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Abstract This study evaluates the performance of the recently released 20th Century Reanalysis (20CR) data in
describing East Asian summer monsoon (EASM) variability by contrasting the results with NCEP1 and ERA40 reanalysis
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and instrumental datasets. This analysis focuses on the climatology, interannual variability, and decadal change of the
EASM. The results show that the 20CR reanalysis data reasonably depicts the high- and low-level circulation fields,
including the South Asian high, subtropical jet, and near surface wind, and the meridional monsoon circulation cell.
However, in comparison with NCEP1 and ERA40, 20CR data shows a stronger South Asian high, more northward
displacement of the subtropical jet, and systematically warmer air temperature in the mid- and high-troposphere. The three
reanalysis datasets are highly consistent in measuring EASM variability with the exception of the period before 1967,
during which interannual variability results differ due to biases in NCEP1. The monsoon indices based on zonal wind
shows better consistency than those based on meridional wind, and the monsoon index based on low-level zonal wind
shows the best consistency among the three datasets. 20CR reasonably reproduces interannual variability of the surface air
temperature and precipitation related to the EASM, which has a westward and strongest positive correlation center and a
weak negative correlation center near Hetao Plain. In addition, precipitation in the Bay of Bengal and along the Yangtze
River valley is represented more accurately in the 20CR dataset than that in the other two reanalysis datasets; however,
results are opposite in the tropical regions and the oceans. At the interdecadal time scale, however, the 20CR reanalysis
data failed to reproduce decadal weakening of the EASM circulation, which is also reflected in its failure to reproduce the
observed southern China flood and northern China draught rainfall pattern and surface cooling trend downstream of the
Tibetan Plateau. These results are mainly attributed to the deficiency of 20CR reanalysis data in measuring the upper
tropospheric cooling tendency over East Asia. During the past 100 years, 20CR has shown consistency in EASM changes
with that of observation; this dataset has reasonably depicted the notable cold period before the 1920s and the rapid

warming period after the 1990s but has shown weaker skills in presenting the relatively warm period during the

36 %
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1920s—1950s and the relative cold period during the 1950s—1980s in the EASM region.
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Fig. 1 Differences of geopotential height (contour, units: dagpm) and wind (arrow, units: m/s) at 100 hPa during boreal summer (JJA) averaged from 1958 to

2001 between (a) NCEP1, (b) ERA40, (c) 20CR and ensemble mean from three reanalysis data, (d) ensemble mean results. Areas that geopotential height

differences are statistically significant at the 5% significance level according to the Student’s ¢ test are shaded in (a), (b), and (c)
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Fig. 2 Differences of wind (arrow, units: m/s) at 850 hPa and zonal wind (contour, units: m/s) at 200 hPa during boreal summer (JJA) averaged from 1958 to
2001 between (a) NCEP1, (b) ERA40, (c) 20CR and ensemble mean from three reanalysis data, (d) ensemble mean results. Areas that zonal wind differences at
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Fig. 3 Differences of meridional cell (the units of the vertical and meridional speed are —107hPa s™' and m s, respectively) averaged along 90°E-130°E
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Fig. 4 Differences of air temperature (units: °C) averaged between 500 and 200 hPa during boreal summer (JJA) averaged from 1958 to 2001 between (a)

NCEP1, (b) ERA40, (c) 20CR and ensemble mean from three reanalysis data, (d) ensemble mean results. Temperature differences in (a), (b), and (c) is all

statistically significant at the 5% significance level according to the Student’s 7 test
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% 1 NCEP1. ERA40 1 20CR 5=E&REEFHHE
TREEFTLEZREX (20°N~60°N, 90°E~150°E) HJZ
BHEXFRE (PCC) RAREMMIFTIRIRE (NRMSE).
Table 1 The pattern correlation coefficient (PCC) and
normalized root mean square error (NRMSE) of some
variables between the NCEP1, ERA40, 20CR and the
ensemble mean from the three reanalysis data in the East

Asian summer monsoon (EASM) region (20°N-60°N, 90°E-
150°E).

Pkl U100 V100 Z100 U850 V850 Z500 WS500 T500—200

PCC NCEP1 0.970 0.976 0.997 0.970 0.976 1.000 0.917 1.000

ERA40 0.964 0.957 0.998 0.965 0.957 1.000 0.915 1.000

20CR 0917 0.968 0.991 0917 0.968 1.000 0.873 1.000

NRMSE NCEP1 0.068 0.062 0.025 0.068 0.062 0.036 0.074  0.075

ERA40 0.052 0.072 0.022 0.052 0.072 0.027 0.086  0.082

20CR 0.077 0.066 0.046 0.077 0.066 0.063 0.118  0.157
e UARERLEE, VARSI, ZRHmE, W
RFTEHIRSE, T GRS, 100, 200, 500, 850 4l
100 hPa. 200 hPa. 500 hPa. 850 hPa, U100 {4 100 hPa [t
463 F, T500-200 183 500 £ 200 hPa ‘PRI, s
tnid 5 264 (U: zonal wind, V: meridional wind, Z:

geopotential height, T: air temperature, U100: zonal wind at
100 hPa, T500-200: air temperature averaged between 500 hPa

and 200 hPa, other symbols are similar to the above)

2 [y et AR 22 S R AR P B 2 R 2. an 8] Sa
B, fE=2%R, S50 SR B 1A br
AL, ERA40 5 NCEP1 HIERRAALERE HL iR
—E, MKRRFEERT 0911, ML T 5%M BENE
%o 11 20CR HiX A TR LUEAHL, H 5
NCEP1 J& ERA40 MAHKRE D AIEE] 0759 5
0.742, @It T 5% W EERL . (HIE AR 9 FLL
N EE R AL BRI, NCEP1 5 ERA40 HAHE &
A4 0.595, 1 20CR 5 NCEP1 [ ERA40 [¥I4H5¢
RE A 0.109 CREEEIE 5% 2 AR
A1 0.540, X W] NCEP1 7 1967 42 WiAZAE 1
ST A FUR )8 (Yang et al., 2002; Wu et al.,
2005), W T NCEP1 7EAFEAR Frif ] ) _F i i
i, T ILA A 1 R AR PR o5 I 54 ) Ak
PRE TR R -

SRR BT B Wik 1 £ ) i ik A ) 22 A g b
TR 2 ) ARk, Bt AT R 28 ) MGk
MR HE Z A58, Wang $5%0 (Wang, 2002) B[l

o —Fp. il 5b iR, —EVORVIT LY Wang
FREAE 1967 F 2 Ja MO LU AL IF, 7E 1967 42 Hi
SRR A PR AR AE AR R — B 7E 3 B )
M, NCEP1 5 ERA40 [fAH2C &%k 0.789, 1M 20CR
L) NCEP1 K ERA40 [¥AHCREr 34 0.497 Fl
0.742, ¥R T 5%MEEFEERAL . (HF7 L HE
1967 4E 2 J5, W = 00RLZ [ 1AH ¢ R Ao 4
51> NCEP1 5 ERA40 [FAHC R E0T LA E] 0.963,
I 20CR 5 NCEP1 & ERA40 (45 R EHR v] LLIA
F] 0.860. XEWLA NCEP1 7F 1967 4FEZ WiAELEH]
FEPIIAUE U A8 (Yang et al., 2002; Wu et al.,
2005), %t 400 2 2= X Wang $5 50 brAZ AL RFAE AT fE
WA —E [R5 .

ERR UG, R 2 ) i kA ) 2 S B 22 )
K 8 AR 2= AR, A8 A B AR A R
b, ZERRE R, HEAAE A
PEo X EZRHTENXT LK NCEPL Fl ERA40
CEARGAAETE S, Rl AR 1967 4RI Wang
fe% b

I THIASE £ 8 o e s BT 22 e B i ) KUE X
R 2 RFR AL, 3% Lo Bl BOe SRR 2 1
Wang-Fan 5§41 (Wang and Fan, 1999) F15 X /£
S Lau 8% (Lau et al., 2000), 418 Sc #1 5d it
No A ML, Joi® Wang-Fan $EE04/2E Lau $5%L,
NCEP1 I ERA40 #BAEH AL, AHIC R E5) ilik 2
T 0.997 F10.998. 1fi 20CR 55 W& 7k — 2 b
IR, 5 ERA40 J2 NCEP1 7F Wang-Fan $5% I
(KA R B 7900 0.972 F110.973; 1% T Lau 4850,
FHOR R EBEAC, HAKIR 2 nilik 3] 0.816 F110.832, =
EYRAE Wang-Fan $820R1 Lau 850 L AAH Gy
T ER4R4UH Wang $R%L(, 10 Wang-Fan 85005
T Lau #8550 U T =B VORHE DL 7] KRR FERE
IRV 20 AR (10— S0Pk iy 1 BLER )RRy il
(2R 5 0 AR AL, I H DMK )Z 126 1) KR SERE
AR B 2 A 5 — S i

by 2 AL AN B KR IS B R I B 2 X K G
R, HT =EHSHT7EHA R Wang-Fan
fedim g —5, K6 A T H R ASEAE KV S
20CR "' Wang-Fan 550/ [RIH R4 nTLLEH, 4
KR AR, AEI R, 8N o [ AR X
SRy HAR i, SRR 5 S H A A
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Fig. 5 The time series of the East Asian summer monsoon indices (all the datasets have been through nine-year high-pass filter): (a) Guo index; (b) Wang

index; (c) Wang-Fan index; (d) Lau index
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Fig. 6 The surface air temperature (left panel) and precipitation (right panel) during boreal summer (JJA) from 1958 to 2001 from (a) GISTEMP, (b) PREC,

(c, d) NCEP1, (e, f) ERA40, (g, h) 20CR regressed upon Wang-Fan East Asian summer monsoon index in the 20CR (all the datasets have been through 9-year

high-pass filter). The dotted regions are statistically significant at the 5% significance level
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Fig. 7 Interdecadal changes (1977-2001 minus 1958-1976) of lower troposphere (850-500 hPa) averaged wind (arrows, units: m/s), upper troposphere
(500-200 hPa) averaged temperature (shaded), and 200-hPa zonal wind (contours, units: m/s) in boreal summer (JJA) based on (a) NCEP1, (b) ERA40, (c)

20CR. The dotted regions are statistically significant at the 5% significance level according to the Student’s ¢ test
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Fig.8 Longitude—height cross sections of interdecadal changes (1977-2001 minus 1958-1976) of temperature (units: °C) averaged along 35°N-45°N in boreal
summer (JJA) based on (a) NCEPI, (b) ERA40, (c) 20CR. The shaded regions are statistically significant at the 5% significance level according to the Student’s

t test
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Fig. 9 Interdecadal changes (1977-2001 minus 1958-1976) of surface air temperature (left panel, units: °C) and precipitation (right panel, units: mm/d) in
boreal summer (JJA) based on (a) GISTEMP, (b) PREC, (c, d) NCEP1, (e, f) ERA40, (g, h) 20CR. The dotted regions are statistically significant at the 5%

significance level according to the Student’s ¢ test
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Fig. 10 The time series of the East Asian summer monsoon indices from 20CR with the exception of (b): (a) Guo index; (b) same as (a) but from HadSLP2;

(c) Wang index; (d) Wang-Fan index; (e) Lau index. Time span is 1871-2004; the thick line denotes that the datasets have been through 11-year low-pass filter
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Fig. 11 The time series of boreal summer (JJA) surface air temperature anomaly averaged in the East Asian summer monsoon region (20°N-60°N,

110°E-140°E) during 1880-2008 from (a) GISTEMP, (b) 20CR. The reference period is 1951-1980; the thick line denotes that the datasets have been through

11-year low-pass filter
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