B AR

Cllmatlc and En\nronmental Research

BMSMEIERAN EILRKESF SRR
L BN A
Effect of Land—Ocean—Atmosphere Interaction on Summer Heat Waves in North China

YANG Kai FENG Xinxian HUANG Gang
TELLHE View online: hitps:/doi.org/10.3878/j.issn.1006-9585.2023.23035

AT RE RGBA E At SLE  Articles you may be interested in

WA 5 2= i PR I 25 43 A0 A B i A

Spatial-Temporal Characteristics and Causes of Summer Heat Waves in Hunan Province

S A SFREESE. 2017, 22(6): 747 https://doi.org/10.3878/j.issn.1006-9585.2017.17025

1960 ~ 20 184FH [ =i AR I Ltk 43 W J5 15 5 AL 3

Linear Trends in Occurrence of High Temperature and Heat Waves in China for the 19602018 Period: Method and Analysis Results
S A SIEEIFST. 2020, 25(3): 225  https://doi.org/10.3878/j.issn.1006-9585.2020.19134

H Il X 59 2 R Y 2 4

Seasonal Prediction of Summer Temperature over Central Asia

B 5IREIFIT. 2019, 24(2): 251 https://doi.org/10.3878/j.issn.1006-9585.2018.18121

Beifg RURLILARAR T S8 T ARG B X BT -5 2 B AR A e 22 B0 S BALRIT L

Comparison of Meteorological Elements in Dry and Wet Seasons and Parameterization of Momentum and Sensible Heat Exchange Coefficients near the

Underlying Surface of the Zhuhai Phoenix Mountain Forest

S SIEIFSY. 2020, 25(5): 457  https:/doi.org/10.3878/j.issn.1006-9585.2019.19027

T PG AL KUK FHAE 55 IXURE 4z ey e 15 7 A e AR AR R

Climate Effect Assessment of Ideal Large—Scale Solar and Wind Power Farms in Northwest China

S SHBIIIGT. 2021, 26(2): 123 hitps://doi.org/10.3878/j.issn.1006-9585.2020.19126

Hh 2 K B 2L A e T R ROBERE R T 5

Application of the Hybrid Statistical Downscaling Model in Summer Precipitation Prediction in China

S A SIEEIFST. 2020, 25(2): 163 hitps://doi.org/10.3878/j.issn.1006-9585.2019.18168

PSEH (EYN


http://www.iapjournals.ac.cn/qhhj/article/doi/10.3878/j.issn.1006-9585.2023.23035
http://www.iapjournals.ac.cn/qhhj/article/doi//10.3878/j.issn.1006-9585.2017.17025
http://www.iapjournals.ac.cn/qhhj/article/doi//10.3878/j.issn.1006-9585.2020.19134
http://www.iapjournals.ac.cn/qhhj/article/doi//10.3878/j.issn.1006-9585.2018.18121
http://www.iapjournals.ac.cn/qhhj/article/doi//10.3878/j.issn.1006-9585.2019.19027
http://www.iapjournals.ac.cn/qhhj/article/doi//10.3878/j.issn.1006-9585.2020.19126
http://www.iapjournals.ac.cn/qhhj/article/doi//10.3878/j.issn.1006-9585.2019.18168

28 B 6 W RE S 3B B R Vol. 28 No. 6

2023 F 11 H Climatic and Environmental Research Nov. 2023
B, 1545 5, BN 2023, RGP [FE A ARG X 2 iR SR A2 e (], S8 S T 5T, 28(6): 665-675. ' YANG Kai, FENG Xinxian,

HUANG Gang. 2023. Effect of Land —Ocean —Atmosphere Interaction on Summer Heat Waves in North China [J]. Climatic and Environmental
Research (in Chinese), 28 (6): 665—675. doi:10.3878/j.issn.1006-9585.2023.23035

BESPEEAXN LI X EFFEARIF N
LY

o R 22 e RS ERAIT JE BT R SRR A BRI A 0 2 BB AR I X B mi e =, It 100029

# E @3RI WRE (Weather Research and Forecasting) #8303 1T 22 H BUB MR IS 70 KB, 48
JuHh X AT AR e 5 E R BRI RZ BRI R (FEREIRD RIS 75 K
SEH AR, LU XU SR BT I 1K SR KR A X R % X SRR K, AT R
T I4ERE, T BRI T A3 A S R AR A TTER . AR, AT R E R RIS, bk DX R 4
BT R FS R R, AT RMERRIRIKRE. HRREREESHH PR ERA L. 4ES
AP S5 5 AT BB, 78 A ) s o A o e 55 EL A b b X R Pk 2, R T iR T - e a1
ERE . RS L A L U B 5 T AR A i IR BRI TS 5

XHIA REBMR OWSHEER MM EER  FH

NEHS  1006-9585(2023)06-0665-11 FESHEE P467 THEFRIRES A
doi:10.3878/j.issn.1006-9585.2023.23035

Effect of Land—Ocean—Atmosphere Interaction on Summer Heat
Waves in North China

YANG Kai, FENG Xinxian, and HUANG Gang

State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

Abstract Based on statistical analysis and multiple sensitivity experiments using the Weather Research and Forecasting
model, it is found that the relationship between preceding soil moisture anomalies and summer heat waves in North China
is affected by the strength of the West Pacific Subtropical High (WPSH). When the WPSH is strong, the southerly winds
on its west side carry a large amount of water vapor from the tropics to the southern parts of North China and increase the
precipitation in the region, which is not conducive to maintain the preceding soil moisture dry anomaly, thereby restricting
the contribution of the preceding soil moisture anomaly to the summer heat waves. In contrast, when the WPSH is weak,
the soil moisture dry anomalies in North China can last for a longer duration and lead to heat waves. The WPSH intensity
is associated with the Sea Surface Temperature (SST) in the tropical central—eastern Pacific. When the tropical Pacific
SST exhibits positive anomaly in summer, the WPSH is relatively weak, and the precipitation in North China is low,
which is conducive for maintaining dry soil conditions in North China. Under such scenarios, the preceding soil moisture
anomaly can be employed as the prediction signal of heat waves in North China.
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Fig. 1 ~Comparison of hot day indices using different thresholds from
ERAS reanalysis data. Regional averaged hot day numbers in North
China derived using the 90th percentile of the regional averaged daily
maximum temperature in North China (red line), the threshold of 30°C
(blue line), and the threshold of the 90th percentile of each grid point
(black line)
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Atmosphere Model (CAM) shortwave and longwave
schemes (Collins et al., 2006), the Yonsei Univer-
sity (YSU) scheme (Hong et al., 2006b), the WREF-
Single-Moment three-class (WSM3) micro-physics
scheme (Hongetal.,2006a), theKain-Fritschcumulus
parameterization scheme ( Kain, 2004) , Monin-
Obukhov surface layer scheme, [ HIFEA the
Noah land surface model with multi-parameterization
options ( Chen and Dudhia, 2001; Niu et al., 2011)
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Fig. 2 Spatial patterns of (a, b) summer surface air temperature and (c, d) summer rainfall over East Asia from 1981 to 2020 simulated by WRF

control experiment (left panel) and in ERAS data (right panel)

il T AR IX R, (IR HbEE L T ERAS
FORHH ER AL T A R A REAE (BT 2¢ R0 2dDs
2.3 BUREMIRALE

IEANHEAT T AR MRS . e B Ak X
HESRMEEZRINAE7H (Wuetal, 2021),
TESAT BUR MR I I, F B T YA IR
X7 A EIRAGR R . P BRI 0 o
SRV R OE SR R R A . ER R T
S 1981~2020 FF4L 40 FF 6 H 26 H% 7 H
4 H (3£360d) ) 00:00 CHrfEFER, FED B
ZI0 R B AR, R el X B X T 8,
i I IR TR I — R L B R . Dl
TR A 00:00 B 2] 35838 5 H s 1 390 B £
W LB R I 1 W 0 R R A, DU R
(17 00:00 B 21| - 398305 5 040 A oy - 49808 B 1 S 4.
TRURR BRI 00 338 B 45 o R P 2 X
7 A 1 B restart SCAFEEAT BUBE RIS L,
MBI 9 1A A, FFHEAT 40 4 1) 23 Sl B4
TEM A BUBR MRS T, BRI 4 2 LI IG5
PECLAL, AR S5 HRIGAH A . f 219 3 - 508
JEETE 5 1 A 40 A X1 AN AR AU RN L 358 08 52 6 5
W 40 XTI A H B BARE S, BE7
A1 H 88 E MG FA R AL (BT B
Ko BT L I T I R R B R AL 2
5, SRR TR A e X 7 H SR AR
IR . thabh, o 40 RGN LR T 5

SR s AR AR A, E I A
SR FRVRFALE SR 22 52 ) T 300 £ 390 P 5 vl VR %
EIDER: SR

3 #R

3.1 DIEEESERXREMNEL

ERAS For#r Bokl e db i X 5 H LIRS
B HEUS R 2 MARDE, (HEE b X R
MR ABUSAI DN AR, MERBAKEX AT
e B AR X (B 3a). X PE W 7E AR Jb M [X
FAHS, ATHARIERE R 5 R BRI KRR IR
. K6 ALREBEERTS 7T HmRHE, W
FEARAR R IX DX ISP 448 1) M 0% R ECN—0.38, il it
T 95% (E R (& 3b). #RTM, fE—%6 H+
BT I 4E 4y (BB 7E 0.2~0.25 mY/m’ (1 4E
), 7T ARERHBURKIHEAR. 6 A HiEE
FERIT S A —E Re e S 807 H il H g .
Stof s 1 0 P 5 SRR AT A [0 1 43T 4 s 1)
SRS H TR REA B AR S
HIRRZE 3 B 5 5 2 i H A m A O XK
B TRkt X PEALES, (H Al 1 Akt X 7 R
PR IAESE (B 3c). #E 40 SR R IR L
AR 6 A L3R 75 W B S by, §
MA0EM 6 ARKZEHIERES 7T ARERHEE
PR R A ¢ (B 3d) . W R A R AN



6 34 Pl Rl R PG S At X 2 v T AR R 52

No. 6 YANG Kai et al. Effect of Land—Ocean—Atmosphere Interaction on Summer Heat Waves in North China 669
45°N R=-0.38, p=0.012 (b)
0.48 14y .
40°N 1 -0.24 12 A
=
ﬁ oo
L ooo m 10 T °
%n%
35°N - L _0.24 81
6 4
—-0.48
30°N . . i 41 . i i i i
110°E 115°E 120°E 0.200 0.225 0.250 0.275 0.300
iR /mim3
45°N 25
. . R=—0.12, p=0.48 (d)
0.48 R=—0.62, p<0.001
20 A
40°N - -0.24
=
&
r0.00 m 151
i
. iz
35°N 5 L -0.24
Al 10 4
-0.48
;57 . .o
30°N SN i o . 51, . i . . . .
110°E 115°E 120°E 018 020 022 02 026 028 0.30

3B /mMim3

K3 1981~2020 € (a. b) ERAS Hidli. (cv &) ##llE 5 AkRE (B2 HRESEFmRHEMXALE M Mm (L5 M

e X CZIHE XSO A SR A X TE D X3 6 H IR E TR S 7 H sk HBZ KRR CAFD. £ 40 SRR
Sorb, A PR SRR RS Ay, SEUER 6 ARE RS 7 A &l H B BRI R CERUS L& LSO, W
RAEEXMAEG, MHHERARREATEE LOMEGLESHO. K 3c AMLEE 3d PR O s E 08

Fig. 3  Spatial distributions of the correlation between subsurface (second layer) soil moisture in May and the number of hot days in summer (left
panel) and the relationship between Jun subsurface soil moisture and the number of hot days in Jul averaged over North China (red boxed shows the
North China region defined in this study) (right panel) from (a, b) ERAS data and (c, d) control experiment during 1981-2020. In two of the 40 years
of the control experiment, the soil moisture anomaly deviates significantly from the other years, resulting in a strong correlation between the Jun

subsurface soil moisture and the number of hot days in Jul (blue fitted line and parameters). If these two years are not considered, the correlation

coefficient is no longer significant (red fitted line and parameters). The data of the two blue years in Fig. 3d are not included in Fig. 3¢
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Fig. 4 (a) Differences of the soil moisture in the surface layer in Jul between the negative soil moisture anomaly experiment and positive soil moisture
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(e) latent heat flux, (f) 500-hPa geopotential height field, (g) 500-hPa vertical velocity field, and (h) 850-hPa geopotential height field, respectively
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