1958-77) | Large dots: >= 95% co

l# of weaker cycIIOneé'J
T# of strong cyclones:




Projected chahges — SH - AMJ
(2080-99 minus 1975-94) Red® Blue:d

Large dots: >= 95% co
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Projected chahges — SH - JAS
(2080-99 minus 1975-94) Red® Blue:'l

Large dots: >= 95% co
# of weaker cyclones
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Crojected changes — SH - ON i JEar A
(2080-99 minus 1975-94) Large dots: >= 95% co

# of weaker cyclones
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