E

]

E

SR ST R

ANNUAL REPORT OF CAMS

2015
S ==

PESERETHRR

Chinese Academy of Meteorological Sciences




PESKEFHRBRFR 2015

ENBEL: PESEKHFRRE

HEHNR: (FESKHERRRFER) KiEH
PATER: =K

FMEEDR: JLFRKIREDRIFREELR

i ft: JERAPRFEAE 46 5. EB4 100081
http: //gikan.camscma.cn

Email: kjdt@camscma.cn

ANNUAL REPORT OF CAMS 2015

Sponsor: Chinese Academy of Meteorological Sciences
Publication: Annual Report of CAMS Editorial Division

Chief Editor: Duan Yihong

Executive Chief Editor: Yuan Fengjie

Design and Printing: Beijing Yongzheng Printing Ltd. Co.
Address: 46 Zhongguancun Nandajie, Beijing, 100081, China
http: //gikan.camscma.cn

Email: kjdt@camscma.cn

ANNUAIL REPORT OF CAMS



P ESKBFMREFER
ANNUAL REPORT OF CAMS

2015

HESKREHRE
Chinese Academy of Meteorological Sciences

ANNUAL REPORT OF CAMS



MR R S HR
BN G NBADAY, - vvvvreeeeesmmmmeeesea e e e s 18
S AHRIM G EE HELITATY «+ v vveveeeersmmmmeeesean sme e ee s ettt et 26
FAIRIG N T BGMEITAT woeeeemoremmmmemeeeeeeeseas e nn sttt e e e e st 38
HEZSTRARE BRI ATER + v vveveeeesmmsneeeeees sme e te s ettt et e s 53

Aj_i%% S P [0



Contents

Scientific Achievements and Advances

Severe Weather s+ esssesssessecesscssosscasessssssecssscssssssassssssssscssscssessseasesssssssesscasesssncse 2
Climate System and Climate Change ++++++++++ssssssessessessesrerntrrieuieuieuieuieieneee |8
Atmospheric Sounding and Lightning Protection «s+ss+sssssessersesremmemmemmemmemneaneaneaneaneensd
Atmospheric Physics and Weather Modification «++«++=s+sssssssesseenueasiasseinieinieiiniinnennana38
Ecological Environment and Agrometeorology «++++++s+sssssesssssenrsursursnrsnrennsansansannannenn’3

Atmospheric Composition and Atmospheric Chemistry == +ss+sssesssesseesssessseterueeaneonsaness]

NeWS and Notes .-..-..---..-...-..-..-..--u.-...-..-..-..----.-...-..-..-..---..-...-..-..-..--u.-...-..-..-.89

NeW Projects |n 2015 000 000000000000 000000000000 000 000000000000 000000 000000000000 00000000000000000000000000s 102

Education and Training .......oooiiii 106

Cooperatlon and Communlcatlon 000000000 000000000000000000000000000000000000000000000000000 000000000000 110

Publlcatlons |n 2015.......................................................................................... 118



S A RSRES 23R
‘JM Scientific Achievements and Advances

1 REXRSEMNSHFRMA

1.1 XREAEIEEX S ERMNRERG AR EINIMAR G L ER I

hESRREE R K FERIERE LR E 520U R RO A RA KGR TEITHT
PRI A . BAT 22U ORI e 7 1 X BRI R R IS (XPAR ). %R A HARFE R B R
SEEEEELEH, AKCEERCR AP, e & 4T 20° BYTEUE R, IF[FIRTERIR 14 2RI EE . XPAR
SR 3 PRI AR AT O . it (GM ). PR (QM) FUKE U= (FM ). 3-8
XA RL D7 WA 1.

WRPEAT VAR PR T R AR L, 2B 2B R HE B Err ik, #8748 (1D) B
TEABFE PR R S R AR AE bR i, BN S SUE TR RSE . T/RAME. Bk 4. shBEH
FIMHR A ERR b, AR AN RIS, | S [R5 Y LR 186 35 25 2 B8 A5 [ 1 [0 30t J8E 0] 15 2 [
Wl RN MAFESRG, T 20144F 5—8 H 43 BITE L HUE AP H % B 215 /MR8, 1355S
WB 2 RAFEIE (SA) FESC U B miik & ik (C-POL) HL7E XPRA JE#EA 700, DA 43#r
XPAR BYFRMIGE S o MG SRR W] . XPAR KI5 RGEAEA R 19 KL BE N £ 10 A2 AR 1B |
AR M I ERREE . T/R AL ShASE B SRR ST 2K, 128 T/R 141 & S Rl 1 g L s —
3, FESNGR I LI HA 8] T/R 2014 & S A 5P e Y el A8 AT 38 2 A T I 28V S UK AR 1 5 [R]85
JEEFNAR 1] 3R 2 12 25 051 /N1 0.98 dBF10.1 m/s. 5 BRI SA F1 C-POL B 14 I B4 (9 % o B 25 SR 3
B, XPAR LA FM AU 4 7198 58 B2 A 22 /N T 1.0 dB,  GM AT QM AR A WL 2% /N T 2.0 dB, 3 Fhwiim]
AL XOUR I (14 428 ) 3o B8 B8 — 25, XPAR LI (% [ e 56 J3 R A28 i) s B 114) O 25 76 5 BV N . XPAR3
SOOI F 5k [ 30 (R /K - Al B . S5M R RGIRZEI R — 8, BT 5. X —Ebrgs R iz ibs
B 1 o FHERAE T I Aith

ZHRINS CIE BN MR E A (C-POL) T 20134F4—6 AFET A VLI I T ES I v 3: 47 1 5% H Wi
BRI, A6 75 8 WM AR X R X PRt A8 Ak ) X 3t 2 T AR R R I BE g, Ry — 2 icadh 7R 25 L
B AL o I SR X e AT T 3 AU IS iy [ g 254 . R, IF5 C il BeW
PR IABARIAT T, PEARZMHT T 20134F 5 H 30 H — Wk R LR IR R 585 i 2 1 & R AN T
AR, e T XPAR S AR AEX i R AR T AME R . B2 25 T XPAR LA FM AU %) 2013 4F
51 30 H 15:13—15:32 i B it 5o P2 i @ 114 3.5° 4D £ ] ipiz 58 55 A 1] S B2 1) PPY, 81 3 11T 64° T i i)
RHI, WTE][E] B4 1 min,

SRIE PGS R F2 B : (1) XPAR3 PRI AR B B 540 A 3], SCBLT 7E 1 min 52—
1R 25 (BT HERARE B T AR, B A B 25 20 B & T A ML ER 355 (2) XPAR ARG 4
HAE R S T ik . ZRAMEAS SRR, BN T 2R R A &k Rt R K H 5 mli 2 R 5%
F, it TH— AR HE LA C U BN i T IS AN REFE LR AR5 5 (3 ) XPAR Z38h 8 X it —
AN TR PR y i RUBE SR /N RUEE R G R SR A AR A AR RS B (1 ~ 3) . (XIZF)
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1.2 BTHEIE=H (30) HENREXRSENRERARTLSHET NA

QREEAREVE R A =4 (3D) PEPEIAY 9 KA I BB BOR B ke AN R AR 55 B B o WFFE T
JELR NN TE Tk, MBI HIB 3D BHERIR G, A I T8N, 1 i il e A e KUK T
BEJ1. TP T WTi IE A TE S m KA U BE 0 rR O R AIATSE , hite 1 IXICER Tk R A 5 L Kk Tl
HOR, JFREIN T RCRKEERIRE . eI M RGR . INPEE L RN S21T, RAPR ALK
IFNTIUE =, SAFAE 2D B SE A T I H BSRIC T A tAh, fetedb== /. SN AT
RAIMA B TAREIT e rh, Atz R A 3 1 A3 7 s Bt i B2 Fn B 1 A A BRI RE
S T AL T DX I e W RN TV P, FE ST N TR R SN A S ) 45 1 T R R R
PR e TER AT A T AL TR A SRR B B AR O EE T ST 07 L S8 I T R A ARG AR,
PEWOITEMNERIR D PR RGO AL Tila T B Sem T 5 i X Rl 55 K0 A A 208 2t X
PG TAE, SR TIPAREER, oA RO R R 2 I M D P A R AR AL TR AR (K4). (L)

1.3 ET3DVar X1 E 1A LH M X7 SR B AR L L

HitZ 5 ES SRR 5 45 A S 30 H 9 3D Var 55 1 20 N X7 S s AR E o T 2 4E TR R
M5, F 2015 4Fm A A B R PERTIRL TR R4 (SWAN ), 9 HJERMS SWAN Bk A40],
B URARER TAEC T 12 HIREEARTE M. ik A7 AN T AT SWAN 2 48 H 5 15 X037 W I 7= i
Hyzstl (K5), ( Tarf)

1.4 NER&EEEHEMRERRE NA

B & B4 B XUBRER T8 iR B0 B P i O R B T AR RIS R G, T 2015 AE A SERRY
SR, TR 2R 480l 45 17 FH 18 JRUJEE 286 25 3k O U 5 i ) Joi e 3 S 8, US4 B i e & A R 48
F 2015 FAEVLPGA R G R G 55 T, S ARG T XUJEE £ H 35 I U800 5045 79 Ak L FN W eb 525
G FFETFRE T KL TORHS KA HIR VWP SR LBl & 098 . ( F40H )

1.5 AREERFERHAMRAR

A 3 X6 i R KA B RD LA H BE AR5, JFR T ENL AT ERA-Interim B A5 537 WO RHE AR X
BB T 0 AT AR S . 2552, FNL AR RS Hb X A2 0998 B 37 4R B% A T ER A-Interim,
{EXF R FTE AT, ERA-Interim B W 47 F FNL., ( AR, X|58)

1.6 XUERZ AR T 2NN E R R IR T Lt Ie i 53

UER R B %) iR u et SR I , AT a4 5 i XU LR Pk 515 5o 3 22 B B2, T B T/
R KRmEFA, KB TR B 6 B L R RCR . R R ToRlE , XHIK2 K it
&, Mk ETHEsh, ISl TR R . 35T AMSU-A . MHS A ATMS3 Fh 92 W 554443
FXFEfE T (3DVar, IRA) FAURFETERA AL 7 4T T 0 Hikge, 25 SRR IR G 1 RAL R I
LT 3DVar, [A4k ATMS IR Z4- T[4k AMSU-A FIMHS, ( F&E, X%, P40, 24A)

2 REXRSEHERRIE

2.1 RIEVIIRGERITAE SEE (TC) PRIEMIRAVFZAT

LT 1988—2012 4F L KVUVERH SE (TC) HAEAS TR AL, HIHA IR HER) R AR B 2 R e
HATC R, R 2P nsR s . M TCHE/NT (KT ) 70 ~ 80 ke i, Jnsm s 558 hl
iE () M. H5TCRE KAMEZGEE (34 ki PRI R KRR SRR ) S0 BRI, B
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U it B R BE R A, AR B M ) S BE AR T, T TC A BE /N . TC e i et A o A7 A e K T REin
SRERFE, GuitH R, FORhE R A AR TR 80 ki 24 . B K XKAE (RMW ) 40 km A 47, 4
B REE (34 kAt ) KM se BEAE 150 km 2247 o bR o3Hir SR 4 17 FH A (07 TFIE B 1 308 e 14 3 5 LA
SR SR TC OB TR P BB R 7 (B 6). (fRdh)
2.2 —RISWARRMIETE S R E AT TR M4 K X R A & HL

fE B BRI R S HEHLF-BARTT 72007 45 7 A 8 HKIEIR H A HE ] i 4% K 2= R A P RUEE m]
TR pE R, ZERR, RSB E AR RSIE RS (W . PFERFFRIPG &R ) SRmia i
HRT, BKERSHI A E T Uk, IR N2E ST B2 m b REX AR S (MCS)
A A5 B v A A i T SR AR K AR A A | R K T X RN A MR (B A 7 BN RN 508/ T ER R
FEG R RR AR L, /NI IR 7K PR35 25 1T DA i Sk 35 s A s R kAL, (HU, R /RSO ) f
FUCET IR . IREG MRS DR g . B S E T SN X R AR B A 5 )
RUT AR 225 i 8 3, (ELJR AT LA Sk 5 0 0 3 oA 7 P80 e 45 DXORIT A AR AR AR A /N 85 A WL 4
UESE T HI— H N4 2500 AR K ZEAR RN B AT 18 B B P ROBE v 25 SOHET TR () 3 e i 2 RO BB, 1%
VA 25 S HERE B TR NS B4) 320 L2 PN W P A R A e A XS R s R S 46 7, R B0 A i
JERAF R Wi— H FAFEEEMERK . RN . b4k 2 B 5 S S B T RN 7K B 284k
( BARTRA ) 2 GAE 2 (AL 7 T B —FRER R (7). (BEAN )

2.3 WHRFERREESIESRBMESHIXTEE S

FIFH 1981—2000 4F H HL S 4 WL %5 L A1 NCEP/NCAR FAM A 90k, R -G 040 A sh F132 Wi o e
Fk, STAE A TS SRS RS oA . KRR . Kk . BEEMEEE
PEFTXT AT, S5, R TR S B A AR S AR BT NREARERES, JER Rk
TR R A TERE TP i P KRR E MRS Wit aRfE S B B T R i, R 2 T
Y PR SR 18 ) ] A 2 5 . B R A A RS I B K A AR R AR R A GH R E AR S R A
BIIFES IAT, FEXFl FZ AR Z S A RS R T RS . (itiens )

2.4 LEEBRXEWNLELRBIEIRKERIRZA

AERE PRI K H AR LRI AR R, S0 TAEm PU R AR 2S VU B S A IR AT ¢ AEm AR
TR K H AR A EAE AT, K25 M S 300 R ORI G 1R X B W R BE SRR AE A 2
FHXSR AL, 500 hPa LAR 25182 ; CAPEfH M =5 T 1500 J/kg, fHTHEEE 8K T -4; 850—
400 hPa 2RI e —S PR, [FIREEAT 55 0 . T8 Rz X2 RN X R 48 LA 2 FIE AR
LRRXIE L AR TS 5T IR TE XTI MY S S A L, A8 R T T L DX v RUBE iR X fh e B R
ARERE HEAEH . MR R E . WHRITPRSE. T X O K 55 X KA SR, Xt
SR R R R Y SR T AR B — s TR BE T . ()

2.5 FEEEN “SEET” ER

H 1 2R 90 5 e R RS A T 0 BT AT B AR ACP R AE , o P AR DX W R S S . I M
= AR5 AR PR AR A 1252 210 7 sy S sl 1 AR 75l IR BRI . AFSERaRI, AR LT E 52
PRSIk B S TR BEUIARSG, KRG SO TR AT R L g A =R
et DX, i D e G0 P X 0 B K P 16 R i SE i 45 A IR i 3 P FE AR AR BR B == 0 Ao 93 b,
WL AT ST B S 1 7 el e B AR IR A AT B A A5 rp R AR AR g K ISR S 28 o g D A BRI v
S P [ AR AR AR S50 e Z KRR E , DA S 850 v ol R 2 A A2 A, i EL I 1 5
RS HTEEREN, F el FORMIE s T . SO R TR AR U A e mi B
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FT, A BT ARG DX 3 R AU ) S o A K OBV B . (ERAEq, X PH, E8E)
3 HEXRSTHMMEKERLA

3.1 RAXEBAMYESHIREMNR

BRI o3 R A IR P (ECMWE ) #2435 (19 ERA-Interim F5-73 7 98 B8 T 38 104F (2005—
20144F) 12 H AR R, W, REFEERY (0.25° x0.25° ), 587 7RI K X0 104F
FER R REIE Y . R R 2 AR K VRGE SR R AR IE . B RO T AR . PER AT
FEE . AP EE. B SR R A 2 LA S PG R 2 XU I AGHT R R PG 7R i XU K VR 1 43 A
FRIE. TERBE X RS ARG ST, BE T A0 XIS H 0 Xk, A48 DX o 4226
L EERAN SHERE . RSB PR E B UIEASE el b, s i TR
THERXMSHORE, UfFFEEZER. SRXZ2T . wESEWMARE . sh iZ3EMEYHES T £,
(BRI, REW, FHEH)

3.2 BFEERNTHIIIEREEKEITR

RIS 3 T 9 5 JER I8 (TIPEX- T #A 8] (3t 3 = 8 ik . IR IR YORE, 28 7 20144E7 A 22 H
FIRZIR G = K RS 2l B R = O BRERE , PPAE T WRF-CAMS =335 RWEURE /1, 16
T B RN S B K R TR . WRF-CAMS U3 7 284 BRHL T T 24 h /K434 5 554
() C I8 B B Ka I B 7 8 S 38 55 N e A — 505 4L P T i e AR (A X 38 DX /0N, %t XA T i R
TRIZAXMWAK, SMIRERMN—2. BUEGLge R, B &R = T EBmBok 2R, Bam
YIRS PR B mENE . AMLEK SR (NICE) S8 sk & & M oK IG i, (B7ERm T
DA TR Z AR R, Sl TR KRN s IS % EESS (COND ), E/K R B KK
TFRSE AN, 25 5 5 I R K e I, SOk T = seas i B p FEE ; WD ZE R (EVAP), S8k
I AR BB S BINRI A = R~ (NUMB ), S 3K M BRI, 5 = a4 1E A
(m3XCAE)

3.3 BB ZMIXINRMEBEREIUNR

A BAR A BUE AU B A R I OO, TAREE TR K P P 5 e AN 2 BRI BRI . IR
WP, AR RZ R R, FEACEIT IS A S iRE . AITTEE 5 T IR AR
s, BRI S, ARG TR e | 0 38 0 23 b 00 X o e R [T A 52y o Rk E ) )55 i 5 T
TEACEER, THASR R UIIE I B PR AV B RS 4 B A T o H AR R IR Jr i, H 84k
R SRR TACHFRR G . AREL. 4 H AR Bei B2 R A8 R i e , R[] 23 i PN AR 7K P2 3 o 4
A ARV SR e, FIRT, 3 B AP ik T R EIMRAA I, TR AN, A
BRI (K8). (EkigEE)
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1 XBEBAHIERERAEIL (XPAR) H—A 7 Ml: (a) MR F T (b) QU RS BI% (o) FMIEL R S«
(d) 0° A FIBTE:  (e)-9. 5° MM A HIHEEWCEIE :  (£)9. 5° AN RIFENCEIE :  (2) 19. 5° M A FIFEWGHIE: (h)29.5° {1
bitl:uEe el 97

Fig. 1 Normalized directivity diagram of XPAR: (a) The emitting waveforms for GM; (b) The emitting waveforms for QM; (c)
The emitting waveforms for FM; (d) The receiving waveforms for elevations of 0°; (e) The receiving waveforms for elevations of
-9.5%; (f) The receiving waveforms for elevations of 9.5°; (g) The receiving waveforms for elevations of 19.5°; (h) The receiving
waveforms for elevations of 29.5°

XPAR 2013-5-30 15:13—15:32 (LST)
15:17

Elevation 3.5°

Elevation 3.5°

Bl 2 XSBUHIEMERUEE (XPARD DARMAE LN H120134E5 H 30 H 15: 13—15: 321 Bt R A R 3. 5° 470 £ [l i
JEE AR ) 3 2 FRIPPT (i (8] (6] B 292 min)

Fig. 2 Sequence of reflectivity and radial velocity at elevation of 3.5° between 15:13 and 15:32 observed by XPAR with FM
mode. The temporal interval of PPI is 2 min
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XPAR 2013-5-30 15:13—15:33 (LST)

15:15 15:16

it

Height/km

Height/km

Height/km

Height/km

0 20 40 60 0

Distance/km
[l 3 5 2% R B 64 ° 7 A2 URHL CERF[R][RIRE1 min)

Fig. 3 The RHI for reflectivity and radial velocity along azimuthal direction of 64°. The temporal interval is 1 min
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Fig. 4 The squall line wind detection and warning products and QPE effect testing software
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Fig. 5 Appraisal meeting for 3D Var regional wind method and integrated wind product of SWAN
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Fig. 6 Scatter diagrams of the subsequent 24 h IR against (a) storm intensity (V,,,, in terms of the max 1-min mean sustaining 10
m wind speed), (b) RMW, (c) AR34, and (d) DR34 (AR34-RMW). Red and black curves are the 95th and 50th percentiles of the

IR for a given storm intensity in (a) and various size parameters in (b)—(d), respectively
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Fractions Skill Score
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K7 (a) KT50mmf#7K. 56 kmaA2 (IFSS TSy LA S AS LU ALI B2 7K ¥ 22 [F] AR 5C 2R %5 (CC) 5 (b) K750 mmf 7K AI TS P43 BA
FCC Crin OB =M RESERHARGZMBERE, F-HA0EIMARMEE, KR RAAFR
YRS BT RA AR

Fig. 7 (a) Fraction skill score (FSS) applied to a 50 mm precipitation threshold with a neighborhood size of 56 km, and a spatial
correlation coefficient of rainfall for the physics-scheme-sensitivity experiments with the same initial conditions as CNTL (dots),
IC34 (triangles) and IC27 (circles). (b) As in Fig. 1a, the threat score (TS) applied to a 50 mm precipitation threshold is shown
with the correlation coefficient. Colors denote the 9 different combinations of physical parameterization schemes used in the

experiments

(@) R,=1,sigma=35 (b) Ry=10.7, sigma =2

Kl 8 K-FimERELEE AR : (a)30°N; (b)45°N

Fig. 8 Horizontal distribution of low-level wind vectors and z-component vorticity (contour interval=0.1; solid lines: positive;
dashed lines: negative and zero) at latitudes of (a) 30°N and (b) 45°N
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Advances in Severe Weather Reseach

1 Severe weather monitoring technology and data application

1.1 The calibration methods and application of X band active phased-array weather radar

The X band phased-array radar (XPAR) was jointly developed by State key Laboratory of Severe Weather,
Chinese Academy of Meteorological Science, and Anhui Sun-create Electronics Limited Company. XPAR
scans electronically in elevation while scanning mechanically in azimuth, transmits radar wave with wide beam
width (about 20° in vertical direction and 1° in horizontal direction) and receives 14 beams simultaneously.
XPAR observes a precipitation system with three modes: Guard Mode, Quick Mode and Fine Mode. The
normalized directivity diagram of XPAR for the three modes is shown in Fig.1.

According to the characteristics of the transmitter/receiver (T/R) and the multi-beam work mode, the
testing and calibration of the XPAR were presented. The testing and calibration focus on the antennas, T/R, and
purse compress and the variations of gain and beam width, in order to reduce the observation bias introduced
by different work modes. After being tested and calibrated, the XPAR was used to observe the 3D structures
and evolutions of convective precipitation in field experiment in Dingyuan, Anhui Province and Ganzi,
Sichuang Province from May to August 2014. Data observed by a S band operational radar (SA) and a C band
polarization radar (C-POL) nearby the XPAR were used to examine the observation capability of the XPAR.
The results show that the antenna gain and its variation with the scanning angle, the beam direction, dynamics
ranges of T/R are in conformity with the design. The transmitting and receiving characteristics for 128 T/
R are similar. The variations of T/R parameters in observation are watched and corrected by the correction
network. The calibration biases for reflectivity and radial velocity measurement are less than 0.98 dB and 0.1
m/s, respectively. Comparing with the SA and C-POL, the bias of reflectivity with Fine Mode is less than 1.0
dB, the biases for Guard and Quick Modes are less than 2.0 dB, and the velocities observed by three modes
correspond to each other very well. The biases of reflectivity and radial velocity by XPAR are reasonable.
The horizontal and vertical structures of precipitation observed by 3 radars are similar. The calibration results
inform a quantitative measurement of the XPAR.

XPAR was used to observe convective precipitation in Heshan, Jiangmen City, Guangdong Province
from April to June, 2013, in parallel with C-POL in the same site. The SA data were also collected to examine
the reflectivity bias of XPAR. The work modes and observation capability for convective precipitation were
examined to improve the radar performances. The characteristics of the XPAR and work mode were first
introduced. The precipitation structures and reflectivity sensitivities by three work modes were compared with those
by C-POL and SA. The XPAR data with temporal resolution of one minute were used to analyze the genesis and
evolution of convective cells developing in the rear of the line convection in May 30, 2013. Fig. 2 shows the
sequence of reflectivity and radial velocity at elevation of 3.5° between 15:13 and 15:32 observed by XPAR with
Fine Mode. The temporal interval of PPI is 2 min. Fig. 3 shows RHI the along azimuthal direction of 64°.

The results indicate that (1) XPAR can catch the main characteristics of 3D structures of precipitation
with three work modes, complete one volume scan within 1 min with higher temporal and spatial resolutions
than those of C-POL and SA. (2) The XPAR data with Fine Mode can reveal the initiation and evolution of a
convective cell in detail, two convergence zones and the relationships with reflectivity structures, which are not
observed by C-POL and SA; (3) XPAR data with high temporal and spatial resolutions are helpful to improving

®
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the understanding of the meso-y and more detailed structures in convective systems (Fig.1-3). (Liu Liping)

1.2 Development and application of severe weather detection and warning technology based on 3D
radar mosaic

The severe weather monitoring and warning technology based on 3D radar mosaic was put into further
application in 2015. A squall line wind detection method was studied and merged in the software system, which
is running in the national electricity sector, improving the ability to warn a wind disaster along electricity lines.
The accuracy of QPE and QPF is improved by using DSD data. The function of results verification is added to
the application software system, which is running in Suzhou and Shanxi Meteorological Bureaus, to provide
detailed QPE and QPF products. Furthermore, their application in North China Regional ATM Bureau and
Guizhou Weather Modification Office is being carried out. For North China Regional ATM Bureau, this system
processes airport radar data, and provides monitoring and warning products for the designated Aerodrome
Areas. For Guizhou, hail probability is provided. Besides, a method of selecting reflectivity for QPE in a
complex terrain was researched and integrated into the application software, which is being tested now. The
coverage of an operational weather radar network in important regions was assessed to provide scientific
support to the role to be played by a functioning weather radar network ( Fig. 4). (Wang Hongyan)

1.3 Application of 3DVar regional wind retrieval technology

The 3DVar radar regional wind retrieval method, one of the first members participating in the China
Meteorological Administration’s program for combination of research and operation, was integrated into the
National Short-term Nowcasting System (SWAN) after two-year test. The algorithm, which was recommended
to SWAN in the early 2015, was permitted for its integration at the end of September. The first integrated
version was finished in December 2015 to fill up a gap in the delivery of radar wind products in SWAN (Fig. 5).
(Wang Hongyan)

1.4 Research on and application of wind profile radar

The national wind profile radar data quality control algorithm has been developed and applied in
Guangdong Province. It is running in real time in this year to provide good quality data to the wind profile
radar network in Guangdong Province. The wind profile radar data distribution system was put into use in
Jiangxi Province as a wind profile radar data processing and Web sharing platform. A comparison and merging
of wind profile data and weather radar VWP data were also carried out in 2015. (Wang Hongyan)

1.5 Research on the effects of different model background data

The effects of FNL and ERA-Interim reanalysis data on the reanalysis result were investigated based
on the model simulation of severe rainfall cases and atmospheric circulation of one month in South China
with input of such data. The results indicate that the simulation with FNL shows better low-level temperature
forecasting but worse wind and circulation than that with ERA-Interim. (Wang Donghai, Liu Ying)

1.6 Research on the effects of the assimilation of wind profile and satellite data

An experimental result shows that the assimilation of wind profile with quality control leads to a better
model output owing to the elimination of large-bias events of a small frequency as the departure between the
wind profile and background data is obviously reduced. With the assimilation of wind profile, the low-level
wind field is significantly improved, leading to a better motivation of vertical upward motion and thus a better
prediction of rainfall. With experimentation of assimilating AMSU-A, MHS and ATMS satellite data with
different assimilation methods (3Dvar and Hybrid) and cycle schemes, we found that the assimilation with
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Hybrid produces a much better model output than that with 3Dvar and the assimilation of ATMS shows a better
effect than that of AMSU-A and MHS. (Wang Donghai, Liu Ying, Yin Jinfang, Liang Zhaoming)

2 Structures and mechanisms of severe weather

2.1 A statistical analysis of the dependence of tropical cyclone intensification rate on the storm
intensity and size in the North Atlantic

The dependence of tropical cyclone (TC) intensification rate (IR) on storm intensity and size was
statistically analyzed for North Atlantic TCs during 1988-2012. The results show that IR is positively
(negatively) correlated with storm intensity (the maximum sustaining near-surface wind speed V,,,,) when
V, . is below (above) 70-80 knots (1 kt=0.51 m s™'), and negatively correlated with storm size in terms of the
radius of maximum wind (RMW), the average radius of gale-force wind (AR34), and the outer-core wind skirt
parameter DR34 (AR34-RMW). The turning point for V,,, of 70-80 kt is explained as a balance between the
potential intensification and the maximum potential intensity (MPI). The highest IR occurs for V=80 kt,
RMW=40 km, and AR34-DR34=150 km. The intensifying TCs of high frequency occur for V,,,=80 kt and
RMW between 20 and 60 km, AR34=200 km, and DR34=150 km. Rapid intensification (RI) often occurs in a
relatively narrow parameter space that covers storm intensity and both inner- and outer-core sizes. In addition,
the intensity dependency has also been theoretically justified based on a previously constructed simplified
dynamical system for TC intensity prediction (Fig. 6). (Xu Jing)

2.2 Investigation of the predictability and convective initiation mechanism of an extreme rainfall
event during the Meiyu season in East China

Uncertainties in forecasting a quasi-linear extreme-rain-producing mesoscale convective system (MCS)
along the Meiyu front in East China, during the midnight-to-morning hours on 8 July 2007, were studied using
ensembles of convection-permitting simulation. The distribution of the simulated accumulative precipitation
and the location and amount of the extreme rainfall reveal a strong sensitivity to uncertainties in the initial
state, despite the synoptic environment being favorable for heavy rainfall production. Reducing errors in
the initial moisture field lead to more significant improvements in the precipitation simulation compared to
reducing errors in the initial temperature and wind fields. However, a significant improvement in extreme
rainfall prediction requires simultaneous improvements to the initial moisture, temperature, and wind fields.
Sensitivity to physical parameterization representing subgrid-scale processes in the model fails to account
for large simulation errors (missing the MCS), which results in a large spread in the location and amount
of accumulative rainfall. The fact that the nocturnal convective initiation of the MCS resulting from moist
southwesterly monsoonal flows ascends cold domes left behind by convective activity that develops during
the previous afternoon-to-evening hours, suggesting a possible linkage between the early morning and late
afternoon peaks of the Meiyu rainfall (Fig. 7). (Luo Yali)

2.3 Contrastive analysis of cold-air and non-cold-air strong snowstorms in the Shandong Peninsula

According to the general meteorological observation over the period of 1981-2000 and NCEP/NCAR
reanalysis datasets, coupled with a synthesis analysis and a dynamic diagnosis analysis, the paper illustrated the
spatial distribution of cold-air and non-cold-air strong snowstorms, atmospheric circulation, vapor transport,
stability and vertical movement for a contrastive analysis. Results indicate that cold-air strong snowstorms
are meso- and micro-scale snowfalls which occur in a post-trough Northwesterly airflow, while non-cold-air
snowstorms occur in a pre-trough southwesterly airflow or a large scale snowfall. Cold-air strong snowstorms,
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which are distinctively local, result from physical conditions of an underlying surface response forced by
strong cold air. It is proposed in this paper that the instability of atmospheric boundary layers caused by the
strong interaction of cold and warm waters of the Bohai Sea is an essential contributor to a cold air snowfall. A
snowfall occurring in an instable boundary layer stratification is conceptually termed as a cold air snowfall. (Shi
Xiaohui)

2.4 Occurrence mechanism and forecast skill of warm sector heavy rainfall in South China

The west of South China often encounters significant nocturnal-to-morning rainfalls, most of which are
generated under the influence of enhanced nocturnal southwesterly low-level jets, while the east of South China
is dominated by afternoon rainfall, as a result of surface heating. Features of environmental fields of a warm
sector rainstorm are high relative humidity for the whole layer, remarkable wet layer under 500 hPa;
CAPE values higher than 1500 J kg™, the lifting index generally lower than -4°C ; southwesterly airflow
in 850400 hPa with a weak clockwise veering. Various forms of linear convections, and whirl convective rain
bands under the background of low vortex are a common structure of warm sector rainstorms, and the meso-
scale topography along the southern coastline might play an important role in triggering linear convections.
The convective vorticity vector, moist thermal advection parameters, and generalized Q vector divergence
correspond well to the warm sector rainstorms, which helps forecast the development of heavy rainfall. (Jiang
Zhina)

2.5 “Climate modulation” of the Tibetan Plateau

Summer rain storms in China and East Asia region feature interannual and Interdecadal variations in
rainstorm frequency. The heating over the Tibetan Plateau (TP) thermal circulation also significantly impacts
the monsoon circulation and the summertime heavy rainfall. The frequency of the summertime heavy rainfall
in nothern China is significantly correlated with vorticity of water vapor flux in a few “belt” areas. The
strong correlation areas include one that starts in the north of the TP and extends to the downstream of the
TP. The two “belt” areas with a strong correlation both merge with those three belts of water vapor transport
synchronously in the middle and lower reaches of the Yellow River. The westerly jets in the south and north of
the TP and the bypassing flow along the south and north edges of the TP have major contributions to the water
vapor and vorticity transport that lead to the heavy rainfall. The results from this study suggest that orographic
bypassing mechanisms that account for the heavy rainfall in nothern China are beneficial to the transport of the
middle-lower latitude eddy energy and water vapor to the middle and lower reaches of the Yellow River. The
observational and modeling studies demonstrate that the interannual variations in the thermal forcing of TP
are positively correlated with the incidence of wintertime haze over central-eastern China. The TP’s warming
and cooling anomalies could lead to a “warm shield” and a “cool shield” in the atmosphere over the CEC. The
correlation vector over the CEC indicates that the variations of thermal forcing over the TP could give rise to
the weakening winter monsoon winds (southwest wind anomalies) induced by changes in Q1 over the TP. Our
results also suggest that implications of the large TP topography to the atmosphere environment and climate
variation should be taken into account when extreme torrential precipitation events and air pollution mitigation
policies are reviewed in China. (Xu Xiangde, Zhao Yang,Wang Yinjun)

3 Numerical weather prediction and key techniques in numerical modeling

3.1 Research on the configuration of model zones and physical parameters

The monthly mean distributions of upper-level and lower-level circulations, upper-level jets and low-
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level water vapor transport flux over the East Asia averaged for the recent 10 years (2005-2014) were analyzed
by using the ERA-Interim reanalysis data provided by the ECMWF. The analysis focuses on the distribution
characteristics of East Asia major trough, Siberian ridge, subtropical high, South Asia high, upper-level jet
and the water vapor transport caused by the southwest monsoon and the southeasterly at the southwest of the
subtropical high. The reanalysis model zones including central longitude and latitude, zone size, reference
longitude, projection factor and resolution were finally identified by covering as much information as possible
on the evolution of these distributions. On this basis, the model parameters including model vertical layers,
model top, input of underlying surface, dynamic parameters and physical parameter schemes were determined
through debugging. (Wang Donghai, Liang Zhaoming, Yin Jinfang)

3.2 A study of cloud microphysics and precipitation over the Tibetan Plateau with radar observations
and cloud-resolving model simulations

With the dual-polarization precipitation radar and cloud radar measurements during the Third Tibetan
Plateau Atmospheric Scientific Experiment (TIPEX- Il ), the cloud microphysics and precipitation by the
WRF-CAMS (Chinese Academy of Meteorological Sciences) microphysics were investigated through a
typical plateau rainfall event on 22 July 2014. The WRF-CAMS simulation reasonably reproduces the spatial
distribution of 24 h accumulated precipitation. The model reflectivity is in general agreement with the in-situ
radar observations. The raindrop sizes in the convective region are larger than those in the stratiform region as
shown by the small intercept of raindrop size distribution in the former. The sensitivity experiments suggest
that warm cloud microphysical processes are important even when the clouds are over a shallow liquid water
layer. The simulation excluding ice microphysics produces the most significant increase in both cloud water
and rain water (~double) during the weak convective period. Increasing droplet condensation leads to area-
averaged rain rate, which is closest to the observation, indicating droplet condensation plays a dominant role in
a weak convective process. Reducing raindrop evaporation results in an increase in weak rainfall areas along
with a warmer sub-cloud layer. Increasing the initial size of cloud droplets causes the rain rate to be reduced by
half, an opposite effect to that of increasing droplet condensation. (Gao Wenhua)

3.3 A numerical study of basin-wide circulation over an idealized basin

The characteristics of circulation over a basin region were examined in idealized simulations. A particular
focus was put on the variation of the horizontal closed vortex and the vertical circulation. The flow passing
over a basin introduces horizontal closed vortexes and reversed wind in the low-middle levels within the basin.
Results exhibit the effects of the basin shape, including the basin depth, width of the basin slope and the basin
floor, on the vortex and the reversed wind. In the North Hemisphere, the increasing Coriolis forcing favors the
enhancement of a positive closed vortex. The diurnal heating source brings the convergence/divergence into the
horizontal field. When the heat is strong enough, the closed vortex is replaced by the convergence during the
nighttime. The diurnally varying heating also changes the structure of a vertical circulation, with the presence
of an anti-clockwise circulation within the basin at the maximum cooling time (Fig. 8). (Qian Tingting)
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Fig. 2 Wavelet analyses of 10 m zonal wind anomalies over equatorial western Pacific (3°S—3°N, 120°-150°E) in 2014 (a) and
1997 (c), respectively (shadings are for the periods exceeding 95% confidence level); Time-longitudinal crossing section of
the 30-60-day filtered anomalies of GPCP rainfall (shading, mm day ') and 10 m zonal wind (contours, m s ') near the equator
(averaged from 3°S to 3°N) in 2014 (b); The 3°S—3°N averaged time—longitudinal crossing section of upper oceanic heat content
from May 1996 to Dec 1997 (d)
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Progress in Climate System and Climate Change Research

In 2015, the Institute of Climate System (Polar Meteorology) achieved remarkable improvements in the
fields of (1) theory and methodology of climate prediction, (2) development of climate system model, and (3)
polar climate.

1 Theory and methodology of climate prediction

1.1 Preceding factors of summer Asian-Pacific Oscillation and the physical mechanism for their
potential influences

The authors explored the preceding factors of summertime Asian-Pacific Oscillation (APO) using
observations and output from the NCEP Climate Forecast System version 2 (CFSv2). Results show that the
winter and spring sea surface temperatures (SSTs) in the tropical central-eastern Pacific (TCEP) and the
spring sea level pressure (SLP) over the North Indian Ocean (NIO) are significantly correlated with summer
APO. The previous winter TCEP SST anomaly persists until spring and results in SLP anomaly over the NIO
in spring through an “atmospheric bridge” effect. The NIO SLP anomaly induces a vertical motion anomaly
over the western Tibetan Plateau, which alters spring rainfall in situ. The signal of rainfall anomalies over the
western Tibetan Plateau, which resides in underlying soil moisture, maintains itself to the subsequent summer
and further modulates local surface air temperature during the following summer and hence the summer APO.
The CFSv2 features high skills in predicting the winter and spring TCEP SST and the spring NIO SLP, successfully
captures the physic relationships of TCEP SST and NIO SLP with summer APO. Therefore, the CFSv2 is capable
of predicting the summer APO teleconnection by several months in advance (Fig. 1). (Liu Ge )

1.2 The possible reason for the suspension of wintertime El Nifio event in 2014/2015

The development of 2014 El Nifio event was suspended from June to August, which was ascribed to the
weakening and diminishing of westerly wind bursts (WWBs) over the tropical western Pacific. It is speculated
that the disappearance of WWBs was associated with the damping of MJO in boreal spring 2014. After the
attenuating MJO, the induced air-sea coupling process could result in the surface easterly anomalies sustaining
over the tropical western Pacific, keeping the Bjerknes positive feedback between warm SSTA and anomalous
surface westerly from forming over the tropical Pacific as seen in a negative SOI. Therefore, the unstable air-
sea coupling wave was not present to trigger the rapid warming in the tropical eastern Pacific in 2014 summer,
leading to the suspension of El Nifio development in boreal summer of 2014 (Fig. 2). (Liu Boqi)

1.3 Plausible influence of Atlantic Ocean SST anomalies on winter haze in China

The wintertime haze days (HD) in China showed a significant increase by 2.4 days 10 years ' during
1978-2012 and an accelerated increase during 1995-2012 (6.6 days 10 years ') and during 2001-2012 (9.9
days 10 years'). The Atlantic sea surface temperature exhibits a significant in-phase relationship with haze
days at the decadal and interannual time scales. The correlation coefficient between the (detrended) Atlantic
multi-decadal oscillation (AMO) and HD over China is (0.47) 0.67. A stronger AMO corresponds to the
positive phase of the Arctic oscillation (AO), which implies less cold air activities from North China, being
conductive to the occurrence of haze. The Autumn South Atlantic Index (SAI) is related to the HD with a
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correlation coefficient of 0.64. A higher SAI results in an abnormal southerly airflow in the troposphere over
eastern China through the teleconnection wave chains. Consequently, the weakened cold airflow from north
of eastern China, which suppresses the dispersion of pollutants over China, results in above-normal haze
days. AMO and SAI, which were employed as the predictors of a haze day over China, performed well in the
predication operation (Fig. 3). (Xiao Dong)

1.4 Extreme cold and warm events over China in wintertime

The characteristics of extreme cold and warm events (ECE; EWE) over the whole China in December,
January and February were investigated using the observed daily surface air temperature for 1961-2012.
Among the three months, both the EWE and ECE in February are most frequent and strongest while least
frequent in December and weakest in January. More than 50% of the EWE and ECE in February and less than
40% of the EWE and ECE in January feature persistence (lasting at least 5 days). Generally, the persistent
ECE are more frequent than the persistent EWE. The EWE (ECE) in February tend to increase (decrease) in
intensity, with a longer (shorter) persistence in 1961-1986 than that in 1987-2012. The persistent feature of the
EWE (ECE) in December and January is more (less) obvious in 1961-1986 than that in 1987-2012 although
the EWE (ECE) in 1961-1986 is less (more) frequent than that in 1987-2012. (Zuo Zhiyan)

2 Development of climate system model

2.1 Simulations of East Asian stratus clouds: Sources of errors

Via a sensitivity analysis, we studied sources of errors in simulations of East Asian stratus clouds in a
general circulation model (CAMS). CAMS has two major problems: 1) an underestimate of stratus cloud
occurrence frequency and 2) a spurious low stratus amount-when-present value center over the Sichuan Basin.
The first problem is explored by carrying out two control tests for inter-comparison purpose, in which large-
scale circulations in one group are constrained such that they can be closer to the real-state atmosphere, while
the other one is not constrained. It is found that the constrained one produces higher occurrence frequency,
mainly because of the more realistic low-level moisture environment. For the second problem, an investigation
into the results from two different dynamical cores finds that it is sensitive to the choice of dynamical cores.
When the spectral core is used, the spurious low-value center disappears, and the model shows more realistic
shortwave cloud radiative forcings. A common conclusion drawn from these tests is that simulations of stratus
clouds over East Asia are sensitive to the representation of large-scale ambient environment. (Zhang Y1)

2.2 Sensitivity of sub-grid models to simulations of summer precipitation characteristics over East Asia

Two numerical experiments were conducted to study the sensitivity of simulated summer precipitation
characteristics to different sub-grid models: (1) CAMS5 based on conventional parameterizations and (2)
SuperParameterized (SP) CAMS5 based on sub-grid 2-dimensional cloud-resolving models. Results show that
when using the SP, the model shows more realistic precipitation characteristics over regions that are controlled
by convection processes. Take South China as an example, where local late-afternoon convective precipitation
dominates over the coastal region. CAMS produces weak precipitation with high frequency. The peak time,
which occurs around 14:00, coincides with that of unstable energy. In contrast, SPCAMS reduces the frequency
of weak precipitation, but increases the frequency of intense precipitation. The peak time occurs around 16:00,
later than that of unstable energy. Reasons for these differences are that SPCAMS more realistically simulates
the transition from a shallow to deep convection, during which the evolving process accumulates the unstable
energy. The peak time, which occurs later, sees an enhanced precipitation intensity. CAMS, which fails this
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transition process, characterizes the afternoon precipitation as responding too quickly to the unstable energy.
Thus, CAMS, which rains frequently but weakly, shows less precipitation amount in the sense of climatology.
(Zhang Y1)

2.3 Evaluation of a climate model at different horizontal resolutions in simulating precipitation over
East Asia

Long-term simulations using version 5.1 of the National Center for Atmospheric Research’ Community
Atmosphere Model at low (T42), medium (T106), and high (T266) resolutions were carried out to study the
impact of horizontal resolution on the model’s performance in reproducing the climatological features of
precipitation over East Asia. The simulated spatial pattern of annual mean precipitation amount improves
significantly with an increased resolution. The low-resolution model is inadequate to reproduce the
precipitation closely associated with fine-scale orographic forcing, such as the narrow large-rainfall belt along
the southern edge of the Tibetan Plateau. The distribution of rainfall over and around the Tibetan Plateau
and high-altitude mountains becomes more realistic at higher resolutions. The proportion of the large-biased
(small-biased) areas continuously reduces (increases) when the resolution is changed from T42 to T266.
Simulations at all three resolutions can capture the key features of the major seasonal variations of rainfall
arising from the onset and advancement of the Asian monsoon. A novel method is used to evaluate the
sensitivity of the simulated intensity-frequency structure to the horizontal resolution. The proportion of light
rain, which demonstrates a large positive bias in climate models, decreases dramatically at a higher resolution.
The intensity-frequency structures averaged over steep-terrain regions and plain areas become more distinctive
and realistic as the resolution increases. (Li Jian)

3 Polar Climate

3.1 Analysis on the surface air temperature over Antarctic during the past 50 years

Motivated by the debates between Steig et al., (2009) and Nicolas et al., (2014) on the climate change over
Antarctic, we performed a detailed analysis of the surface air temperature over Antarctic observed during the
past 50 years. In this study, temperature records of 12 stations in Antarctica island, coastline, and continental
areas were analyzed by means of the detrended fluctuation analysis (DFA). After Monte Carlo significance
tests, different long-term climate memory (LTM) behaviors are found: temperatures from coastal and island
stations are characterized by significant long-term climate memory whereas temperatures over the Antarctic
continent behave more like white noise, except for the Byrd station, which is located in the West Antarctica.
It is argued that the emergence of LTM may be dominated by the interactions between local weather systems
and external slow-varying systems (ocean), and therefore the different LTM behaviors between temperatures
over the Byrd station and that over other continental stations can be considered as a reflection of the different
climatic environments between the West and East Antarctica.

We further studied the effects of LTM on trend evaluation, and found that if a given time series is
characterized by LTM, the uncertainties of the trend evaluation will be enhanced. Therefore, we proposed a
new method to better evaluate a trend, with the potential effect of LTM taken into account. For the temperature
records at the 12 stations, we found only 3 of them experienced a significant warming trend during the past 50
years. Compared with the traditional trend evaluation method, the new method provides us with more rigorous
results. Therefore, the results reported by Steig et al., (2009) and Nicolas et al., (2014) are biased (Fig. 4). (Ding
Minghu)
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Atmospheric Sounding and Lightning Protection
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Fig. 1 Arrangement of Guangzhou field experiment site for lightning research and testing in 2015
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Progress in Atmospheric Sounding and Lightning Research

Focusing on the central tasks and the key research directions and based on field experiments, the Center
of Atmospheric Sounding and Scientific Experiment (CASE) combines theory with practical application and
carries out a great deal of productive research work on radar observation and lightning, achieved fruitful results
in 2015. Eight new projects were approved, including one key National Natural Science Fund project, one
selected Science and Technology Activities for Students Studying Abroad project, one Meteorological Industry
project, one CMA-sponsored Key Integration project, one co-sponsored project with the Weather Modification
Office in Guizhou, and three Basic Research and Operation oriented projects. The project of “Research on
and Application of Lightning Warning and Nowcasting System” won the second prize of 2015 Meteorological
Science and Technology Progress; 34 papers were published in 2015 and 14 of them were collected by SCI(E);
Three national invention patents, one international invention patent and two practical novelty patents were
applied for; One software copyright was authorized; Two patent licenses, one national invention patent and one
practical novelty patent, were obtained. The concrete results are shown as follows.

1 Field observations in 2015

In 2015, CASE conducted 3 major experiments: the GCOELD (Guangdong Comprehensive Observation
Experiment on Lightning Discharge) in Guangzhou, the Three-dimensional Lightning Detection Experiment in
Chonggqing and the Observation & Measurement of Lightning Discharge Process in Lhasa. All the experiments
were completed well as expected, and abundant observation data were obtained to promote the development of
lightning detection and analysis technologies.

1.1 GCOELD-2015

The GCOELD-2015 was conducted from May to September. For artificially triggering lightning
experiment is a crucial part of GCOELD, a total of 20 lightning flashes were triggered with a success rate
of 80% in 2015. Both the success rate and the total amount of triggered lighting flashes peaked the records
since 2006. A positive-polarity lightning initiated with an upward negative leader was first successfully
triggered in southern China on May 30, 2015, which is valuable to researches on lightning discharge process.
By doing series of experiments in this summer, we further developed the skills in comprehensively detecting
the acoustic, optical, electrical and magnetic signals of lightning and improved the technology in parallel
synchronization and acquisition. The data quality was raised in sampling length, accuracy and dynamic
range, and the high precision and efficiency in acquisition of triggered lightning and natural lighting data
were reachable. In 2015, apart from doing some regular lightning protection tests, we also cooperated with
SINOPEC to do some specified tests on lightning protection of DCS instrumentation system and UPS power
supply system. As an important partner, Huawei technologies tested their flash counters with our help during
the experiment. All these partnerships helped expand GCOELD’s application range and presence. At the same
year, tall-object observatory in Guangzhou has been rebuilt. The new observatory has a larger internal area with
a better environment for instruments’ installation and interconnection compared to the former one. All these
reconstruction works helped improve the ability of observing lightning connection process on a tall-object. In
addition, as a part of GCOELD, we conducted the lightning activity observation based on the Low-Frequency
E-field Detection Array (LFEDA). In order to get more detailed data on lightning discharge sub-processes, two
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extra sub-stations were built in Zengchen and Huadu, which will increase the capability to detect thunderstorm
activities near the experiment field (Fig.1-2). (Zheng Dong, Zhang Yang)

1.2 3D lightning detection experiment in Chongging

Three-dimensional Lightning Detection Experiment was conducted in Chongqing since March 2015.
The aim of the experiment was to detect and record lightning activities by using VLF/LF and VHF lightning
detection network. Based on the network running condition in last year, the locations of some stations were
adjusted and a few extra stations were built. Therefore, not only the scale and the detection range of the whole
network were expanded, but also its detection accuracy increased. As a result, the lightning detection network
(with a center station in Chongqing and 14 sub-stations nearby) reached a diameter of hundreds kilometers.
Furthermore, great modifications were made to the acquisition software in this year. Based on the advantages
of dual-band lightning detection instrument, trigger check on VLF and VHF signals was added to the software,
which effectively reduced the possibility of spurious triggering by environment noise (Fig. 3). (Zheng Dong,
Liu Hengyi)

1.3 Observation & measurement of lightning discharge process in Lhasa

The objective of the observation & Mmeasurement of lightning discharge process in Lhasa was to meet
the task requirement of Lightning Protection Research of the Potala Palace. According to the project plan,
we continuously acquired the optical and electromagnetic signals of lightning discharge activities around the
Potala Palace with a relatively high speed, which helped to accumulate abundant observation data. (Zheng
dong, Zhang Yang)

2 Optical observations in a tall-object

2.1 Three-dimensional optical observation and analysis of the attachment process in tall-object
lightning flash

The three-dimensional (3D) propagation characteristics of the leaders during the attachment process
prior to the first return stroke of a tall-object lightning flash (numbered F1215) captured in Guangzhou were
analyzed. The results show that: The 3D propagation speed of the primary branch of the downward leader
(PBDL) of F1215 ranges from 1.3x10° to 6.8 x 10° m s ' (average: 2.7 x 10° m s ') during the final 2 ms prior
to the RS, and the corresponding 2D speed ranges from 1.1x10° to 4.9 x 10° m s (average: 2.1 x 10° m s™).
The speed of the PBDL shows no clear changing trend, except for the final 200 ps. The 3D propagation speed
of the upward connecting leader (UCL) in F1215 ranges from 0.8x10° to 13.7x10° m s with an average value
of 4.5x10° m s™'. The upward leaders, upward connecting leader or unconnected upward leader (initiated from
the tall-objects under the influence of the downward leader) tend to increase in speed as the time approaches
the return stroke and to increase their speeds sharply during approximately the final 1 ms. The 3D speed ratio
between the PBDL and the UCL tends to decrease with time and ranges from approximately 2.2 to 0.2, which
means that the upward leader can exhibit a speed significantly exceeding that of the PBDL (Fig. 4). (Lii Weitao,
Ma Ying)

2.2 Analysis of the optical characteristics of a natural downward bipolar lightning flash

Using the observation data of the fast and slow electrical antennae, high-speed cameras, and the Lightning
Attachment Process Observation Systems (LAPOSs), the optical progression characteristics of the leaders and
the optical pulse waveform of the return strokes in a downward bipolar lightning flash were analyzed. This
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flash contains one first positive stroke and five subsequent negative strokes. All the six strokes propagated
along the same channel established by the first positive return stroke. The leader which preceded the positive
return stroke propagated downward without any branches at a two-dimensional (2D) speed of 2.5 x 10° m s ™",
An upward connecting leader with a length of about 80 m was observed in response to the downward positive
leader. The 10%—-90% rise times of the return strokes’ optical pulses ranged from 2.2 to 3.2 ps, while the
widths from the 10% wave front to the 50% wave tail ranged from 56.5 pus to 83.1 pus, and the half peak
widths ranged from 53.4 ps to 81.6 ps. All the return strokes exhibited similar speeds, ranging from 1.0 x 10°
to 1.3 x 10° m s™'. Each of the return strokes was followed by a continuing current (CC) stage. The first positive
stroke CC lasted more than 150 ms, much longer than all the subsequent negative stroke CC, ranging from 13
ms to 70 ms (Fig. 5). (Li Weitao)

3 The ground-based whole sky cloud detection method

Traditional two-dimensional red-to-blue band methods have been widely used for cloud detection in
total sky images. The brightness distribution in a total sky image is usually non-uniform, because of forward
scattering and Mie scattering of aerosols, which results in increased detection errors in the circumsolar and
near-horizon regions. By analyzing the imaging principle of cameras, green channel has been selected to
replace the 2D red-to-blue band for detecting cloud pixels from partly cloudy total sky images. The proposed
algorithm is composed of three main sub-processes: determining whether the sun is obscured by clouds and
providing a solar mask, detecting clouds based on a background subtraction adaptive threshold method, and
removing the impact of direct sunlight. The first sub-process calculates the circularity of the saturated pixels in
the circumsolar region to determine whether the sun is obscured by clouds to create the solar mask. The cloud
detection process consists of a morphology opening operation, the adjustment of background information
dependent on sun-shadowing, and background subtraction, using AT methods to define the cloud mask. In the
third sub-process, the final cloud detection result will be obtained by subtracting the solar mask from the cloud
mask. Compared with the 2D red-to-blue band methods, the proposed algorithm used only 1D green channel
and obtained better cloud detection results especially in the circumsolar and near-horizon regions. (Yang Jun)

4 Preliminary breakdown, following lightning discharge processes and lower positive
charge region

Bipolar pulse trains in wideband electric field records are often attributed to preliminary breakdown
(PB) processes. Using electric field waveforms of lightning discharges observed in Beijing and Guangzhou,
the detectable PB pulses and the following discharges were analyzed, and the role of lower positive charge
region (LPCR) was investigated. Furthermore, a conceptual discharge model was tested. The detailed results
are as follows. (1) The percentages of detectable PB pulses are just a function of latitudes and ranges to a
certain extent. But the percentages are similar in a small range of latitude. (2) Four discharge types have been
identified. Type I, type I , and type Il exhibit PB pulses featuring inverted intracloud (IC) discharge, hybrid
flash (an IC discharge featuring a negative return stroke (RS)), and leader-RS, respectively. Type IV only
exhibits a leader-RS waveform without detectable PB pulses. It is believed that the charge structures of four
discharges are characterized with large LPCR, modest LPCR, small LPCR and invisible LPCR, respectively. (3)
The discharges of type IV are about 65.4% and 63.3% in Beijing and Guangzhou. And the percentages of other
discharge types are obviously different. There are higher percentages for type I and type Il in Beijing,
which may be attributed to larger scale of LPCR. (4) The values of pulse interval (Tpi) rank in increasing
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order for type I, type Il and type lll. Compared with type I, type Il exhibits longer pulse-return stroke interval
(Tp-ri). As for type I , obviously larger amplitude ratio between the maximum peak of PB pulse train and the
peak of the first RS (Rp-1r) is found in Beijing. It is speculated that the parameters of different discharge types
are related to the scale of LPCR. The analysis results are interpreted by a conceptual discharge model and the
rationality of the model is also verified by the results to a certain extent. (Zhang Yang)

5 Relationship between lightning activity and tropical cyclone intensity over the
Northwest Pacific

Lightning data from the World Wide Lightning Location Network along with tropical cyclone (TC)
track and intensity data from the China Meteorological Administration and TBB data from the MTSAT-1R
satellite were used to study lightning activity in 116 TCs over the Northwest Pacific from 2005 to 2009, and to
investigate the relationship between inner core lightning and TC intensity changes. Super Typhoon Rammasun
(2008) was studied to investigate lightning patterns in the Pacific Basin and the implications of using inner core
lightning to examine rapid changes in TC intensity. Lightning in TCs over the Northwest Pacific is more likely
to occur at tropical depression (10.8-17.1 m s ') and tropical storm (17.2-24.4 m s ') intensity levels, which
is in agreement with past studies of Atlantic hurricanes. The individual time periods with lightning decreased
with the enhancement of TC intensity. The greatest lightning density (LD) in the inner core appears in storms
undergoing an intensity change of 15-25 m s ' during the next 24 h. Lightning is observed in all storm intensity
change categories: rapid intensification (RI), average intensity change (AIC), and rapid weakening (RW). The
differences in LD between RI and RW are largest in the inner core, and the LD for RI cases is larger than for
RW cases in the inner core (0—100 km). Lightning activity there, rather than in the outer rainbands, may be a
better indicator for RI prediction of Northwest Pacific storms. There was a marked increase in the lightning
density of inner core during the RI stage for Super Typhoon Rammasun (2008). Satellite data for this storm
show that the RI stage experienced the highest cloud-top height and coldest cloud-top temperatures, with all
the minimum black body temperature values being below 200 K in the inner core. The significant differences
in the characteristics of convection process within RW, RI and AIC in the inner core, to some extent, revealed
the reasons that lightning activity enhanced during the RI stages (Fig. 6). (Zhang Wenjuan)

6 Impact of a vertical velocity field on charging processes and charge separation in a
simulated thunderstorm

An isolated thunderstorm was simulated using a 3D cloud model coupled with charging and discharging
processes. An analysis of the spatial and temporal characteristics of the content of ice particles and the charges
on ice particles in different vertical velocity ranges indicates that: (1) Ice particles obtained the most charges
from the charging processes in the updraft region. The maximum magnitude of negative charges on graupel
in the updraft region could reach 10" nC. (2) Before the start of lightning activity, charges on ice particles
were generated in the charging processes in updraft region 2 and updraft region 1. During this period, the total
negative charges on graupel in these two regions all reached a magnitude of 10" nC. Because of the sufficient
mix between ice crystals charged with positive charges and graupel with negative, a net charge in these two
regions was not evident. After the charged ice particles were transferred into the outer regions, being beneficial
for charge separation, a layered charge structure quickly formed. Therefore, the charging processes in updraft
region 2 and updraft region 1 were important to the first lightning activity. (3) Charging processes between ice
particles in the quasi-steady region also occurred, but primarily during the middle stage of lightning activity.
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The peak of negative charges on graupel in the quasi-steady region was close to 1 x 10'* nC. With a decreasing
updraft, updraft regions were weakened into a quasi-steady region. Much graupel in the updraft regions was
transferred into the quasi-steady region, intensifying the charging processes there. (4) Through a comparison of
the contributions of charging processes, the vertical velocity in the quasi-steady region was more conducive to
the separation of charges with different polarity, causing the most significantly net charges in the quasi-steady
region. The peaks of net positive charges and net negative charges in the quasi-steady region all exceeded or
neared 1000 nC, which was much larger than the peaks in other vertical velocity ranges.

Our study represents an important contribution toward an advanced understanding of the relationship
between lightning activity and the dynamics of thunderstorms. The results indicate that the vertical velocity
in a storm’s quasi-steady and adjacent region is beneficial to the formation of a net charge structure, and thus
these regions should be mainly where lightning initiates and propagates. Our findings provide a reference for
the development of lightning warning or forecasting methods using numerical models and advanced detection
equipment. (Wang Fei)

7 Operation of lightning warning and related academic exchanges

7.1 Operation of lightning warning

The lightning monitoring and warning platform was improved to maintain and upgrade the processes,
software and hardware of the lightning operation and its running environment so that the data collection of
lightning operation products and their uploading are timely and effective. The products are uploaded to the
website of CMA and the Weather China in real time, with the monitoring products on an annual basis and the
warning products from 1 May to 1 November.

The lightning forest fire monitoring and warning service system started to work from this June. It supplied
the relevant departments of the state forestry administration with the lightning activity service products in real
time. The warning information could also be obtained from the client of the system.

The verification and recording of lightning disaster data in 2014 were completed. National Lightning
Disaster Assembly in 2014 and the lightning disaster section of Chinese Meteorological Disaster Yearbook in
2014 were compiled. The data provided technical support to the decision-making on lightning protection and
disaster mitigation. (Yao Wen, Wang Fei)

7.2 Academic exchanges

Two academic exchanges were carried out with the Chengdu University of Information Technology and
the Sichuan Lightning Protection Center respectively during March 2015. The researchers made presentations
on lightning physics, lightning warning and development of lightning protection service. Through the
communications, the actual demands of local operators were learned of and some urgent operation problems
that are needed to be solved in research were defined. The exchanges gave us new ideas on the next research
work and expanded our research field.

“Decade review meeting of GCOELD” was held in Conghua, Guangzhou, on 8-9 September, 2015. The
participants came from universities at home and abroad, scientific institutions, operators, and enterprises. In the
past 10 years, GCOELD achieved good progress and development. Fruitful achievements with international
influence were obtained. The meeting reviewed the achievements of GCOELD in the last decade, gave a
chance to strengthen the academic exchange in lightning research, laid an important foundation for the future
study of lightning science, and had a positive effect on the development of GCOELD in the future. (Yao Wen)
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Advances in Cloud Physics and Weather Modification
1 Observational studies on cloud physics

1.1 Observations of cloud microphysical properties for marine stratocumulus clouds

Cloud microphysical data obtained from G-1 aircraft flights over southeastern Pacific during the
Variability of the American Monsoon Systems Ocean-Cloud-Atmosphere-Land Study Regional Experiment
field campaign were analyzed for parameter characteristics and microphysical processes of cloud. The
horizontal flights were classified by three phases including no drizzle, light drizzle and heavy drizzle. The
number concentration, liquid water content, relative dispersion and standard deviation of cloud droplets were
calculated. The results show that inhomogeneous mixing was the main process of entrainment and mixing.
The relationship of vertical velocity and cloud parameters was analyzed and the results show that the vertical
velocity perturbation was in a closer relationship with cloud parameters. (Duan Jing)

1.2 Ice crystal habits and growth processes in stratiform clouds with embedded convection as
examined through aircraft observation in North China

Ice crystal habits and growth processes in two cases of stratiform clouds with embedded convection were
investigated using data observed simultaneously from three aircrafts on April 18, 2009 and May 1, 2009 as part
of the Beijing Cloud Experiment (BCE). The results show that the majority of ice crystal habits found in the
two cases at temperatures between 0 °C and -16 “C were plate-like, needle-column, capped-column, dendrite
and irregular. A mixture of several ice crystal habits was identified in all of the clouds studied. However, the
ice crystals recorded in the embedded convection regions contained more dendrites to be heavier in riming, and
the ice crystals identified in the stratiform clouds contained more hexagonal plate crystals. Both riming and
aggregation processes played central roles in the broadening of particle size distributions (PSDs), and these
processes were more active in embedded convection regions than in stratiform ones. However, riming
was more prevalent than aggregation in the April 18 case, though aggregates were evident. In contrast,
the May 1 case featured a more dominant aggregation process, which involved riming. With the decrease
in height, PSDs broadened in both embedded convection and stratiform regions, but the broadening rates
between 4.8 km (-11.6 C ) and 4.2 km (-8 C ) were larger than those between 4.2 km (-8 °C ) and 3.6 km
(-5 °C)). In addition, the broadening rates of PSDs in the embedded convection regions were larger than those
in the stratiform clouds, as the aggregation and riming processes of ice particles in embedded convection
regions were active. High supercooled water content is critical to enhancing riming and aggregation processes

in embedded convection regions. (Zhu Shichao, Guo Xueliang, Lu Guangxian, et al.)
1.3 Characteristics of freezing rain, freezing drizzle, and freezing fog in China from 2011 to 2013

Studying the characteristics of freezing weather in China ultimately helps understand freezing weather
more comprehensively. It also contributes to warning and forecasting capabilities for freezing weather, and thus
disaster reduction. By using data from hourly or half hourly routine and special observations from civil aviation
airports in China for the period 2011-2013, the characteristics of temporal and spatial distribution, duration
and synoptic conditions of freezing weather events were analyzed. It is found that the freezing weather events
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during the study period occurred in most regions of China. The high-frequency region for freezing rain or
freezing drizzle events corresponded well to that of high intensity. In the low-frequency region for freezing fog,
events tended to last longer. Freezing weather usually occurred in the winter season (December to February),
and mostly in January. Events occurred frequently in the early morning (from 00:00 to 07:00 local time (LT))
and infrequently in the afternoon (from 13:00 to 14:00 LT). The duration of each freezing precipitation
event was usually less than 2 h. Most freezing weather events occurred when temperatures were -3 “C to -1 C
and dew point was -4 °C to -1 °C. The highest frequency of freezing weather events occurred when the dew
point drop was 0 °C to 1 °C . The dominant winds were northeasterly or northerly when freezing precipitation
occurred, and the wind speed was usually 2.0-3.9 m s”. Most freezing rain and freezing drizzle were mixed
with fog, whereas freezing fog was not mixed with other precipitation. (Li Jie, Guo Xueliang, Zhou Xiaoning,
etal.)

1.4 Study on diagnosing three dimensional cloud region

Cloud mask and relative humidity (RH) provided by Cloudsat products from 2007 to 2008 were
statistically analyzed to get RH threshold between cloud and clear sky and its variation with height. A
diagnosis method was proposed, based on reanalysis data, to be applied to the three dimensional cloud field
diagnosis of a real case. Diagnostic cloud field was compared to satellite, radar and other cloud precipitation
observations. Main results are as follows. The cloud region where cloud mask is bigger than 20 has a good
spatial and temporal correspondence to the high value relative humidity region, which is given by ECWMF-
AUX products. A statistical analysis of the RH frequency distribution within and outside cloud indicates that,
distribution of RH in cloud at different height ranges shows a single peak type, the peak of which is near a RH
value of 100%. Local atmospheric environment affects the RH distribution outside cloud, which leads to RH
distribution varying in different regions and different heights. RH threshold and its vertical distribution used for
cloud diagnosis were analyzed with threat score (TS), a method that was applied to a three dimensional cloud
diagnosis case study based on NCEP reanalysis data. The diagnosed cloud field was compared to satellite,
radar and cloud precipitation observation on ground. It is found that, RH gradient is very big around the cloud
region and diagnosed cloud area by RH threshold method is relatively stable. The diagnosed cloud area has a
good correspondence to the updraft region. The cloud and clear sky distribution corresponds to the satellite Tbb
observations overall. The diagnosed cloud depth, or added cloud layers distribution, is consistent with optical
thickness and precipitation on ground. The cloud vertical profile reveals the relationship between cloud vertical
structure and weather system clearly. The diagnosed cloud distribution corresponds to cloud observations
on ground very well. Precipitation on ground usually can be observed at a deeply-developed cloud area. The
evolving cloud vertical structure evolution at a single point over time is well consistent with local radar and
surface cloud and precipitation observations. In summary, the diagnosed three-dimensional cloud field and
its distribution by relative humidity threshold from the reanalysis data, which are in good agreement with
the development and movement of cloud precipitation and weather systems, can be well applied to weather,
climate and weather modification research. (Cai Miao, Zhou Yuquan, Ou Jianjun, et al.)

1.5 Analysis of the characteristics and transformation of cloud and precipitation of an extreme
torrential rain in Beijing on 21 July 2012

Using the data of Doppler radar, the cloud parameter products retrieved by FY-2E geostationary satellite
and MODIS Polar- orbiting satellite, this paper analyzed the structure and transformation of cloud and
precipitation of an extreme torrential rain in Beijing on 21 July 2012. It concludes that this process can be
divided into three stages with different vertical structure. (1) The first stage, named warm area convective
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precipitation, shows that precipitation starts with a warm rain process, in which rain drops grow quickly with
significant coagulation in the warm cloud, is important for precipitation. T-Re analysis shows cloud droplets
grow quickly below -10 “C due to significant condensation-coagulation, while there is a deep zone of mixed
phases above -10 °C , where the top of cloud is dominated by ice particles. There exists a good positive relationship
between thickness, intensity and precipitation, which helps cloud water convert to rainfall quickly. (2) In the
second stage, called front convective precipitation, the highly organized low centroid liquid MCC system
is the main precipitation system of high rainfall intensity. The cold cloud echo increases quickly at mixing
cloud, which is the key area to a microphysical rain forming process. The echo increases to the maximum
value from 0 C level to below 1.5 km, and basically maintains a continued down movement, which reflects
rain drops with significant coagulation in the warm cloud, but breaking or evaporation is not obvious. (3) In
the final stage (after 22:00), called backward front precipitation, the initial echo at 0 “C level, which increases
quickly, shows ice particles coagulate with cloud water by an accretion process. The echo profile shows there
exists obvious evaporation at the early precipitation. With the cloud development, the echo basically maintains
itself, which shows cloud water is less in the warm cloud, and rain drops can not grow with significant
coagulation. (Zhou Yuquan, Jiang Yuanhua, Cai Miao)

1.6 Spatial-temporal distribution of summer cloud water resources over the Loess Plateau from
1979 to 2012

Spatial and temporal distribution features of cloud water resources over the Loess Plateau in summer
from 1979 to 2012 were analyzed by using ERA-Interim dataset issued by European Centre for Medium Range
Weather Forecasts (ECMWF). Results are as follows: (1) Cloud water resources far outnumber than the actual
amounts of precipitation in summer, leaving a great potential for their exploitation. (2) The distribution of
cloud water resources is in two main modes: firstly, anti-phase oscillation appears between the northwest and
the southeast (EOF1); Secondly, cloud water resources are abundant in the center of the Loess Plateau, while
they are not in the northwest and the southeast regions (EOF2). The associated time series of EOF1 and EOF2
also feature a significant inter-annual cycle. (3) The cloud water resources over the Loess Plateau come from
the East China Sea. So when the center of the water vapor transporting an anti-cyclonic circulation is southerly
(northerly), the spatial mode EOF1 (EOF2) is influenced. (4) The amount of cloud water and cloud ice reach
the peak value at about 700 hPa and 400 hPa, respectively. Therefore, cloud water resources are advisably
exploited at a time that water vapor converges and moves upward at 700 hPa. (Pan Liujie, Zhang Hongfang,
Zhou Yuquan, et al.)

1.7 Airborne observation based analysis of aerosols beneath the summer clouds over Sichuan
Basin

With the purpose of studying the clouds and aerosols over Sichuan Basin, two observation experiments
were performed with the PMS probes mounted on a Cheyenne III A aircraft on June 23, 2009. The observation
data via PCASP-100X probe of the PMS from two flights beneath the clouds in one day were analyzed as well
as the CERES SYNl1deg-3Hour Ed3A data in the same day. In addition, the backward and forward trajectories
during flying courses were studied with the NOAA HYSPLIT model. By doing so, the vertical distribution,
size spectrum distribution and source characteristics of the observed aerosols over Sichuan Basin are addressed
in this paper. The results show that: the atmospheric aerosols over the cities and towns in Sichuan Basin are
mainly from the ground surface, and the long-distance transportation contributes little to the volume of aerosol
particles over Sichuan Basin, i.e., the aerosols over Sichuan Basin are attributed mostly to the regional or local
pollutants.
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Afterwards, the aerosol particles concentrate over Sichuan Basin. The boundary layer structure is
influenced by clouds, precipitation, seasons, sunshine, temperature, thermal inversion, and surface heating.
In the meantime, the vertical distribution of aerosol particles is influenced greatly by the boundary layer
structure. In summer, the aerosol particles heavily and vertically mix in the deep mixing layer during daytime,
while the aerosol particles over the mixing layer decrease sharply. Also, the concentration magnitude of the
observed atmospheric aerosol particles over the cities and towns in Sichuan Basin is between 10° m™ and
10’ m™, which is the same as that of the atmospheric aerosol particles over cities in Hebei Province, Beijing
and its surrounding areas. The majority of the observed aerosol particles beneath the clouds are small ones.
The concentration of the aerosol particles declines along with the increasing size. Additionally, the Angstrom
exponents of the aerosol particles are between 1.2 and 1.4, which obviously characterizes the urban-industry
aerosol. (Wang Weijia, Guo Xueliang, Li Hongyu, et al.)

1.8 Analysis of topographic cloud on different slopes as observed by X-band dual-polarized radar

Based on the topographic cloud cases over Qilian Mountain as observed by an X-band dual-polarized
Doppler weather radar, the characteristics of different topographic clouds on 3°, 9°and 14° terrain slopes and
different weather systems were analyzed. The results show that the topographic clouds over Qilian Mountain
in summer were significantly different under different terrain slopes and airflow of weather system conditions.
These differences appeared in number, intensity, internal dynamics, microphysical process and dominant
particle distribution of cloud cells. Therefore, the further research on topographic clouds with different
conditions would help to scientifically produce artificial rainfall from topographic clouds. (Ma Xueqian, Chen
Yue, Zhang Guoqing, et al.)

2 Cloud physics and artificial seeding simulation research

2.1 A numerical study on precipitation process and moisture budget of stratiform and embedded
convective cloud over Beijing area

In this study, the precipitation process of stratiform and embedded convective cloud during 5—6 October
2007 in the Beijing area was simulated using the Chinese Academy of Meteorological Sciences mesoscale
cloud model. Based on observation data, the characteristics of the macro- and micro-structures of the cloud
system and precipitation were analyzed. The moisture budget and precipitation efficiency of the cloud system
were also analyzed. The results show that the stratiform and embedded convective cloud was the main
precipitation cloud system in this Beijing-precipitation process. The precipitation distribution of the stratiform
and embedded convective cloud was not uniform. In addition, the microphysical variables in the cloud system
were not uniform in the horizontal or vertical directions. The stratiform and embedded convective cloud over
the Beijing area was characterized with the microphysical structure of a mixed phase cloud. The melting of
snow was the main microphysical process contributing to raindrop formation. The main source region of
water vapor for this precipitation process in the Beijing area was the Yellow Sea and Mongolia. Two air flows
merged in the north of the Shaanxi Province to form a southwest airflow that transported water vapor to North
China. Outside the Beijing area, water vapor and hydrometeor were mainly transported to the region from
the western and southern boundaries. In the main precipitation period in the Beijing area, the flux of the total
water substance in the horizontal direction was the net inflow. The estimation of the water budget of the water
vapor, hydrometeor, and total water substance shows that the water substance was generally balanced. The
precipitation efficiency, condensation rate, deposition rate, and hydrometeor precipitation efficiency were 5.6%,
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4.77%, 4.19%, and 44.9%, respectively, in the Beijing area from 20:00 BJT (Beijing time) 5 October to 14:00
BJT 6 October 2007. (Tao Yue, Li Junxia, Dang Juan, et al.)

2.2 A comparison of WRF-model-simulated cloud microphysics and precipitation in stratiform clouds
with embedded convection in North China with aircraft measurements

To verify the cloud microphysical scheme and to simulate cloud microphysics and precipitation, the authors
used the Weather Research and Forecasting (WRF) model to simulate their characteristics in stratiform clouds
with embedded convection for April 18, 2009, and then compared the results with data obtained during the
Beijing Cloud Experiment (BCE). The results indicate that the distributions of the cloud system, radar echo, and
precipitations as simulated by the WRF model are in good agreement with our observations. The simulated liquid
water content (LWC) is consistent with aircraft measurements, and the maximum LWCs at the -8 °C and 3 °C
layers as observed by the aircraft are 1.5 gm™ and 0.8 g m™, and those simulated by the model are 1.1 g m™ and
0.78 g m™, respectively. Vertical distributions below the -5 °C layer (most cloud water is LWC) were properly
simulated, with the melting layer included. The ice water content (IWC) simulated by the model was higher than
that observed in the range of -6 to -10 °C layer because the simulated riming process was excessive at this layer,
and the aggregation process occurred in a higher layer. As such, modifications are required for cold simulation
processes. At the -8 °C layer, both the intercept and slope of the particle size distributions (PSDs) simulated by
the model were lower than those of the observations due to the simulated snow mass concentrations being higher
than observed. At the -5 °C layer, both the simulated intercept and slope were consistent with observations. At
the 3 °C layer, the simulated slope was consistent with observations, but the simulated intercept was higher than
the observed value due to the decreasing concentration of small particles in the cloud, which suggests that the
spectrum-shape parameter could change with the cloud height. (Zhu Shichao, Guo Xueliang)

2.3 Numerical simulation based study of the impacts of graupel parameters on strong convective
rainfall and seeding effects

By using a three-dimensional convective cloud model with the Agl seeding scheme, sensitivity
simulations were conducted with various graupel densities and fall velocities. These parameters influence
seven microphysical processes of graupel particles. Numerical simulations show that these parameters affect
rainfall amount as much as 4.9%. The relationship between graupel fall velocities and wind updrafts is
modified after seeding, and the values of collection of cloud water by graupel, collection of ice by graupel,
and melting of graupel to rain water are influenced. When only graupel density is increased, graupel mixing
ratios are increased significantly. Graupel density and fall speed parameters also change the rainfall efficiency
of both seeding and natural clouds. Increasing the graupel density along with the fall velocity parameter
results in relatively high rainfall efficiency, with the seeding effects being only 15% rather than 25% as noted
in the control seeding simulation. Therefore, in the simulation of the rime density of convective clouds, both
the graupel density and fall velocity parameters should be increased; Otherwise, the seeding effect will be
significantly exaggerated. (Lou Xiaofeng)

2.4 A Simulation based study on trough cold front cloud structure and the characteristic of
supercooled water distribution

An analysis focused on precipitation cloud structure and the characteristic of supercooled water
distribution was made of a weak trough cold front process in Shanxi on September 25, 2012. Combined with
observation data, including aircraft detection, satellite and radar remote sensing, ground precipitation, WRF
mesoscale model coupled with WRF-CAMS cloud microphysical scheme was used. The attempt to study the
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low trough layered structure of a cold front through the clouds and the formation of macro- and micro- cold
conditions was to provide the basis for artificial rainfall. The simulated weather situation, precipitation, cloud
top temperature, radar echo and the evolving water were basically consistent with the observation data. Main
results are as follows: The precipitation process system was a weak trough cold front and frontal tilt backward.
The cloud top temperature of the top cold cloud, 200 km outside the front of the cold front, was about -40 °C ,
composed of ice-phase particles and without precipitation. Within 200 km in front of the cold front, cloud was
mixed into a high-level cloud, with the cold zone having a small amount of cold water and a lot of ice-phase
particles, and surface precipitation reaching maximum. The cloud system behind the cold front was high-rise
cold clouds, with the temperature in the cloud top being about -30 °C , and no super-cooled water being found.
Being composed of less ice phase particles, the system was weak in surface precipitation. Supercooled
water existed below -5 °C layer, the content of which was low, and the distribution of which was related
to the development of vertical velocity and ice phase particles. The vertical motion of supercooled water and
its lower layer was weak while the upper area was of a strong vertical motion. This was not conducive to the
maintenance of a large amount of supercooled liquid water at the top. On the contrary, the development of
strong ice phase particles was promoted and excessive consumption of supercooled water ice phase particles
was not conducive to the continued existence of supercooled water, resulting in the presence of only a little
supercooled water in the clouds . (Liu Tao, Sun Jing, Zhou Yuquan, et al.)

3 Experimental studies of clouds and precipitation

3.1 Experimental study of the impact of cooling rate on the freezing process of three kinds of water
drops

A large number of the previous experimental studies have indicated that heterogeneous freezing is
caused by nucleus contained in drops and stochastic processes both. In this research, experiments were
designed to verify the previous experiment results. On the other hand, a quantitative relationship of the
freezing phenomenon of water drops with temperature and time was also studied. Besides, the interaction
of the stochastic hypothesis with the singular hypothesis was also examined. The constant cooling rate
experiments for rain water, pure water and bottled water, and the constant temperature experiment for rain
water only, were conducted using a freezing experimental device of uniform drops designed by the Chinese
Academy of Meteorological Sciences. From the results, it is seen that while the temperature decreases, the
accumulative freezing fraction in the slow cooling rate experiment is larger than that in the fast cooling rate
experiment in general. This phenomenon is more obvious for pure water and bottled water. The faster cooling
rate corresponds to the lower average freezing temperature and median freezing temperature. However, the
relationship between freezing temperature and cooling rate in rain water is logarithmic while their relationship
is linear in bottled water (there are only two rates of cooling in pure water experiment, so it is not certain of
their relationship). The probability of freezing increases exponentially with the decreasing temperature in each
water sample, and in the probability of freezing function, the exponential coefficient decreases exponentially
with the increasing cooling rate in bottled water; during the constant temperature period, the probability of
freezing decays exponentially with time in rain water. The decay is faster in the first two minutes and slower
later. No freezing event occurs after 15 minutes. This phenomenon can be explained by combining the
stochastic hypothesis and singular hypothesis as follows: When the temperature of drops reaches or is lower
than the characteristic temperature, water molecules need a period of time to aggregate on freezing nucleus,
which leads to the freezing of drops in constant temperature period. Freezing of drops is caused by a combined
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effect of the two hypotheses. (Wan Chao, Shi Aili, Zhou Yuquan, et al.)
4 Weather modification capacity-building and operation

4.1 Three-year action plan of the national weather modification operational modernization program

In 2015, CMA Weather Modification Center (WMC) implemented the “National Weather Modification
Operation Guidance” and finished writing “Three-year Action Plan for the National Weather Modification
Operational Modernization Program” and “The Scheme for Issues on ‘Three-year Action Plan for the
National Weather Modification Operational Modernization Program’”; reviewed the key technologies and
the supporting platform; set up six technical teams consisting of employees from both national and provincial
centers to develop technical methods, prepare operational procedures, and launch demonstration initiatives for
deployment to facilitate the implementation of the three-year action plan at provincial level.

CMA WMC also implemented the project of “Application Oriented Demonstration of the Process-wide
Monitoring of Equipment and Ammunition for Weather Modification Operations” by making full use of the
Internet of Things (IoT) and mobile Internet technology to promote the process-wide monitoring and the
real-time collection and reporting of information on weather modification operations; to document “Weather
Modification Operations Information Format Specification” and “Unified Technical Specifications for
Identification of Weather Modification Operation Equipment and Ammunition”.

CMA WMC held the first national directors joint meeting for weather modification. Ms Jiao Meiyan,
Deputy Administrator of CMA, and directors-general from relevant departments in CMA attended the meeting.
The meeting analyzed the development trend, focusing on the weather modification operational modernization
development; discussed the current progress and problems, pointing out a clear development direction and
main tasks for the next three years in this connection. (Zhou Yuquan, Fang Wen, Shi Yueqing, et al.)

4.2 Progress with weather modification projects

The first Modem Ark 60 (MAG60) artificial precipitation aircraft was delivered to the user on September 29,
2015. And on December 18, MAG60 artificial precipitation aircraft made a successful test flight in Changchun
airport. On December 20, the second artificial precipitation machine was delivered. By the end of 2015, the
third artificial precipitation machine (King Air 350), which was finished with the procurement process, was to
be made and retrofitted.

CMA WMC completed the development of “Application Software System for Operation Control”, which
went through a trial test in the northeast region. WMC also carried out the solidification of the software version
and the standardization of its application, which followed the overall meteorological information planning and
requirements. Besides, WMC promoted its deployment and application at provincial level, with Ningxia as a
pilot site.

CMA WMC accomplished the bidding processes for projects of “Information Network Application
System” and “Weather Modification Effect Inspection System”. The main building of the regional aircraft
operation supporting base has been capped. The construction of the major parts of 79 GPS weather observation
(GPS/MET) systems has been completed. Real-time observation data from 56 devices have been uploaded to
the Weather Modification Center in Northeast Region and China Meteorological Administration.

CMA WMC completed the preparation of a training scheme; finished two training programs on MA60
Artificial Precipitation Cloud Physics Machine Detection Equipment with more than one hundred participants
from across the country; organized three courses for more than 20 aircraft operating personnel from four
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northeastern provinces to provide them with the ability for basic scientific research and operation for artificial
precipitation.

CMA WMC carried out the preparation of project feasibility studies on regional weather modification
centers’ capacity-building and finished the technical review of the reports for northwestern and central regions,
which were submitted to CMA head office. CMA WMC also helped to implement the environment assessment,
preliminary review, project planning, stability assessment, and energy-saving for weather modification projects
in these two regions. (Li Jiming, Zhou Yuquan, Chen Yue, et al.)

4.3 National weather modification operational command platform

The National Weather Modification Operational Command Platform hosted by Disaster Mitigation
Department, CMA went through the project acceptance on December 17, 2015. Its core operation system
(CPAS-WMC) includes the functions as follows: The ability for real-time information processing, integrated
display and fusion analysis of multi-sources coming from satellite, radar, aircraft and micro-physical sounding;
the function of real-time integrated operational service for forecast analysis, monitoring, operation scheme
design, operation tracking guidance and operation effect analysis. Products published by the platform have
been widely applied at provincial level, and played an important role in major events, for example Nanjing
Youth Olympic Games, Beijing Commemorative activities and drought-relief efforts in related regions all over
the country.

The command platform achieved the function of operational guidance, video conferencing and
consultation, operation monitoring and information gathering at the national level, setting the benchmark for its
replication at provincial, municipal and county levels. It also provided a strong guarantee for the development
of a unified national weather modification service, hence an important step toward the operational running.
(Zhou Yuquan, Shi Yueqing, Li Kangkang, et al.)

4.4 Resumed observation at Lushan Station for cloud and fog experiment

Fog, cloud and precipitation observation at Lushan Station, which is one of the original places for weather
modification research in China, was resumed. The fog and cloud observation platform at the station was built,
where several young researchers and technicians carried out continuous observation for 45 days. A remote
monitoring system for the platform was constructed to allow observation data to be sent to the national center
every day. The historical observation data at Lushan Station were classified and digitalized to facilitate their
storage. The redevelopment plan on the Lushan Station was proposed. (Guo Xueliang, Lou Xiaofeng, Lu
Guangxian, et al.)

4.5 Major service supports and daily work guidance

The supports included are as below: Providing the special support to artificial rain reduction in
meteorological service of major celebrations such as Beijing Commemorative activities; establishing a
technical team consisting of three senior experts who are responsible for the operation condition analysis,
operation design and technical checks in joint military-civilian command center; setting up a group of young
and old engineers stationed in the center headquarters, which is in charge of operation conditions forecast,
precipitation monitoring, early warning of operation conditions, the operation effect information collection
and analysis; deploying microwave radiometer to Hebei for the purpose of intensive observations organized by
Beijing Meteorological Bureau; organizing several service support workshops; finishing the technical report on
major meteorological service support.

CMA WMC offered the guidance services on artificial rainfall enhancement for Henan, Shandong, North
China, Southwest and South China to deal with drought in the ways of bulletins and consultation, and to help

(G



S A RSRES 23R
‘JM Scientific Achievements and Advances

Beijing’s bid for the Winter Olympics. There were 61 bulletins covering the thorough information. (Guo
Xueliang, Zhou Yuquan, Shi Yueqing, et al.)

4.6 Cloud and water resources assessment and verification

CMA WMC carried out the verification of cloud and water resources assessment. By combining the
existing observation data from provinces of Jilin, Shandong, Qinghai, Hebei and others, some results of the
2014 annual CWR-MEM program evaluation have gone through a preliminary verification. We explored
preliminarily the verification scheme for the observation of water vapor, cloud water and cloud fields, trying
to test the differences between water vapor and cloud water in CWR-MEM. Besides, our team also reviewed
the key technical ways and ideas on cloud and water resources assessment, and wrote the technical manual on
“Guidelines for Cloud and Water Resources Monitoring and Assessment (CWR-MEM)”. Last, we successfully
optimized the cloud and water resources assessment computing methods and data processing techniques on a
software basis to facilitate the provincial application.

We also accomplished the following tasks: By collecting, counting, analyzing the national weather
modification operations in 2014, altogether with a detailed analysis of national ground operations and aircraft
operations, the demand of artificial rainfall enhancement operations in different regions of the country was
revealed. The effects of technical methods for artificial rainfall were verified and improved. The technical
methods for cloud seeding Doppler radar tracking and recognition algorithm and the physical verification
methodology for the effect of artificial precipitation based on conventional radar data have also been improved
and optimized. (Cai Miao, Yao Zhanyu, Zhou Yuquan)

4.7 Weather modification equipment management

The jobs include keeping the existing equipment in national center under stable operation; completing the
standard file on the cloud-seeding agent static and dynamic testing; writing the specifications on antiaircraft
rockets; offering guidance for products of new efficient cold and warm cloud-seeding agents.

The progress is as follows: Finished the first version of “Implementation Details on Weather Modification
Using Special Technical Equipment”; accomplished the evaluation; approved the research projects; organized
the assessment, testing/evaluation, trial operations, and adoption; wrote the technical report; submitted the
report to CMA Disaster Reduction Department.

The additional progress is: Finished the annual inspection and security check of the national weather
modification operational equipment; established the security management system for weather modification
operations conducted by Shanghai Property Management Department and meteorological bureaus of
provincial level; carried out regular safety inspection of weather modification operations, made and submitted
a report to CMA Disaster Reduction Department; organized the meetings on artillery and rockets; reviewed
the weather modification security risks; made a 2015 annual countrywide summary of weather modification
equipment in terms of factory acceptance and failure conditions. (Fang Wen, Dangjuan, Fang Chungang, et al.)
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Yangtze River from 1961 to 2010



S A RSRES 23R
‘JM Scientific Achievements and Advances

0 300 km
[—

0.4 0.080.120.16 0.20 0.240.28032 036 (1) 004 0.080.120.16 0.20 0.240.28032 036 () 0.04 0.080.120.16 0.20 0240.28032 0.36 (%)
EETT [ T

0 300 km
[E——

004 0.080.120.16 020 0.2408032 0.36 (%) 004 0.080.120.16 020 0.240.28032 036 ()
T T T T - T T T T .

B 2 1961—20105F T A it X It 94 it 2 A B A
Fig. 2 Decadal distribution of flood-index in the middle and lower reaches of the Yangtze River from 1961 to 2010
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Fig. 7 Spatial distribution of extreme temperature indices in China during 1960-2010: (a) Trends of TX95p; (b) Trends of
TX99p; (c) Trends of TNOSp; (d) Trends of TNO1p. The black symbol ‘+’ shows the stations whose trends were insignificant at
the significance level of 0.05. The unfilled symbol ‘.’ represents an increased frequency in TX95p and TX99p and a decreased
frequency in TNOS5p and TNO1p
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Progress in Ecology and Agrometeorology Research

1 Agroclimatic resources and argometeorological disasters forecasting and early
warning

1.1 Techniques of the 3D monitoring and the dynamic assessment of key agrometeorological
disasters

To study the 3D monitoring and the dynamic assessment of the dry-hot wind for winter wheat in
Huanghuaihai areas, cold damage for double cropping rice in southern China and agricultural drought
in Southwest China, we established meteorological indicators and a grading system for the above
agrometeorological disasters, and developed the 3D monitoring and the dynamic assessment techniques which
are based on ground observation, remote sensing and crop models and are applied to meteorological operation.
The key monitoring and assessment techniques, which are totally tailored to Chinese agricultural production
and disasters, are highly regional and practical, taking into account the operational and service needs of the
meteorological and agricultural sectors. The implementation of the research findings can significantly improve
the monitoring and assessment of agrometeorological disasters in China. (Zhao Yanxia)

1.2 Highly-resolved winter wheat soil moisture and irrigation forecasting systems at provincial level

Based on the study of remote sensing inversion of evapotranspiration deficit indices, using the manually
and automatically observed soil moisture data together with neural networks, the initial soil moisture fields of
high resolution and reliability were obtained. The estimated a and b coefficients were tested and compared with
the recommended values of FAO (a = 0.25, b = 0.5). The results show that the mean square root error of each
month with the estimated a and b coefficients in most stations is smaller than that of FAO. The winter wheat
maximum root length model was structured. The a and b coefficients, crop coefficient, evapotranspiration
coefficient of soil stratification, soil water stress coefficient for winter wheat areas in northern China were
established. Three provincial highly-resolved soil moisture and irrigation forecasting systems for winter wheat
were improved to be as accurate as more than 80%, which were operationally piloted, regionally verified and
quasi-operationally applied in 2015. (Mao Fei)

1.3 Technique on low temperature warning for cropping rice in southern China

Based on the low temperature disaster trend and the geographical partition of risk for double cropping
rice in southern China in nearly 50 years, the grade-based low temperature disaster prediction for double
cropping rice has been introduced, in which the models of the next 10 days early-season rice and the next 5
days late-season rice were developed respectively. The mapping of double cropping rice region [ (high risk),
region Il (increasing risk), region Il (low and reducing risk) is applicable to japonica and indica, where the
low temperature forecasting models for double cropping rice were built based on atmospheric circulation
characteristics, the average accuracy of which is above 83%. Based on the models for the next 10 days early-
season rice and the next 5 days late-season rice as discriminated by Fisher’s analysis, the average extension
accuracy is above 80%. The technique, which is a good combination of the occurrence trend, the geographical
partition of risk and the grade warning for a low temperature event, enhances regional relevance of early
warning for double cropping rice. (Huo Zhiguo)
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1.4 Model for integrated risk assessment of agricultural floods in southern China

Grade-based agricultural flood indicators for 11 provinces in the middle and lower reaches of the
Yangtze River and Southwest China were constructed in this study. Flood indexes were developed, with their
agreement with the actual flood severity analyzed based on 101-151 flood indicators derived from single
station process precipitation thresholds as prototype indicators. A severity-based inverse process analysis
method was developed, including the grade-based indicators for single season rice flood in Southwest China,
early rice flood in Hunan Province, and summer maize waterlogging in Jianghuai region. The spatial and
temporal distribution of regional agriculture, rice flooding, summer maize waterlogging was mapped. Based
on such relative severity indicators as the affected acreage, the affected population and the proportion of direct
economic losses, a composite index of relative severity and its risk estimation model were developed for
southern China to reflect discrepancy in damage in 12 provinces every year. This model, which also addresses
such key technical problems as the precipitation process based agriculture, rice flood, determination of grade
threshold for summer maize waterlogging and comparability of indicators by province, provides index-based
support to the real-time disaster monitoring, warning and assessment (Fig.1-2). (Huo Zhiguo)

1.5 Integrated risk regionalization of meteorological disasters to winter melom and vegetables in
Hainan

The grade based evaluation indicators were constructed based on waterlogging indexes of winter melon
and vegetables (watermelon, pepper, bean, towel gourd) prone wet/logging disaster at seedling stage in Hainan,
based on process chilling injury of winter vegetable prone winter chilling disaster, and drought indexes of
melon and vegetable prone drought disaster in spring and winter. The comprehensive risk zoning maps were
established to address comprehensive vegetable prone meteorological disasters, an instrument that covers
disaster risk factors, disaster pregnant environment sensitivity, disaster bearing vulnerability and capacity of
disaster prevention and mitigation. Key technical problems on hazard construction and quantification and
multi-hazard weighting determination were solved as a contribution to the development of the indexes in this
connection (Fig.3). (Huo Zhiguo)

1.6 The mechanism underlying the physiological responses of summer maize to drought

The effects of water stress on leaf chlorophyll content and photosynthetic capacity parameters were
examined generally for summer maize exposed to different drought treatments. The results show that both
moderate steady drought and severe steady drought led to significant declines in relative chlorophyll content
(SPAD value). However, during the late grain-filling period, moderate steady drought did not decrease the
SPAD, instead even slightly increased it, while the severe steady drought always caused reductions. It possibly
indicates the adaptability of maize leaves to drought: the adaptive response appears as the plant is subjected
to moderate drought, but disappears as to enough severe drought. The net light-saturated photosynthetic rate
(A,,) decreased under the two steady and the two continued drought treatments, indicating the inhibition of net
carbon fixation rate in the maize leaves. The actual photochemical efficiency of photosystem II (PSII) in light-
adapted leaves did not decrease at the early stage of the drought treatment, indicating the adaptive response to
a certain degree. However, under the severe drought condition, the adaptive response may disappear. (Zhou Li)

1.7 The water consumption of winter wheat and summer maize in rotation in Huanghuaihai Plain

Water consumption by winter wheat and summer maize from 2011 to 2012 in Huanghuaihai Plain was
estimated with integrated remote sensing, meteorological data, field information and ground truth. Afterwards,
tempo-spatial characteristics of crop water consumption and its structure were studied. Precipitation accounted
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for 97.21% of summer maize water consumption in 2011. Irrigation in southern part of Hebei Province and
mid and northern parts of Henan Province in summer maize growing season accounted for approximately
10% of the total summer maize water consumption. Irrigation accounted for 73.3% of total winter wheat
water consumption. Irrigation was identified as the dominate water source in Hebei and Henan provinces, with
irrigation accounting for more than 80% of the winter wheat water consumption from 2011 to 2012. (Yang
Jianying)

1.8 The impact of different water stresses on winter wheat growth and development

Field experiments of soil water stresses during two growth-year of winter wheat (2013-2014 and 2014—
2015) were carried out at Gucheng station. The impacts of different soil water stresses on the growth condition
of winter wheat were studied. The results show that the regression coefficients of structural parameters
(planting density and height) and functional parameters (leaf area index and biomass) with CK corresponded
to the water supplies in number. Generally, the regression coefficient was minimum under the severe drought,
maximum under slight drought, and medium under moderate drought, which showed the impacts of drought on
the growth condition of winter wheat. Meanwhile, the actual evapotranspiration and growth length of winter
wheat during the whole growth period under different soil water stresses were also different. With the severity
of drought, the actual evapotranspiration showed an obvious decrease, and the growth length was shorter due
to the forced maturity caused by drought (Fig. 4). (Wang Peijuan)

1.9 The crop coefficients of winter wheat in North China

The crop coefficients (K.) of winter wheat was calculated as the ratio of daily actual evapotranspiration
(ET,) and reference evapotranspiration (ET,) during the entire phenological period at Gucheng station. ET,
was estimated using daily meteorological data based on the FAO Penman-Monteith method, while ET, was
collected from the processed eddy covariance data. The K, of winter wheat exhibited the bimodal feature at
both ten-day and phenological scales, which indicates the distinct physiological characteristics of overwintering
crops. Compared with the conventional FAO-56 method, the proposed stage-wise K, of winter wheat captured
the water requirement in different phenological stages in detail. Meanwhile, the accuracy of K, using the
proposed stage-wise method and the FAO method was evaluated by validating their respective estimation of
ET,. The validation against latent heat flux measurements showes that the stage-wise method outperformed the
FAO method at both daily and phenological scales. The linear regression coefficients by the stage-wise method
were 1.150 at daily scale and 1.243 at phenological stage scale respectively, both of which were closer to the
unity than those by the FAO method. (Wang Peijuan)

1.10 Drought-sensitive indicators and thresholds of summer maize in the seeding stage

The drought-sensitive indicators of summer maize in the seeding stage include stem moisture content
(SMC), leaf moisture content (LMC), transpiration rate (Tr), net photosynthetic rate (Pn), stomatal
conductance (Gs), and leaf area index (LAI). The soil water thresholds of SMC, LMC, Tr, Pn, Gs and LAI in
terms of relative soil water content at the depth of 0—30 cm (RSH) are 74.7%, 65.6%, 62.0%, 61.5%, 59.1%
and 46.8% respectively. They reflect the sensitivity of the drought-sensitive indicators of summer maize in the
seeding stage. Based on the energy balance equation on the soil and the water deficit index (WDI), together
with the hypothesis that WDI depends linearly on soil relative humidity, the soil moisture is estimated in terms
of the remote sensing data (the normalized difference vegetation index (NDVI) and surface temperature (7))
and the ground observation (air temperature 7,). The model is validated based on the data from the drought
process experiment on summer maize (Zea mays L.) in response to different irrigation treatments carried
out during 2014 at Gucheng Eco-agrometeorological experimental station (39°08'N, 115°40'E) of China
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Meteorological Administration. The estimation accuracy of 0—10 cm surface soil moisture is the highest (R* =
0.90). The correlation of the estimated and measured soil relative humidity in deeper soil layers (up to 50 cm)
passes the significance test at the level of 0.0001 with the RMAEs less than 15% and the PRMSEs less than
20%. The Cl,., (green chlorophyll index) is found to be most sensitive to canopy water content (CWC) of
summer maize. Thus, the universal hyperspectral RS (remote sensing)-based CWC model is constructed for the
wide variation of CWC in terms of Cl,,, (Fig. 5). (Zhou Guangsheng)

2 Response and adaptation of agriculture to climate change

2.1 The adaptability of maize varieties in Huanghuaihai region to climate change

The outputs of RegCM4 under RCP4.5 and RCP8.5 scenarios and APSIM model were used to assess the
negative effects of climate warming on maize yield. Meanwhile, final maize yield is strongly associated with
grain number, which is very sensitive to high temperature especially in the period of flowering. Introducing
a variety with improved high-temperature tolerance of grains might be an efficient strategy to adapt
to climate warming. Therefore, we assumed a heat tolerant variety that has a maximum grain number
development temperature tolerance of 40 “C rather than 38 °C for a similar current variety. The results indicate
that by using heat tolerant variety, maize yield could increase averagely by 4%. (Zhao Yanxia, Zhan Yi)

2.2 The impact mechanism of increases in atmospheric CO, concentration and air temperature on
change in crop water requirement

After exploratory efforts in the past three years by field and laboratory experiments, the impact mechanism
and its pathway on change in wheat water requirement were almost ascertained. That is to say that, firstly, the
elevated air temperature increased the wheat water requirement in each day, and then increased the wheat
water requirement in whole growth seasons, but it shortened the wheat growth period from sowing to
maturing. Therefore, the wheat water requirement was balanced by the increased water requirement in
each day and shortened growth days. Secondly, the elevated atmospheric CO, concentration increased
the wheat dry matter and the water contents in leaves especially in flag leaves. In addition, the elevated
atmospheric CO, concentration tended to prolong the wheat growth period especially during milk period.
Finally, the elevated atmospheric CO, concentration increased the wheat water requirement. Our
experiment results show that the wheat water requirement increased 12% in each day and increased
10%—15% averagely in growth period when air temperature was elevated by 1 °C . The doubled atmospheric
CO, concentration increased wheat water requirement averagely by 25.6% during growth period. However, the
combined impact of increases in atmospheric CO, concentration and air temperature on change in wheat water
requirement, which is not yet to be determined, needs further exploration. ( E Youhao)

2.3 Soil CO, emission from wetland during freeze-thaw cycles

Using the eddy covariance method, measurements of CO, emission were made over paddy rice and reed
marsh ecosystems in the Liaohe Delta. The results show that the amount of soil CO, emission from paddy
rice and reed marsh during the freeze-thaw period on an annual basis contributes to annual CO, emissions
by 14.1% and 12.5% respectively. This amount is not to be ignored in the assessment of ecosystem carbon
budget. The increment of soil CO, emission from paddy rice and reed marsh, resulting from the freeze-thaw
cycle, contributes to annual CO, emissions by 4.01% and 4.46% respectively. And this increment is positively
correlated with the soil temperature (5-10 cm) (R = 0.57) (Fig. 6). (Zhou Li)
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2.4 Correlation between major crops and meteorological factors in the one ripe areas in northern China

The growth and yield formation of spring wheat and spring maize based on APSIM model were simulated.
The validated APSIM model had better adaptability in Inner Mongolia. There was a good correlation between
the measured data of spring wheat and spring maize and the simulation results from APSIM model in Inner
Mongolia. The DOY (day of the year) of flowering of spring wheat was very significantly correlated with
average temperature, and was significantly correlated with soil temperature. However, it was not correlated
with precipitation, solar radiation or potential evapotranspiration. As for the DOY of maturity, it was very
significantly correlated with average temperature and soil temperature. And it was significantly correlated with
potential evapotranspiration. However, it was not correlated with precipitation or solar radiation. The DOY
of flowering of spring maize was not related to meteorological factors. The DOY of maturity of spring maize was
strongly related to average temperature, wind and soil temperature. At the same time, the DOY of maturity of
spring maize was significantly correlated with relative humidity. However, it was irrelevant to the precipitation,
solar radiation or potential evapotranspiration. (Zhao Junfang)

2.5 The uncertainty of the impact of climate change on maize yield in Northeast China

This work analyzed the uncertainties in maize yield predictions using three climate projections to
represent the climate output uncertainty, and two different crop models to represent the structural uncertainty,
taking the Zhuanghe agrometeorological station as an example. The multi-model ensemble simulation indicated
a yield reduction of 13% with 80% probability during 2021-2050 relative to 1971-2000. The variance based
decomposition of the yield projection showes that climate change uncertainty generally has a larger impact on
projection than the crop model uncertainty does. Downscaled climate projections have a significant bias that
can introduce significant uncertainties in yield projections. Furthermore, we employed 24 climate projections
consisting of the combinations of 8 GCMs and 3 emission scenarios representing the climate output uncertainty, and
2 crop statistical models with 100 sets of parameters in each model representing parameter uncertainty within
the crop models, to evaluate the impact of climate change on maize yield at three locations (Benxi, Changling, and
Hailun). The multi-model ensemble simulation showes that the maize yield reduction will be less than 5% in
future climate periods relative to the baseline. The variance based decomposition indicates that the uncertainty
from climate projections was much larger than that contributed by crop model parameters. (Zhang Yi)

2.6 The synergistic impacts of elevated temperature and enriched CO, concentration on winter wheat

An experiment under winter wheat was conducted using the combined technologies of open top chamber
(OTC) and infrared radiator heaters at the Gucheng Ecological and Agro-meteorological Experimental Station
of the Chinese Academy of Meteorological Sciences in 2015, in which the level of CO, concentration in
treatment chambers was maintained at (603 +55) X 10, while the temperature increases in treatment
chambers compared to control were manipulated at 1.6+0.6°C and 3.9+ 0.5°C in day and night respectively.
Results indicate that CO, concentration of 600X 10 fails to compensate the adverse effects of an average
daily temperature increase of 2.8 °C on the growth of winter wheat. With a daily temperature increase
of 2.8°C during the entire growing period of winter wheat in North China, the crop developmental stage after
over-wintering is advanced significantly compared to that under the ambient conditions, which causes both
daily mean temperature and the amount of solar radiation to decrease significantly during the post-winter
period, increasing the risk of frost damage and low temperature stress at late growth stages. (Tan Kaiyan)

2.7 The nonlinear response of winter wheat phenology to climate warming

The relationship between wheat phenology and early temperature in China was firstly analyzed by using
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the phenological and meteorological observation data. The results show that sowing, emergence and tillering
stages of spring wheat are in a nonlinear relation with the early temperature, which begins to be linear from
the jointing stage. However, winter wheat is just the opposite. The differences between the different regions
were then investigated to show that the mature stage of spring wheat changes with temperature in a concave
curve in Shanxi, Gansu, Ningxia and Xinjiang while the relation is linear in other regions. The response of the
duration of different developmental stages of wheat to the early average temperature was finally discussed. The
duration of emergence to milk and to maturity of spring wheat linearly decreases along with the rising early
temperature. The duration of tillering, stopping growth and turning green from emergence stage is linearly
correlated with the early average temperature while the duration of jointing, heading, milk and maturity from

emergence stage is correlated with the early average temperature in a convex curve. (Ma Yuping)
2.8 Impacts of climate change on agroclimatic resources in northeast region

The temporal and spatial trends of the main climatic elements and agroclimatic resources were analyzed
by using the data of 91 weather stations in northeast region (Heilongjiang, Jilin, Liaoning, Four Leagues in
Inner Mongolia) from 1961 to 2010 and regional climate model simulations from 1951 to 2099. Under climate
change, the changing climatic resources in northeast region from 2010 to 2099 are significant. The temperature
will rise and the rainfall will slightly reduce. The warming and drying climate will have some impacts on
agricultural production. Climate change will result in more agricultural heat resources in northeast region,
as indicated by the advance of the early date of =10 °C , the delay of the first frost date, and the possible
growth period extension. The increment of accumulated temperature will expand the available planting space,
so that the late-maturing crop varieties can be planted more widely, and the areas where crops are not grown be
reduced. For example, the minimum accumulated temperature of spring corn in northeast is 2100 °C-d. The areas
where spring maize is not planted in Heilongjiang Province from 1950s to 2090s will be reduced to Mohe. But
the reduced precipitation may cause adverse effects on agricultural production. (Guo Jianping)

2.9 Changing and abrupt extreme temperature in mainland China from 1960 to 2010

Studies based on the 10th (90th) percentiles as thresholds have been made to assess moderate extremes
in China and the globe. However, there has been notably little research on the occurrences of high extremes
of warm days (TX95p and TX99p) and cold nights (TNOSp and TNO1p) based on the 95th or 99th (5th or 1st)
percentiles, which have more direct impacts on the society and the ecosystem. The study demonstrate that
(1) the frequencies of TX95p and TX99p increased, on average, by 1.80 d/10yr and 0.62 d/10yr, respectively,
at all stations in mainland China. The TX95p and TX99p increased significantly in 50.42% and 58.21% of
the stations, while the TNO5p and TNO1p decreased significantly in 83.76% and 76.48% of the stations,
respectively. The frequencies of TNOSp and TNO1p decreased, on average, by 3.18 d/10yr and 1.01 d/10yr,
respectively, at all stations. (2) All regions of China, except for Central China, exhibited an increasing trend
inTX95p and TX99p, but the vast majority of mainland China showed a decreasing trend in TNO5p and
TNO1p. (3) The TX95p and TX99p trends transformed in the 1990s or 2000s, but the trends of TNO5p and
TNO1p underwent an abrupt change in the late 1970s and early 1980s. After the abruption, the trend of warm
and hot days increased more rapidly than before in most regions, which indicates the greater risk of heatwaves
in the future, while the trend of cold and freezing nights is not as large as before (Fig. 7). (Fang Shibo)
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AR IEAE G R (R=0.85, p<0.01). ETIEMRESHFEL L, X RIPANB ZACHTAY) & 5%
KA (OVOC,) WL, Nl ., T 8. HELEH (MVK), HIEFNERE (MACR) DIEH
FENEER (MGLY ) Safb2f b s St A7 TR, MR &3, ZEEXT 201045 5 2 PAN (9 5Tk i K,
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2£159.7%, WHEIKRZ (K2 ~3), (5ER)
1.8 FESRRTLSHiEthERE2ENNER

AW 5E T 2009 4F 9 H 2 2011 4F 8 H 78 Hb &b T 5 /&5 I 2 7 J8 oy 7 LU B 95 T A M Al 1 4 A
(30.48 °N, 91.10 °E, 4k 4187 m ) JFJ& T b 4 (0;) Fl—%4khk (CO) B, Z55R%EW, 0,°F
PHRA R385 107, ABMEAT29.1x10°~51.4x 107, WEMHEEIMT5H .0, HAIEL TN,
B ARME A B (Ao A BT R T4, A4 EAr g a) i B s (S 5, AR5 i K Y H
ARl HTH O, TR & b 5 e S JH X i )2 O, 4 & & WA, W5 b Ll JL U8l 4 1,
T O, Bk T, RN il I O WEIN{E A F A XA R o T A s B XU i iR i b 3R 28 <O
50y, fRCOAMAIRHRE (RH) B A B KAAFE. 2500 3F7E 0,-CO F1O-RH AL R, R
H B X Z R 2 . AT R, il a5 LR A A AR O, R R Y CO RITRR R, K VG 35 i
XA R (E4), (Fbak)

1.9 AP FEREFTRRSIMEOLSRE & ELIRFAX

20134F6—9 7, R JLARAT 181358 b WL 3] 22 AR T] 0o 3t K A aed e P B T O, R 75 LL PRt
TR, JFSDER BIEREITHF O, RE T . REEOTRERET, O, RA A/ N T 2=
60 x 107 ~ 80 x 107, [RJI NO, 55 S I PERIR S LTI, O, (EREAR, DEBI T OT okt s =5 <
P, &M T O, IRA AT A AT BORMS B T U AR B TXRE T TR, X—45
W5 Y M PEAT B — LI S5 R W) & o 22 8O0 it A r T 3kt 0 b 5t 3 DXl 1T O, 145 L A0, M6
AR B E A SRR . AP LI AE 2R, A AR b M DX A 2= ORI RK I X 3L 2= AR R J= AR AR 05
DX, AN 60x 107 ~ 80 x 107, XUt R AN HLTHT O 33 FH 114 52 M DX 3855 % 3L 28 8 1) 5 W) 3 R A
K, AlRE R AR DOB A 5 P ™, SRR R T R A M TE O, 1R & HeAa THR L LU
5, HOPREE R RER S . (BRiEa)

1.10 2013FBEHEEJL 2 b m B A S R LHFE

FIF 2013 4F 6—8 H Ir b4 2 2% Bl [ 3k () NH, 1% 25 = s 1] 43 B R I AH . 40#r 17 NH, (R R 5044
IR, AR HE IR R 2 . 2013 4F- 5 2 [E 30k NH, /N IR B AL TE R (0.9 ~ 862.9) x 107,
SERRFIAECN (43.9+65.9) x 107, SMHE] PM, 5 7 NH, P34 R HR 4 19.77 + 33.24 g/m’. 2013
AP 53 75 [ 3k NH, FNH, 03 R BE 2 (R0 B4 I AH DG, LW B B i v ARt b DX vl ks o5, U BH e
T it AR 45 1% 2 A 52 0 S B0 SRS NH, FINH, R K B8 . NH AR S 54
B0 H AR Ak ELS B0 SR B R AE . 2013 4F B 2 [ ki S fk % (SOR ) & #%4k% (NHR) &,
WLIA SO, A NH, 23555 46 4 SO,> FNH, A R A K, At M XWX B A&l 175 203 1 i) NH, HE i
A T B, DARRAIR I R e T5 4. (iR Be )

1.1 K=t XE-BEAB TR SRR R E 3T 5E L E R0

20134F 1 A E % - AR, 76K =AM X G 2 RS SG IF R T RS BRI . fb2e4l 5 Fole
SRR . Z5HIRW, 55 — s T R ASUR. 0B0E 43 A ) (B HE I AE 80 ~ 100 nmo PM, BTV BE (5
PM,, 2 84%. MRIGHIXTIRBEFBE WL, FRKRNTE . MK, I EFH Mie SEAGE T 78
AFZERKSSEMT PM, FPM 7E TR T 0962, ER RN LT, PM, X PR RSIHE T
Hk2985%, TESEMISIFT, TTERZAS58%, TEEMAMT, kA 41%, TIRET PM, XK
G TR B S AL B TR R AR R . A1 H 14—17 H YT - 58 H N0, 16 B0k Al 2 5%
% -3 kAR B, RERAFA S FE MBI IA I N, 5RA P RS R A R
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MR EA K ZP UK R = A X5 - E 00T, MRREE LR AR Y ST, X — A
AR AL X, FER A 2 XA R P S5 A G (TR )

1.12 FIRZERIDESSRZHBEE R LI PEFRIPHXAEMN USRS BRI N

SRS AFAE— DR AL (WA i, 7EAODIX04 ~ 0.5 2], BEETSYLHN T (AOD>0.5),
Hh [ AR BBt b1 25 5 19 CDR B AOD R fL AR AR A9 B il , ] RE IR R Fad i MR N 2R e N
T—EBREHERRE AW, SRR TEEMAENACL, #F£EZE, EEGEMEN (AOD>0.5)
IRARAT CDR B AOD B INTiss KB B8, Horh— N n] BRI A B2 78 S JBOR T t
Ja, XA LTSS AT, RIBBRLT W20 I S 15 20 Z R iR SR KR, R4 T3
AR &2, HEFY (AOD>0.5) IRARET, CORBEAOD MM KMBEHEARE, X5
K BEREFRG P HEshA &, KERR PG, 20 o] RE R & S0 BB 0 4k 2258 fin i s
AN BERECE AR AR N 2 S IR S A SR L IR A R AR, TRE S E RS
FMEET SR RISFMA —EN LR X 50T 2 — P il sk, Hrh
— A RER RS, RIEIRR )G, EXTRAM BTSSR T, KRR PR —E 12
S R Z IR KIR, HFRAFERAZHMBK, Mok, (FHEF)
1.13 2P AMELSAREEEHRBES R

I - Bk - RS BEAE R R G, A2 T B M FRE SO 5 = )2 R H 7 1)
I FRREX A T B S ISR A AN, (LR ) . SRR (AR ) AR T (Rl
ZRBIsE A ALH B e BB R L. ARE A KBS (2006—20134F ) 2ERE FH A TR
TR IBALIES CALIOP 2 (LAY EARIEME (VEM ) FISEIREER B, RIEEIRFEE T 10 A
AR B EIEEEE (AOD) FEH MM, 25 ST 2P 5 B B2 AR E S 05 KSR =
JE: MPH_OF HIMPH_AOD, 43K 6 /™ ¥ M vk B 448 1 19 DX 3l oA AV SR PG 9Pl DX A s 1 < AT 52 i) [XC
(SAL). FHIERIZERXIX (WAM) . B RFEHEX (SAO), FIIX (SEA)., FEEGHE. W DHhHHFH
MIX (AMZ ) FIPEILRIFEFEX (NWP ), 3388 X ek A9 A 04 1 RN 2 A9 3 T 49 A R A1 6 o JF o o T A
KRG B % . RBRAHEER . RARAAEEASH S A A TR MME. X Like6
A KBRSV 3 B 0935 1 AW R . 76 SAL X AETE I B i 22 5 PR VD A it R4 76 WAM I
NWP2 A~ DX WU A7 76 BB i v A R A SO S, PR 0 AT o BN — B8, I XS i A =0T e 1 1
BUZARACW; 7ESAO X, A HL R E8ARAR R mlH A A Wy AR 7 A MR 2 ik B IX B, 48K
ZHIFAETERsZ B, @R FUFSE TIZ X2 B DL E bR _ERFSE 2 b0 0 58 5 i 30 3%
N FRAR BT, R, 7ESAO. SEAFIAMZ %X, MAERBRBK S EERZaZz b, Gatit—
B E AR AT R BT RS EE e, BT IRR AT 21 MPH_
OF 017 15 FE AL AE 3 T3 T AOD HER 14575 2 il MPH_AOD . 775 It 75 75 Hb 1 458 155 14 [X 38 %5 K 1)
AR, 1 AOD RAH X FELAE R YEIT b I, 33X 2 PR k4 R 22 8503 0 IS HE SO X434 7 b T 5T
T, Y E R N Rk —E S, R SRR, (SREF)
1.14 K=AXEEEN KBRS RABE AR

S AT BE 7 B S 5 S5 AR UIAH S o A T B A b T R R T R K e A IR
U R B FRT R R, 2013 AR ZETE K — A b DX 28 DX 3 AR JEC il K1) e ek 5 A 2R e X A G
MR 40% ~ 90% 3 Fil NSV I I B 36 1 PR F EA T Tl . IR R4 T T S I B0 o0 A7 AT ok
S LA A I 11 2 DX AR U 3l A0 e R e 3 R 285 SR B s, A 85% MIARXHREE TR, R
Vs S Bt 2R B W R B K R Y AR AR Y LR 1.29 ~ 1.86, AHXHIE BE M 40% FH 5 1 85%, SIS HL
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SRR T (58+12) %, JaMHEURBCFREIEK T (25+7) %, J& S 4w T
(2124) %, 735h, BRI XA B W K A2 e A vl LLAE Y, A 20 00 2 s e U TS W
M3 RBES R PEMEIN R o BRI, BB K R 1 BEE A HL T b7 FL e R mieis )y, B ICAL
BT Fe B ORI R O, Hoh, SRR T 0 L SRR (85% ) RIRFUEASC, JES5 BRI K
MhZ A UIAHSG, AR Eh & BB, IR ol e - N o 0 B R 0 e el A R S Y B
FRSRa M2y 47% (&5), (FMRYE)

1,15 JERRSFRHFER SV KRR

SR e 8 B B 1 A8 B (033 — Bk b 22 55K ( HPAEC-PAD ) 43 ik, b3k X PM, s 1 PM,, i
WAL G YREATRE 0T . FEALRUR IR 3G 14 MBESRAL S, S0 BB . B A i =
RIE BOKREEIEZE e RpE . H 8 R IL RN . W aL R . SRR St . Bl 45 T
fAWERE . HERRENE . N =B, JRWERE . 2- IR T DUms (2- HISETRMEREA 2- H LR G mE ) . ABEREA
JULBE o AR IR T A= W) BMhbe ,  BRAC T RO B K W = T 55 RO B IR T LR W IR,
AR KB AR T H AL ZET . PMFIEMAT B AU S5 SRR I, Lt RAVR I B S tb & W ok
BEELI 62, iFEYIRE . S M SOA, LHERI? . HEM 1. Bh &N =BE %
Wo CRMM)

2 KRERSBEAR KRR KSR STHIR NS

21 FESSERLLNTR ST

B EBF R SR T RIE IR A BUE IR S (CUACE/Chem ), $551JE K B T Hidh Z4H 40 %
02 3 A 5 B 5 ARG AR U] RS ALL . RIS & - B KM BAE A2 B fE, SE TR
g ~CCN=- = — 4@ it - Bk — Al . U #8 & B, ST 45508 KIE S G R BE . 7 sl HERK
FAPAE TAE, 20 BRI RS0, 45 2014 4F APCE /8] PRS2 WUk SO HEVEAY , 20154E4
B2 I B AR SR TR AT, UK 70 i 4F PR BOE S AR SR B IR 55, 2014 4R 2 J 2
DX IR HEROR T A 45 . o APEC 23 B 8] RS0 Qe Wy sl HERCR PFAE 15 21 8 50 . B AILEH
Hers o PR E R R AN X 3 0 1 55 2 W I AR L 55, Efmdb i AR R T CUACE K3
T, XHF10 ~ 30 RME ST, R 5 RKEL R, B4 CUACE ) GRAPES ilRA
£ CUACE K5 A0 Ab T A% RAS T & S0 A 7 T, & T CUACE & EMIEZITT L, LR TR
PR AS BE B OB VC B H R . G5 T P R DO 9 i 37 1R A0 Do A5 X 3 A A e e, i
CUACE B AT LSS LA TR B MAS L& . E R EX N ZHEMIKE T, ffi1F CUACE ] LI &
K. W, BAFESIERNTER, SMTPERTEL ~ 3 kmo (XIBEF])

2.2 EHWMIRMASIBECREAR

“HHW R R BEEACIEE” IREAYBTSE B AR R S — R G 2 A e R TP R A
SR “FHY -2 RESSREMAHRRAE” . B TR /R g% . Wil K=<5
YW e A SN I6 A NI TR B B0 5, R4 TR 7R, KR T R
s FUH CFD AT T i A2 i R Ye M o A B2, SEB T R EE AR WRE Al X R
FERLE Fluent B PATE B, 42 AR R A9 SR vk, (gt )
2.3 E-BRESRMERSBRKSOAEHREIER

BT E PR A E 15 km RS L WAL GRAPES_CUACE3.5D 2558 / AE UL Wik 2 e B0l Bf

@
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TR PM, s BOAHELARE AL LSk e e st i STmk . A3 2R 4538 (1) R B
SRR RIS TR B B, SBOA SR EINARE, MO IE R B, AR A
BRI T AR MG, s TR R, AR T RRAN L, BIRRB. CARSE RO,
S B S RN A T 22 PM, s BRURAE AT M T, TR 1 S io QAR BE, X 5 09 5 52 i) ) AR AT
SN o (2) AESTH DX PM, 5 ¥ J8E A LA M IX 1) R XURA ARG B AR OGP . AT 5 800 hiPa iy 2 AT T
SLT5 YWk i E B BE, 900 hPa g HE AT 2 5 B Mk fo O A R . TERUTREL R KUK
AR, AEECRIATAE Z 18] PM, s B S0 AR TN, AEAN [ A R Ta] 05 R AT DU PM s A9 PR QL n] DU . X
2013412 A 6—7 H B K UNBAURI IR, TR TS S 0F A L AR o i a], JERTR 1 Ji 4
b DX W Y PM, 53 B2 RT G B T 75 G ) A0 5 X I Bt DX PM, 5 B R B DRI 2 55% , i 1A
BRI, (%)

2.4 ZEFMHEREEEHRE SIBRI SRR AN IR

F AR - S AR A8 BCC_AGCM2.0.1_CUACE/Aero, LA K 45 58 W4 1 6 15 i vk &
S G AR AR (RCPs ) E s A ICHER R, A5 1 I bR R S L (R HE s b i) e s HE R
XAV SR RN I sE . BIFSE R B, WHERARYE RCP2.6 1% 5, (0K SR f HE A & i /> £ 2100 419 T
fli 7K, T2 T A BRAT S AV v VRN L 2000 4F 7K 335 0.12 W/m® s 30F A I T 2%
SERARNE . SR, A0 SR R A i HE SR A S L RIHE R A ( A ARBRATA ALK ), SR B T A ]
RS RON S 250855 . IR AR YE RCP2.6. RCP4.5 HIRCP8.5 1 5, LAAS [F) 75 200 A A5 3¢ 26 < 3% it 1k
IR B 2100 4R ALK, RAZTRABRAEF- 34 Ve HIR08EHFF L 2000 427K P85 1.7 ~ 2.0
W/m®, T A 2 bk AR I AN 5 i O Rl HE R A 0B R0 =X, i oe 45 R i, ek 2
BT RE S S ECR R UER SR R GBI AR R . ( ERRST)
2.5 MRiESHEME R R B RS S FnsaiE A 5200

AL T 0 AU R 5 07 R A I - SR SRS R R B, B A =3 ok £ FH %)
L A e S B S A (A T T AR IR A D B R RN AR . MR T, X TFAeR
(WEZS ) W00, DU o i3G5 17 R0, R R b 3 119 A R AR ST 34 00 s U8 3 S 25500 el
i18% (14% ). 15% (18% ) F112% (15% ). PUymAR LR SRR T4k . FiE b . Flhi n Fn
PG Fr 22 Ah ) DA I L R S RO i 25 R R, KA 2200 TR, #hER A 22 51 ffE
R 2B 4.0 W/m®. U308 1 A A0 I S B I AR A 38— B0 ik 10%, A 8 X & ot
100%, GRS RIA R, B E WM T ARSI B AR SR o B A IR Ah 1 B
FEAC A BR PG B X0, W 2 2 T I R AR T 0.6 W/m® s i BFGE R, R T 0/ VA 20 A
AR I BRSO AT E T, RA LEESR 2 iE e Ak . ( E&Sr)

2.6 ETHEARMNABERZNBRSBRIFERRETEMNR

FIHRGEHFERE . HEBHE PR AR A T LR R (BC) WHiRE P HA R KA &
Pho BEXTIX— AL, SRR A G B A 5 o0 R Bk S I IR s AT RO IT 1E . R A IR
VRS 25 r A e, PR T 356 T B A8 360 0y v ) 4 BREALI 20 77 AR A s IR AR A R S I TR HE
BRFAE, B IR R 25 JE 23 A AH OC B 30 58 0 5 2 4 R I 25 S ] . =S [ AHOC B i 8, 4G
FEASTE G 3 A0 5 UL B kL o BT XA BRAEAS 2575 5ei58 22 U 26 00 B ok e AR L IR, R X 5
RZED T 22 R TR e — Bl E 25 0 AH S R B T 58, AU BR BB G, (R R T IE T
FUERG . A AL 2 KRS BB CUACE RO ZE SR, 454 M U ) X 2008 4F- 45 H B 55k 5 5t i
77, TTIERT4 FE BCHEMUE B M 1449.6 Gg, 1T1EJG 8 2539.3 Gg, AHEMEH[-80%, 227% ],

@
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WDk [-58%, 102%], FRATIEFEANAETE T 1T IE AT 448 O IR o B i ARk . B T 1E 2 A9 U5 i 7 PR
AT L, A IS R 5 0 s 4z, A IR 25 A -74.34% Yk /b 3] -37.20%, HAFHE
JridiR2E (RMSE) /b T 30%, 53R, EA RS SR S RIRER AT T, i
RS BB e ) — AT B (TR

2.7 GRAPES-CUACE X S b ZFfEMEE T HIFIEE X N F

56 I CUACE SR AL A A R i T e M RN AR B X S S . A A, 58 GRAPES 5 CUACE
ZE ORI g E . MK, 58 GRAPES-Meso "1 14k 2 M Fh iy 26 3 R A G AR i) 2 BB
PR L) 2 S IR AT R A B 3 T A R T e A SR X (B R B RIR X ) B EE A
Hevs i B (BVAR 25 b URR R BRI B ) o R Bl 7 v 0 5 1 DR TS e TR X S AT IX RIR A
X SR IR HERCR S, HARETZIET 17 ~ 18 h P AGTEHERCS B AR R 52 0 2 8 1 2 i TR HE
R SEMR o SR RIS Y B R T, TR A AR XS ) 3 5 DG B R DX AR HE R B, RAEAT I
XA R BR A s U HE DX R, 7 e B B, PR U HERCR (B 6 ) (ZE24EE)

2.8 201341 H Lt X E 58 552 1T F£S0,FANO0, AICMAQIE B 1L #= HLifF 3=

L2006 4F- 1 [ 4 X 9 INTEX-B HERCE S0 54, R CMAQ B YR M4k 7, R HHT 1
2013 4F 1 H HE 35 75 Yo B AR Hb IX 19 SO, MINO HER IR . v WRF-CMAQ #2X LA & 2006 4 INTEX-B
WG HE B AT 2013 48 1 7 Stk B9 HERIR,, 43 BIBLHL T 20134F 1 H 9—15 H F128—31 H 2 IR 54 H 5
15 YL R A SO, FMINO, VR BE , JF 54t IX 47 A BREE Wl sl o5 SEE AT X b, T 00 T 2T
G IR R [R] 4 sz T8 VR A RS0 A5 R R L etk TR PR o AR SCIR SR FH 2012 4138 A2 R 27 4 il 19 7R b X METC HE
TR BLITAL T SO, FTNO, [FIAE S J8 1) A 1 . P45 R R . (1) CMAQBETE YL IR [A] Ak 5 ik Wl ik
HFESE YR, BER A R R SO, . NO, R I 28 AL FRAE 5 ST 4 — 3%, i HL Al
BRSO, NO, HER IR 3 1 sh 5 A8 AFAE . (2) FET R R E TR E SO, NO, e BE R BLR5CR B 8 A T
2006 4F INTEX-B HEBCIR , i ] 48 fh s 35 5 S E 4 — 3, 10 B n] B0 5 475 G i #2 S0, NO, ik
FERIEE . (3) SRR BEALILL) SO, NO, ¥ B 2 [8] IX /0 AR FRAE 5 S (E A — 2, T HLmT 48 e e
G Y X A A RE . (4) 205 3R RIS SO, NO,BIPLHR B 55 S A9 AH 5 R 800 P e
H, RZEEIEN; SO, FEBGHRBCRIE UL T NO,, X 5754 EXT 2 Fis ek R mE R A X, (5)
WIHRTEH SO, . NO, HERCIE A4 25 18] 2345 A BE 55 2012 4F 15 SR A2 2 il O HE RO SR 22 S 3k, i TRl fk
TR ) 45 () 3 A 58 40 40T T S PR A U, T S T A ) R A M DX TS Y VR A A A o AR SO ST
g5 SN Sy otk T AR S Y B A AR TR . 9N B R I S B HE RO T BN P L PR SO, .
NO, ZEHECIR A5 8O LA B A ARG 240 DX HE IR A 20 25 08 1 S5 42 A B R B 48 Ak o3 S8 186

()
2.9 ETCMARRTUAN B & R fh B /) — S @YK A0 oh E 0 [XPM, K E BN H-Geit TR 73 AT 3R

K CMAQ AN 38 1 e /> 3 [ R EEAR S & 1 80 ) - Geit Bl 7 ik xd 2014 4 1—12 A 2
252 A~ B W 3 () PM, s & BE B B B AEL 64T TR shITIE, 28T TITIERT G PM, 5 e B i i 25 A8 AL i
ik, H SISO AR B AN [) b DOAS [R) 22705 i PR . 45 R 3R : (1) CMAQ A il i PM, s ¢
A Y KA 22 2R A 26 R UM AR I S 5 [ A A e fiE, BRI 77 L ILZRFR A3 X . 160 s IX LA
B ARIR . HERE IR o b DX TR O L SRR PG R o bl X AR A T IEJS PM, s R EE S
SEDE B 25 R A e — 3, b A i o TR fEG M DX A PML 5 0 32 T 158 2 0 35 /N . Bk A2 P, TR B T
ANV IE A 22 ¥ R TAEEBE . (2) 4 [ X524 PM, 5 v B 52 I8 A2 76 B I i 2245 A8 L R AR,
1—=3F 11—12 AR, HAA BB/, PM, WREFHRIRZER K, ZH0 2Rk ik, JoHZE1—3H
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11—12 AR I . ITIEJG PM, o ¥R B 5 Sl B, i HLE [A) A8 Ak i 35— 3, FK& 2= PM, 5
WEE TR AT IE R Z IR B K THEEZE, (3) BKA T4 5075 G X mU S b X PM, 5 SE0 R B
A XSO BMEER, I Xk 2z, K AR = AR/ BR = A HLIX PM, o W B TR AT IERICR 85
4F, NREAI A IX IR Z, B s XA 2% SR INITIEG, S4FEMAKA ZERT B PM, W T
IEE 5 SEME A OC R A WG N, 222 RV, UHEAFITIERUR SR, (4) )it X
FIITIEHE IR E R, K =AM X IR, =AM, (5) AR HFIEE G
H #1544 H 4= [E15 Bl PM, s SR M BETTIE, PN R0 2 PM, s MR BE (T T IERCR BB s %07 k%
TR B M X 5 G H A PM, s Wk B2 T B A R, A 3 b X AR TS By B 3T IE MO ORI T 15
YeH o ARSCHFSESE R AT S etk A AP i . H A T Y ORI RN B A 48 R B R R AR AR AR
o (B

7 T T T T T
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Fig. 1 Concentrations of PM,,, PM, s and PM, in China



2015 CAMS

Annual Report

—+—PAN ——PPN
12 -

10

PAN and PPN (x107)
[oe)
|

01— T T T 717 ITU U T

o e A B e e P RS0 W0 D P
June July August September

Sampling time

K 2 dEEWEERIR IR (PAN) AU ABEERSEREE (PPN [RS8 751
Fig. 2 Time series of ambient PAN and PPN in Beijing during Jun.—Sep. 2010
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Fig. 3 The PA production rate for each source and the respective contributions
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Fig. 4 Monthly/yearly relationships between surface O, and wind speed averaged for different times of day at Dangxiong. The
curves are fitted parabolic relationships and they are all statistically significant at a level of p<0.0001.
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Progress in Atmospheric Composition and Atmospheric
Chemistry Research

1 Observational studies of atmospheric composition and related properties

1.1 Long-term measurements of aerosol optical properties for China

Ground-based, quality assured, monthly mean AODs and their yearly variations were presented over a
large area of China. Large AODs (>0.60) mainly occur in central and eastern China where heavy industrial
and other anthropogenic emissions lead to high aerosol loadings. Aerosol particles generally decrease in
size when moving from north to south, which is due to the effect of sand-dust events on northern China
region and the effect of secondary aerosols on southern China region. The AOD level at remote sites is a
little bit lower than the global average, while that at rural desert and Loess Plateau stations is about a factor
of 1.7-2.1 higher and that at rural sites in eastern China and urban sites a factor of 2.7-3.7 higher. The
annual variations in the AODs at CARSNET long-term (2002 to 2013) observation sites show an increase
from 2009 to 2013, which could be affected by changes in meteorological elements as well as variations in
emissions. (Che Huizheng)

1.2 Synergistic effect between SO, and HCOOH on the surface of CaO

Due to the altered properties of particles and the budget of trace gases, heterogeneous reactions on
mineral aerosols become an important subject in the atmospheric chemistry. However, synergistic effects
between trace gases on the surface of mineral aerosol are largely uncertain. In this project, the synergistic
effect between SO, and HCOOH on the surface of CaO was studied using in situ Diffusion Reflectance
Infrared Fourier Spectroscopy (DRIFTS). From an analysis of the spectral features and kinetic curves, it is
found that the heterogeneous reactions of SO, and HCOOH on the surface of CaO blocked each other. In
addition, the formate and sulfite decreased when SO, and HCOOH were introduced into the reaction chamber
simultaneously. Synergistic effect between SO, and HCOOH on the surface of CaO was mainly divided into
two aspects according to step-by-step experiments. Less reactive sites available for adsorption because of
the coexistence of SO, inhibited the reaction of HCOOH on the surface of CaO, resulting in the decrease of
the formation of formate. On the other hand, HCOOH could prevent SO, from reacting with CaO so that the
formation of sulfite decreased. (Wu Lingyan)

1.3 Characteristics and long-term trends of surface ozone at the Mt. Waliguan GAW station, China

Long-term variation trend of baseline ozone is highly needed information for environmental and climate
change assessments. So far, studies about the long-term trends of ozone at representative sites are mainly
available for European and North American sites. Similar studies are lacking for China and many other
developing countries. Measurements of surface ozone were carried out at a global baseline Global Atmospheric
Watch (GAW) station in the north-eastern Tibetan Plateau region (Mt. Waliguan, 36°17'N, 100°54'E, 3816 m
a.s.l.) for the period of 1994 to 2013. In order to uncover the variation characteristics, long-term trends and
influencing factors of surface ozone at this remote site in western China, a two-part study has been carried out,
with this part focusing on the overall characteristics of diurnal, seasonal and long-term variations of surface
ozone and its variation trends. To obtain reliable ozone trends, we performed the Mann-Kendall trend test
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and the Hilbert-Huang Transform (HHT) analysis of the ozone data. Our results confirm that the mountain-
valley breeze plays an important role in the diurnal cycle of surface ozone at Waliguan, resulting in higher
ozone values during the night and lower ones during the day, as was previously reported. Systematic diurnal
and seasonal variations were found in mountain-valley breezes at the site, which were used in defining season-
dependent daytime and nighttime periods for trend calculation. Significant positive trends in surface ozone
were detected for both daytime ((2.4+1.6) x107°/10yr) and nighttime ((2.8+1.7) x107°/10yr). The largest
nighttime increasing rate occurred in autumn ((2.9£1.1)x10%/10yr), followed by spring ((2.4+1.2)x107°/10yr),
summer ((2.2+2.0)x107°/10yr) and winter ((1.3£1.0)x107/10yr), respectively. The HHT spectral analysis
identified four different episodes with different positive trends, with the largest increase occurring around May
2000 and October 2010. The HHT results suggest that there were 2—4, 7 and 11 years periodicities in the time
series of surface ozone at Waliguan. (Xu Wanyun)

1.4 Effect of aluminium dust on secondary organic aerosol formation in m-xylene/NO, photo-
oxidation

As an important anthropogenic VOC, m-xylene attracts much attention due to its potential in SOA
formation. In this study, effects of aluminium dust (boehmite and alumina) on SOA yield and aerosol size in
m-xylene/NO, photo-oxidation were investigated in an indoor smog chamber at 30 °C and 50% RH. Compared
to the seed-free system, the presence of aluminium seeds resulted in an increase in the SOA yield, and also
enhanced the O, concentration in the chamber. The photolysis of O; is a major source of OH radical, which
is the most important oxidant of m-xylene. The increase in O; concentration could result in the generation of
more OH radicals, and finally contribute to the SOA formation. Seed particles influence the SOA size mainly
by acting as condensation nuclei. SVOC, were condensed onto these nuclei, resulting in the increase in SOA
size. However, when aluminium seeds with high concentrations were introduced into the system, SVOC, that
had been condensed onto each particle were dispersed by these seeds, leading to the reduction in aerosol size.
(Liu Chang)

1.5 Spatial and temporal variations of the concentrations of PM,,, PM, s and PM, in China

Concentrations of PM,,, PM, s and PM, were monitored at 24 CAWNET (China Atmosphere Watch
Network) stations from 2006 to 2014. The highest particulate matter (PM) concentrations were observed at the
stations of Xi'an, Zhengzhou and Gucheng, installed in the Guanzhong Plain and the Hua Bei Plain (HBP).
The second highest PM concentrations were observed in Northeast China, followed by South China. According
to the latest air quality standards of China, 14 stations reached the PM,, standard, and only 7 stations, mainly
rural and remote stations, reached the PM, ; standard. The ratio of PM, ; to PM,, showed a clear increasing
trend from northern to southern China, because of the substantial contribution of coarse mineral aerosol in
northern China. The ratio of PM, to PM, ; was higher than 80% at most stations. PM concentrations tended to
be highest in winter and lowest in summer at most stations, and mineral dust influenced the results in spring.
A decreasing interannual trend was observed in the HBP and in southern China for the period 2006 to 2014,
but an increasing trend occurred at some stations in northeast China. Bimodal and unimodal diurnal variation
patterns were identified at urban stations. Both emissions and meteorological variations dominate the long-
term PM concentration trend, while meteorological factors play a leading role in the short-term (Fig.1). (Wang
Yaqiang)

1.6 CO, concentration in representative source and sink areas at Shangdianzi atmospheric
background station in Beijing

In order to study the spatial representativeness of CO, source and sink at a single station and the regional
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flux characteristics, the atmospheric inversion model FLEXPART was used to simulate and determine the main
source of air mass impacting on observed concentration at Shangdianzi station. Carbon Tracker model was
also used to inverse spatial and temporal distribution of CO, concentrations and fluxes. The optimal threshold
of footprint function was found with a numerical iterative approach and correlation analysis, and then the
distribution of source and sink areas of CO, observed concentration at the station was obtained. Then, the in-
situ CO, observed concentrations were screened into two parts, the background and the non-background, for
tracking the background and non-background source areas of a station with FLEXPART model. The results
show that the background and non-background source regions were obviously different and changed with the
seasons. In the potential source area where footprint function was greater than the threshold, the background
and non-background regional net fluxes changed differently. The fossil fuel flux was smaller and the biosphere
flux was larger in the background area. However, it was opposite for the non-background area. Therefore,
source and sink areas, influencing the concentrations of an observing station, and regional characteristics of
fluxes, could be quantified using inversion models.(Cheng Siyang)

1.7 Pollution levels, diurnal variation, source and sink of atmospheric peroxyacetyl nitrate in the
summertime of Beijing

Atmospheric PAN is an important indicator in the photochemical smog, which plays a crucial role in
the atmospheric chemistry and causes an adverse effect on human and plants. In this study, we conducted the
simultaneous measurements of atmospheric PAN and PPN by using GC-ECD method in the summertime of
Beijing. Their mean and maximum values were (2.61+2.57)x10™ and 12.50x10™ for PAN, and (0.52+0.38)
x10™ and 2.16x10™ for PPN, respectively. In addition, they both show distinct diurnal variations and a very
positive correlation with each other. Based on the simple steady method, we investigated the contributions
of atmospheric oxygenated volatile organic compounds to the photochemical formation of PAN such as
acetaldehyde, acetone, biacetyl, methyl vinyl ketone, methacrolein, methyl glyoxal, respectively. The results
suggeste that acetaldehyde was the predominant OVOC with the contribution of 59.7%, followed by acetone
(19.7%) (Fig. 2-3). (Zhang Gen)

1.8 Two-year measurements of surface ozone at Dangxiong, a remote highland site in the Tibetan
Plateau

Measurements of surface O, and carbon monoxide (CO) were made from September 2009 to August
2011 at Dangxiong (30.48°N, 91.10°E, 4187 m a.s.l.), a remote highland site in a southern valley of the
Nyaingéntanglha Mountains in the Tibetan Plateau, China. The monthly mean O, mixing ratio ranged from
29.1x107 to 51.4x107°, with an average of 38.5x10”, and the maximum value was observed in May. The
average diurnal cycle of O; concentration showed a minimum in early morning and a maximum in the
afternoon, with a broader “high platform” from the late morning to the late afternoon, which resembled that
of surface wind speed. The concentration of surface O; was highly significantly correlated with tropospheric
column O, over the regions surrounding Dangxiong and with that of surface O, observed at a site north of the
Nyaingéntanglha Mountains, suggesting a good regional representativeness of surface O; at Dangxiong. In the
afternoon when stronger winds blew, surface air showed distinct features of free-atmospheric air, with higher
0,, lower CO, and lower relative humidity (RH). The negative O;-CO and O;-RH correlations in most months
indicate a significant influence of air masses from the free troposphere. A trajectory analysis suggests that air
masses originating from the south of the site make a negative net contribution to surface O; and a positive
contribution to CO and humidity, and those from the northwest sector contribute conversely to the respective
quantities(Fig. 4). (Xu Xiaobin)
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1.9 Increased mixing ratio of surface ozone by a nighttime convection process over the North China
Plain

Surface ozone and other reactive gases were observed at the Gucheng (39°08'57"N, 115°44'02"E) in
Hebei Province of China from June to September in 2013. There were 10 cases with rapid increases in the
mixing ratio of surface ozone and sharp decreases in the mixing ratios of nitric oxides and carbon monoxide
when convection processes occurred at night. The mixing ratio of surface ozone mostly increased from less
than 30x10™ to 60x10°-80x10™ within less than 1 h and stayed at a higher level during the night and the
next morning than that on the undisturbed days. Such phenomenon cannot be explained by photochemical
production. The increase rate of surface ozone level is not correlated with wind speed. Therefore, the
change in ozone cannot be attributed to horizontal transport of polluted air mass. In order to understand
the phenomenon, meteorological data from Gucheng and from ECMWF reanalyses were analyzed. Surface
pseudo-equivalent potential temperature (6,,) for each case was calculated from the simultaneously
measured meteorological data. In all nighttime cases of convection process, the surface 6, values decreased
dramatically within a short time, coinciding with the steep increases in the ozone level and the wind speed.
This suggests that the mixing ratio of surface ozone is enhanced by descending air from aloft. The convective
process occurred in the warm area ahead of the front in most cases and only once near the cold front. These
clearly indicate that convective downdrafts transported air with higher ozone and lower #,, from upper
atmosphere to the surface layer. With the vertical profiles of 6,, values calculated from ECMWEF reanalysis
data, the levels of origins of convective downdrafts were estimated as from around 500-800 hPa. Vertical
profiles of ozone observed using an unmanned aircraft near the station show that ozone mixing ratio over the
boundary layer at dusk is higher than 60x10~, supporting the view that the increased mixing ratio of surface
ozone during and after the nighttime convection process is caused by air descending from the lower to mid
free-troposphere. The phenomenon with ozone enhancement is also observed at an urban station in Beijing.
In most cases when Gucheng and Beijing urban are impacted by the same convective systems, ozone and
0., at both sites show similar trends. All above implies that ozone mixing ratio maintains around 60x107°
—80x107 in the mid and lower free-troposphere over the North China Plain in summer and early autumn, and
an ozone increase by convective downdrafts is able to impact a large area of the North China Plain. Compared
with other places, a convection process causes a larger ozone increase, which may exert stronger impact on
atmospheric environment. (Xu Xiaobin)

1.10 The characteristics of atmospheric ammonia at Gucheng, a rural site in the North China Plain
in summer 2013

In-situ measurement of ambient ammonia (NH,;) and water-soluble ions in PM,; was conducted at
Gucheng station in Hebei Dingxing county from June to August 2013. The concentrations of NH; at Gucheng
site ranged from 0.9x10 to 862.9x107°, with the average of (43.9£65.9 ) x10™°. NH, concentrations increased
sharply after fertilizer application in July for summer maize. Ammonia was of a significant diurnal variation
during the sampling period. NH; concentration maxima occurred at 09:00 and the minima at 19:00. The
average mass concentration of ammonium in PM,; was 19.77+£33.24 g m™ in summer 2013. Ammonium
showed significantly positive correlations with NH; concentration. Higher sulfur oxidation ratio (SOR) and
ammonia conversion ratio (NHR) led to an important effect of SO, to SO,” and NH; to NH, conversion. The
dependence of inorganic PM,; on the NH; levels suggests that controlling NH; emission from agricultural
sources is an efficient way to reduce secondary inorganic particle pollution in the North China Plain. (Meng
Zhaoyang)
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1.11 Characterization of submicron aerosols and their effect on visibility during a severe haze-fog
episode in Yangtze River Delta

Particle size, composition and optical properties were measured at a regional atmospheric background
station in the Yangtze River Delta (YRD) to understand the formation and evolution of haze-fog episodes in
January 2013. The peak of particle number/size distribution was in the size range of 80—100 nm during the
measurements. PM, mass concentration contributed 84% to the total particle mass (PM,,). Based on visibility
and ambient relative humidity, three types of weather conditions (i.e., clear, hazy and foggy) were classified in
this study. The extinction coefficients of PM, and PM,, under dry conditions were simulated by the Mie model.
Under dry conditions, PM, was found to contribute approximately 91% to the light extinction coefficient of
PM,,. However, the PM, in a dry state was found to contribute approximately 85% to the ambient extinction
coefficient of PM,, during clear conditions, 58% during hazy conditions and approximately 41% during
foggy conditions. The variation of the dry PM, contribution was related to the water uptake of particles under
different relative humidity conditions. A severe haze-fog event on January 14—17 was discussed in a more
detail as a case study. Two episodes were chosen to show that nitrate and organics dominated the aerosol
composition during the severe haze-fog episode, which was related to secondary aerosol formation and air
mass origin. Nitrate played a more dominant role than sulfate in heavy haze formation in the YRD region,
which was different from the North China Plain region. (Shen Xiaojing)

1.12 Multi-sensor quantification of aerosol-induced variability in warm clouds over eastern China

Aerosol-cloud (AC) interactions remain uncharacterized due to difficulties in obtaining accurate aerosol
and cloud observations. In this study, we quantified the aerosol indirect effects (AIE) on warm clouds over
eastern China based on near-simultaneous retrievals from MODIS/AQUA, CALIOP/CALIPSO, and CPR/
CLOUDSAT between June 2006 and December 2010. The seasonality of aerosols from ground-based PM,,
(aerosol particles with a diameter of 10 mm or less) significantly differed from that estimated using MODIS
aerosol optical depth (AOD). This result was supported by the lower level frequency profile of aerosol
occurrence from CALIOP, indicative of the significant role of CALIOP in the AC interaction. In order to focus
on warm clouds, cloud layers of a base (top) altitude above 7 (10) km were excluded. The combination of
CALIOP and CPR was applied to determine the exact position of warm clouds relative to aerosols out of the
following six scenarios in terms of AC mixing states: (1) aerosol only (AO); (2) cloud only (CO); (3) single
aerosol layer-single cloud layer (SASC); (4) single aerosol layer-double cloud layers (SADC); (5) double
aerosol layers-single cloud layer (DASC); (6) others. The cases with a vertical distance between aerosol and
cloud layer less (more) than 100 m (700 m) were marked as mixed (separated), and the rest as uncertain.
Results show that only 8.95% (7.53%) were of the mixed (separated and uncertain) state among all of the
collocated AC overlapping cases, including SASC, SADC, and DASC. Under mixed conditions, the cloud
droplet effective radius (CDR) decreased with increasing AOD at a moderate acrosol loading (AOD<0.4),
and then became saturated at an AOD of around 0.5, followed by an increase in CDR with increasing AOD,
a shape that is known as boomerang. Under separated conditions, no apparent changes in CDR with AOD
were observed. We categorized the AC dataset into summer- and winter-season subsets to determine how the
boomerang shape varied with a season. The response of CDR to AOD in summer exhibited similar but much

more boomerang-like shape, as compared with the all year round case. (Guo Jianping)
1.13 CALIPSO inferred most probable heights of global dust and smoke layers

The vertical location of aerosol layers is critical for determining predominance of aerosol radiative and
microphysical effects in the aerosol-cloud-precipitation-climate interaction. The space-borne lidar system, the
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Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO), provides an unprecedented
opportunity to observe vertical distributions of global aerosol layers. In this study we examine the most
probable height (MPH) of dust and smoke layers, which are calculated either from aerosol occurrence
frequency (OF) in vertical feature mask (VFM) or aerosol extinction profile. The study focused on six high-
aerosol-loading regions where aerosols are of great interest to a range of scientific topics: Saharan Air Layer
(SAL) over Tropical Atlantic, West African Monsoon region (WAM), Southeast Atlantic Ocean (SAQO),
Southeast Asia (SEA) and South China Sea, Amazon (AMZ) and Northwestern Pacific (NWP). The analysis
reveals an interesting spatial and seasonal variability of different vertical mixtures over these regions: seasonal
migration of dust layers over SAL, separation and mixture of dust and smoke layers over WAM and NWP, and
smoke layer above clouds over SAO, SEA and AMZ. Results also indicate that the OF based MPH tends to
be much higher than the AOD based MPH, owing to the predominating near-surface sources. Within the same
vertical resolution grid of CALIPSO, aerosols are found with higher OF at higher levels but AOD tends to
increase at lower levels, because most aerosol sources are near the surface and the aerosol layers transported to
high altitudes are generally much more diluted over a larger spatial domain than those near the surface. (Guo
Jianping)

1.14 Observations of relative humidity effects on aerosol light scattering in the Yangtze River Delta

Scattering of solar radiation by aerosol particles is highly dependent on relative humidity (RH) as
hygroscopic particles take up water by RH. In order to achieve a better understanding of the effect of aerosol
hygroscopic growth on light scattering properties and radiative forcing, the aerosol scattering coefficients
at RH in the range of 40% to 90% were measured using a humidified nephelometer system in the Yangtze
River Delta of China in March 2013. In addition, the aerosol size distribution and chemical composition were
measured. During the observation period, the mean and standard deviation (SD) of enhancement factors at
RH of 85% for the scattering coefficient, backscattering coefficient, and hemispheric backscattering fraction
were 1.584+0.12, 1.25+0.07, and 0.79+0.04, respectively, i.e., aerosol scattering coefficient and backscattering
coefficient increased by 58% and 25% as the RH increased from 40% to 85%. Concurrently, the aerosol
hemispheric backscattering fraction decreased by 21%. The relative amount of organic matter (OM) or
inorganics in PM, was found to be a main factor determining the magnitude of /(RH). The highest value of
f(RH) corresponded to the aerosols with a small fraction of OM, and vice versa. The relative amount of NO,
in fine particles was strongly correlated with f(85%), which suggests that NO, played a vital role in aerosol
hygroscopic growth during this study. The mass fraction of nitrate also had a close relationship with the
curvature of the humidograms; higher mass fractions of nitrate were associated with humidograms that had the
least curvature. Aerosol hygroscopic growth caused a 47% increase in the calculated aerosol direct radiative
forcing at 85% RH, compared to that at 40% RH (Fig. 5). (Sun Junying)

1.15 The composition and source apportionment of saccharides in atmospheric particulate matter in

Beijing

Based on the newly established high-performance anion exchange chromatography with pulsed
amperometric detection (HPAEC-PAD), the saccharides in PM, 5 and PM,, in Beijing from 2011 to 2012 were
quantified. Fourteen saccharides were synchronously detected in the aerosols sampled in Beijing, which fell
into three categories, i.e. anhydrosugar, sugar and alcohol dehydration. Anhydrosugar, coming from biomass
burning, includes levoglucosan, mannosan and galactosan. Sugar and sugar alcohol, emitted by the primary
biogenic emission, include glucose, fructose, trehalose, arabitol, mannitol, glycerol, threitol, 2-meythltrtols
(2-methylthreitol and 2-methylerythrito), xylitol and inositol. The concentrations of monosaccharide
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anhydrides in summer and autumn are obviously higher than that in spring and winter, while the concentrations
of sugar and sugar alcohol in winter are significantly lower than in other seasons. The results of positive matrix
factorization analysis suggest that saccharide compounds in atmospheric PM in Beijing are derived from
biomass burning, suspended soil or dust, isoprene SOA, as well as direct release of airborne fungal spores and
pollen. (Liang Linlin)

2 Model development and implementation, the impacts of atmospheric compositions
on climate, weather, and human health

2.1 High-resolution monitoring, forecasting and assessment of environmental meteorology

The aerosol/chemical numerical simulation system (CUACE/Chem) was independently developed and
improved, especially by the feedback mechanisms for the multi-component aerosol-radiation and aerosol-
cloud-precipitation interactions, to achieve the two-way couplings of aerosols-CCN-cloud-precipitation cycles
with the meteorology model. The group’s environmental meteorology program contributed to four major
national events, seven assessment reports for emission reduction measures, and more than 20 environmental
meteorological consultation sessions, i.e., 2014 APEC event, 2015 Winter Olympics bidding preparation, and
the 70th anniversary of the victory of anti-Japanese War. Among these, the assessment report for the APEC
pollution control measures was read over and commented on by the General Secretary of CPC, Prime Minister
and Deputy Prime Minister. To coordinate the national and regional centers for the fog and haze monitoring
and forecasting operation, the group has transferred the CUACE system to the Beijing Meteorological Service
to support its middle to long term (10-30 days) fog and haze forecasts and a GRAPES version of CUACE to
Guangdong Meteorological Service to support its daily forecasts. The CUACE system now supports off-line
nesting, arbitrary grid resolution setting and data matching technology, enabling the application of CUACE for
arbitrary grid configuration and multiple-level nesting. It can meet the requirements for low, middle and high
resolutions, the highest of which is of 1-3 km. (Liu Hongli)

2.2 Dispersion and transformation of hazardous materials in the atmosphere

The project “Dispersion and Transformation of Hazardous Materials in the Atmosphere” aimed at setting
up a multi-scale meteorological transport and coupling model to describe the dispersion and transformation
of hazardous chemicals in the atmosphere. The Urban Meteorological and Tracer Experiment, the Mobile
Monitoring of Urban Air Pollutants Experiment, and the Indoor Tracer Dispersion Experiment were
implemented under this project. A lot of valuable data have been obtained and the experimental methodology
has been developed. The effect of boundary layer processes on the diffusion and transport of air pollutants was
investigated by CFD model. The block-scale model Fluent has been coupled into the mesoscale model WREF,
and the disaster alerting method has been proposed. (Ma Jianzhong)

2.3 Transport of pollutants and interaction of aerosols with PBL during a haze-fog episode

The interaction between PM, 5 and PBL, and the contribution of particulate matter (PM) transported from
surrounding regions to high PM, 5 in Beijing were studied, the results of which demonstrate:

(1) Aerosol cools the PBL atmosphere but warms the atmosphere over it, leading to a more stable
atmospheric stratification over the region, which causes a decrease in turbulence diffusion and in the PBL
height. This consequently forms a positive feedback on the particle concentration at the PBL and the surface,
favoring the haze formation. Additionally, aerosol direct radiative forcing (DRF) increases PBL wind speed
and weakens the subtropical high, which aids the gravity of haze pollution and results in a negative feedback to
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the haze episode. The synthetic impacts from the two opposite feedbacks result in an increase in surface PM, ;.
However, the persistence time of both high PM, 5 and haze pollution is not subject to the acrosol DRF.

(2) A very closely positive correlation was found between the southerly wind speed over the plain to the
south of Beijing and changes in PM, s in the city, both reaching maximum values at about 900 hPa, suggesting
that the lower atmosphere was the principal layer for pollutant PM transport from the neighbouring region to its
south to Beijing. During haze episodes, and depending upon the period, Beijing was either a pollution source
or sink for its surrounding areas. PM input from Beijing’s environs was much higher than the output from the
city, resulting in the most serious pollution episode, with the highest PM, 5 value occurring from 00:00 to 10:00
UTC (08:00 to 18:00 LT), 7 December 2013. PM pollutants from the environs of the city accounted for over
50% of the maximum PM, ; values seen in Beijing. At other times, the Beijing area was a net contributor to
pollution in its environs. (Wang Hong)

2.4 The effect of comprehensive reduction in emissions of black carbon and co-emitted species on
the aerosol net cooling

The influence of removed sources of BC and other co-emitted species on the aerosol radiative effect
is estimated by using an aerosol-climate atmosphere-only model BCC_AGCM2.0.1 CUACE/Aero with
prescribed sea surface temperature and sea ice cover, in combination with the aerosol emissions from the
Representative Concentration Pathways (RCPs) scenarios. We find that the global annual mean aerosol net
cooling effect at the top of the atmosphere (TOA) will be enhanced by 0.12 W m™ compared with recent
year 2000 levels if the emissions of only BC are reduced to the level projected for 2100 based on the RCP2.6
scenario. This will be beneficial to the mitigation of global warming. However, both aerosol negative direct
and indirect radiative effects are weakened when BC and its co-emitted species (sulfur dioxide and organic
carbon) are simultaneously reduced. Relative to year 2000 levels, the global annual mean aerosol net cooling
effect at the TOA will be weakened by 1.7-2.0 W m™ if the emissions of all these aerosols are decreased to
the levels projected for 2100 in different ways based on the RCP2.6, RCP4.5, and RCP8.5 scenarios. Because
there are no effective ways to remove the BC exclusively without influencing the other co-emitted components,
our results therefore indicate that a reduction in BC emission can lead to an unexpected warming on the Earth’s
climate system in the future. (Wang Zhili)

2.5 Impact of four-stream radiative transfer algorithm on aerosol direct radiative effect and forcing

In this study, using an aerosol-climate model with two- and four-stream radiation schemes, we find that
the aerosol shortwave direct radiative effects (DREs) and heating rate are underestimated significantly by the
two-stream algorithm that is generally used in global climate models (GCMs). For present-day conditions, the
four-stream algorithms are found to enhance global annual mean aerosol shortwave DREs by more than 8%
(14%) at the top of the atmosphere (TOA), 15% (18%) in the atmosphere, and 12% (15%) at the surface in an
all-sky (clear-sky) case. The DRE differences due to the four-stream algorithms are negative, except for the
Arctic, Tibetan Plateau, Arabia, and Sahara, at the TOA, are positive in the atmosphere, and are negative at the
surface, with the maximum exceeding 4.0 W m™. Increases in the aerosol shortwave heating rate due to the
four-stream algorithms are generally more than 10% and may even exceed 100%. Our results also show that
the two-stream algorithm underestimates the direct radiative forcings (DRFs) due to anthropogenic aerosols.
Significant underestimation appears in the middle latitudes of the Northern Hemisphere, with the maximum
being close to the quantity of 0.6 W m™ in a clear-sky case. This study indicates that a multi-stream radiative
transfer algorithm is necessary to reduce the uncertainties of acrosol DREs and DRFs estimated by GCMs.
(Wang Zhili)
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2.6 Study on inverse modeling of black carbon emissions over China using ensemble data
assimilation

Emission inventories of black carbon (BC), which are traditionally constructed using a “bottom-up”
approach based on activity data and emission factors, are considered to contain a large level of uncertainty.
In our study this year, an ensemble optimal interpolation (EnOI) data assimilation technique was used to
investigate the possibility of optimally recovering the spatially resolved emission bias of BC. An inverse
modeling system for emissions was established for an atmospheric chemistry aerosol model and two key
problems related to ensemble data assimilation in the top-down emission estimation were discussed. The
emission sampling strategy was improved with an additional temporal correlation component, so that an
ensemble forecast had a larger spread to include the observations. The effect of localization in the analysis was
also studied. With reasonable localization, the effects of sample errors and spurious correlations are reduced. An
experiment involving one year long simulation cycle with EnOl inversion of BC emissions was performed for
2008. The bias of the BC emission intensity in China at each grid point was corrected by this inverse system. The
inversed emission over China in January is 240.1 Gg, and annual emission is about 2539.3 Gg, which is about
1.8 times of the bottom-up emission inventory. We also conducted the Monte Carlo simulation to quantify the
uncertainty of the total bottom-up emission and the inversed emission inventory in China. The uncertainties of the
bottom-up and inversed emission inventory are about [-80%, 227% ], and [-58, 102%]. The results show that,
even though only monthly mean BC measurements are employed to inverse the emissions, the accuracy of the
daily model simulation improves. Using top-down emissions, the average root-mean-square error of simulated
daily BC is decreased by nearly 30%. These results are valuable and promising for a better understanding of

aerosol emissions and distributions, as well as for acrosol forecasting. (Wang Ping)
2.7 Construction of GRAPES-CUACE adjoint model

Compiling, assembling and testing the tangent linearity and the adjoint model of CUACE, writing and
testing the interface program code between GRAPES and CUACE, and extracting, constructing and testing
the code related with the chemical species transport process in GRAPES-Meso have been completed. The
GRAPES-CUACE adjoint model simulated the sensitivity of concentration of emission and was adopted
to track the most influential emission-source regions and most influential time intervals for the high BC
concentration. Four types of regions were selected and compared based on administrative jurisdiction
and adjoint sensitivity coefficient distribution. Effects of different emission reduction strategies based on
adjoint sensitivity information show that the more influential regions (those with relatively larger sensitivity
coefficients) do not necessarily correspond to the administrative regions, and the influence per unit area of
sensitivity-based regions was greater than that of administrative jurisdictions. The influence of emissions on
the objective function decreases sharply when pollutants are emitted 17—18 h previous to the objective time
point. Therefore, controlling critical emission regions during critical time intervals on the basis of an adjoint
sensitivity analysis is much more efficient than controlling administratively specified regions as shown during
an experiential time period (Fig. 6). (An Xingqin)

2.8 Inverse modeling of SO, and NO, emissions using an adaptive nudging scheme implemented in

CMAQ model in North China during heavy haze episodes in January 2013

In this study, the SO, and NO, emission sources in North China during a heavy haze episode in January
2013 were retrieved using an adaptive nudging scheme implemented in the Community Multiscale Air Quality
(CMAQ) modeling system, based on the 2006 INTEX-B emission inventory. SO, and NO, concentrations

during two sustaining heavy haze episodes occurring on January 9-15 and 28-31 were simulated using
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the Weather Research Forecasting (WRF)-CMAQ model system with the above initial emission inventory
(INTEX-B for 2006) and the improved emission estimate (inversed for January 2013), respectively. Simulated
results were compared with the observations at 47 stations from the China National Environmental Monitoring
Centre (CNEMC), and the difference caused by the two emission estimates and the advantage of nudging
source over the initial emission inventory were analyzed. Reasonability and reliability of inversed SO, and
NO, emissions were evaluated using the 2012 MEIC emission inventory developed by the Tsinghua University
(MEIC v1.2 inventory). It is shown that (1) the adaptive nudging scheme based on CMAQ model is suitable
for simulating heavy haze pollution processes. Namely, the temporal and spatial variation characteristics of
simulated SO, and NO, concentrations are consistent with those of observations, and the dynamic variation
characteristics of SO, and NO, emission sources are also captured. (2) An inversed source is obviously superior
to the initial 2006 INTEX-B emission inventory for the simulation of SO, and NO, concentrations. The
temporal variation trends of SO, and NO,, including their peak values, during the heavy haze pollution episodes
are well simulated with the former, which is in a better agreement with the observations. (3) The regional
SO, and NO, distributions simulated by inversing emission sources are in accordance with the observations,
with the extreme values in heavily polluted areas being well reproduced. (4) Correlation coefficients between
the simulated and observed concentrations of SO, and NO, increase and biases decrease using the inversed
emissions compared to the initial emissions. There are more improvements in the simulation of SO, than NO,
due to different impacts of emission sources on the concentrations of these two pollutants. (5) Differences in
the spatial distribution and intensity of SO, and NO, emission sources between the initial emission estimate
and the MEIC v1.2 inventory are larger, whereas the results with the inversed emission sources are close to
those with the MEIC v1.2 inventory, with high emission source intensity of SO, and NO, in the key areas being
inversed. The results of this study will provide a new technique and idea for improving air quality forecasting
during heavy haze pollution episodes, reducing the uncertainties in the emission inventory developed with the
bottom-up approach, and assessing the impacts and dynamic control of regional SO, and NO, emission sources
under different weather conditions. (Cheng Xinghong)

2.9 Dynamical-statistical forecasting of PM,; concentration based on CMAQ model and self-
adapting partial least square regression method in China

In this study, hourly PM, ; concentrations at 252 environmental monitoring stations in China during
January—December 2014 forecasted by the real-time running Fifth-Generation Penn State/NCAR Mesoscale
Model (MMS5)-Community Multiscale Air Quality (CMAQ) model system were corrected using the dynamical-
statistical method based on CMAQ model and self-adapting partial least square regression technique. Temporal
and spatial variation characteristics of PM, 5 concentrations before and after correction were analyzed with
a focus on the applicability of the dynamical-statistical method in different areas and seasons in China. It is
shown that (1) the spatial distributions of both the yearly and seasonal (for autumn and winter) averages of
PM, ; concentrations forecasted by the MM5-CMAQ model system are inhomogeneous. Namely forecasted
PM, 5 concentrations are larger than observations in parts of Liaoning and Shandong provinces, in Sichuan and
Chongqing provinces and in most areas of Central China, East China and South China, whereas forecasting
values are smaller in Beijing-Tianjin-Hebei region and in most areas of western China. After correction,
the spatial distributions of forecasted PM, s concentrations are in good consistence with observations, and
forecasting errors in the above areas decrease obviously. Forecasting and corrected deviations of seasonally
averaged PM, ; concentrations in autumn and winter in most areas of China are both larger than those of the
yearly averaged values. (2) There is an obviously seasonal variation characteristic for the national average of
observed PM, ; concentrations. Namely, observational values are larger in Jan., Feb., Mar., Nov. and Dec. than
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in other months. Forecasting errors are larger, with prediction values being less than observations in most of
the time, especially in Jan., Feb., Mar., Nov. and Dec. Corrected PM, 5 concentrations and its temporal variation
tendency are close to observations. Forecasting and corrected deviations in autumn and winter are larger than
those in spring and summer. (3) During autumn and winter, among the four seriously polluted regions in China,
the regional average of observed PM, ; concentrations in the Beijing-Tianjin-Hebei region is highest, Sichuan
and Chonggqing provinces take second place, and the lower values are found in the Yangtze River and Pearl
River Delta regions. However, the forecasting and correction effects are best in the Pearl River Delta region,
followed by Sichuan and Chongqing provinces and Yangtze River Delta region, and relatively worse in the
Beijing-Tianjin-Hebei region. After corrections, correlation coefficients between corrected PM, 5 concentrations
and observations increase remarkably, and forecasting errors decrease obviously, especially for autumn and
winter. (4) Error decreasing ratios after correction are largest in Sichuan and Chongqing provinces, followed
by the Yangtze River Delta region and Beijing-Tianjin-Hebei region, and are relatively smaller in the Pearl
River Delta region. (5) The method presented in this paper is applicable to the correction of PM, 5 forecasted
concentrations in both polluted and clean days in China. It is more effective for the correction of PM,
forecasted concentrations during polluted processes in the Beijing-Tianjin-Hebei region, and correction effects
are better during clean processes than in polluted days in other three regions. Results of this study will provide
a new technique and scientific basis for improving air quality forecasting, early warning and prevention of
heavy haze weather. (Cheng Xinghong)
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On 9 January 2015, CMA leaders including the Administrator, Dr. Zheng Guoguang, and the Deputy Administrator,
Dr. Yu Rucong, etc, visited CAMS to study and provide guidance to the development of meteorological
modernization and enhancing the pilot reform of scientific and technological mechanism. Dr. Zheng listened to the
dedicated report given by Dr. Duan Yihong, CAMS President. Discussion and exchange of ideas were held among
the CMA leaders, CAMS management group, as well as heads of relevant CAMS research units.
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On 4 January 2015, the Sixth Academic Saloon of CAMS
Institute of Ecological Environment and Agricultural
Meteorology was held, during which Dr. Zhao Junfang and
Dr. Zhou Li gave their respective reports on the outcomes

of one-year academic visit to University of Missouri and

three-week meteorological training in Australia. Head of
the Institute, Guo Jianping chaired the saloon.
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On 12-13 January 2015, the 2014 Annual Academic Meeting of CAMS was held in Beijing. Scientists including

Academician Qin Dahe, Researcher Wang Jianjie, Profs. Zhu Tong, Yang Xiuqun and Huang Jianping were invited

to give themed reports. The annual meeting also covered topics on severe weather, cloud physics and sounding,

agrometeorology, climate, atmospheric composition as well as urban meteorology research in five sub-sessions,

which were attended by over 100 research staff carrying out academic exchanges.
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On 15 January 2015, Director-General of Department
of Rural Economy, National Development and
Reform Commission (NDRC), Mr. Wu Xiao and
his colleagues visited CMA Weather Modification
Centre, accompanied by Mr. Xie Pu, Director-
General of CMA Department of Planning and

Finance. Director-General of Weather Modification Centre, Mr. Li Jiming and Researcher Zhou Yuquan introduced

the basic working principles, operational systems and operation processes of weather modification.

G0
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INTERNATIONAL WORKSHOP ON HIGH IMPACT WEATHER RESEARCH

Ningbo,20-23 January,2015
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On 20-23 January 2015, CAMS State Key Laboratory on Severe Weather (LaSW) and World Meteorological
Organization (WMO) jointly held “International Workshop on High-Impact Weather Research”, which was attended
by over 110 domestic and overseas experts or scholars from countries such as US, India, Philippines, Bengal, with

more than 120 submitted papers. The organizing of the workshop was highly acknowledged by WMO.
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On 30 January 2015, CAMS held its 2014 Annual Meeting of Management Group Reporting Working Performance
and Incorruptibility, i.e. the 2015 Annual Meeting of Work. President of CAMS, Dr. DuanYihong, reviewed the
highlights of CAMS in 2014 such as scientific and technical innovation, etc. He also confirmed the key working
areas of CAMS in 2015, including enhancing reforms of systems and mechanisms, advancing meteorological

modernization, and promoting research outcome transformation, etc.
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On 11 March 2015, CMA Deputy Administrator, Ms. Jiao Meiyan, visited CMA Weather Modification Centre to

provide guidance. Director-General of Weather Modification Centre, Mr. Li Jiming, reported the main contents of

the Three-Year Action Plan of National Weather Modification Operation Capacity Building. Ms. Jiao expressed her

hope that the operation capability of national weather modification develops to a higher level through this “Three-Year

Action Plan”.
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On 10 April 2015, CAMS held its 2015 Annual Meeting
for “the Third Tibetan Plateau Scientific Experiment on
Atmosphere”. Members of the project expert steering

group and sub-projects group attended the meeting,

which was presided over by the project chief scientist,
Researcher Zhao Ping. The meeting summarized and reviewed the experiments carried out in 2014, on the basis of

which working plans for each sub-project in 2015 were presented and discussed.

6
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On 14 April 2015, President of Chengdu University of
Information Technology (CUIT), Mr. Zhou Jiliu, with six
of his colleagues, visited CAMS. President of CAMS, Dr.
DuanYihong, hosted the discussion, during which ideas

of establishing long-term collaboration and deepening

cooperation were exchanged.
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From 14 April to 10 May 2015, Associate Researcher,
Ding Minghu and Research Assistant, Wei Ting from
CAMS Institute of Polar Meteorology, carried out
scientific expedition at Chinese Arctic Yellow River
Station and completed the integrated observation of
atmosphere and space environment at the station for the
year of 2015.

2015 CAMS
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On 21 April 2015, Vice President of Institute
of Engineering Mechanics, China Earthquake

Administration, Mr. Li Ming, with six of his colleagues,
visited CAMS and discussed with both leaders and
experts of CAMS about how to improve the capability
of scientific and technological innovation, as well as
social service. The discussion was presided over by Vice
President of CAMS, Mr. Zhou Guangsheng.




A SHESA

‘JM News and Notes

20155F4 291, [H R H GRS TR (9731t
XD TH “GRG XEAE RN . Tk 5 a1
fli” ARSI HTT. B L & W4, I
HERA., BREFRTALE THRAWORASI T &
W TH E RS SRR BRSO A T
T H AL -

On 29 April 2015, the launching meeting of National
Basic Research Program of China (973 Program),

“Monitoring and Forecasting of Finescale Structure

and Impact Assessment of Landfalling Typhoons” was
held in Beijing. Over 40 members attended the meeting,
including those from the specialized expert advisory group of Ministry of Science and Technology (MOST), project
expert group, task team leaders and cadres, etc. project chief scientist, Researcher Duan Yihong presided over the

meeting and introduced the project.
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On 10 June 2015, CAMS launched its emergency observation supporting the meteorological service by Beijing
Meteorological Service for significant memorial events in September of the year. The performance of CAMS’ cloud
radar and microwave radiometer was satisfactory in the first drill of emergency observation service on 28—29 July.
Researcher Liu Liping, CAMS radar expert, and Su Zhengjun, CAMS weather modification expert, trained the

operation staff.
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On the afternoon of 23 July 2015, CAMS held its meeting that marked the launching of overall enhancement of
scientific and technological system reform, which was chaired by CAMS President, Dr. Duan Yihong. CMA Deputy
Administrator, Mr. Yu Xinwen; Director-General of CMA Department of Science & Technology and Climate
Change, Mr. Luo Yunfeng; Deputy Director-General of CMA Department of Human Resource, Mr. Yu Yubin;
Deputy Director-General of CMA Reform Office, Mr. Pang Hongkui, as well as the entire CAMS staff, attended the

meeting.
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At the invitation of Beijing Climate Centre, CAMS participated in the entire meteorological supporting process
during June-August 2015 and forecasted the climate and haze occurrences for late August and early September with
CFS-CUACE model during the Beijing IAAF World Championships. At the same time, the forecasting system CFS-
CUACE was transferred to the centre for its long term forecasting services. Starting from 27 August 2015, CAMS

forecasted good visibility seven days ahead of the event and suggested a less controlled measure to be taken.
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On 5-8 October 2015, the 42th Plenary Session of Intergovernmental Panel on Climate Change (IPCC) was held in
Dubrovnik, Croatia, during which CAMS Researcher Zhai Panmao was elected Co-chair of First Working Group of
IPCC with the biggest number of votes. Dr. Zhai used to take leader’s position in several WMO expert groups and he
also participated in writing the Fourth and Fifth Assessment Reports of IPCC First Working Group as a core writer.
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On 8-9 September 2015, CAMS and Guangdong Provincial Meteorological Service jointly held the “2015 Scientific
Workshop on Lightning, i.e. the Summing-up Meeting of the Ten-Year Integrated Lightning Observation Experiment

of Guangdong”. CAMS President, Dr. Duan Yihong, Director-General of Guangzhou Meteorological Service, Mr.
Liang Jianyin and Director from National Science Foundation of China (NSFC), Mr. Zhang Chaoliln, etc, attended

the activity. Experts from US, Japan as well as several research institutes in China also participated in the workshop.

)
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On 27 October 2015, Deputy Director-General of
Zhejiang Provincial Meteorological Service, Mr. Wang

Dongfa and five of his colleagues visited CAMS to
exchange ideas on core operation technologies. Vice President of CAMS, Mr. Li Jiming chaired the discussion. The
two sides introduced their respective core tasks, key research areas as well as technical difficulties and exchanged

ideas on potential cooperation in core technologies.
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On 28 October 2015, President of Hebei Training Centre
subordinating to the CMA Training Centre, Mr. Zhang
Shuyu, with two of his colleagues, visited CAMS.

The two sides exchanged ideas about the teachers and

teaching materials for courses on basic theories of meteorology and NWP models. The discussion was chaired by
Vice President of CAMS, Mr. Zhou Guangsheng.
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On 4 November 2015, the Awarding Ceremony of 2015

Annual Ho Leung Ho Lee Foundation was held in

Beijing. Academician Xu Xiangde (the second person
from the right) from CAMS won the “Scientific and
Technological Advancement Award” of this fund. Over many years, Dr. Xu has been engaged in the research of
weather and climate dynamics, urban environment, etc, who has taken over a number of national key research

projects and chaired several experiment in atmospheric science.
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In November 2015, the 16th (2014-2015) Tu Changwang

Youth Meteorological S&T Award announced the winners.

Dr. Chen Haoming, Associate Researcher of CAMS Institute of Climate Systems won a second prize. Dr. Chen has
carried out systematic research on features of cloud and rain over East Asia and achieved significant results. 26 of

his papers were published, among which 18 were accepted by SCI.
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On 2 December 2015, CAMS President, Dr. Duan Yihong hosted the discussion at CAMS with Mr. Jiang Jianqing,
President of Nanjing University of Information Technology (NUIST), about promoting and implementing the

cooperation plan between CAMS and NUIST in core tasks. Both sides expressed their hope of complementing
each other’s advantage through the cooperation in solving key technologies and achieving further breakthroughs in

teaching and research.
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On 14 December 2015, CMA Administrator and Secretary of CPC Party Committee, Dr. Zheng Guoguang, and
CMA Deputy Administrator, Dr. Yu Rucong came to CAMS to see the progress of its reform and discussed with
CAMS leaders and experts about the future development of State Key Laboratory on Severe Weather (LaSW). Dr.
Zheng expressed his hope that CAMS takes its leading role in the S&T innovation and make expected contributions
through the enhanced system and mechanism reform.
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On 22 December 2015, accompanied by CMA Deputy Administrator, Mr. Yu Xinwen, the Vice Minister of
Development Research Centre of China’s State Council, Mr. Wang Yiming visited CAMS. President of CAMS,
Dr. Duan Yihong received the guests. Deputy Director of CAMS Institute of Atmospheric Composition, Dr. Wang
Yaqiang, introduced atmospheric composition observation, fog & haze NWP system development and its supports to

fog & haze operational forecasts.
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In the entire year of 2015, CAMS won a S&T Advancement Award in Ho Leung Ho Lee Foundation, a first prize
of S&T Advancement awarded by Ministry of Education, three second prizes of S&T Advancement awarded by
Chinese Meteorological Society, a Young Scientist Award given by Chinese Society of Particuology, a second prize

of Zhejiang Provincial S&T Advancemen, and 6 national patents.
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In the entire year of 2015, CAMS won a S&T Advancement Award in Ho Leung Ho Lee Foundation, a first prize
of S&T Advancement awarded by Ministry of Education, three second prizes of S&T Advancement awarded by

iy

Chinese Meteorological Society, a Young Scientist Award given by Chinese Society of Particuology, a second prize
of Zhejiang Provincial S&T Advancemen, and 6 national patents.
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ARAL T KR IEAR E T B NI .
A technical study on corn accumulated temperature NSFC: general program 2016—2019 Guo Jiannin
stability and application in Northeast China - enetat progra 1o Jianping
T 78 e SR 3 7 3 5 e i AR S L R R K A I
= ReE: TG 2%
Spatial-temporal impact of soil moisture over the 2016—2018 .
. . . NSFC: youth program Wu Hui
Tibetan Plateau on the summer monsoon rainfall in
eastern China
T 8 e J5 AR R MR AR AR T G B RG
ML FE L R ML e
Studies on key land surface processes over typical NSFC: vouth procram 2016—2018 Zhane Gu
cropland and forests on southeastern Tibetan P B L
Plateau
4—>5 FFE W& R TR A A0 ENSO Fr e 87 K )
AL e MRS 35
The reshaping South Asian high in response NSEC: ) outh procram X 2016—2018 Liu Bogi
to ENSO and its regulation of the South Asian Y Prog 4
summer monsoon onset in April-May
Hh e 43 Ah iRE PR o0 B 2 BRI Hh i 26 B2 BH 28 36
TR P [ S e AT 3L . 5K A
e, HFER AL
Impact of multiple external forcings over the mid- §S?C§ oftf sz;% nH 2016—2018 Zhang
high latitudes on the summer Eurasian blocking Y Prog Ruonan
circulation
BT R0 AR 2 R AT S SR DA et At
X = W AR AL Hek: FEMFAEEIH 20162018 KA
Improve the simulation of cloud and precipitation =~ NSFC: youth program Zhang Yi
by climate models based on cloud-resolving models
o B2 22 F1 B0 2 R HETBONS LB AR 3R B8 52 ) FA A
Uy Ee%: FEMYREOH o B
Modeling the impact of transfer emissions via NSFC: youth program Wei Ting
international trade on climate and environment
SRR RBR S ER R ERUTR o s o —
Quantification of complex land surface models in . - A 2016—2018 .
e —— NSFC: youth program Gan Yanjun
SREMAEF RO o iy o
Uncertainty in simulating crop yields under climate _ .~ D 2016—2018 )
change NSFC: youth program Zhang Yi
Helb it X S AR H AL S S g AR A
HRIRATIL o HEMFIESTIH RS
The diurnal variation of sulfur dioxide and its 2016—2018
NSFC: youth program Xu Wanyun

realtionship with the explosive growth of haze in
North China
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Study on measuring changes in the atmospheric O,/ NSFC: vouth program 2016—2018 Zhane Gen
N, by a high-precision gas chromatograph-thermal HY Prog &
conductivity detector
KRAAE CO, WL JBE H PRV X IR AL B
7t HeZ: HEMNZEEETHE 20162018 2 ELRHE
Track source and sink areas of observed CO, NSFC: youth program Cheng Siyang
concentration at atmospheric background stations

“ZEFR ER TR RS MCS =
YELER I WL 73 A1 B2 Wt 5t
Satellite observation-based analysis and diagnosis ~ J:4Z%: [ _FIH 2016—2019 BH =
of the three dimensional structure of MCS over the NSFC: general program Hu Liang
eastern slope of the Tibetan Plateau under the “triple
monsoons”

T AL X S H BB AR R 2R T AL
M) J, 2

dul | 4% M ETH W

Impact of Rossby wave propagation over 2016—2019 .
. . . NSFC: general program Wang Yafei

extratropical regions on East Asian summer

monsoon circulation

i XA P Pty SO A LB 7T 2
Research on the mechanism of tropical cyclogenesis NSFC: general program 2016—2019 Zhang
in the South China Sea monsoon trough = L Shengjun

IK RS 2510 AR Ak S FL TR R A
Observed change in and its related causes for 2016—2019 "

s . . . NSFC: general program Zhai Panmao

precipitation persistency structure in China
TR B 19X 4% g i 2 A~ 1B SRV 5
A study on the high-order discretization and H4eZ mbmg i3 ;;n/ A
conservation scheme on the spherical Yin-Yang NSFC: general program e

. Xindong
grid
T 2 Ul R BRI ) 3 SR A I
B A SO T
Study on inverse modeling of Chinese He&Z: mEniH 20162019 kit
hydrofluorocarbon emissions and source strength ~ NSFC: general program Yao Bo
distributions based on observed atmospheric
concentration at multiple sites
RIEZE R RGN I 2 F0 AR R NN B AR

i W R AR FLURIF 58 S
VAR S | W4 LT S
Modeling study on the response of East Asian 2016—2019 i

. . NSFC: general program Wang Zhili
monsoon system to changes in anthropogenic
aerosol emissions in the past and future
ﬁ SRS H- 3 == 7}14 ~ /,l, I >y E we N
Resereh on ptinalcontol of s plluion e 565%7 HLESIR s—s B
. . NSFC: general program An Xingqin

on the adjoint model
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FET 20U TR LI A A A B B AR ) =
WA T B4 HUlH 2016—2020 VN
Cloud radiation study based on multiple satellite NSFC: key program Wang Hong
observations and high resolution numerical models
T R UTLS A RS2 T AL B K B 5
[ljn] B3] 2% SRV
ﬂﬁﬁﬁfﬁﬁﬁ.ﬁn . . 4T, BATH Oggrh
Model-based simulation of the formation of NSFC: kev program 2016—2018 Ma Jianzhon
aerosols and the volcanic eruption effect on UTLS $ K€Y Prog &
aerosol layer over the Tibetan Plateau
T 8 e SR A FLVE 3 5 0 2 S5 R ) SR R A
Study on relationship between lightning activity ~ JE4:Zs: = ST H 20162019 ik E
and convective cloud structure in Qinghai-Tibet NSFC: key program Zhang Yijun
Plateau
9 e J Bl TS 2 2 A AN 5 1P 2 o0 v
b — R A R
LS G i 2R %% WA b
Uncertainties in land-surface modeling over Tibetan 2016—2019 )
. NSFC: key program Chen Fei
Plateau and their impacts on land-atmosphere
interaction
2 3 s (X SR SRR IR R 25 AR Ak DL R T
ST A O ) 3
?mE%ﬁm%EL;. A, &ATIH i
Temporal and spatial variations of ozone and water 2016—2019 .
NSFC: key program LiuYu
vapor and transport of mass flux to the stratosphere
in the summer South Asia high
NFEEE: EH2 R E NS
A RERRIAF R RS AT 5T i H HKER
Research on parameterization of atmospheric SHRM: scientific research 2015—2015 Zheng
boundary turbulence at kilometer scale foundation for returned Chinese Yongjun
scholars
. s S PRSI E PN A B
TSR B sy 0 HTHERANES
. . N = v
Obser?/atlon of and stud.y on th.e cognectlng SHRM: scientific research 2015—2016 m % ﬂ%
behavior of the leaders in the lightning flashes . . Lu Weitao
o foundation for returned Chinese
terminating on tall structures
scholars
KA BB 7> o B H SRR A HESRF: A7k E TR
Development of key technology for graded quality CMA: special fund for 2015—2017 -
. . Wang Gaili
control of weather radar data meteorological service
R 5 AR 3 At 2 HE X AR g B AR BHEES: EbrEESZRmH i
Greenhouse gases observation, analysis, inter- MOST: projects of international 2015—2017 Zhouu iin <
comparison, calibration and integration techniques cooperation and exchanges &
B 6 KRS AN A5 R ORI L T 5 5 o vty B 973 WG B
Monitoring and forecasting of finescale structure =~ MOST: national basic research 2015—2019 1 -
Duan Yihong

and impact assessment of landfalling typhoons

program
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HESR)E: REBORESMN
RIS S AFAE 2 R GER T AR R MuH iz
Development and application of lightning detection CMA: project of key 2015—2016 Yao Wen
and analysis systems technology integration and
application
Y B M AT GR AT B I M T 5 R A
*q:i &Klmﬁw%%1¢& JIEL)JTJ\ ?ﬁj‘ EP/E\%)%: ’ij_k:%I)ﬁ\ N
Research on critical meteorological conditions . JEF]
. CMA: special fund for 2015—2017 )
for maize drought and development of drought . i Zhou Li
. ) meteorological service
monitoring and warning technology
o [ 4 [X SR RO AR BR AR O R ISR B P EAR R R AR I EEIE
Research and development of datasets for China CMA: special fund for climate 2015—2016 Che
aerosol optical properties change Huizheng

MOST: Ministry of Science and Technology (£} 43 #5)

NSFC: National Natural Science Foundation of China ([ 2% H R} #HE &)
SHRM: State Human Resource Ministry ([E 5% A\ %-#F)

CMA: China Meteorological Administration (77 [E S % 7))
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In the year of 2015, CAMS enrolled 44 MSc graduates and 18 PhD students, and ten candidates joined the Post-
Doctoral Working Station. 46 MSc and 14 PhD students graduated from CAMS this year. The current numbers of
MSc, PhD and Post-Doctoral candidates at CAMS are 133, 60 and 13 respectively.

Every five years, Chinese Ministry of Human Resources and Social Security (MOHRSS) and National Post-Doctor
Management Committee jointly organize nationwide comprehensive assessment of Post-Doctoral Working Stations.
In 2015, CAMS Post-Doctoral Working Station was awarded station of excellence (only 144 among 2079 stations
nationwide, <7%), which was the only one in the field of atmospheric science to win such award.
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Under the framework of Cooperation Agreement between
China Meteorological Administration (CMA) and Chinese
Academy of Sciences (CAS), on 5 February 2015, the
Vice President of University of CAS, Mr. Gao Hongjun and Director-General of its School Office, Mr. Wang
Keqiang visited CAMS. They were received by CMA leaders including Deputy Administrator, Dr. Yu Rucong,
Director-General of Headquarters Office, Mr. Yu Yong and Director-General of Department of S&T and Climate
Change, Mr. Luo Yunfeng, etc, as well as CAMS leaders including President, Dr. Duan Yihong, Vice President, Mr.

Zhou Guangsheng and Director of Graduates Office, Wang Xin. The two sides exchanged ideas about enhancing
joint cultivation of graduate students.

20154F10H20H , RHBEHBRMIAIZIR A28 0 1T I0F5 B AR EAMT A3 2 . EMRIRIGE KRS
SOFURE, TR W B F R 2 s B, AT R A O RIAT I 0 Bl s R Ge ke i
RIS GO 53 531 1) 75 AERHIE A SURIFFE A AR T D527 BRI AR A 3

On 20 October 2015, the Youth League and CPC Youth Committee of CAMS jointly held the Workshop for Foreign
Visits Outcome Exchange by Excellent Youths. CAMS Vice President, Mr. Wang Huaigang attended and addressed
the workshop, which was presided over by Deputy Head of Youth League of CAMS, Mr. Wang Yaqiang. Two
associate researchers, Ms. Duan Jing from Weather Modification Centre and Mr. Liu Ge from Institute of Climate
System reported respectively their overseas visiting outcomes to the young research staff and graduate students of
CAMS and exchanged ideas with them.
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; In order to encourage graduates to participate actively
@ ! s in significant research projects and provide graduates

TR Sy

M TR

with practice platforms, in July and August 2015,
CAMS Graduates Office selected and designated 9 MSc
graduates to participate in the field observation experiment in Naqu of Tibet, which was part of the Third Tibetan

Plateau Scientific Experiment on Atmosphere.
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The National Training Workshop (Summer School) in Atmospheric Sciences in 2015 attracted excellent students

from numerous universities and colleges nationwide, which raised the visibility of CAMS graduate training among

the universities in China.
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In its graduate education, CAMS attaches great importance not only to the study of expertise knowledge and
techniques, but also to the all-round development of students in moral standards and physical health. The
consciousness of caring the whole society has been well cultivated, e.g. the graduates were organized during their
spare time to donate clothes, books and beds to children in “Sun Village”, to visit elderly people of no family in

the senior citizen’s home, as well as to hold the sports meeting for graduates, etc.
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On 7 January 2015, Dr. Li Xu from NCEP/NOAA was
invited to visit CAMS and presented his academic
report themed “Improving the Ocean in Numerical
Weather Prediction”. Dr. Li introduced the current

status of sea temperature analysis and existing problems of using observation data in sea temperature analysis.

He also proposed the improvement scheme of sea temperature analysis and pointed out its scientific basis. The

presentation was chaired by CAMS Researcher, Dr. Zhang Renhe.

20154E1 22 H, 2E[E T B 22 K*#Russell R. Dickerson
S EdIE 8711 LN WL 0l T I B T i S
ARERRE SR BURH KRR EZIER 2R
et o Dickerson# 4% FEA A 1 HAF 5T I AT 4E1E
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On 22 January 2015, Prof. Russell R. Dickerson from
US University of Maryland was invited to visit CAMS
Institute of Atmospheric Composition and presented

his academic report titled “Ozone and Aerosols over

the Eastern US: Progress through Policy Relevant Science”. Prof. Dickerson introduced the aircraft observation

experiment carried out in eastern US by his research team, as well as the comparison results between aircraft

observation and satellite data with model outputs.
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On 26 January 2015, Dr. Everette Joseph, Director of Atmospheric Science Research Center, State University of
New York, together with Prof. Min Qilong, visited CAMS Institute of Atmospheric Sounding. They presented their
respective reports entitled “Atmospheric Sciences Research Center: Research and Opportunities for Collaboration”
and “Synthesizing the Visible, Infrared and Microwave for Observing Amazon Forest Seasonality”. Dr. Joseph is a
renowned expert in aerosol, cloud physics and climate model while Prof. Min is well recognized by his remarkable
contribution in remote sensing, atmospheric sounding and equipment development. Dr. Lii Weitao, CAMS

Researcher and Deputy Director of the Institute of Atmospheric Sounding, presided over the presentation.

2015H1H26H , JeE<4 )R Brian GoldingZ43% ) i#
ViR FERAEFEE LR, T8N R
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On 26 January 2015, Prof. Brian Golding from UK Met-
Office visited CAMS State Key Laboratory on Severe
Weather (LaSW) and presented the academic report

themed “Forecasting High Impact Weather: UK Surface
Water Floods and HI Weather”. Prof. Golding introduced the impact of floods on UK, as well as the ensemble

prediction system with a resolution of 2.2 km recently developed by Met-Office and its application in operation.

@
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On 14-17 April 2015, Dr. Davide Cammarano, crops
modeling expert from UK James Hutton Institute (JHI)

visited CAMS Institute of Ecological Environment and
Agrometeorology, presented the academic report titled “Climate Change and Crops Yields: Research Development
in Food Security from Local to Global”, in which he also introduced the theories and methods of Decision Support
System for Agrotechnology Transfer (DSSAT). The presentation was chaired by Dr. Fang Shibo, CAMS researcher,
and was attended by CAMS research staff and graduate students.

201546 H 30 H , I 9 F KA 5 H A S 4 2 37
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On 30 June 2015, invited by CAMS State Key Laboratory
on Severe Weather (LaSW), Prof. Zhang Fuqing from US
State University of Pennsylvania visited CAMS and gave
the report entitled “Advances and Challenges in Ensemble-
Based Data Assimilation”. The presentation was chaired

by Deputy Director of LaSW, Ms. Xu Jing.




2015 CAMS A
Annual Report ‘q‘@
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On 6 July 2015, Dr. Oksana Tarasova and Dr.
Alexander Baklanov from WMO Atmospheric
Environment Research Unit, together with Prof. Greg Carmichael, chairman of the scientific steering group of Urban
Meteorological Environment Research, WMO GAW program, visited CAMS. President of CAMS, Dr. Duan Yihong
chaired and addressed the discussion. The WMO GURME Pilot Project “Near Real Time Data Application in Air
Quality Forecast” undertaken by CAMS was introduced to the visiting guests by Researcher Zhang Xiaoye, who

was in charge of the program. The progress and outcomes achieved by CAMS was well recognized by the visiting
WMO experts.

20154E7H6H , #ES4F (DWD) B Gerhard Adrian#B 3% —173 AW TR K AL T S0 2,
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On 6 July 2015, Prof. Gerhard Adrian, President of DWD, together with two of his colleagues, visited CAMS Key
Laboratory on Atmospheric Chemistry, and CAMS Vice President, Mr. Zhou Guangsheng received the guests.
Director of CAMS Institute of Atmospheric Composition, Dr. Sun Junying introduced the basic observation of

atmospheric composition, development and application of its forecasting models, etc.
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On 7 July 2015, Dr. Ren Rongxin, senior researcher from
Department of Atmospheric and Oceanic Science, US
University of Maryland, as well as Air Resource Laboratory
of NOAA (US National Oceanic and Atmospheric
Administration), visited CAMS Institute of Atmospheric

Composition and presented the academic report titled “Greenhouse Gas Emissions from the Baltimore-Washington

Area: Results from the Winter 2015 Aircraft Observations”. Dr. Ren Rongxin was the person in charge of the aircraft

observation plan at University of Maryland.

E" 201547 H 14 H , 80 E 45 345 i U =y B 4
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On 14 July 2015, the new Director-General of Hydrology
and Environment Monitoring of Mongolia (NAMEM),
Mr. Donio Tsogt-Ochir, together with Mr. Erdenebat

Eldev-Ochir, international cooperation official of

NAMEM, visited CMA Weather Modification Centre. The Deputy Director-General of the centre introduced the

technology research, equipment and operational system of weather modification.
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On 16 July 2015, Prof. Robert Bornstein from US
San Jose State University, who is an internationally
renowned expert in atmospheric boundary research,
visited CAMS LaSW to present his academic report

themed “Observation and Simulation of Urban PBLs in

a Changing Climate”. The presentation was presided over by Prof. Chen Fei from CAMS, who is a member of the

Chinese Government sponsored Recruitment Program of Global Experts.

201548 A 101, EEHRNEELTE (NSSL) FKIHE
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On 10 August 2015, Dr. Zhang Pengfei from US National
Severe Storm Laboratory (NSSL) visited CAMS LaSW
and made the report titled “Some Progresses in the
Applications of Dual Polarimetric Radar in US” and

CAMS Researcher, Liu Liping, chaired the presentation. Dr. Zhang Pengfei has been specialized in the research of

dual polarization radar and Doppler radar data quality control, precipitation estimation methods, etc.
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On 27 August 2015, a 40-member delegation from the Royal Rain Making Department of Ministry of Agriculture
and Cooperatives of Thailand visited CMA Weather Modification Centre, accompanied by the official from Thailand
Embassy to China. Deputy Director-General of the centre, Mr. Guo Xueliang and CAMS experts introduced weather
modification in China as well as the national weather modification platform. The Thailand guests expressed their

hope of establishing close collaboration with CMA in weather modification techniques.

i . .
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On 16 September 2015, Dr. Wang Tao from Hong
Kong Polytechnic University, visited CAMS Institute
of Atmospheric Composition and gave the report
“Heterogeneous Processes of Nitrogen Oxides and
Impact on Ozone”. Dr. Wang is a member of the
Scientific Steering Committee of International Global
Atmospheric Chemistry Program (IGAC). The presentation was chaired by CAMS Researcher, Dr. Xu Xiaobin.
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On 26 October 2015, Dr. Wu Lianhai from UK
Rothamsted Experimental Station made the academic

presentation “Quantify Future Dynamics of Grassland
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Ecosystem” at CAMS Institute of Ecological Environment and Agrometeorology, in which he introduced in detail
the model of Soil-Plant-Atmosphere Continuum System (SPACSYS) that he developed. Such model has been
applied by several significant research programs in UK, Europe, Canada and China. The presentation was chaired by
CAMS Associate Researcher, Mr. Tan Kaiyan.
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On 7 December 2015, Profs. Claus Nielsen and Armin
Wisthaler from the Department of Chemistry, University
of Oslo, Norway, were invited to visit CAMS Institute

of Atmospheric Composition. They gave respective reports with the titles “Environmental Issues Related to Amine-

Based Carbon Capture Technology” and “On-Line Chemical Analysis of Gas and Particulate Phase Organics in the

Atmosphere by PTR-ToF-MS”. The presentation was presided over by CAMS Researcher, Dr. Sun Junying.
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Tracking influential haze source areas in North ~ Geoscientific Model
An Xingqin China using an adjoint model, GRAPES- Development 2015, 8
CUACE Discussions
Association between PM,, and respiratory
. . . L . Journal of
An Xingqin hospital admissions in different seasons in . 2015, 77(6)
Environmental Health
Lanzhou
An Xingqin Application of a model to study emission Atmospheric
. o . . 2015, 9(1) SCI
(2nd) reduction schemes for critical emission sources Environment
Fine mode aerosol optical properties related to .
. . .. A land A
Che Huizheng cloud and fog processing over a cluster of cities oot 2015, 15(5) SCI
. . Quality Research
in Northeast China
Investigation of Aerosol Optical Depth (AOD)
. and angstrom exponent over the desert region .
Che Huizh . A land A
( an) HIZACHE  of Northwestern China based on measurements Qe;(l)isto I;m arlrh 2015, 15(5) SCI
from the China aerosol Remote Sensing FERY SR
Network (CARSNET)
Gl Firtidians Temporal variability of' the visibility, part1?ulate e
matter mass concentration and aerosol optical 2015, 166(2) SCI
(2nd) . N . Research
properties over an urban site in Northeast China
. Study of aerosol optical properties at Kunming .
Che Huizh . . Atmosph
© HUZICNE 4 Southwest China and long-range transport of OSPTICHC 2015, 169(9) SCI
(3rd) . . Research
biomass burning aerosols from North Burma
Column-integrated aerosol optical properties
Che Huizheng and direct radiative forcing based op s1.1n Atmospheric 2015, 157(4) SCI
(3rd) photometer measurements at a semi-arid rural ~ Research
site in Northeast China
o Efheis Fine mode aerosol optllcal properties relateq t.o Aerosol and Air
cloud and fog processing over a cluster of cities . 2015, 15(5) SCI
et al. . . Quality Research
in Northeast China
Ground-based aerosol climatology of China: Atmospheric
Che Huizheng, Aerosol optical depths from the China Aerosol Chemis N nd 2015, 15(1)  SCI
et al. Remote Sensing Network (CARSNET) 2002— . ¥ ’
Physics
2013
Application of aerosol optical properties to Journal of
Che Huizheng, estimate aerosol type from ground-based Atmospheric and
. . . 2015, 132(1) SCI
ct al. remote sensing observation at urban area of Solar-Terrestrial
northeastern China Physics
. Analyses of aerosol optical properties and direct
he Huizh . . . . Meteorol d
Che Huizheng, radiative forcing over urban and industrial creore ngy an ) 2015, 127(3) SCI
et al. Atmospheric Physics

regions in Northeast China
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. RN SRR T T International Journal ~ doi:10.1002/
Chen Bin sources feeding heavy precipitation events over ) . SCI
i . of Climatology joc.4567
the Sichuan Basin
The derivation of moist baroclinic Ertel-Rossby Science China: Earth
Chen Bin (3rd) invariant in fast manifold and its application to Sciences ] 2015, 58(6) SCI
typhoons
Surface mass balance and its climate
. . e i hina: Earth
Ding Minghu  significance from the coast to Dome A, East Sc¥ence i e 2015, 58(10) SCI
i Sciences
Antarctica
Nl 3 LY International Journal
Spectra and vegetation index variations in moss of Aoplied Earth
Fang Shibo soil crust in different seasons, and in wet and bp . 2015, 38(1) SCI
PR Observation and
v Geoinformation
Effi fi igh
Fang Shibo, : ects o 1ncreaseq day and nlg' t tempefature Eitopean Jormmias
et al with supplemental infrared heating on winter S R 2015, 64(1) SCI
’ wheat growth in North China & Y
Fang The determination of regional CO, mole
. fracti t the Longfengsh: MO/GA At heri
Shuangxi, rac. ions at the Qng engshan W O/G. \\ mpsp eric 2015, 116(1) SCI
el station: A comparison of four data filtering Environment
' approaches
Stepwise sensitivity analysis from qualitative
to quantitative: Application to the terrestrial Journal of Advances
Gan Yanjun hydrological modeling of a Conjunctive in Modeling Earth 2015, 7(2)
Surface-Subsurface Process (CSSP) land Systems
surface model
Guo Jianping  Multi-sensor quantification of aerosol-induced = Atmospheric
(e . 2015, 113 SCI
(2nd) variability in warm Environment
Guo Jianping ~ CALIPSO inferred most probable heights of Journal o.f 2015, 120(10) SCI
(2nd) global dust and smoke layers Geophysical Research
L o ) Physics and
Guo Jianping, Ef.feltcts.of ad]us.tmg cropp}ng systems on © itk Wi 2015, 1 SCI
et al. utilization efficiency of climate
Earth
. Advances in cloud physics and weather Advances in
Xuel i N . : . 2015, 32(2 I
Guo Xueliang modification in China Atmospheric Sciences gEERIE2CY (| 50
Ice crystal habits and growth processes in
Guo Xueliang  stratiform clouds with embedded convection Journal of the
i . NI i . 2015, 72(2) SCI
(2nd) examined through aircraft observations in Atmospheric Sciences
northern China
A heri
. Seasonal and interannual variation of diurnal tmosp erl'c i
Hu Liang RN . Oceanic Science 2015, 8(6)
precipitation over the Tibetan Plateau
Letters
) . rterl 1
The impact of Guizhou topography on the onut 211166123, Ja(;urna
Hu Liang (3rd) distribution of freezing rain in early January Y ; 2015, 141(693)
Meteorological
2011 !
Society
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Hu Zhiqun A comparison of de-noising methods for Journal of
el aua, differential phase shift and associated rainfall Meteorological 2015, 29(2) SCIE
’ estimation Research
Transactions of the
Huo Zhiguo Rice flooding disaster diagnosis analysis and Chinese Society 2015, 31(Z2) EI
(2nd) growth monitoring based on HJ-CCD data of Agricultural ’
Engineering
. . Exploring phase strength asymmetry of the .
Zh . - . .. A
Jiang Zhina, North Atlantic oscillation by using conditional e oo 2015, 32(5) SCI
et al. . . ! Atmospheric Sciences
nonlinear optimal perturbation
. Two major circulation structures leading to Journal of Geophysical
Li Jian (2nd ) . 2015, 120(10) SCI
i Jian (2nd) heavy summer rainfall over central North China Research (10)
Recent reversal of the upper-tropospheric
Li Jian (2nd) temperature trend and its role in intensifying the Scientific Reports 2015, 5 SCI
East Asian summer monsoon
Correlation between peak intensity of extreme
Li Jian (3rd) afternoon shqrt-duration rairllfall and humidity =~ Journal of Tropical 2015, 21(3) SCIE
and surface air temperature in southeast coast of Meteorology
China
Journal of Advances
. Precipitation over East Asia simulated by . .
Li Jian, et al. NCAR CAMS at different horizontal resolutions - Modeling Earth AU &) SCl
Systems
. 1 spatial het ity of i t L
Li Lun (2nd) Seasona~ spatia’ RETCTOBENclLy Of WATIig Tales g ientific Reports 2015, 5 SCI
on the Tibetan Plateau over the past 30 years
Ambient temperature enhanced acute International Journal
LiYi,etal. cardiovascular-respiratory mortality effects of . 2015, 59(12)
. . of Biometeorology
PM, 5 in Beijing, China
Interaction between Typhoon Vicente (1208) Journal of
LiYing (3rd)  and the Western Pacific subtropical high during Meteorological 2015, 29(2) SCIE
the Beijing extreme rainfall of 21 July 2012 Research
Liang . . Journal of
. N 1 study of th: lut f - .
Zhaoming, LR RO I Meteorological 2015, 29(3) SCIE
breeze front under two environmental flows
et al. Research
. Effect of aluminium dust on secondary organic . .
Liu Ch ol S China: Earth
11 Shang, aerosol formation in m-xylene/NO, photo- c¥ence fna: = 2015, 58(2) SCI
et al. S Sciences
oxidation
Synergic contribution of precipitation anomalies
Liu Ge, et al. over Nqﬂhwestern India and the South Chi%’la Advances ig . 2015, 32(1)  SCI
sea to high temperature over the Yangtze River ~ Atmospheric Sciences
Valley
. Spat.1a¥ an.d et chargcterlstlcs N International Journal  doi: 10.1002/
Liu Ge, et al. precipitation events spanning different numbers SCI

of days over Asia

of Climatology

joc.4495
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Preceding factors of summer Asian-Pacific
Liu Ge, et al. oscillation and the physical mechanism for their Journal of Climate 2015, 28(1) SCI
potential influences
Changes in the relationship between solar
Liu Jiandong  radiation and sunshine duration in large cities of Energy 2015, 82(1) SCI
China
Liu Lipin Comprehensive radar observations of clouds Journal of
el LA and precipitation over the Tibetan Plateau and ~ Meteorological 2015, 29(4) SCI
’ preliminary analysis of cloud properties Research
A method f lvi lative di ion of th i hina: Earth
Liu Yu method for solving relative dispersion of the Sc¥ence China: Eart 2015, 58(6) SCI
cloud droplet Sciences
Changes in stratospheric C10 and HC1 Journal of
Liu Yu (2nd) concentrations under different greenhouse gas ~ Meteorological 2015, 29(4) SCIE
emission scenarios Research
Investigation of the predictability and physical
Luo Yali, et al. mechanisms of an §xtreme-ramfall—producmg Journal o.f 2015, 120020) SCI
mesoscale convective system along the Meiyu ~ Geophysical Research
front in East China: An ensemble approach
g Optical progression characteristics of an
Li Weit . ] . : ' J 1 of
1 ertao interesting natural downward bipolar lightning T 0. 2015, 120(1) SCI
(2nd) Geophysical Research
flash
A hybrid method based on extreme learning
Li Weitao machine and k-nearest neighbor for cloud .
IO . N t 2015, 160 SCI
(2nd) classification of ground-based visible cloud B R E T
image
. . . L Journal of
Lii Weitao Three-dimensional propagation characteristics PRI Lo
’ of the leaders in the attachment process of a i . 2015, 136 SCI
ctal. downward negative lightning flash S T
g & g Physics
Peng Xindong An 1mpr0'Ved dynamic core for a nf)n— . Advances 1p . 2015, 32(5) SCIE
(2nd) hydrostatic model system on the Yin-Yang grid =~ Atmospheric Sciences
. . Rainy-season precipitation over the Sichuan
Tingt . . ol Monthl th
Qian Tingting, Basin and adjacent regions in southwestern e R 2015, 143(1)
et al. . Review
China
. Changes in regional heavy rainfall events in Advances in
Ren Fumin China during 1961-2012 Atmospheric Sciences 201241 20 He]
Shen Xiaoiin Characterization of submicron aerosols and J A
et al T8 offect on visibility during a severe haze-fog Envirolr)l Y 2015, 120 SCI
' episode in Yangtze River Delta, China
Su Jingzhi i ] . Geophysical R h
| Jmgzit What hindered the EI Nifio pattern in 20142 copflysical Reseatel 2015, 42(16) SCI
(2nd) Letters
Sun Junying Chemical composition of PM, 5 based on two-  Aerosol and Air 2015, 15(1) SCI

(2nd)

year measurements at an urban site in Beijing

Quality Research
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Sun Tunvin Observations of relative humidity effects on Atmospheric
ying aerosol light scattering in the Yangtze River Chemistry and 2015, 15(14) SCI
(2nd) . .
Delta of China Physics
Tan Kaivan Responses of irrigated winter wheat yield in Journal of
et al A North China to increased temperature and Meteorological 2015, 29(4) SCIE
' elevated CO, concentration Research
Wane Donchai In-situ measurements of cloud-precipitation Journal of
< Ea microphysics in the East Asian monsoon region Meteorological 2015, 29(2) SCIE
et al. .
since 1960 Research
Wane Fei Impact of the vertical velocity field on charging Journal of
et alg ’ processes and charge separation in a simulated ~ Meteorological 2015, 29(2) SCIE
’ thunderstorm Research
- Improvement of forecast skill for severe .
Wang Gail i . At h
i weather by merging radar-based extrapolation Tospietic 2015, 154(2) SCI
et al. Research
and storm-scale NWP corrected forecast
Wang Gaili, Inter—con?parllson of ?ad.ar-based. nowc.astlng Mete.orolioglcal 2015, 223) SCI
et al. schemes in Jianghuai River Basin, China Applications
. Atmospheric
H Model f PM 11 .
Wang Hong ode 1n'g. s@dy 0 PM, pollutant transport Chemistry and 2015, 15(15) SCI
(2nd) across cities in China .
Physics
Mesoscale modelling study of the interactions
Wane Hon between aerosols and PBL meteorology during ~ Atmospheric
= alg = a haze episode in China Jing-Jin-Ji and its near Chemistry and 2015, 15(15) SCI
' surrounding region—Part 2: Aerosols radiative Physics
feedback effects
Mesoscale modeling study of the interactions
Wane Hon between aerosols and PBL meteorology during ~ Atmospheric
= alg = a haze episode in Jing-Jin-Ji (China) and its Chemistry and 2015, 15(15) SCI
' nearby surrounding region—Part 1: Aerosols Physics
distributions and meteorological features
WangHui,  asocaton with extrome wide conveeron over %91
S ) . Meteorological 2015, 29(1) SCIE
et al. Southeast China during summer monsoon
. Research
period
Wane Pin Warm-dry collocation of recent drought in
(3t d)g & southwestern China tied to moisture transport Chinese Physics B 2015, 24(4) SCI
and climate warming
Wane Yadian Widespread albedo decreasing and induced
i d)g d1NE  elting of Himalayan snow and ice in the early PloS One 2015, 10(6) SCI
21st century
e ity Detection z.md attributi(.)n of fegional CO, P erie
concentration annomalies using surface . 2015, 123(1) SCI
(3rd) Environment

observations
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. ) 1. Atmospheric
Wang Yaqiang, Spatial and temporal variations of the .
: . . Chemist d 2015, 15(4) SCI
et al. concentrations of PM,,, PM, ; and PM, in China en.ns LA “)
Physics
.. Impact of four-stream radiative transfer )
Zhil ) . I 1 1
Wang Zhili algorithm on aerosol direct radiative effect and nter1.1at10na 2015, 35(14) SCI
(2nd) . of Climatology
forcing
) . Journal of
Wane Zhili The influence of different black carbon and Gt
= sulfate mixing methods on their optical and 2015, 161 SCI
(3rd) radiative properties Sy
prop Radiative Transfer
Wane Zhili Simultaneous reductions in emissions of black ~ Atmospheric
" alg ’ carbon and co-emitted species will weaken the =~ Chemistry and 2015, 15(7) SCI
' aerosol net cooling effect Physics
Simulated spatio-temporal characteristics Atmospheric and
Wei Ting (3rd)  of climate change in China during the Han Oceanic Science 2015, 8(6)
Dynasty (1-200 A.D.) Letters
L . . i Atmospheric and
Wu Bingyi Enhancement of winter Arctic warming by the . )
I i Oceanic Science 2015, 8(5)
(2nd) Siberian high over the past decade
Letters
Wu Bingyi, Pattems of Asian winter climate variability and Journal of Climate 2015, 2809) SCI
et al. links to sea ice
Wu Lingyan Heterogeneous chemistry of trace atmospheric ~ Science Foundation
. . . ) 2015, 23(3)
(2nd) gases on atmospheric aerosols: An overview in China
Xiao Dong, Plausib?e inﬂuerllce of Atla'ntic chan SST Theo.retical' and 2015, 122(1) SCI
et al. anomalies on winter haze in China Applied Climatology
A numerical study on impact of Taiwan Island Al
Xu Hongxiong surface heat flux on super Typhoon Haitang 2015, 22
Meteorology
(2005)
The i
. e 1rn'pact .of Typhoon' Danas.(2013) on the I .
Xu Hongxiong torrential rainfall associated with Typhoon NS 2015, 1-12
Fitow (2013) in East China 24
. A numerical study of the Beijing extreme A
XuH ) . A
U HONEXIONS, o infall of 21 July 2012 and the impact of b 2015, 1-12
et al. Meteorology
topography
A statistical analysis on the dependence of
. . . AT Weath d
Xu Jing tropical cyclone intensification rate on the storm Y .an 2015, 30(3) SCI
. i . . Forecasting
intensity and size in the North Atlantic
Numerical simulation and analysis of the )
. : ) Atmospheric
Xu Jing (3rd)  Yangtze River Delta rainstorm on 8 October 2015, 166(12) SCI
. Research
2013 caused by binary typhoons
. Two-year measurements of surface ozone Journal of
Xu Xiaobin : i ! .
(2nd) at Dangxiong, a remote highland site in the Environmental 2015, 31(1) SCI
Tibetan Plateau Sciences

@



oA 2015 FFHIiR4y

XI5  publications in 2015

EYi7E /R U] T N S - X € i D) -
(=2 A o ik
Author (rank) Title Publication name Year, Volume Notes
or Publisher (Issue)
An online model correction method based on .
. . . Advances in
Xue Haile an inverse problem: Part [I-Systematic model . . 2015, 32(11) SCI
. Atmospheric Sciences
error correction
An online model correction method based on an .
. . L Advances in
Xue Haile inverse problem: Part [-Model error estimation . . 2015, 32(10) SCI
) ] Atmospheric Sciences
by iteration
Yane Jianvin Water consumption in winter wheat and summer Tournal of Intearative
o alg Y aize cropping system based on SEBAL model Acriculture s 2015, 14(10) SCIE
' in Huang-Huai-Hai Plain, China 2
. Atmospheric
An automated cloud detect thod based
Yang Jun, et al. e me © . ASCEON ) leasurement 2015, 8 SCI
the green channel of total-sky visible images .
Techniques
Journal of
A passive and active microwave-vector Quantitative
Yang J t al. L 2015, 165 SCI
ang Jum, et al- - diative transfer (PAM-VRT) model Spectroscopy &
Radiative Transfer
An investigation into the three-dimensional . .
- . hina: Earth
Yin Jinfang cloud structure over East Asia from the ZE;ZEEZSC fna- a 2015, 58(12) SCI
CALIPSO-GOCCP data
Yu Rucong Three-dimensional circulation structure of Weather and
: . . ) 2015, 30(1) SCI
(2nd) summer heavy rainfall in central North China Forecasting
Improvement of rainfall simulation on the
Yu Rucong, . ) . .
et al steep edge of the Tibetan Plateau by using a Climate Dynamics 2015, 45(9) SCI
’ finite-difference transport scheme in CAMS5
The definition and characteristics of regional
Yu Rucong, i Journal of
rainfall events demonstrated by warm season 2015, 16(1) SCI
et al. ol . Hydrometeorology
precipitation over the Beijing Plain
Yuan Naiming Impact of previous one-step variation in Theoretical and
. . . 2015, 124 SCI
(3rd) positively long-range correlated processes Applied Climatology
Yuan Naimin On the long-term climate memory in the surface
ool & air temperature records over Antarctica: A Journal of Climate 2015, 28(1) SCI
’ nonnegligible factor for trend evaluation
Yuan Naimin Detrended partial-cross-correlation analysis:
et al & A new method for analyzing correlations in Scientific Reports 2015, 5 SCI
’ complex system
P G Summertime distributions of peroxyacetyl Atmospheric
et al. p1nat§. .(PAN) and peroxypropionyl nitrate (PPN) Environment 2015, 103(1) SCI
in Beljing
Zhang Guo An observational and modeling study of . Tournal of
impacts of bark beetle-caused tree mortality on 2015, 16(2) SCI
(2nd) . Hydrometeorology
surface energy and hydrological cycles
Natural and human-induced changes in summer Advances in Climate
Zhang Renhe  climate over the East Asian monsoon region in 2015, 11(2)

the last half century: A review

Change Research
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Changes in East Asian summer monsoon and
Zhang Renhe  summer rainfall over eastern China during Science Bulletin 2015, 60(13) SCI
recent decades
Zhane Renhe Interannual variation of the South Asian high
(2n d)g and its relation with Indian and East Asian Journal of Climate 2015, 28(7) SCI
summer monsoon rainfall
Improvement of ocean data assimilation system .
Zhang Renh ] . NGV 1of T 1
ane BEMIC and climate prediction by assimilating Argo R 2015, 21(2) SCIE
(2nd) Meteorology
data
Zhang Renhe Impact. of ENSO on the precipitation over Journal of Tropical 2015, 21(2) SCIE
(2nd) China in winter half-years Meteorology
Zhane Renhe Role of intraseasonal oscillation in asymmetric
el < > impacts of El Nifio and La Nifia on the rainfall ~ Climate Dynamics 2015, 45(3) SCI
' over southern China in boreal winter
. Relationship between lightning activity and )
Zhang W . . ; J 1 of Geoph 1
ang yvenyuan, tropical cycone intensity over the Northwest R R 2015, 120(9) SCI
et al. . Research
Pacific
. Improving aerosol interaction with clouds and ~ Atmospheric
Zhang Xiaoye ! s ) . .
(2nd) precipitation in a regional chemical weather Chemistry and 2015, 15(11) SCI
modeling system Physics
Significant concentration changes of chemical
. components of PM, in the Yangtze River .
Zhang Xiaoye Delta area of China and the implications for Scw.n e 2015, 538 SCI
(2nd) ) ) Environment
the formation mechanism of heavy haze-fog
pollution
Influence of relative humidity on aerosol
Zhang Xiaoye composition: Impacts on light extinction and Atmospheric
| S I 2015, 153 SCI
(3rd) visibility impairment at two sites in coastal area Research
of China
Prelimi breakd following lightni '
g Yy S bk oSS i s, 161
et al. . gep P 8 Research 162
region
Prediction of maize yield response to Journal of Applied
Zhang Yi, et al. climate change with climate and crop model Meteorology and 2015, 54(4) SCI
uncertainties Climatology
. Simulations of stratus clouds over eastern China .
Zhang Yi, et al. in CAMS: Sources of errors Journal of Climate 2015, 28(1) SCI
Investigation of North American vegetation
Zhang ariability under recent climate: A study using  Journal of Geophysical
. v yu : A study u u y!
Zh 2015, 1204 I
” :ln 4L the SSiB4/TRIFFID biophysical/dynamic Research i ey Be
’ vegetation model
Zhao Junfang  An improved mean shift segmentation method  Applied Mechanics 2015, 713- EI
(3rd) of high-resolution and Materials 715
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Zhao Junfang  The comparison of segmentation results for Applied Mechanics 2015, 713- EI
(3rd) high-resolution remote and Materials 715
il moisture i i AMSR-E . .
Zhao Junfang i e 1nYers1on s oo S . and Applied Mechanics 2015, 716-
MODIS data fusion: A case study of Huaihe . EI
(3rd) ) . and Materials 717
River Basin
Zhao Junfang  Study on insect pests detection based on digital ~Applied Mechanics 2015, 701- EI
(3rd) image and Materials 702
Zhao Junfang A novel model based on LBP and meanshift for Applied Mechanics 2015, 701- Bl
(3rd) UAV image segmentation and Materials 702
A ti tudy of i tati . .
Zhao Junfang compara IV.e ey segmen i . Applied Mechanics 2015, 701-
based on the improved meanshift software with . EI
(3rd) . and Materials 702
Edison
Effects of climate change on cultivation patterns Agriculture,
Zhao Junfang, ) . e I
of spring maize and its climatic suitability in Ecosystems and 2015, 202 SCI
et al. . .
Northeast China Environment
Exploring the relationships between climatic Agriculture,
Zh fi . . . . .
» ;10 Junfang, variables and climate-induced yield of spring Ecosystems and 2015, 207 SCI
' maize in Northeast China Environment
Zhao Junfang, Exploring t.h'e d}'/namlcs of agrlcl}ltural climatic Phys1c's and
resource utilization of spring maize over the Chemistry of the 2015, 87 SCI
et al. . .
past 50 years in Northeast China Earth
Zhao Junfan Multidecadal changes in moisture condition Physics and
& during climatic growing period of crops in Chemistry of the 2015, 87 SCI
et al. .
Northeast China Earth
b B Character.istics of flash initiations in a suprcell ~ Atmospheric 2015, 167(1) SCI
cluster with tornadoes Research
Zheng Variation characteristics of carbon monoxide Advances in Polar
Xiangdong and ozone over the course of the 2014 Chinese Science 2015, 26(3) SCI
(3rd) National Arctic Research Expedition
Mass and isotopic concentrations of water-
Zheng insoluble refractory carbonin total suspended
Xiangdong, ) e P Particuology 2015, 20(3) SCI
particulates at Mt. Waliguan Observatory
et al. .
(China)
. I d tropical storm fi ts with GEOS-
Zheng Yongjun b roYe roplca. . (.)re.c as. s Monthly Weather
13/15 imager radiance assimilation and . 2015, 143
(3rd) . e Review
asymmetric vortex initialization in HWRF
. . An observational analysis of warm-sector .
Zhong Lingzh 1 of h 1
ONE LMNEZAL o infall characteristics associated with the 21 Joumal of Geophysica 2015, 120(8) SCI
et al. ; Research
July 2012 Beijing extreme rainfall event
Zhou Interactive effects of elevated CO, and Ecology and
Guangsheng precipitation change on leaf nitrogen of g.y 2015, 5(14)
. . . Evolution
(2nd) dominant Stipa L. species
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Zhou Climatic suitability of the potential geographic =~ Environmental Earth
Guangsheng o e et . 2015, 73(3)
(2nd) distribution of Fagus longipetiolata in China Sciences
Zhou The spatial and temporal dynamics of the
. ) Journal of Cleaner

Guangsheng carbon budget in the alpine grasslands on the Production 2015, 107
(2nd) Qinghai-Tibetan Plateau using the TEM model
Zhou Remote estimation of the fraction of absorbed Journal of Plant
Guangsheng photosynthetically active radiation for a maize Ecolo 2015, 8(4) SCI
(2nd) canopy in Northeast China &
Zhou

Increase in flood and drought disasters during
Guangsheng 1500-2000 in Southwest China Natural Hazards 2015, 77
(2nd)
Zhou Response and adaptation of photosynthesis,
Guangsheng respiration, and antioxidant systems to elevated Plant Science 2015, 6
(2nd) CO, with environmental stress in plants

Estimation of canopy water content by means
Zhou of hyperspectral indices based on drought stress
Guangsheng }.Ip i . ol < Remote Sensing 2015, 7(11)
(2nd) gradient experiments of maize in the North

Plain China

A h : 3 13
Zhou Lingxi tmospheric CO'2 and 1ts. 8’ C me.asurements Nwasinass

from flask sampling at Lin'an regional . 2015, 117 SCI
(2nd) . ) Environment

background station in China
Zhou Xiuji Stocha.stic (.1ynamic simulation of the 100-kyr Sc%ence China: Earth 2015, 58(3) SCI
(2nd) cycles in climate system Sciences
Zuo Zhiyan, E)Ftrem.e cold and warm events over China in Interl'lational Journal 2015, 35(35) SCI
et al. wintertime of Climatology

. : rterl 1
. Response of summer rainfall over China to N R e
Zuo Zhiyan, . . - of the Royal
et al spring snow anomalies over Siberia in the Meteorological 2015, 141(688) SCI
’ NCEP CFSv2 reforecast ) =
Society
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TR Hp ] e B 4 22 ) SV HT el S G AFAE A AT W HUHIF 57 2015, 27(4)
" KATKIEEEA AL 2= I 78 o jg —— 38 L
TR (562) R AT AT HoEE Rl 25t 2015, 34(3)
TR (563 JbkEF R EEL S 2 W AR E TR 2015, 37(11)
£ 7] H ) . <11
R (82) @m@%%ﬁﬁﬁﬁﬂ&ﬁ&?f*ikm ezt 2015, 41(1)
I S TEAN
o EW%%%E%%%%N&EE%F%@% 7 A 2 4 2015, 26(1)
A RS s A K 5 BoK R B R R R P
e o0 7 HAE ) R A 2 AR 2015, 31(3)
o iﬁﬁ?i%ﬁﬁﬁﬁ%&ﬁ%ﬁ%%%@ e 2015, 24(6)
N Z W FRIEERIEMAE “7« 217 bR KR .
THEE (F2) /1 o 5 SEZER 2015, 73(4)
TH (B2) ﬁ%ﬁ%ﬁﬁ&ﬁ%ﬁ%ﬁ@%ﬁﬁ*%ﬁ R 2015, 26(6)
TR (553)  GFS X FRE 5y Fra o b /K v T M P4k = 2015, 41(1)
LR o o =
TH (53 %gﬁ%?ﬁ%ﬂgwxﬁlﬁﬁﬂém% S B 2 2015, 31(4)
TR (3 %%mmmﬁmmg%ﬁﬁ%mﬁﬁﬁ%ﬁ @ﬁk%%wz 2015, 37(1)
i SRS
Faiss ﬂ?ﬁgﬁﬂﬁgﬂﬁ%ﬁiﬁﬁiﬁﬂ% KAFRH 2015, 39(1)
TIVERTE AR
= L — A} ob
e AR AR IR X FR AL =4 F B KA R B AT RE RS N
TREE o R0l e SRl =i 2015, 30(8)
HEIE (3 BrflTyEE g R TEXHF T 2015, 32(5)
N AR — Bk R T AR (GCPDHID) R
TRE(RBD ek s Ta W) K AR 2015, 360D
FWE (52 gmmjﬁjﬁCOZWEZW“%\WH“W HEFEA 2015, 35(2)  BI
F&T VKAZ ST 2 0 EE g PR B K S B 7 HER AL 2015, 30(3)
B (552) XU TRA% 7Ok 2 ) B = 4E @ 1) vk mRA % 2015, 34(3)
B (5F2)  AHEEEFY LK 7N B 44 NS R 2 2015, 26(3)
— PN 5 B U R T R 4 ‘
H Y (52) ?H 2012 “ET N ey i SR B H RS R IE &R 7 R 2015, 26(1)
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