22 3
%2004#&5?5 "

ARID METEOROLOGY

Vol.22 NO.3
Sep,2004

TSR E ;1006 ~ 7639(2004) — 03 — 0090 - 05

S T2

Martin Hoerling!, Arun Kumar?

(1. Climate Diagnostics Center, National Oceanic and Atmospheric Administration (NOAA), Boulder, CO 80305,USA;
2. Climate Prediction Center, NOAA, Camp Springs, MD 20746, USA)

W F.7E 1998~2002 SFRIE], RALRE KMEHBUREHAESN T EES, BE5EEHEH
FHXRo EUMAE, BHRATHGRIBE (SSTs) Y RIFEME , THH AT RENEH SSTs 8
Rl SHREARYHXERRRERRE N RWERAEERN, X FhSEBR 2
SAHEAFRETR, §—MERNEF AR, DEFNEKFENNERS LK, EXHNRY
BECEHRE B FXERENHTREAERET 2B *,

R E 53| : P61

1998~2002 453 11, KEZK 5 58 2, I8 BE #r ¢
PR, E AR T AL 2R P 56 B 1S R B 4 A
ER FEMAEELE KRN AEETER
U730, 4 a i, X E K IRAE TR Y T
KBEFEHMEMN 50% (B 1,5), PRI AR
REBTUARL FEERMNREKRZHAH. 8T

IRIRIRFG A

B JUAF KRl 3R R B R R, 25 B 7 Sk o5 G O
ERMEC(E 1,7) , KRN, T BEAK 53-8t
ZHGH— M

R AR TREEAIFRKEAE T ]
BHEET ARENRSHETRARRARE T
ZBASMRRIAER? PHALIER 20 2R

1 19984F 6 A~20024E 5 B 4 a AR LW M REBEE T (&) MREKIEYE(B).
BRI C , A 1971 ~2000 SRS BRI ; R KBE - 347 :mm/a, F 1979~1995 R SIR I EH

BENBAEREHBEKNRKARBIEEPRLOTRL .

B B W : 2004 — 07 — 20; 3 5] A X8 :2004 — 08 - 10

BRMA:ERH1967-), %, WNEBREN, RETEM, RAFHBTHE.

*REE (NP REYIEHE)



38 Martin Hoerling % : ¥ 5 T8 91

REREREHIMNRE A EYHB G —
B, A 1 B T BA T JER 3% R R
EEREME , ANRESHLLET —&1EMH. BE,
AN TEHNRUBRKARRS W EERE, X5
SBEEAHTPXTFHEKOEEERAXOTE. £
20 HEJEHH, AT KR T BBIR = S kA8 nn
WT EIREVKAVER B — 2 R EgN, e —
ot XE TR [E Tt in T HOR KB4 R 48
WAEHEN ), (H R, Bk i X3 1 v B 3E R R 1
2 XBHEENENY TRERE TERTENME
ZRAT—ERE,

P RBE (SST)NRERRESIRTE
REMSBERHC, REERT R EEBRH
ENSO BUg 5t #4# 3th R DA B & BE R A i R A9 =45
prE kA RAERT ), TEHERY, REE
1998~2002 £F # [&] i T B % B F 1 82 A -hLJB S 3L
£, NEBHERTREZSH, HEXERREHL.
HFENTER, HRMHATRAG PSR 2EHAT
R8-10] Ee A BT R AR ASE-# SSTs R# R
B MEEFERA K EENRERETBSIIET
WFRU, KBRS T — MR : 1998 ~2002
EHRRENRBHYTRETRERS THE TEER
heHRAR .

Wi M FHRFERHEIMNFRAN KRS, 84

FIREBEHLIRER SAE R 8] XX,
HR 5K R T B4, SRR B A
BURKNEREE XL, HRARNBEMABER
Z A REBREERPRSFBX TRYITIHRE
%o, FAHLKIPIERAETEE. LR EER
B REM L= S E XM R EAEES RO, 3
Fr b 7E 1998~2002 4 3 [8] . 5% SE LI B T X #E A4
RWHH. —HKSAREEFEBEMFEHE SR
HE HNREXFRERTRENEERE BATH
HFREHMX,

XF 1998 ~2002 £E3 8] #9365 BEFIE A 3 93 , 4
W SSTEBENFFERY, X RBARSIEHT—
FUEMNBERE, B2 4% SST ¥ Kt E R
B, 43 B %t RaAF ED BB W K F#(90° ~ 150°E, 15°
N~15°S) 3 X FI#H R K F#(150° ~90°W, 5°N~
5°S) X AT T 2= HFR . EPEEERITE Rl
HilE) SST #¥4EIE R %, T M 1998 4F 6 A FFH9Hr
EHAL—EH5ED 2002 EHEFE, FEHRKF
¥ SST iR ¥ A W BHENHTL, WAL IX
B, EFERERER/D. B 2(L) LR
#1998 4E 6 A ~2002 4F 5 AHAEIATHEILAT 4 a
T3y SST BB , EARKT#, 4 a FHELET 34
RERE, MEBRBE AT 4 MrlRE, X%
VESE 7 ¥ PERaA AR L

B2 (E)1998 4 6 A ~2002 4E 5 A M]3 MAY 4 o T3 SST B (E47MEIL) , A 1948~ 1998 4E 4 a -1y SST B
PR IR PEARFIRAM DI 1998 4E 1 5 ~2002 4E 5 A SST SRR A BHAIREF, (Z2) % I T34
BB HERT A P B MR (90"~ 150°E, 15°N~15°S); ()M E FHREFRAFHERE K (150°~90°W,5°N~5°S).
BESEHL4 . C, B 1971~2000 £ES #2719 SST 3.,
FH1998~2002 sERHEIZEA ML SSTE K5 HERAHWMN—B, HBSER(E3EZ3 4
Wi KRS A WEA (GCMs) , B RER® R FHEK GCM BB HE, 8 MERNBUEE S
BAZEL RN B WK R E IR ERE ER A RETEL, 38 50 MEARE AN, BREER



2 T B K %

2%

TRE BRI RS A I B b 4 X B F R
REGRMHARE SO M HANESTIYE, A
R, BB REK 52 % WA B — K B
Ao ZEBRMBWTREGWHEN SSTREAH
VIR, R G AME BRI R A 3 MR

ARG R BANRH TEARWEN ZHT
BRMNERY, T RORE, 8 MEBESY
AR, — SRS RS LR AR, TTRE
— SN F LR B) R K S B A0

B3 19984 6 A ~20024F S A 4 o SR F-H900 BE (Z0) MIREK () BEBUDUE .. R FH 4 o BAFISEWIB0Z A 25 4LBY SST A
WIKEE V3818 GCMs B MZR . 3 HRRIBE, S FIHTRABUL, WA 50 MEARR AT, WEETVRE.C,H
£8IX 1971~2000 FRBRPHIREETN . MKEFRA :mm/a, BEHR 1971~ 2000 FREHRKMEHN, B

BAER KRR A AR ¥ AR P AL RN,
TREFSMERRER M RFRERX R
ARILH B 4(Z) R 4 a FIYIK 200 hPa B BERE
Fo PAEMX, T LUE B~ BB ERH M LE
BER KR, GCMs B T XA RE(E 4, 4)

Hit—BBEATHARFE ZEPRMEN L2
B TR B8 K 0 20° N LA 1L 157 4% 3 f9 B 3 8 71 GCMSs
BEilAY 200 hPa B EEFHZRIHEX AR 0.7,
PHESMBE TREE RN EEFRERRESEL S

GG

B4 19984E 6 A ~20024E5 A 4 aififF] 200 hPa PR EEY . () MW ME; (h)BilE, RFEZAAILA SST EXH
WIKIELIRA GCMs B HHMER . 3 HARSR, 4R TRSEE, B 50 MFHRETHE, RWEBEFHRM :m , 59
Ll 1971~2000 SEL RSB HEFERBMNSELSET R, THSEBXBXERERYEPOXAH HIFH.



33 Martin Hoerling 2 . ¥ 5 F 5 93

HXFHRE , MEHASHARERBIELIFHSE
BARZEERE, SEREMAL, ERBRSE
& GCM B R G EE M EHIE,
REBAASGHFARE, BRN T RS E X WR
BRSPS, e3R8 B T 1A T K
T,

SEW A PUE BRI R AR T R A R
Rk, IR ERIF W R B SILERRBE MR, X1
RHET AN PEETRRE R HEMREE, X
TR SSTs MR, RITUKT 3 MR R
¥, H—,7£30°'N~30°S Z &, 4% 4 a(1998 4£ 6 A
~2002 4 5 A )38 SST R-¥ 89725 1) -6 Fk/ME
H—ATEH AR E 2838 GCM(AE 5,
) HZ, RAXAMGIER ¥ SSTs 338 GCM;
H=, AAXMGMRRH SSTs 338 GeMl®), &
R RIRZ Sh, S EY SSTs BiBER. *F
FMEERR, RARES TSN, SEEBEN

20 1o A IRBAILFBREN- B REK P FER S .
) FA N, EEWPLURALEZEA LK
SSTs &3 GCM MBS HHMEF BB PSR b
XK T R47H, ERERHF SSTs BAKR T H
B(HE 5,7%),200 WPa EEBEF S HFHREE
U1 N\ httF SSTs IF 5% FI 11 53 B A0 (AR
SHAE)EH, ENEWEE BEHs B
WX, R TR, HENFHIAFENTE
A, TR EMNENFREM, #H SSTs ER
BHARERNRFRERARNBET B
R, R ARG HESI BB 1998~2002 sE T2
BIRSI MR IR a0 5, AEREH A
SSTAEREAHHRFHIFE, ML RBRE
P GHRANDR, B EAGNPE4ETRES
PHBHEOXREY, REEFAH, BRNER
LRTEAIR A RE I B R AR K SR i R
W&, BEX T EMERRRE 2%,

5 (E)A19984E 6 A~20024F 5 A XM 4 a FHBRBEETEIFVHEREMHERA GCM; (X) H#AH SST 3Rl
GCM HySE -3y RK MR ; (47) IER ¥ SST 338 M4 F AR KRR ; () 557 % SST 3838 SU4F AR K MR . K BE V- B8 :
mm/a, BV SSTs il GCM MBUIE TN, Bk BAR R RAGKFH . (L)P8 SSTEFRA.T

# 4. ,1998~2002 E#HF SST W WIFEHE BA
47 ENSO ISR HRRENPE KR EHEE
REMEBIRG ), HESBIDR KR8,
ERB)RHECCRETHTEM, REX 4
Bl SST WHEZARRELRN, BRIFEBREAM
wle-2) AT B R KBRS H Y ENSO %
AR B RERP-2, B, A
FEPEFIVE KT PR 5 R AE 20 BB A LR, JL
HHERIFEMBBES NCIZEZ . SERREA
XFPIEIE (W 1950 ELRAR, KAWMT 1C)AEET

TG B RTR, F AT EmTEEFRES K
340w 125280 1998 ~ 2002 4F 7 8] B9 # A g
HOAKFEREBR R WERRMER , TEE
KPR Z G FTRERFEEHIE IR, X Fp SST KX
BAFRM 20 HZh B FFrnt iR HB, X1
BT —MER— TR RIS, 76 21 2, il
ERXHEERFTSELR,ARRMMME, h
FREEFESEINRE, 3k ENSO 84
I (O 5 F00E B ) A B X F #A SE 3 SST &



9 F B " %

2%

IR B AR, TR 1998 ~2002 44
BRI RSB HES RN RS, R R
SSTs BLE B THAERERYK T HREKFHERT
BWEMAREEZR, NP EBRRAEERE RS
FETREANNR,

FBA# G T(H$)2003 51 A,299 %691
- 694

Bt : References and Notes

(1] G. Bell, et al., Bull. Am. Meteorol. Soc. 81, 1328 (2000)
[CrossRef].

[2] J. Lawrimore, et al., Bull. Am. Meteorol. Soc. 82, 1304

(2001) [CrossRef].
[3] A. M. Waple, et al., Bull. Am. Meteorol. Soc. 83, 938
(2002) [CrossRef].

[4] IPOC, Climate Change 2001: The Scientific Basis: Summary for
Policy Makers and Technical S y of the Working Group 1
Report (Cambridge Univ. Press, Cambridge, 2001).

[S] IPCC, Climate Change 2001: Impacts, Adaptation, and Vulner-
ability: Contributions of Working Group II to the Third Assess-
ment of the IPCC (Cambridge Univ. Press, Cambridge, 2001).

[6] K. E. Trenberth, etal., J. Geophys. Res. 103, 14291 (1998)
[1s1].

[7] C. F. Ropelewski and M. S. Halpert, Mon. Weather Rev.

115, 1606 (1987) [CrossRef][IST].

[8] -, J. Clim. 2, 268 (1989) [CrossRef].

[9] G. N. Kiladis and H. F. Diaz, J. Clim. 2, 1069 (1989)

[CrossRef].

J. E. Cole, J. T. Overpeck, E. R. Cook, Geophys. Res.

Lett. , in press.

M. Barlow, H. Cullen, B. Lyon, J. Clim. 15, 697 (2002)

[CrossRef1[ISI].

D. W. J. Thompson and J. M. Wallace, Geophys. Res. Lett.

25, 1297 (1998) [IsI].

G. Branstator, J. Clim. 15, 1893 (2002) [CrossRef][ISI].

The variability of 4 — year ~ averaged, consecutive June — May

periods was calculated based on monthly SSTs from 1948 to

1998. Fifty — one overlapping 4 — year periods were used to cal-

culate the standard deviation of 4 — year averages, and this result

was used to standardize the June 1998 — May 2002 SST anoma-

Iy.

The mode! data are from a 24 — member ensemble of the Euro-

pean Centre — Hamburg model (ECHAM4. 5) run at the Inter-

national Research Institute for Climate Prediction (IRI), an 18

— member ensemble of the National Center for Environmental

Predictions (NCEP) climate model, and a 9 — member ensemble

(10]

(1]

(12]

[13]
[14]

[15]

{16]

(17]
[18]

[19]

[20]

[21]

{22}

[23]

[24]

{2s]

(26]

of the NASA Seasonsl to Interannual Prediction Prograrn
(NSIPP) model. The configuration of the NCEP and ECHAM
models uses triangular wavenumber 42 (T42) horizontal spectral
resolution with 18 unequally spaced vertical (sigma) levels. The
NSIPP model is a grid — point model with 2° horizontal resolution
and 34 vertical levels. Observed, monthly SSTs are assigned to
the mid - month date and are updated with linear interpolation
for every time step at each ocean grid point. As of 2002, each of
these model versions was being used by the three centers to make
dynamical seasonal climate predictions.

Ensemble experiments are performed to detect the climate signal
related to the imposed lower boundary forcing. In this approach,
individual model realizations are begun from different atmospher-
ic initial conditions, but each realization is subjected to identically
evolving sea surface boundary conditions. The process of averag-
ing the separate realizations extracts the recurrent atmospheric
signal related to the boundary forcing and suppresses the random
atmospheric fluctuations that are unrelated to that forcing.

M. Hoerling, A. Kumar, data not shown.

The experiments using an idealization of the 1998 — 2002 tropical
SST forcing were performed with a recent version of the NCAR
Community Climate Model known as OCCM3. The standard mod-
el configuration is T42 horizontal spectral resolution with 18 un-
equally spaced vertical (hybrid) levels.

The spatial correlation of 200 — mbar height anomalies poleward
of 20°N between the GCM results forced by global SSTs and
those caleul
SSTsis 0.9.
S. G. Philander, EI Ni? o, La Ni? a, and the Southern Oscil-
lation (Academic Press, New York, 1990).

V. Markgraf, H. F. Diaz, in EINi? o and the Southern Oscil-
lation: Multiscale Variability and Global and Regional Impacts,
H. F. Diaz, V. Margraf, Eds. (Cambridge Univ. Press, Cam-
bridge, 2000), pp. 465 —488.

At least three prior instances during the 20th century can be
found in which La Ni? a conditions spanned three consecutive
years, most notably 1908 — 1910, 1954 — 1957, and 1973 -
1975. Over the United States, the period 1954 — 1957 was a
particularly severe drought period, whereas the other two pro-
tracted La Ni? a periods were not widespread droughts.
B. Rajagopalan, U. Lall, M. Cane, J. Clim. 10, 2351 (1997)
[CrossRef](ISI].

A. Timmermann, J. Atmos. Sci. 56, 2313 (1999) [CrossRef]
[Ist].
T. R. Knutson, T. L. Delworth, K. W. Dixon, R. J. Stouf-
fer, J. Geophys. Res. 104, 30981 (1999) {ISI].
T. R. Knutson and S. Mansbe, J. Clim. 11, 2273 (1998)
[CrossRef ][ 1SI].

d with the idealized 4 — year — aversged tropical




