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Abstract

Based on monthly data of wind field from 12 Coupled Model Intercomparison Project Phase 5
(CMIP5) models and the stream function of meridional circulation derived from the three-pattern
decomposition global atmospheric circulation method (3P-DGAC), we investigate influences of
false subsurface wind data on spatial pattern of the Northern Hadley circulation (HC) and future
estimation of the sinking branch in boreal summer. It is found that errors caused by false subsur-
face wind data are passed to the stream function in the whole layer by vertically integrated
process, which could lead to a false “minor circulation” embedded within Northern Hemispheric
Hadley circulation (NHHC) in summer. The “minor circulation” would cause miscalculation of the
location of the NHHC sinking branch, and it also has a significant effect on the accurate calculation
of poleward expansion trend of NHHC. The result of the quantitative analysis shows that, in the
2040-2099 period under Representative Concentration Pathway 8.5 (RCP8.5) scenarios, the false
wind data would lead to an overestimation of the poleward expansion trend of NHHC in summer.

Keywords

Hadley Circulation, Stream Function of Meridional Circulation, False Wind Data, Spatial Pattern,
Location of the Sinking Branch

bR AT R XA F R 3T b2k E FHadley
INARZ RS R T I R G i

AL, WABIE, EC, BT

SERER

XESIH: WM, e, TR, A%, RN EBN XIS TR L 2 ERE 2 Hadley P9 T RIS R I
RIEFL T[], SARZS T 73R, 2020, 9(1): 1-10. DOI: 10.12677/ccrl.2020.91001


http://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2020.91001
https://doi.org/10.12677/ccrl.2020.91001
http://www.hanspub.org

PR 5%

ZMREERA R R, HR 22
Email: xuzhh17@Izu.edu.cn, ‘hushuju@lzu.edu.cn

Weks HEA: 20194F11 H18H; S HEE: 20194E12H4aH; KA HEA: 20194F12 4 11H

m =

AR A 12N CMIPS BRI R BERL, RASRK SRR 5 R o 2 B R A R, BF
T HIRCLT B R A XS BB b 3R B FHadley it ZE RIE S K T UL AL BARRBUMG IR M. SRR
. FEitHHadley A IR, BHTEERSSELSRMMRCT BRI RGBTSR R Z 43
EZREENRRLY, ATFBALFRE FHadley N R ZRES P HFERBE DR, & “DIFR”
£ BHadley (it FUISIALERIRA, FEX TS E RS AR T =R H—P e
BT RE, TERREMIER T (RCP8.5), MRUTEBRORGHBIRNIRESSBULERES
Hadley® i T UL FIARY K& H Kl .

KA
Hadley ¥, ZBARMMRY, BEAGHH ZEEE, FrxiE

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

Hadley PRyt 2B SN o B feoi . TRUZ K BN, EEm A0k S A — A
B, HALFT S RERA N, NUC S R ACEER I B A AT R, SRR AR ER R R
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FIFH I ooRHOaE AR, B LTk, JbFEk4ZE Hadley M B89 ([3] [4] [5] [6], FUIX
A7 B R E AR 5K 7] [8] [9] [10] [11], 3X S EURIE HL X (¥ _E Tz sh Al FAGH 1 X (¥ R 0 shnsE[12],
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T FE A bT GRS SBALL ) Hadley PRI A1 AR Tk FRIFRE B 0 75 47 76 i35 22 e AT s ik — 2B OB o
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DUAL B RA[18]. SR1M, Cheng er al. (2018)FIHH 5 EF 4 Bk W s, LBk E 2= Hadley 31

DOI: 10.12677/ccrl.2020.91001 2 AAEAR I I i


https://doi.org/10.12677/ccrl.2020.91001
http://creativecommons.org/licenses/by/4.0/

PR 5%

WAL “/NRI” 45092 115 Hadley PRV RII R B, K% RE 36 DL AR X% BRI
M R TINII[19]. WAL, Foir sk, M= & /N T 1000 hPa J6 [ P36 R X3 kL 2%
Jb-3kE 2= Hadley PRI 2 [MAEAS 171508 B 3 (52a, MTT 5:80 Hadley M U030 B 11T BAFLE
BRKMRZE

IR IET Hadley PRI 125 (AR &S J R UUS A B AE TR FE A7 A8 1R 2 IOE 78 AR 2 3 T R i
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2. FENEFHENA
2.1. &#EH

AR T 12 A CMIPS 3R DR T =UE 28 2 137K g us v 2085,
F4E CMIPS 4536 JJ] SRR I6 AT RCP A KA 5t RCPS.S AABLR I 45 5, o v 77 sEms 0l i 06 i st 1) B
N 1979 £E 2 2005 4, A SR IG S 1] BN 2040 £E 5 2099 4E. N T HENH, BT B S B4R

BEIRAE R 2.5° x 2.5°0 HRRM/KE A% b, SEE 5 W FHC 17 J2(10004 925, 850, 700 600, 500 400.
300. 250, 200. 150. 100. 70. 50. 30. 20. 10 hPa).

Table 1. Description of the 12 coupled climate models participating in the CMIP 5
F 1. ASCRAR 12 4 CMIPS RRBEARNT B

Model Name Institution (Abbreviation) Atmospheric Grids (Lat x Lon x Level)
BCC-CSM1-1 BCC 64 x 128 x 17
BCC-CSM1-1-m BCC 160 x 320 x 17
BNU-ESM GCESS 64 x 128 x 17
CanESM2 CCCMA 64 x 128 x 22
CMCC-CM CMCC 240 x 480 x 17
CMCC-CMS CMCC 96 x 192 x 33
CNRM-CMS5 CNRM-CERFACS 128 x 256 x 17
FIO-ESM FIO 64 x 128 x 17
MPI-ESM-LR MPI-M 96 x 192 x 25
MPI-ESM-MR MPI-M 96 x 192 x 25
NorESM1-M NCC 96 x 144 x 17
NorESM1-ME NCC 96 x 144 x 17

22, 53k

AR, BRI = 0 o3 A5 2 v (1) 28 B8 2R IR I (1) 908 B e 8 B U M 3R 7S A2 BR A 1) P38 1 )

M Hadley SR RAIRFIE[20] [21], Bk, ASCEHZ 720t 54 2R 17 °F 2211 Hadley PR 5T S R 2L
HHA R T

v =@f€[m]dp (1)
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Figure 1. The uncorrected climatological characteristics of the Northern Hemispher Hadley circulation represented
by the stream function y in Equation (1) in boreal July (1979-2005)
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Figure 2. The corrected climatological characteristics of the Northern Hemispher Hadley circulation represented by the
stream function y in Equation (1) in boreal July (1979-2005)
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1979~2005 4F 12 > CMIP5 HEAHEIN) 7 H R BRES [m]~F S5 b BRE BB AR vy W7, 72 BRI R
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Figure 3. The difference between the uncorrected and corrected global zonally averaged vy in the Northern Hemisphere in
boreal July (1979-2005)
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Figure 4. The difference between the corrected and uncorrected stream function y of the Northern Hemispher Hadley circu-
lation in boreal July (1979-2005)
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Figure 5. The annual characteristics of the intensity (unit: 2 x 10'* kg's™") of
global zonally averaged Hadley circulation before and after error correction
(1979-2005), the error bars represent 95% confidence interval
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Figure 6. The annual characteristics of the rising/sinking branch (a) and width (b) of global zonally averaged Hadley circula-
tion before and after correction (1979-2005), the error bars represent 95% confidence interval
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Figure 7. Month-latitude plots of the climatological characteristics of stream function y (contours, unit: 0.5 x 10" kg-s™)
and its future trend (color shading, unit: 0.5 x 10" kg's™' per decade) at 500 hPa (2040-2099) under RCP8.5 scenario before
(a) and after error correction (b). Black dots in (a) and (b) represent the trend has passed 95% statistical significance test
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