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Interdecadal variations over the North Pacific and North America are examined in terms of
the sea-level pressure (SLP), sea surface temperature (SST), and air-temperature, precipitation
and river runoff. These variables obtained by in-situ observations are analyzed from 1900 to the
present, and temperature records reconstructed from tree-ring data provide the information of
the climatic variations from the 17th century to the mid 20th century over the North America.

The SLP in the central North Pacific exhibits high anomaly for 1900—1925, low anomaly for
1926 —1947, high anomaly 19481976, and low anomaly 1977—1993. The SLP variations are
associated with the strength of Aleutian Low, with the maximum of the long-term SLP variabil-
ities locating to the east of climatological center of the Aleutian Low. The MEM spectrum
analysis indicates that the SLP over the North Pacific characterized by a period of 51 years.

The above four periods are defined as period I to period IV. The winter SST in the North
Pacific exhibits variations consistent with the SLP changes between the periods II and III, and
between III and IV, though the SST change between I and II can not be examined because of the
small coverage of observations. The spring air-temperature in the north western United State
shows long-term variations consistent with the SLP variations between all successive two
periods. Between periods II and III, and between III and IV, the winter precipitation and annual
river runoff exhibits consistent interdecadal variations, whereas a significant shift in these
parameters is not observed from the period I to II.

The first mode of empirical orthogonal function (EOF) for the spring temperature recon-
structed from the tree-rings have maximum in the north western United State, where the
aforementioned long-term variations are observed. The low pass filtered time series of the
EOF 1 shows that the EOF 1 have a period of 50 to 60 years, with a MEM spectrum peak at 58
years. This long-term variation is strongly suggested to be associated with the Aleutian Low
variability from the above analyses of the climatic variations in the present century.
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KEPELEB L UCFDEAOTR S —ENKED SAOREIC ZBICER T2 2 L i, Kutzbach
(1970) BLUIAL (1986, 1987) Xt - TEEBINTER, 20k BB EBES x> 7L L
CIFEAES 7 F LI T 5, 4, BRFEESL LU ORER B 1970 FRAPEHICFRES 7
kAT 2 &3, HAJR (1987) B & 1r Nitta and Yamada (1989) #izLoH & LT, BriRmicd -
THY EFonTB8), 2L nEH2EDHTEL. LorL, 20L ) BMIIBRNELEL TSN
py, FLRBRVELALTWEOTHNUTED L ) TRAMTESH L T 200%, FtHFEAr—1n%
BB L TRAD GRS, KR TIZ NS DOBERICEZ 22 2 B LTTF— @ 21T 72,

I 7 - 5

Fv>727— %3, Trenberth and Paolino (1980) #{ER L 7-#EH /T (SLP), Jonesetal. (1986)
DHFEMEIRE, Washington k¥#RE D World Weather Disc iUk S LT 2 BHBHI S co B4R
i2-BAkE, UNESCOIZ & » TR ENANKRET — 5, Kofkdy LHERI N ERETH
% (Fritts, 1991). Trenberth and Paolino (1980) )& ET— i3, # EHNE L BB OBE %
SL72bDTH5B, Jones et al. (1986) DEMIEET— i3, # - TIREBERTERE (SST) 2ELT
RABREZEL T3, BREEXERENOEF IR E & BITE(LL Tvw525 Jones et al. (1986)
12 SST OREEZL 2 BERMME TORRELE HH L L CTHIET 2 Z & ¢, Bl FENEICHE) A
B SST EH & RT3, Fritts (1991) BAREEROARDEHT— 7 LARES TORE
)t o t, BROBEBREZR(EOF BLUVERREL2HWTRDEZ LItk - T, [IBOHBR%
ToTwd, TAXYAERDANEHT—F2HNT W ENT, REDFIRESIFEERNES) & DM
AP LRDOLENTWEZ EICEEVWUBLETH S, BITcH28MIE, RoFRr:LELNAH
FRIBT— 2122w TiE 1602~1962 &, T — 22 1900 E» LBAEFZ TTH 5,

. #& R

1970 SEAR B £ 35 & L 72 SLP ZB®O L TH B 170W, 55°N 12 B vTi, 1920 £ BEIZIE 1970
HERPE L FEBNEAZ (12 A~ 2 A)® SLPAE T, 1940 484k FAPR S 15 (Fig. 1), =
DHEHZEICHEE LT, 1900~1925, 1926~1947, 1948~1976, 1977~1993 % #AMI I ~IV & EHT 5.
B3 2 AR M ¢ SLP HMARERI DL, t—REIC L > T U EEKETHEETH L, T2,
Z DR D MEM A7 LV ERSE &, B#I5] #ic v — 27 # %0 (Fig. 2), & o 50 SERRE O B
g, YIM I~IVORED 0 FE~30FBETHLI L ETELEVWLDTH S, Z KD LS
BHIBT 572002, F2 0EAMOFE SLP & BT 2 T & o= % Kb iz (Fig. 3). 1920 40
EE & U 1940 FRBE LY L TR FEPFEREICEFEL (R LN, 15 D% b 1970 4
RFENEI L ITIFF LS 257> T b, ZOZRSA» 6, SLPERIIT ) 2— 3 v VK
SEDBIOEILEFES> T B EHRENS, 12771 SLP ZE# D hild, fIRENZZENRL SLP
TRINAT) 2a— v VEREORLL ) LBEEIC L C15~200 BERRHIZMBEL T3,

F 72, ERROBEZ EBEET— 712 DOWTETH &, 1970 AR FEHOIKFETO SSTIET & i3
12, 1940 SEAREAICIE SST LRSEL TWwa Z EdsRa N5 (Fig. 4). Lo L, 1920 FAhE 2 88k
LCHBEL SST LD L TWw a5 E I 2, ZRLURDT—FH S h w2z B s o Tid 2,
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Fig.1. SLP anomaly at 170°W, 55°N (real curve) and the
averages of the anomaly for the periods 1900~1925,
1926~1947, 1948~1976 and 1977~1993 (periods I~1V)
(dashed lines). All differences in average between the
successive two periods are significant at 9595 signifi-
cant level by a student t-test.
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Fig.2. MEM spectrum of the SLP anomaly
shown in Fig. 1 with a filter length of 31.

1970 FEACHRE D SST ZALICBI L Tk WA D DR T 3N TE Y, RRKFHETO SST KT IL 5%
WT Y 2= MERREICH ) REBDEALY, BEENT 7o ikt & UL DOBRBHE 2D
e EFEz2 b T b (eg, Tanimoto et al,, 1993). 72, 7 F A AL CIHKFEPR L &S fF5
DREFELTVWEDIE, TY 2a— v MEREDE N/ EABIIETEL 5 DBADTWANTEE Y,
BREDB T[RRI ENITE L2HEEZLN5,

BEHBRAETORET— itk > Th, REZHE FENEETFAr—NVEBDIFALET L
HIRENSG, WERBICRIFEELTILVGRLNZDIEY (3~54) odiklE$cd s, JEAE
HENTREBRERRIC, ZOHEBOREBEEIPEEIC Z0F5 2452, 1920 FAEE - 1940 F458 -
1970 AP EE B E LT, K2 HiE -BE-FiE£277 (Fig.5). ZORBEEIT 7 A AHEn4ZE
DEBREHLEHFETH), RLIIETY a—rr VEREICE - (HE» LBREINIBRANE
BTHAHI.

BABESHRIXABICRIEELZEZRT. £FOBRKBEE L L TUERICEZ N, 24567
LLZZFEOWMNFREIIITBL v, #6- T, 2F0RKE L FFHTNREZ G I R THEL 5.
1920 FAUPEZ L & L TITBABE L ZMBIZ RS L L h%, 1940 141970 AP EZ & L Tk
ZrBEKE - MINFERE & b ik REB-chn - A4 LT % (Fig. 6).

SLP 3 Fig. 1 icm&nsd & Hiz, d2HBnED» SEnHEE~ERBUC L 7 T 5. T



102 ROE EEE

oo Y IR st S
100E 120E 140E 160E 180 160W 140W 120% 100% 80W

100E 120E 140E 160E 180 160W 140W 120 100W 8OW
o winter SLP (77,93)-(48,76)

winter SLP (77,93)-(48,

1=

e 3

Fig.3. Winter SLP differences for the Fig.4. Same as Fig. 3, but for winter
periods (upper) II minus I, (middle) III - surface temperature and for the
minus II, and (lower) VI minus 1L periods (upper) III minus II, and
The shaded areas are the regions (lower) VI minus III. Contour inter-
where the difference is significant at val is 0.4°C.

95% significant level. Contour inter-
val is 1 mb, and dashed contours indi-
cate negative values.

ICBIL TL SLPBREBICBE LS 7 P 2RTHE I »iE, FREBORELESL LTEETH 5,
Figure 7 {2, RFFEFRIPTH SST, BENT ) ZILEH THOMERIE, XTENOT A ) HHERIT
DEKRBIZDONWT, ER2EBOFLEBTORRY| 27T, T T~z L 5 iz, 1920 F4EIT %5
ETBEE)Z, SSTIROWTRT—IENDLEDPLRIET B2 EHTET, FBEABICIIEE:
BEIHR LW, B ERBEBISELE & ABABLELE2R/L Twb, F 72, 1940 F484%3-
1970 FAAFITIE, £ TORRINCELT, 847 M rBdbns,

F 72, 1970 FRBIE DB LIZ DV TiF, FREFND SST B L U FHIEHK (SOD iz L FE L EbH B S
N2 eMbENTHBY (eg., Nitta and Yamada, 1989 ; Trenberth, 1990), = HEBZE{bIT2ER
REBBEZROEZEZLNTER, L L, 1920 FRPIFT B & U8 1940 £RBEICII, BEBOLEE 28
£Y 5 SOLICIZARLEMIER LN L (Fig. Te). #t-» C, LR FEEFEHRENOSEL 7 MicBL T,
BHEBOEMITHEETH B ELTH, VEEBETREVWI LR ORBRENS,

ETRBRNT & 22RERIL, BH 50 FRENOFREL AT - LkBic o it 2 B L CHEET S =
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Fig.5. Spring air-temperature differ-

ences at the long-term observa-
tion stations for the periods (a) IT
minus I, (b) Il minus II, and (c) VI
minus III. The white (black) cir-
cles indicate that a significant
temperature increase (decrease)
was observed at those stations at
959% significant level. The dots
indicate that a significant temper-
ature difference was not obser-
ved.
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Fig.6. Same as Fig. 5, but for the differences of

winter precipitation and annual river runoff.
The white (black) circles indicate that a signifi-
cant precipitation increase (decrease) was obser-
ved at those stations at 959% significant level.
The dots indicate that significant precipitation
differences was not observed. The white (black)
triangles indicate that a significant river runoff
increase (decrease) was observed at those sta-
tions at 959 significant level. The crosses indi-
cate that a significant differences in river runoff
was not observed.
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Fig.7. Time series of anomalies of (a) the spring SLP at
170°W, 55°N (same as Fig. 2), (b) the winter SST aver-
aged over 167.5°E—162.5°W, 32.5°’N—47.5°N, (c) the
spring air temperature averaged over 140°W—-110"W,
40°N—55°N, (d) the winter precipitation averaged over
1200°W —60°W, 40°N —55°N, and (e) winter SOI.

EERLTVS, RIS, Tk ) BEBHISHACLRNIC L HEL 22 %, ROERD SEMHBRE N
RIBT—ZIC k> TRETL & 5. SR A RELES T L RIBZEI2SEE L HEHicow»
T, HHERE N7z5R0 EOF £—%— F o2 BIa 6 % Fig. 8 IR T, $—%— FOZHSHIE
ik DEBRIEIZ B 3 REEHOHRLTH 2 2 RETEBIC O HED. Z0f—— FOBRT]
2y FA TR FETHDLO— X2 T4 NI —EnT B E, REAC—I P LE—7F TN
HE»BBLR0~60FE %3, 512, EOF £—T— FOBRINO MEM 227 + Ui B 58 4
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Fig. 8. (upper) Spatial distribution of the EOF 1 Fig.9. MEM spectrum of the time
of the reconstructed temperature from tree series of EOF 1 for the spring
rings, and (lower) its time evolution. In the temperature, shown in Fig. 8b.
lower panel, the thin dashed curve is the Filter length is 120.

time series filtered by a five-years running
mean, and the thick real curve is the time
series smoothed by a low pass filter with 30
years cut-off period. EOF 1 explains 37.2%
of total variance.

ice—27 %% 2 Fig. 9). $€- T, BA#H50~60 F£NEEYIIRKEE BicBsWTiE, 17 HEIESRE X
TBBULMRL THEEL T2 525, 372, SHEOHENERLBLLELES EXNEHII
RFPELETHOT) 2= 2 YERENEB LFEL T B Z &0 RTFRINS,

IV. e EER

ERFENRES & bk L TORIE - BokEESP 5, 1920 FAHE & 1940 FAEFEIC D,
1970 #£FE & FROIRIE & BHSH 2 RHORBEMDVFEL 2 Z EWRENTZ., ZORHESI
50~60 ENEE A 7 — L TR b a, SOl DEERFIICIE, 1920 SEACHEE & 1940 AT
BELBHPRONE W &2 b, BHEROEEIZIFEREED 50~60 £ 7 — LDOTEEEIC N L
T, +3&BETHDELTLRLEEBE TR EVWEEZLNS, 2L, TNLORMEEINET S 2
B =X LEEAET B2, FROMEREZF/ - U by,

B3 Latif and Barnett (1994) i3 KEMBERHE S ET NI L - T, TE~BTEXr —NVEB2TE
L, HHEDETNCREFIRTII A  ERFEPERE COXRRBEHEERIC & » THEL2 LH+
FERr—NEEPELEZEERLE, LPL, ZOAH=XLICEAL THYLETEZ3NTES
TP, TREAREPCELT0ERELENI L6, BRATR, 2¥Z0 L) 2¥-HEEg» £ L
BEPRDWTHGLHEAPLENTRE EIZEL G\, 85I, T—IE L ET NOMED
L—RBOMRELIT) Z W BETH 5.

72, T a—¥» ERENCEHERN, HRFEFEOERN - EXRFBO7T 77 v DRICK
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Bl 7% 5.2 5 £ 2 LT (Vernrick et al., 1987 ; Brodeur and Ware, 1992), 4:18%¥
JUKERBEOLTH 2B U TABESHICLRELPEL G252 L0 FHRIN, 20HY L HILKFE
FLETHORMABREGOMRIIEETH 5.

SHACH IMOFMES 7 PIRBICE BB AUE - 2B 2R L Ty 555 FEEDMIRIC
EHT B EMBROEMES 7 FORBBUIKRESRE T b, 72 ZIFEEICHEBRENZ L, 1940 4
KRN EZOREIRELLORIBERIL HAICHE L T 5%, BAME TR 1970 FAPEICIZE
BuBAbs RS v (Fig. 4). 1940 SE#2F & 1970 £ P ENDELZ0) SLP Bhod Z2RHY 2 Az 13 /)
& ¢ (Fig.3), SLP A D0 & = ) BATE D RIBZE B H 70 1940 £RBEICHAR LN B D
PROAT LI LTk v, KRR - KB ToORLEELRPEHFT ) 2 — b v VERIENE
BT 230 TH D2 EXBWEL LERBI NG, TOEE b EARBEICENE S %
HEEPRIITIIE, SBROBELHTETH S,

W AMRCELTERLEZREZ L, T v b k¥ Mike Wallace #4%, Todd P.
Mitchell T4, HERERE FARIFEEE O SRR —HI I BB L 9.

X [i23

Brodeur, R. D,, and D. M. Ware, 1992. Long-term variability in zooplankton biomass in the subarctic Pacific
Ocean. Fisheries Oceanography, 1, 32—38.

Fritts, H. C., 1991. Reconstructing large-scale climatic patterns from tree-ring data, The University of Arizona
Press, pp. 286.

Jones, P. D, S. C. B. Raper, R. S. Bradley, H. F. Diaz, P. M. Kelly, and T. M. L. Wigley, 1986. Northern Hemisphere
surface air temperature variations, 1851—1984. J. Clim. Appl. Met., 25, 161—179.

R &, 1987, dbRFEERHLE LRBEENEZFEMRLIc 2T, KA, 34, 777781

Latif, M. and T. P. Barnett, 1994. Cuases of decadal climate variability over the North Pacific and North America.
Science, 266, 634—637.

Kutzbach J. E., 1970. Large-scale features of monthly mean northern hemisphere anomaly maps of sea-level
pressure, Mon. Wea. Rev., 98, 708—717.

Mitchell T. P. and M. Wallace, 1995. An observational study of ENSO variability in 1950—78 and 1979—92. J.
Climate, submitted.

Nitta, T., and S. Yamada. 1989. Recent warming of tropical sea surface temperature and is relationship to the
Northern Hemisphere circulation. J. Meteor. Soc. Japan, 67, 375—383.

Tanimoto, Y., Iwasaka, N., Hanawa, K., and Y. Toba, 1993. Characteristic variations of sea surface temperature
with multiple time scales in the North Pacific, J. Climate, 6, 1153—1160.

Trenberth, K.E. and D. A. Paolino. 1980. The Northern Hemisphere sea-level pressure data set : Trends, errors,
and discontinuities. Mon. Wea. Rev. 108, 855—872.

Trenberth, K. E. 1990. Recent observed interdecadal climate changes in the Northern Hemisphere. Bulletin of the
American Meteorological Sociery, T1, 988 —993.

Vernick, E. L., J.A. McGowan, D.R. Cayan and T.L. Hayward, 1987. Climate and chlorophyll a : Long-term trends
in the central North Pacific Ocean. Science, 238, 70—72.

IWAFEZER, BB, 7 N K, B85, 1986 RBkY v > 7, REKEN KFEER, $£29%5 B-1, 297—
313

INAFE=EE, Sk, 4> N.K, B&MH, 1987, KEABRICBIT2REY v > 7, FEKER KT TAER, $
305 B-—1, 309—325



