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Mikinori Kuwata

Peking University
Chengfu Road 209, Haidian, Beijing
email: kuwata@plu.edu.cn

Education

Ph.D University of Tokyo, Japan 2009
Department of Earth and Planetary Science, Graduate School of Science
Advisor: Prof. Yutaka Kondo

B. Sc. University of Tokyo, Japan 2004
Department of Chemistry, School of Science
Advisor: Prof. Kaoru Yamanouchi

Professional Experience

Assistant Professor, Peking University, China 2019-
Department of Atmospheric and Oceanic Sciences, School of Physics

Adjoint Assistant Professor, Kyoto University, Japan 2015-2019
Center for Southeast Asian Studies
Nanyang Assistant Professor, Nanyang Technological University 2013-2019
Asian School of the Environment
Principle Investigator, Earth Observatory of Singapore 2013-2019
Climate group
Postdoctoral Fellow, Harvard University, MA 2009-2013
School of Engineering and Applied Sciences
Advisor: Prof. Scot T. Martin

Awards/Fellowships
Young thousand talent program (China) 2018
Young researcher’s award, the Japan Society for Atmospheric Chemistry 2016
National Research Foundation Fellowship (Singapore) 2013
The Japan Society for the Promotion of Science Postdoctoral fellowship for research abroad 2017
The Japan Society for the Promotion of Science Research fellowship for young scientist 2006
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EYERIMIIKRZHRKBEHIZ . 5Kk= 55 Robert
Nystrom g+, PIlIAREFEHZREBLT, AZRMNESR
WERTREMNSESSE TN REE. BRI,
SEEXE=SPEN ., IR, PVEihZE. 8K
HINFE. DEWN. AEREN G RENREREHE.
WEREFFE S EHEMIEIS IR Eir&IHEE
MR, KBIRAKZE. MRAFE. FUXFE. FEH
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SZBELZNEM200ZEFREM T XRBHER,
Hdy 60% NFRE,

Fe L] N

2 ANIZAKZE Robert Nystrom 1=+

o
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20095831 HE6A2H, E=RERXAE
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R . XORBIL. XORAIURE. WRHEG., @B
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&
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BIRARHETTRANZRRY, SRIMEEIMRA
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201946 H 10 H
BRVHARDZFENER KW 58BN Richard M.
Goody Award

WH, ERAXEVEZRASSEERNZRE
KIS ZGEFES T /B Elsevier R4 FI A S48 59 AN B 2B
FJ JQSRT B£&1& 3789 Richard M. Goody Award, LI
WA XSESERNSESRIERS RMENIRR.

2 ) g TR A SRS, ERS S EEWT S AT
Jeg1F HATR T8 AR 252 Richard M. Goody & . SEfE 23k
% SCHOOL OF PHYSO PERD (SSVIRTY

SEE W — AL XS 59 B R AIUEA 2= Sk BT

5B =RFRAMEIR EEIINRS

SCHOOL OF PHYSICS, PEKING UNIVERSITY

ON e 75 mmep

ZWImAER ENSRBRSUREXERERE
FFRONEHFRNMRNERFZERE—IHRMER
TnEe, ENTEXEFRNEREORRS .

SERF R, Goody Award B9 T 7E 2019 F 6
B 10-14 BF P ERMEBETHNE+/\BERB#HS X
B = (EFR ELS-XVII) 2817, Z=EE T RS
AEETIREFESME, Goody Award 2 X125
5ERMEREYNHNSERT—, HEESY
RSRIN—F, BEANB=UERERERE, 7
ZEMNAXFEHSERITIHEEREANNIREZER SR
EMERLZREAN, EEERKTNL 7 FRE (MR
KHPERZER,

Goody Award ZR < FEFE . ELS-XVIII 21 ZEfF Michael Mishchenko

I = = ) 4

5T 2006 FAR L FIRAKTF, 2011 FETEVFFRLTKRSF, 2011-2015 F74E NASA NSB1F
TRESEIMARRIM , 77T 20154 6 BLEFHRAE ., HEEMRHORAUERER. TERSEYM, X
SEREAEEEFR, ARUARERBEA K. ZREEFFETHASESFTINEME TSUREMER, kKL

X 30 RFW o

201948 H1H

BRLWAARERE 222t

EZES %% (American Meteorological Society,
AMS) AT T 2020 FEFREAFFIEENF R TRE,
NMEBFRASEEFRFRAEEFTHURAXTEZEE[R
Fox=T (AMS Fellow) , AN EXREBRERMHAR
BABHRREHFRNPEZIRFE, EEARFR
EEESNENSSNASREFER, FRI8F
BiE—X, BERT A ABIZFR=RRENT
P2, UREZFREZFSNER. BIFHKX
FEXFRMENEAMNFENER., FoaTE
— N TZERINNERERE,

EEEBEHIR 1991 FREBIRKZHBNPERLS
PAFZE M, 1993 FREBIEIZBZHARRE
SN FMLEZAL, 2007 FIRBEE Texas AAM K
SRZETFAN, 1994-2003 EPRES SR ZH AR
KEMXSHR PO IIE, 2007-2008 7£ £ E Texas
AM KEFZRZMNEBE LM, 2008 FARILTK
EMBFRASEEERZR, 2017 FEFIEE,
014 FEZSBAIRAENBERASSEERZER
BIREE, 2019 F 6 BESBIIRAEMEZKE

R, A8 BEREKPNERIMRKEERTHIVLIE.
IRMEMERNEUHE, ek, BN, LEFF
INREREEXRSTEEE T —RSeIFAE, 2IH
BI A IEH A 57 BE AR X, Web of Science # 5|
930 )%, h-index & 14, 2013 EFPESELRER
¥, 2014 3k == H R % 5 = Monthly Weather Review
WmEX, 2015 FRERNSG . EERIIMIREMANZF
NS WBEIER S 90 Rk, ARABESAHRENINF
NSW 12K, BEFRKEEFNRE 7R, BEFE
ERSRFabRESEZRSEZR . Monthly Weather
Review gl4g . R[S HABATIE TIEHAZNEK
SERAHBASEE, WAERSKEBRUTURME. o
DHEEMIR TIFEAMR. PEARFFRE WS
K., PESRFRaNEZERSMNHFEXRSMBRER S
ZR. R (PERZE) . (RERIZFHE) A ("2)

REHRE

lEES 2N
2020 AMS Awards and Honors Recipients

List of AMS Fellow (1919-2019)
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2019490 1H

BRBFENE Nature Astronomy k2 HGRivkikhN
ARRIM TR S TR

BREANBYEMERRENKRFTHRER: 8
KRBT, Y887 ENF RIS FERRNET
BN KEBEXBERAMER, RLEBTEH
ASBOKEHE, WE 1, ZITELL “Transition from
Eyeball to Snowball Driven by Sea-ice Drift on Tidally
Locked Terrestrial Planets” A# & F A &IF—H8( B
I8 - KX Z) (Nature Astronomy) Z& E.

1. NFFRUSERIKERRN R, BEhREERRKSE, BEE
=

B 1992 FLIk, AXBELHIAT 4000 £ FUAMH
FIMTE, B, B 200 EATENAKNSHIEIES,
EWIEEEN B SMIERR, R0 LIKE
HEFFRSKFE, WIRA "RIUERITE" . BSK
B EIBEERFENLTER, BEHAMARINMT
EERSANERKEL—. XETEXBoESE
FRELAHN, BELARBHIRENR, HEF
RREHMEBSN T2 XL/, B, XETEMR
SZHYSINEER, EMEUEENERE S HENH
WHEHRPRAS, LT KENBKHNE,

NTIERFRBIIENEmS, TEN—DF
BOKARWIBE2BERE, ®IRA "“XKABX" , 53
—PNEBOKEREWCRRIFEYE, WARA KARRE
KMUTRRKERMKAEHNNE, BHKERE—H
SEBIK, m—EKTEOHEK,

BIABTREE HEYBETENE TR
FHE—NFROEE, MEMXKEEEAKEEE, AN
HBEETAMIERRNIEEES AR FEERR
ESTF 273 KBKFE, X—HRBISEREEEREY
NERLEGFERE, B, XEFRE LB =IEEESE
KAREER., BE=Z#HBEHKRS - 8% - 8K -
AR ERL, MESHREKR: EEEEKRD
ZfE, ETRUENHBEFELEAREFL. BKE
BIREAR, AEENXAERAMEXE 2T X,
HmEdRetERREMBHORASEEREE
AU (B 2) , BEFESENEFIBKEES,
HAKEER,

T T st @ ¢ 5, o
“'\"H\‘\\\“.‘ m m s

BRTY BRI ABEEmROWEIFR, Z
TREH—S#INEFRER XD LR R E R 891F
A— RIFBUSEER . T EKIERRSERD .
REPEESHRRERE. BAEEXSHITEMS,
BIRHMFERLEES, UTENEEEFTERS .
REPEEIRRERS . BAEEXROTEMS,
BFEfNERAES,

ZHRMRTHELREE BTN FRAELL
FITENEREEBEEENRZERX, IRKRENEE
FIMTEBEENSENE, 2POKFHKELLTH
EBFRERE LD, RARNGEERRKEAT, W
RBUTEHNKSHER, BACEERED IR
JEEFTXR,

EpERE . https://www.nature.com/articles/s41550-019-0883-

SN E—EENBTEE 2R AN BRI EME &7
EFENARESRESE . ZIENEREBERBAREZEESE,
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20194610 15 H
BB %IE )% Packard fellow

2019410 B 15 H, ®EK AWK AL Packard fellow, %45
W EZRIZFRMIRIN, 8853 875 B ETTRMELMITNFR.

Packard EEEAERFN IRETASANERFHRESZ—, &
SHEACLEERANRENE. B 1988 FLIk, E€<BHhF 42912
EIT, XBT KB M4 FETAFEN 617 ERERMIRID, MIEF
fEENBNER, WINHRETRFTEIN, NmilEANNET,
BHERMINFEN T,

HX5ERE . https://www.packard.org/insights/news/packard-fellowships-in-science
and-engineering-announces-2019-class-of-fellows

==K Universi

RG0!
RAEIER: 2004 FRXRAARS

2019410 4 27 H
PIERAEAR R AR P2 2 BV PR

2019 10 8 27 H, FEMERAXREMHRNZ BRI FZZREKEHE, SE2BRNR, 2E8BICEMN,
Bl KMRAE. =59, RKBELE. KEMDLZEEERRE—1T 8 NBHIERAFERSSEFRFR, I
RERZBIERAEFNEZRASSEFINEREERFTERS, RESEFRERPRZHE, XK. BE
ENIBHIRSINEERK

E¥E b, KSSEERY
REEERBEANBTASS
SERFRNENFED. TR
B, LA, BERBSER,
BREHBYASSEERER
S 4F 3 00V 2R AR B AG A A
ST EANE. DERMER
RAZHFMZARLEREL
ERPEHEPHASERER =
MEREUHERAGRTZ |
Fo WA FRASERE
EIRER. ARE [ FRAER
BEM T REARTE.

B R BERE, W5 XS PRAR
REFRER. WENE, Z25£
EESHEXBRBTERT,
HEES R TFPEH—F IR
mEaF.
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20194E10 A 30 H

BRHE$HEWN{E Nature Communications LR B

AR I R BT BRI W

EEF2BUNSR, BmRAZSIRETRIISHE
MNBIRER, NTT7HREoMMRERERZN,
BE, REZSNGENEEXR. KRB AKESE
BINREUHXRBEKESDABE ., EHRERUH R
ZENEZIN T 2HATT, BREMARMNERSR
BT, BERNTEXNMNIBNEENRIAREL,

B2011 FEUUXR, IR AREMEZRAR[E5E
FREZEAKERHNBEREEMRAERRIEIER
B, ERT2HRUXISE. BREEBRAKES
EERFDX—RZE@®, FET —FKIHFR (Lin
JT et al., 2014 PNAS (Cozzarelli Prize Winner); Lin JT
et al.,, 2016 Nature Geoscience; Zhang et al., 2017
Nature) , EARFRP, KERBENLLUTHEN RS K
NES, IR ERENEEXROTART T ES
5%, EH L2 LL “Carbon and health implications
of trade restrictions” N & F T &I —HF 89 Nature
Communications,

AKHRESEEGEFBEE, HRBEE., KK
FREAREASE - RERBEEE, RYTEMRS
EMEBEBESE T2 WM. SRR EIUR
PM2.5 MBS BV TS, TARERZER (B) |,
ENTWVHIBGEEATHEMT, 5£KEHRRS (B
X)) BEEEL, 2FRIER S (EZa7 X FEM
FHELSBSEEMIE 25% X&) BE T2KHE O8N o] &8
T 32.5%, GDP T 9%, S&FETHXHN_ak
A TR 6.3% . PM25 B AKI TR 41%, FFEX
F=E (95T 572%, 8.9%, 8.2% 1 77%) . FHER
(PRI TEE117%, 6.7%, 4.4% F1 2.3%) F1dE (5
BIR P& 46.0%, 10.9%, 5.4% 1 3.3%) ¥ @B +2 2
., BTREXEFELF, KENRENZYNEERR
FZXEHNEFEL, HERE. KEEH. AOH
BMEFTREKESE, N2HRRELE, BENKE
MNENEZERTF RSN FHRERERNRSHN AR
TERNFN, SEFRERZIN. @FERSBHWK
NEESINEREREIE. R2EH. EARZIRE
BEBHERTIERBEHNRE, VoL 2KHE
= NEF SRR,

e NERRAB TS, 14 PRI
NEXHABE—MFE, MER, ZEZREBENH
BEMPERZRAREEEARRREINFHRR AL
XEIHEEERFEE,

SE Nk
(FBWEE  # EREFE—FE  NERPRARR )

Lin, J.-T. #*, Pan, D. #, Davis, S. ., Zhang, Q. *, He, K. *, wang, C,,
Streets, D. G., Wuebbles, D. J., and Guan, D.: China’s international
trade and air pollution in the United States, Proceedings of the
National Academy of Sciences of the United States of America,
111,1736-1741,doi:10.1073/pnas.1312860111, 2014

Gross domestic product

—18%  —16% —14%  —12% 0% 8% 6%

@ Actual trade restriction (ATR)
@ Trade war 1 (TW1)
© Trade war 2 (TW2)
@ Global trade bamer (GTE)
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5
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o
SE@ —10% 8
-@
g -12%
~ —14%
Q@
! =16%
=18%

Gross domestic product
—18%  -18% -14%  —12% -10% 8% 6% 4%

@ Actual rade resiriction (ATR)
@ Trade war 1 (TW1) ‘“"
@ Trade war 2 (TW2) @ WE
@ Gilobal trage barrier (GTE) CH gy i b —4% o
. @
@ EA ET pr, %]
SE - - @
©
%49
o
2
X g
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Lin, J.-T. #*, Tong, D. #, Davis, S., Ni, R.-J., Tan, X., Pan, D., Zhao,
H., Lu, Z, Streets, D., Feng, T, Zhang, Q. *, Yan, Y.-Y., Hu, Y, Li,

J., Liu, Z,, Jiang, X, Geng, G., He, K., Huang, Y. *, and Guan, D.:
Global climate forcing of aerosols embodied in international
trade, Nature Geoscience, 9, 790-794, doi:10.1038/NGE0O2798,
2016

Zhang, Q. #*, Jiang, X. #, Tong, D. #, Davis, S.J. *, Zhao, H., Geng, G.,
Feng, T, Zheng, B, Lu, Z., Streets, D. G., Ni, R.-J., Brauer, M., van
Donkelaar, A., Martin, R. V., Huo, H., Liu, Z., Pan, D., Kan, H., Yan,
Y.-Y., Lin, J.-T. *, He, K. *, and Guan, D.: Transboundary health
impacts of transparted global air pollution and international
trade, Nature, 543, 705-709, doi:10.1038/nature21712, 2017

Jintai Lin #*, Mingxi Du #, Lulu Chen #, Kuishuang Feng *, Yu
Liu*, Randall V. Martin, Jingxu Wang, Ruijing Ni, Yu Zhao, Hao
Kong, Hongjian Weng, Mengyao Liu, Aaron van Donkelaar,
Qiuyu Liu and Klaus Hubacek: Carbon and health implications of
trade restrictions, Nature Communications, doi:10.1038/s41467-
019-12890-3, 2019.

NEEE: https://www.nature.com/articles/s41467-019-12890-3

2019411 H20H
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2019 FIF VIR BFERF R ML TF 2019 F 11
B 20 B T EILRAZYIE IR BIRE I aE TR 26
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RRZEWEZRASSESERZRBREE., B
HIR,. MR EEE, EHRLER. BWEEHE, X
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ERRFAAAE. WIAZMIKRZZ RN . E
FRIEAZSREEERIORE. PERZRASY
BRFARS. IR AKERASSEERZENKE, =
NRKEXERZZRKEBISH 6 ISERK TIEEM
NESFHIRE

2 e

MEMNXBRSEBFRFZRPRTEEERS,
N EEDRBENSFH RS FIRBEENIT
WIERIETBENE, HEMTEER,

BRK IR EFFIMEAL

BE, WXREEL LS ERRRNE T IRILG
MIREHRMEX .. BEIRATEE T =SRS5S
FEFNER.

WEHRRLS

“WXRBEFESRMER"
maz il

R EDRERASSHLHER
20194£11 5208

15 O RARE N HIT R MG
BT EBNERBRNBHAR.,
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X|FEEL, ﬁt?@%?%iﬁﬂ%ﬁi#%
BT REBESYEFOCRBHZNE, FNETHEE
FER B SBIRL RIS

MEBL, NMETESBR - BHBEEFBAN
B?atfiﬁiﬁ@i[ff ﬁE%%u\geiK BRBRERER, F
MIREF . RKEEBIED M RECEIXSEEICEL
EFH.

FBﬁh?ﬁlﬁ?z#ﬂﬁﬂ?ﬂﬁi&&?&ﬁﬁﬂikﬂﬁmxlﬁ

Black-carbon absorption enhancement in the
atmosphere determined by partlclerni:ins state

g ", s WA, M, e A, frsests

ey e
Dommirsst ¥ Spsntion” Cart L. Bafubogion”. Sbcapies Ky P | Whams ™ ForChirt T
TyS——3 — R —

Lk D ¢ &l (2017). Nabwre Geoscience 10{3)184-188

F ASENEER T SERR R EEN

) ()
FE, 3BT R IAR %0 R _ | sind
T %—BIWR. - - re! il SRS
B e S
> BxmumnREcremeny YL SARBLRE [rw»k{ih]f1m}ﬁfﬁi b
FAR T RRBRA RS T ARFER. gy o e o -
CEARRES  GRNORLD AN o e e
REaa! D, BARE T EESL WIS SRS TN, s B
ISR R AT S EEN £ RSN 218 E/] 0o N 1T 7 R = Cloud Physics and Atmospheric Chentistry, Peking University L
EREZSAN

REER, BEEEE. WERALAENEREH
S5 BRI A 03RS 1T T ST, B,
HATHENRTT RE, BMARZESI G XREE
BRSBTS D, AEEANABRRRNZZER M
T NIFHZF R B RBITTM

LSL55

IR RESIEEZRER IR AT Lt (~5Ma) |,
REBEEFARSEMXH

» IR EFHIRR, SERGESIEFINEEIEN. (28R
Riszh

| - 2 RS RS £ Bl AR A EAKE
— $: ATBSESHESNOKEEE, SHERED
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e — KBEBL, NBTNTLEN L FLRTAE
(ERRIES RSN BRI KB BIR S = smews pwTeresereras

43\ i!gw F
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2R AREFRE R AR, I K, R S A e ) A i
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2019411 H27 H

IRNOCEA WISV PR

2019 11 B 27 H, fX/\B 509 fral pri &
., —EEEIEE. —ELRBREERIIDIRER.
MAREERD—TOAVNEERAENBZRASS
BERZER, WAERRBIERKENEZRASS
EBFRZEREERESRER, ERAEVEFRKRS
S5EFRERTHIK. BS. 6. ZRAFZRSMN,

MEREEN BRI BFRZRNEREBER

Eie L, MEREEELENET RS5EFH
FEHEREKR. BENE. RUFIRESER, EE
HEUZIMBFENR T 4105 DEERMEXHHR
KM,

31%&3%M@ﬂmrﬁ

EREESNEREN

o I = v

O BRESS R Ok

0 RS E A, BENEE SRR RARNR ik
0 BRSNS R

O Wi R R RS

3

EEEEEN BN OIF SRR BHNEERR

BTk, ZEEEENBTMX/\REAMRESIR
PERRENER, FHRERTSRIEELROSIR
ARPE AR pYIL B B TR0 B, BRNMISR
ERR, REPRE, BEARNNKFNIES, X
REMUETE . FRMEDRE THKESHEX,
SREENRKEERIGREFOIRKSE, N TIHWEIR
DERE. B, EH, INNKRVEYN, FEZIL
Nz BIHTEBREL

HORERE, WENAIRERXERIETIE. #
BLESHZ NASEKEALSEETTRAITE,
FINHNSR HFRBY N = CIF BRI RO A1,
REEANRZS/KERTR. SROEKEER, 2
SHESREEWHMMAKTE, EFRSSKN
AR "MR2E" 2R,
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ZEra \[UE

HIGHLIGHTS OF THE YEAR

TRV LIZRIFR “AEB0 R LR BiE

BERZE

11 B 288, REATEAEMIE RS 508 5
AXBRRAAS, BEl—MERFREN "“RNsf0 Fig
feep" EBMHBMFIEIHITHNEMELDEMAR,
FEXI LB A 7 RANEB AR 7 RETN,

RREBERARLRENB LR ENE—E
TRAN. 9825 5, WEZEEENTEITF. &
HERBMUXHBL, BHF AL RRER" 2
MRAS, WERNEAN, AT HRRRNBNER,
TR MR PRHTAE S S,

Red, SR REL PIOEH" TRAIITE,
RREE, BT Z. BEETRHNTARIREPX
—EHEIREANEN, BYTAKRUK, FoIRPE
REZBEURPERIIKRERZRTEE, WREPAX
BB E IRPEBLEHONR, FIEHM, WL
BRSFMRRAAT T BETW, W—FRZEOIIE
T TR, BERAE, BRETRZZN,

201941210 H
BREMAE AGU 2

2009 12 B 10 H, 70 2K ERESIN AGU
Ra, AGU RLBHNEE AGU 2N BR EZR K]
BEBRNI—MERBES,

HRENZHPR, ERAREFZELE. MNKREE
EHNORNBEEEHESMT RS, HEK 56 Rk
Bt 62 FRRMNMAZ BN REEKREE,
79 FRREEMAZHNBEFEESMTRS, X

BRopREABEBTER, BEEEHENS A kL
WAOBEE, HRAEZREEENI AR EEHEXREH
BT IE, EM T HAXIE—FHOEARE, THE
00 BERANINFZES, NETHREN—EASUT,
/e, MEREAMS RN EERFRZUR
ZEMTEHEASHNETHEZNBRIRMEARB L
By, BN, aRENELTENEE,
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202041 191
PRWAT 2019 SRS SV AEPVRIBORIFZNE 2

ERKREMBZHRARSSEFRZER 2019 FEL
SEXEHERNBRALIDFLRIEMIRICE 547 I
247, SoBRAEIN, EIRBEIMIMEBELE 60 &
ARE—2, RERARENRESVR,

RER L, REAMRESREMAT SIH HF | BF.
EITEENS TEHLENFERA 2019 FEN LRI
TRE, FFEET 2019 FHER 90 BEEENBF N
Z), BEESIHERZIDAE 2019 FHTESET.

Pl ] Y R I LY
VEEFERFER0190FF 8L

REIMEHRTR 2019 FERLE

i FEZn, ERFZE

BRAZDMAZIRES, ARFNRpk, LH
EBEERAZINMNLIZEE, REARXK, BREMEMRAE,
SERFA.

REGEHZIM

—F-ENERNBERIINFEARSERRD
—IEGED], MUBBEIMESH—XERI=,
BB AFRELRNEZ T RRTE, BE—RWK
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ESRRER, SHUE, BRERBREXYT!
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2020461 10
PR 1952 SREARDEAFDE LIk 2019 SEINFERRSPHES
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EMASAELXRARKSEEEEZ ., HK 1952 B
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¥, fil,
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Enhanced time series predictability with well-defined structures

2%
Zuntao Fu

For any given time series, how to optimize its
forecast strategies and what prediction model is
adopted are of great importance. In order to reach
this goal, insights from analyzing predictability of
series with known structure information is necessary.
Time series generated by theoretical model with four
kinds of known predictive structures, i.e. short-term
correlation, long-term correlation, multi-fractal and
chaotic patterns, are applied to demonstrate that
there is well defined relation between series’intrinsic
predictability and prediction accuracy of any specific
prediction model. And results show that both
intrinsic predictability and prediction accuracy are
enhanced by these well-defined structures. There
are different regimes in the relation between intrinsic
predictability and prediction accuracy for series with
different known deterministic or stochastic predictive
structures. These regimes in the relation between
intrinsic predictability and prediction accuracy can
guide us to preselect suitable prediction model and
forecast strategies for any underlying series by only
analyzing the permutation entropy of a given series.
Results from three pieces of climate series further
confirm that insights from theoretical series with
known structure information indeed work well.

o.s-f _______________________________________________ .

A(0.21,0.73)®
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XN ERMN S, el fo TN SR B A1 % A
AMERIUERREEIFEEEZN, ITAX— BT,
XN BB R EEMIERE I T o BURIE ST o] LUR
MEBHFESNER, WPEBRIZIEZ. KIZIEIIZ.
Z P NNE TSR E IR R B 55 5 54 A SR 53
NAECTHIRME (FIHFEME) STURERETURE
EZBERXR, HRAIN: RETIERIENTUIRES E
HBEELSMERRBENZRMBERN, YTEBEARH
EMESEIMEFTNE B F5I%RR, ERETHRGE
SHRBEZBFERBHNRE, RIEEABEN
FAERED IR ESTREEN AR E LM ER
AEH, FAX—4%R, XX THEEFIINRNE
OJHIRME (D FIHEFRE) STUREBE, HERH
LU SHDERSERNIUR RESRERE ., o
MXREOURFIHE—SENT X—FHLHERE.

N & HuangYu, FU Zuntao. 2019 “Enhanced Time-Series
Predictability with Well-defined Structures” , Theoretical and
Applied Climatology, 138(1): 373-385

Scatter plot MASE (LMA) versus 1-WPE for series with different ordinal structures (solid black squares for short-term memory, hollow red
dots for long-term memory, solid blue up-triangles for multi-fractal pattern and hollow green down-triangles for chaotic attractor). There
are different regimes for series with different ordinal patterns. Solid blue dot denotes state A(0.21,0.73) from daily AMOC index, solid red dot
denotes state E(0.86,0.43) from daily ENSO index and solid green dot denotes state T(0.98,0.18) from daily air temperature anomaly.

SERRENSEN PNA
Distorted Pacific-North American Teleconnection at the Last Glacial
Maximum

WRk=E
Yongyun Hu et al.

EIRSREEMET, KFE - JbEERX (PNA)
E—NEENSEES, CESATAEERTI
EXRFESEFEEENZIN, EXTHARD, HAR
BEEBILEN, FERRKER, PNAZIEEE XK
KERZ, HERER-ESHE P, XEER
NANERZIIEE AKENZ M EST, 2
M DR EEES DR NEREREETHRAL
WZ, BABIRSOERE, EAR DU, AL,
FERRKERER, s ENSOSESIREX A6 ZE X S (8
P,

The Pacific-North American (PNA)
teleconnection is one of the most important climate
modes in the present climate condition, and it
enables climate variations in the tropical Pacific
to exert significant impacts on North America.
The present-day PNA teleconnection can be
seen in NCEP/NCAR reanalysis (Figure a) and the
preindustrial simulation in CCSM3 (Figure b).

However, the PNA teleconnection was largely

distorted or broken at the Last Glacial Maximum (LGM) (Figure c). The distorted PNA is caused by a split of
the westerly jet stream, which is ultimately forced by the thick and large Laurentide ice sheet at the LGM.
Changes in the jet stream greatly alter the extratropical wave guide, distorting wave propagation from
the North Pacific to North America.

The distorted PNA suggests that 2 LS b A
climate variability in the tropical . :
Pacific, notably, EL Nifo and Southern
Oscillation (ENSO), would have little
direct impact on North American
climate at the LGM.

-08 -08 07 06 -05 -04-035035 04 05 0B 07 08 09

Figure. One-point correlation maps of 500 hPa geopotential heights in DJF in NCEP/
NCAR reanalysis and PMIP2 CCSM3 simulations. (a) NCEP/NCAR, (b) PIC, and (c) LGM.
The base pointis near Hawaii. The correlation coefficient of 0.35 corresponds to the
95% confidence level for 30-year correlations.
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Estimation of Metal Emissions from Tropical Peatland Burning in
Indonesia by Controlled Laboratory Experiment

Mikinori Kuwata

Tropical peatland, which dominantly exists in
Southeast Asian countries, have been experiencing
repeated wildfires in the last few decades. Especially,
the fire activity was The tropical peatland fire emits
particulate matter, which include trace metals.
These metals have been suggested to influence the
environment of the region, including fertilization of
coastal ocean. However, emission factors of trace
metals from tropical peatland fire of the region has
never been investigated.

Laboratory experiments for biomass burning
was conducted to estimate metal emissions from
peatland. We sampled both peat and vegetation
above peatland in Indonesia. The sampling
locations include both Sumatra and Kalimantan
Islands. These islands were selected because
fire activities were intense there during the last
two decades. The samples were smoldered in an
enclosed container. The resulting particles were
collected on Teflon filters. Inductively Coupled
Plasma (ICP) mass spectrometer and ICP-optical
emission spectrometer were employed for the
chemical analysis. The analyzed elements include
Mg, Al, Ca, V, Cr, Fe, Co, Ni, Cu, Zn, Se, Sn, and Pb.

The emission ratios of aerosol particles emitted
from combustion of the ombrotrophic peat and
vegetation agreed within a factor of few, regardless
of the variability in the elemental compositions of
the original fuel. In both cases, the emission ratios
of Ca were the highest, followed by crustal elements
Fe and Al. The concentration ratios of crustal and
biogenic elements (Fe/Al and Zn/Fe) were found
to be a useful metric to infer dominant fuel types.
Namely, the concentration ratio of Fe/Al was high
(6.2 + 4.4) for peat combustion particles, while the

value was lower (1.9 + 1.3) when plant burning was
conducted. The emission ratios of the metals were
combined with an existing emission inventory to
estimate the emission rates of the analyzed metals.
The emission rates of carcinogenic metals, such as
Cr and Ni, were estimated to be 0.02 and 0.013 Gg/
year, respectively. The analysis also indicated that
the wildfire in the region could be one of the major
sources of atmospheric Fe, those are ariginated from
biomass burning. These results suggest that the
tropical peatland fire could be one of the important
sources of atmospheric metals both on the regional
and global scales. This result was published in
Journal of Geophysical Research -Atmosphere (Das
etal, 2019).
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Potential of Polarization Lidar to Profile the Urban Aerosol Phase State during

Haze Episodes
ane, ER1E

Wangshu Tan, Chengcai Li*, Yuechen Liu, Xiangxinyue Meng, Zhijun Wu, Ling

Kang, and Tong Zhu

M HERELREA U ABSEENZE
DR, BRHRTIRBRAEN. EHMY BN
BYFEH—IRAK, TEREBLAONEESE
SZHEN, FERNESSBRD L FAHS IR
BHEMNEEEX, BN TIANDESHUE, &
BAIRTHE RN, ROFEZETT 0 LR
BEHENFER, ARAYDREENRSHRALR
ER, EES R LENEEAFERANTN, TE
REOBSE—EFAERAER.

HRARE T N B RBRECELRES
BRAFESEERLND A, SBBRRLFY AL S
HORBOBEIR, SEMEETCRIRG TN, W
KRB LRIROCRE, BB RERN T ASE
BN, XFPRBIRASBREBBIRESD . A AR
YR ATN 9 KSR Rz B O] LA A BRALF 317 7
X, PN HIKRMNPEBEERANRBIR,
IR TE 89 H SR RARF BB R/NORBIRL .
XoheSEmHAR 8RNV AEERINES
ZURMR, BECEIOCERVSWNH—TEE
RNE, BEEXUNMWNH—FNAET KIWHIE
RABRFHEE, B LEREENNHARER, 18
BRI, BESBRDIRAIN, RSB EE
ETHRE, AEESHN FRIRRENFEER. &
BEECEREZEBENN LU E BRI S UEIUE,
MRARI, HOCEEWN I SIS RBALF/Z (0]
AR IBIRIL SR RALFHE X (SESEX)
BAERIFOXRE, NMELTHBAERAF/E[HE
FRRBRLRELERBESHSHN SR, FEER
LEXRIAT KN BN ELZNARESEEBL
BRI

183 Tan, W.; Li, C.%; Liu, Y;; Meng, X.; Wu, Z.; Kang, L; Zhu, T,
Potential of polarization lidar to profile the urban aerosol phase
state during haze episodes. Environ. Sci. Technol. Lett. 2019,
10.1021/acs.estlett.9b00695
(https://pubs.acs.org/doi/full/10.1021/acs.estlett.9b00695)

ABSTRACT The phase states of atmospheric
aerosol particles affect their physical, chemical,
and optical properties. Particles with different
phase states exhibit different viscosities and various
shapes that cause differences in their scattering
polarization. In this study, a novel method for
inferring the phase state of submicrometer particles
using the particle linear depolarization ratio (6p)

Wiy

Low RH

A4}V High depolarization ratio

UONEZE0]

SR E

retrieved from polarization lidar is proposed. The
values of 6p during several haze episodes showed
good correlation with the in situ-measured rebound
fraction and ambient relative humidity. Two case
studies verify that polarization lidar has the potential
to infer the phase state profiles of submicrometer
particles and that the particle phase state in the
upper boundary layer may differ from that near the
ground during haze episodes.
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ShHeBRERMRBERNEY

Establishment of a multi-sensor synergistic aerosol observation

dataset using an Ensemble Kalman Filter based approach

E=Ys
Jing Li

B, EPrE LB S MODIS. MISR, VIIRS £
N2 N D EERSHTUARERWN . ER ARG
BRHENNEER . WA R REFEEZBEFEE
=57, FAREARSNRBERAERE, X&a
BHERONASRT B, AARETESF/REIR
BRERRT —1ME2REEEEHEE, RINE&LEH
MODIS, MISR, SeaWiFS. OMI, PARASOL. VIRS %
1THDESBR}FZEE (AOD) HUREIL 474 DA
RNES, FLUEAEMGEHESM A ERRE, HiM
KB 135 2 M MENETTHIUEMAE =5 P,
55 -TDEHEEL, EEHUREMUES T AOD #iE
NAEE, 2IKFHRE . WHRREIRE 30% LLE,
BEXREHIRSIA 50%, FFEH, TREHENLN XS,
PEFENRELEHERES, EeRERENNEHE
IR XER) 50%., X—H R, AARIELOEE
BEEDEBMARTHEMANENES, FENEKX
SEENEE2FEHTUTENMSUE, X—8EE SR
M &,

SEk:

Jing Li*, R. Kahn, J. Wei, B. E. Carlson, A. A. Lacis, Z. Li, X. Li, O.
Dubovik and T. Nakajima, Synergy of satellite- and ground-based
aerosol optical depth measurements using an ensemble Kalman

filter approach, accepted by Journal of Geophysical Research -
Atmospheres

Satellite and ground-based remote sensing
are two widely-used techniques to measure
aerosol properties. However, neither is perfect, in
that satellite retrievals suffer from various sources
of uncertainties, and ground observations have
limited spatial coverage. In this study, focusing on
improving estimates of aerosol information on large
scale, we develop a data synergy technique based
on the Ensemble Kalman Filter (EnKF) to effectively
combine these two types of measurements and

yield a monthly mean aerosol optical depth (AOD) product with global coverage and improved accuracy. We
first construct a 474-member ensemble using 11 monthly mean AOD datasets to represent the variability of
the AOD field. Then Moderate Resolution Imaging Spectroradiometer (MODIS) AQD retrievals are selected as
the background field into which ground-based measurements from 135 Aerosol Robotic Network (AERONET)
sites are assimilated using the EnKF. Compared with satellite data, the bias and root-mean-square errors
(RMSE) of the combined field are greatly reduced and correlation coefficients are greatly improved.
Moreover, cross-validation shows that at locations where surface observations were not assimilated, the
reduction in RMSE and bias and the increase in correlation can still reach ~20%. Locations where the spatial
representativeness of AOD is large or the site density is high are where the greatest changes are typically
found. This study shows that the EnKF technigue effectively extends the information obtained at surface sites
to a larger area, paving the way for combining information from different types of measurements to yield
better estimates of aerosol properties as well as their space-time variability.
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Figure 1. Comparison of the mean (first row) and variability (second row) between the original and merged AOD dataset.
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NESBRAXRIMABNAM CCD WiMFTE
Dual CCD detection method to retrieve aerosol extinction coefficient

profile

EBOR, BNk
Shaopeng Lian , Wanbiao Li

SBRBICRMEBEL O LI T B ATISEY
AERSLFEERANEBNARE. CD- BOCRBEREA
MEL (CLADS) 2—M/ 2B TRARIBIEEN
WERNE, EEIREERSHNONER, BE, &£
CLADS fUREIEAS, A BB AUSY 18 BR #0022k 8L aY
RERZE (SSA) BRREEDN, EAHRD, SURME
S XRBIARBSERL 2SR VERRIEICEL
RIBERSIE462% W ABEM, XimeF SSAK
25%, AFFFIRE T —NETHER 2 N CCO BN E
SBRIBNREMBLH TR, VARESE RS
BT R/AME 2 > CCD BHLRRH A BRIE R E B L
ZBHNEXRBE, MAT2EMUEMRIKZ. AFED
REHHERE, MEREHRBIRENTERIBIER
s, ZHEBYRULWIESL T HFHME., £R
ULt BIZTEREBHNIVERBICREEES
FURESLEREIRENA 6%, SO CCD RN ES
ZEATSEEUN G, FESS T Holfgtt, HAREEH
XA LUK G BB RO VR RIB R M EL,
NI ARKR T RKIFRMATER EL R FTIE
X2,

The profile of aerosol extinction coefficient can
help understand the air pollution transportation
and development of the atmospheric boundary
layer. The charge-coupled device (CCD)-laser
aerosol detection system (CLADS) was widely
used to measure the profile of aerosol extinction
coefficient, which has excellent resolution near the
ground. Traditionally, a constant aerosol scattering
phase function and single scattering albedo (SSA)
is assumed when retrieving the profile of aerosol
extinction coefficient using the measured signals
from CLADS. Sensitivity studies in this research show

that aerosol scattering phase function leads to an &

uncertainty up to 462% of the retrieved profile of
aerosol extinction coefficient, while SSA leads to an
uncertainty up to 25%. A new method is proposed
to derive the profile of aerosol extinction coefficient
by using two CCD cameras. The aerosol scattering
phase function can be determined by minimizing
the difference between profiles of aerosol extinction
coefficient from the two CCD cameras without
any assumption. The profile of aerosol extinction
coefficient can be retrieved with high accuracy
by using our optimized aerosol scattering phase

function. This method is validated by simulation
studies where the relative difference between the
pre-parameterized aerosol extinction profile and
retrieved aerosol extinction profile is below 6%.
This dual CCD detection system is employed in a
field measurement and proved to be reliable. Our
proposed method can obtain more accurate profile
of aerosol extinction coefficient for further works
about air pollution and atmospheric boundary layer
development.
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Fig. 1. (a) Schematic of
DCDS; (b) Schematic of the
geometric structure of CLADS.

Fig. 2. Flow chart of the phase
function optimization algorithm.
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Research Progress on Globalizing Air Pollution

i
Jintai Lin

MEHZMEW AMFREFBENSASLUE, B
BERK, SEZTHHTENTR, ERFRRASEIX.
ZFRE REHBASIENESIRU R SRNEXRZFE
B, AEERESTREFNHRER, U (HE) F
—1E& 85518 {5 F & 7£ Nature Sustainability. Nature
Communications, ACP, EST% SCHEATIAZE 11 B
AN,

DPEERMERLRE: FAECALOP REAKRER
B SR EOHT POMINO NO2 08, 25 7TESHE
MAX-DOAS NO2 & ¥ 89—E % (Liu, Lin*, Boersma*
etal, 2019, AMT) . R2BFHATETTE NO2
RSP NOX HE SR ESAFICHD, K18 T
2012-2015 F =AM X 5km 582 NOX HER (& 1),
/R 7 MEIC & BHRAE 2 FE b HEBUR AN TS AR AREERL
JEHYEER (Kong, Lin* et al.,, 2019, ACP) , EF >
R BERYEESB R T PENB] NOx. SO2 ]
PMHER A FHIE 22 I = B Rt LR B R HE A 20E 89
2109 (Liu, ..., Lin*, Ku*, 2019, EST) . 20 T GEOS-
Chem W EEHBEN FHEERUFHERILE, BRT
HEY ek KA EHNEEZNY (Yan, Cabrera-
Peres, Lin*etal.,, 2019, GMD) .

KEKREELEFHNXR: BRTPEMEWK
SEANBEHRITFERELFTAEMEREFTALEE
MR E I, 2 57T 8# 5= (Wang, Lin*, Feng®,
..., Hubacek, 2019, Science Bulletin) ., LLiE 28 89
REENES, TERRTRESABYKRKEHNIEDS
W (B2) , BETHEDAR D EREEH
FURER LI 2 KR S A RBMNE R Wm0 X §#

(Lin#*, Du#, Chen#, Feng®, Liu* et al., 2019, Nature
Communications) , BR 7 2KEM XN EFFEER
SESETSIENS AR SRERSEN TOA BEERE =
1B (DRF) BENEHEZR, B THSEFEZMA
SEZWESZ(ER (Wang, Lin*etal, 2019, AE) , 14
1+7 2012-2016 4L KA SE P HEHE XIS K
SEoEEE (5km) CO2 HER, BT T "B 5" T
FHER B, Ao HER M TAHE (Cui, Zhang?,
..., Lin*, 2019, Applied Energy) ,

AEHRESERE: AAEthEELEMNKIES
WEEEERTE, LI 7NN EELEHE PM2.5
FRERENE# (L, Chen, Huang®, Lin* et al,, 27
LRz, AE) . AFILERHXABIERERT 2SS
MRARSRENBERTMIME)LEENZIE, AKX
SIEEAFRIL / B)VRIPRETIKE (Zhang#,
Liu#*, Hou#, Lin*, Zhou™ et al., 2019, Nature
Sustainability; Zhang#*, Liu#, Hou#, Lin*, Song®,
Zhou* et al.,, 2019, Nature Sustainability) .

The Atmospheric Chemistry & Modeling (ACM)
group led by Jintai Lin focuses on the studies of
atmospheric chemistry, satellite remote sensing,
and climate change, with a particular passion for
science questions regarding the grand problem of
globalizing air pollution caused by atmospheric
transport, economic trade and their coupling. In
2019, a total of 11 papers with Jintai Lin as (co-)first
or (co-)carresponding author have been published
in Nature Sustainability, Nature Communications,
ACP, EST and other SCl journals.

Satellite remote sensing and model development:
We used CALIOP aerosol vertical profile data to
better constrain those used in our POMINO NO2
retrieval process, and thus improved the consistency
with ground-based MAX-DOAS NO2 data (Liu, Lin%,
Boersma* et al., 2019, AMT). We developed a novel
fast algorithm, with codes written from scratch, to infer
surface NOx emissions at a high resolution of 5 km
based from POMINO NO2 data over the Yangtze River
Delta region for summer 2012-2015, and revealed
extensive missing sources over land and ocean in the
widely used MEIC inventory (Figure 1; Kong, Lin* et al.,
2079, ACP). We used factory-level high-resolution data
to show the complex variabilities of emission factors of
NOx, SO2 and PM across time, space and power unit,
both before and after the Ultra Low Emission retrofit
(Liu, .., Lin*, Ku* 2019, EST). We further improved
the representation of aromatics chemistry in GEQS-
Chem and quantified its significant impacts on
regional and global chemistry (Yan, Cabrera-Peres,
Lin* et al., 2019, GMD).

Atmospheric environment and economics:
We revealed worsening inter-provincial economic
inequality due to the newly enacted Environmental
Protection Law of China, which charges tax based
on emissions related to provincial production
without considering inter-provincial trade, and
we provided alternative levy schemes to reduce
such inequality (Wang, Lin*, Feng*, ..., Hubacek,
2019, Science Bulletin). We revealed how trade
development (by varying the tariff) would affect the
global atmospheric environment and associated
premature mortality, and our results suggested
that global concerted actions to reduce emission
intensities in developing regions are required
to ensure the win-win situation of economic
globalization and environmental protection (Figure
2; Lin#*, Du#, Chen#, Feng®, Liu* et al., 2019,
Nature Communications). We revealed the critical
importance of both socioeconomic factors and
atmospheric factors in the TOA direct radiative
forcing of aerosols associated with regional
production, consumption and trade (Wang, Lin* et
al., 2019, AE). We estimated CO2 emissions over
North China in 2012-2016 at a resolution of 5 km
associated with centralized heating in winter, and
explored the impacts of various energy policies
on emissions (Cui, Zhang*, ..., Lin*, 2019, Applied
Energy).

Atmospheric environment and health: We
developed and validated a new method to link
surface visibility and PM2.5 mass concentrations by
using a chemical transport model (Li, Chen, Huang?,
Lin* et al., published online, AE). We further used
extensive clinical, meteorological and air pollution
data in Beijing to explore the linkage between
air pollution exposure and the risks of missed
abortion in the first trimester (MAFT) and neonatal

OMI NO, VCDs

OMI-based emis
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jaundice, providing evidence to reduce air pollution
and protect fetus and neonatal health (Zhang#*,
Liu#*, Hou#, Lin*, Zhou™ et al., 2019, Nature
Sustainability; Zhang#*, Liu#, Hou#, Lin*, Song®,
Zhou* et al,, 2019, Nature Sustainability).

Relative reduction of GDP
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2. RGN EREF AR ENENER, BFER NI
TXMEB SRR Z & (WA XFTEM FIB025%) EHX GDP
FPM2.5 BT BILT- AMBIENZ . DR AK/NT S0z i
X981 GDP &, EIR: Lin#*, Du#, Chen#, Feng*, Liu* et al.,
2019, Nature Communications,

Figure 2. Contrasting changes in economic performance
and environmental quality. The figures show the relative
changes in regional PM2.5 related premature mortality from
global free trade scenario to a scenario of extreme trade
restriction (current tariff plus 25% for each traded product), as
a function of respective changes in regional GDP. The size of
each dot denotes the magnitude of regional per capita GDP
Source: Lin#*, Du#, Chen#, Feng*, Liu* et al., 2019, Nature
Communications.
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Figure 1. POMINO NO2 tropospheric vertical column densities (left), inferred anthropogenic NOx emissions (middle), and the MEIC
emission inventory (right) over the Yangtze River Delta averaged over June, July and August of 2012-2015. Source: Kong, Lin* et al,, 2019,

ACP
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SHERRWSEZSRO—BRISE WRF ERRE
Warm-Sector Heavy Rainfall in Southern China and its WRF Simulation
Evaluation: A Low-Level-Jet Perspective

kRe, 2858
Murong Zhang and Zhiyong Meng

CHEXENEEALHEINSEEEANEX
KEREBKRS, EOURGEFAREESHERR
i (Low-Level Jets, LUs) BB, E—ELIkWSE
IR S, ASETF 2013 71 2014 F 45 NMEmEmE
XERMI, MLUBABEHEDEINEREEXER
N—RIFE, FFES T TR O] 73 WRF 123005
KFD LLLs R EMRE, FITEB 64% H4EBEKX
EMSLWsEX (LWWHE) , ®ME36% M5 LUs TE
HEXE (no-LU &) , 5 no-LY B chikss BAEXNYS
AR AEREXEEKAL, LU B EKERRRE
FTEEDEREFIHXMNES X (Bafb) .
LY EEXERD, T/ &RAEMNE 800-hPa LY F1
LTI ERE A8 925-hPa LUs AR HIL, H
ch I T Y889 925-hPa LU Kif B XEREE X5 E &8
BAKEEERREXEE (B cMle) , £ WRFEHID,
BT XaERRKe™ERMA, U EEXERNES
B TR IS ARG T no-LU B, LY BUEERKTIR
FI55 Ws IR EBEESIT LEEMRX, TLHS
BHRERR 925-hPa LUs FURERE R AMEX., Bl
925-hPa LU SMNAE LB LR (B cfld) , #5
BREWEFRENIEE, 8FWIEHKFEXIREER
. BERN, RASEUEERMEKIEMG (Beflf),

Warm-sector heavy rainfall in southern China
refers to the heavy rainfall that occurs within the
warm sector hundreds of kilometers south of a front
or without a front during April-June, characterized
by poor predictability and a close relationship
with low-level jets (LLJs). Based on 45 warm-
sector heavy rainfall episodes in 2013 and 2014 in
southern China, this study examines their general
characteristics and evaluates the performance of
convection-permitting WRF Model simulations from
an L) perspective. The results show that 64% of the
warm-sector heavy rainfall episodes are associated
with an LLJ (LL) type) and 36% are not (no-LLJ type).
The LL type is distinct from the no-LL) type, with
large rainfall accumulation along the coastal area.
It is more common for LUs to occur at both 800 and
925 hPa in the LU type, where there is a wide 800-
hPa LLJ west of Guangdong Province and two 925-
hPa LLJs over Beibu Gulf and the South China Sea
(SCS). The coastal convergence associated with the
terminus of the LLJ on 925 hPa is conducive to the
coastal rainfall. WRF generally presents lower QPF
skill in the LU type than in the no-LLJ type, due to the
severe underestimation of coastal rainfall. The QPF
skill of the LLJ type is significantly correlated with
the forecast accuracy of LUs, especially at 925 hPa.
The north bias of the simulated LL) on 925 hPa over
the SCS and the associated overestimation of wind
speed below 900 hPa over the inland region weaken
the coastal convergence and eventually lead to the
underestimation in coastal precipitation.

Z # W @t Zhang, M., and Z. Meng, 2019: Warm-Sector Heavy
Rainfall in Southern China and its WRF Simulation Evaluation: A
Low-Level-Jet Perspective. Monthly Weather Review,147, 4461-
4480.
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Figures (a) and (b): Composite 6-h-accumulated precipitation (shaded) of observations for (a) LL-type and (b) no-LLJ-type warm-sector
heavy rainfall episodes; The magenta dots in (b) denote where the difference between the composite observation of LLJ and no-LLJ
types are significant at 90% level by Welch's t test. The yellow line C-D in (a), which is also given in (c) and (d), denotes the path along
which the vertical cross sections (e) and (f) are plotted. (c) and (d): Composite 925-hPa synoptic environment at the start time of LU-
type warm-sector heavy rainfall episodes revealed by (c) GFS analysis and (d) WRF simulation, including geopotential height (contoured
in blue every 10 gpm), horizontal wind speed (shaded every 2m s-1), and wind vector. (e) and (f): Composite vertical cross sections at
the start time of LU-type (path C-D in Fig. a) warm-sector heavy rainfall episodes revealed by (e) GFS analysis and (f) WRF simulation,
including horizontal divergence (shaded every 0.3 x 10-5 s-1), horizontal wind speed (contoured every 2 m s-1 in bold green), and
CAPE (contoured at 100, 200, 500, 1000, and 2000 ] kg-1 in dashed red).
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ﬁﬁc Heating in Summer Extreme
Pmlplta on in East China and the Southeastern United States

Extratropical regional-scale extreme
precipitation events (EPEs) are usually associated
with certain synoptic perturbations superimposed
on slow-varying background circulations. These
perturbations induce a dynamically forced ascent
that destabilizes the atmospheric stratification and
stimulates deep convection, which further drives
the perturbation by releasing latent heat. This
study identifies the characteristics of large- scale
perturbations associated with summer EPEs in two
representative regions, East China (ECN) and the
southeastern United States (SUS), and analyzes the
roles of dynamic forcings and diabatic heating using
the quasigeostrophic omega equation. Compaosites
of 39 events in each region show that the upper-
level absolute vorticity advection and tropospheric
warm advection promote dynamically forced ascent
in EPEs, and the moisture advection premoistens the
local environment. The background circulation and
synoptic perturba- tions in ECN and the SUS have
significant differences. The background vorticity,
temperature, and moisture advection form the
quasi-steady mei-yu front in ECN, which provides
favorable conditions for heavy rainfall. In the SUS,
weaker background ascents are forced mainly
through vorticity advection. In the synoptic scale,
the EPEs in ECN are triggered by short-wavelength
wave trains, and in the SUS the EPEs are triggered
by longer wavelength potential vorticity intrusions.
Although the amplitudes of the dynamically forced
ascent in the two regions are similar, diabatic
heating contributes much more to the vertical
motion in ECN than the SUS, which indicates that
there is stronger diabatic heating feedback there.
The stronger diabatic heating feedback in ECN
appears to be due to stronger moisture advection,
convective environments with more humidity, and
stronger coupling between convection and large-
scale dynamics.

Figure. Schematic of the factors associated v HM EPEs in (a) ECN and
the (b) SUS. The factors in Mdck indicate slow-varying back ar rounds,
and the factors in color (positive in fd and negative in blue)
muLL synoptic-scale perturbations. Arrows denote winds, and the

associated advection that plays a role in J[g\ also marked.
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Transition from eyeball to snowball driven by sea-ice drift on tidally

locked terrestrial planets
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By Jun Yang, Weiwen )i, and Yaoxuan Zeng

KRNI T, BYPETENFREF
ERARR/N, KEBEXFHERAMIER, RES
BATEHASBOKEER, WE 1, Z TIELL Transition
from Eyeball to Snowball Driven by Sea-ice Drift on
Tidally Locked Terrestrial Planets” A@kFA= (B
A - KX Z) (Nature Astronomy) Z¢&: https://
www.nature.com/articles/s41550-019-0883-z
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EBHFEHIFRAES.

ZHARAMRNBEALEEEFEHHNIMIRMUEL
FITENERMEEENRERY, YRKRNER

Tidally locked terrestrial planets around
low-mass stars are the prime targets for future
atmospheric characterizations of potentially
habitable systems1 , especially the three nearby
ones—Proxima b, TRAPPIST-Te and LHS 1140b.
Previous studies suggest that if these planets had
surface oceans they would be in an eyeball-like
climate state: ice free in the vicinity of the substellar
point and ice covered in the remaining regions.
However, an important component of the climate
system—sea-ice dynamics—has not been fully
considered in previous studies. A fundamental
guestion is whether an open ocean is stable against
a globally ice-covered snowball state. Here we show
that sea-ice drift cools the ocean’s surface when
the ice flows towards the warmer substellar region
and melts through absorbing heat from the ocean
and the overlying air. As a result, the open ocean
shrinks and can even disappear when atmospheric
greenhouse gases are not much more abundant
than on Earth, turning the planet into a snowball
state. This occurs for both synchronous rotation and
spin-orbit resonances (such as 3:2). These results
suggest that sea-ice drift strongly reduces the
open-ocean area and can significantly impact the
habitability of tidally locked planets.

Sea-ice drift, driven by surface winds and
ocean currents, transports heat and freshwater
across the ocean surface, directly or indirectly
influencing ice concentration, ice growth and melt,
ice thickness, surface albedo and air-sea heat
exchange. As a result, sea-ice drift plays critical

FIMTEBEENSENE, 2TKFHKEUTY
EEREZRE £, RAMRNEEXREKEUT, &
BT EHANKEHR, BLANESERENTEER
HEEF TR,

ZNENE—FENBRFEZRRDBEER
F, AFERBTASTHXANARNEERE. ZIE
HEMFKEERBARNZEESSE,

roles in the Earth climate system; for example, a
snowball Earth possibly occurred 630-750 million
years ago (Ma). When sea-ice drift is considered, the
CO2 concentration threshold for the snowball Earth
formation is = 100 times higher, compared with the
simulations without sea-ice drift. In this study, we
examine the effect of sea-ice drift on tidally locked
planets around M dwarfs.

In the 3D atmosphere-only climate experiments
(the roles of ocean and sea-ice dynamics are
excluded), the planets have an ocean of open water
under the substellar point while the remaining
regions are ice covered, called an eyeball climate
state. When ocean dynamics are also included,
the global-mean ice coverage generally decreases
and the spatial pattern of the open ocean changes
(similar to a 'lobster’ in some cases), because
oceanic currents and Rossby and Kelvin waves
transport heat from the substellar region to the
ice margins and melt the ice there. When sea-ice
dynamics are further included, TRAPPIST-Te, Kepler-
1229b, LHS 1140b, Kapteyn b and TRAPPIST-1f
enter a snowball state with ice coverage of = 100%
and the ice coverage of Proxima b and Wolf 1061c
increases from 69% to 72% and from 67% to 75%,
respectively. These results indicate that sea-ice drift
acts to shrink the open ocean whereas oceanic
heat transport acts to expand the open ocean. The
effect of the former is stronger than the latter for the
planets that receive lower stellar fluxes (less than
800 Wm - 2).
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Effects of turbulence structure and urbanization on the heavy haze

pollution process

BER
Hongsheng Zhang
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In this study, an automated algorithm is
developed, which is used to identify the spectral gap
during

the heavy haze pollution process, reconstruct
acquired data, and obtain pure turbulence data.
Comparisons of the reconstructed turbulent flux
and eddy covariance (EC) flux show that there are
overestimations regarding the exchange between
the surface and the atmosphere during heavy haze
pollution episodes. After reconstruction via the
automated algorithm, pure turbulence data can be
obtained. We introduce a definition to characterize
the local intermittent strength of turbulence (LIST).
The trend in the LIST during pollution episodes
shows that when pollution is more intense, the
LIST is smaller, and intermittency is stronger;
when pollution is weaker, the LIST is larger, and
intermittency is weaker. At the same time, the LIST
at the city site is greater than at the suburban site,
which means that intermittency over the complex
City area is weaker than over the flat terrain area.
Urbanization seems to reduce intermittency during
heavy haze pollution episodes, which means that
urbanization reduces the degree of weakening in
turbulent exchange during pollution

episodes. This result is confirmed by comparing
the average diurnal variations in turbulent fluxes
at urban and suburban sites during polluted
and clean periods. The sensible heat flux, latent
heat flux, momentum flux, and turbulent kinetic
energy (TKE) in urban and suburban areas are
all affected when pollution occurs. Material and
energy exchanges between the surface and the
atmosphere are inhibited. Moreover, the impact of
the pollution process on suburban areas is much
greater than on urban areas. The turbulent effects
caused by urbanization seem to help reduce
the consequences of pollution under the same
weather and pollution source condition, because
the turbulence intermittency is weaker, and the
reduction in turbulence exchange is smaller over the
urban underlying surface.
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Quantifying the heterogeneous sulfate aerosol formation pathways

over North China
3® Lin Zhang
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Air quality models have not been able to reproduce
the magnitude of the observed concentrations of fine
particulate matter (PM2.5) during wintertime Chinese
haze events. The discrepancy has been at least partly
attributed to low biases in modeled sulfate production
rates due to the lack of heterogeneous sulfate production
on aerosols in the madels.

In 2019, Lin Zhang's research group has addressed
this issue by using measurements of oxygen isotopes in
sulfate (A"0(S0,”)) conducted in the winter of 2014-2015
as a new constraint to improve the model simulation
of aerosol sulfate and to assess the importance of

B Polluted Clean
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heterogeneous sulfate formation. They explicitly
implement four heterogeneous sulfate formation
mechanisms into a regional chemical transport model, in
addition to gas-phase and in-cloud sulfate production.

Model results suggest that heterogeneous sulfate
production on aerosols accounts for about 20% of sulfate
production in clean and polluted conditions, partially
reducing the modeled low bias in sulfate concentrations.
Model sensitivity studies in comparison with the
A"0(S0,”) observations suggest that heterogeneous
sulfate formation is dominated by transition metal ion
(TMI) catalyzed oxidation of SO2.

The study significantly advances our understanding
on heterogenous sulfate formation over North China.
It has been published on Atmospheric Chemistry and
Physics, and selected as a journal highlight article.

E 1. (a). (b). (c) »RIZERRuUN_Std (fE44E5) . Run_TMI (&

BnPigESRENEN) . Run_Het CHE—FE BHmEREEIESE
L) MEBREHEIER ., ZE SR 7 TN AEIUEMB R EREE

WRENZBHM (Wgm-3), HPHFRERTIRT (REEE) @
BRETIORE., PENEGESHER T ESRESEEHILRDM
BREAR O AR ENRERESURENE. (O PRANFEER
7 Run_Het =3 h AP IR B BRI T AR R BIME X SRE R/

Figure 1. Model simulated sulfate aerosol concentrations (ug m-3)
above the ground for (@) Run_Std, (b) Run_TMI, and (c) Run_Het.
Panels on the left show the spatial distributions with the numbers
in inset representing simulated mean sulfate concentrations

in Beijing (black circle in (a)) during the entire measurement
period. The middle and right columns show percent contributions
of different sulfate formation pathways to sulfate aerosol
concentration in Beijing as calculated by the different model runs
during polluted and clean periods, respectively. The smaller pie
charts in (c) show relative contributions of the four heterogeneous
sulfate formation pathways implemented in the model.
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Despite advances in forecasting and emergency
preparedness, weather related disasters continue to
cost many lives, to displace populations and to cause
wide-spread damage. Therefore, High Impact Weather
Project (HIweather), a 10-year research project was
established in 2016 by WMO (World Meteorology
Organization) WWRP (World Weather Research
Program). HIweather aimed at achieving dramatic
improvements in the effectiveness of weather-related
hazard warnings, following recent advancement in
numerical weather prediction at km-scale and in
disaster risk reduction.

The implementation plan was developed under
the concept of warning value chain, which comprises
all components and the connections between to a
successful weather-hazards warning: observations,
weather forecast, hazard forecast, impact forecast, the
generation of warnings and decision making (Fig. 1). A
successful warning relies on information produced by
the meteorological and related physical sciences, thus
its effectiveness of delivery depends on applications of
social, behavioral and economic sciences.

The State Key Laboratory of severe weather in
Chinese Academy of Meteorological Sciences hosts the
international coordinate office (ICO) of Hiweather and
Prof. Qinghong Zhang from Peking University is the
director of ICO. There are five working groups including
59 scientists from 14 countries in HIweather. The five
groups are Predictability and Processes, Multi-scale
Forecasting of Weather-related Hazards, Impacts,
Vulnerability and Risk, Communication, User-oriented
Evaluation. Aiming at increasing the value of weather-
related warning through the seamless cooperation
between different science areas and governments,
Hiweather will make more efforts for integration of
within WMO, linkage to other activities of the WWRP
and other global Disaster Risk Reduction endeavors.

Warning Value Chain Process
the 5 valleys of death
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