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Fig. 1 Vertical distribution of mean aerosol extinction coefficient for All-aerosol, Dust, Polluted dust,
and Elevated smoke over the different sub-regions of the Pan-Third Pole(From Wang et al, 2020a)
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P2 S DX 2B SO e 1) 75 e SR A A A ML s 28T (51 F Waing et al, 2021)
2L 3k 400 367R 200 hPa & 23 2 il 600 hPafifzs it , I AMIEIE G Sk ) Fm 823 2R W 5 7 K A,
H {4 RE 2R ZRAE 500 hPa Kt 3 (IR R R RS SR ), Wi (o 87 S AR 2k AL s 42
Fig. 2 Aschematic diagram for the transport mechanism of dust aerosols over South Asia to the Qinghai-Xizang Plateau (From

Wang et al, 2021). The red arrows represent the upper-level jet stream at 200 hPa and low-level jet stream at 600 hPa

respectively. The white directional circle indicates the vertical secondary circulation triggered by the upper-level

jet stream. The white dashed lines symbolize the atmospheric flow fields at 500 hPa level.

The blue arrows represent the two transport routes to the Tibetan Plateau
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2020b) . WFFEAEL, PRI KR IZHRR DI R B A X . v A RO R
SO RPN B RO BRI A RS R R RO B 3, H TR Y
DA S35 B R A . TPS MUIX YA R IR s (11 3) o e i Ak B vb A 6 B4 4
RSB 23 o A S U R — 2, BB AAE (PO BRI B R RS s hL S UL (TD,

P13 s i N A 1 X (TPS) Y AR S I B S AR e (206 K (U () 2R A3 15531 (5] A Wang et al, 2020b)
Fig. 3 \ertical proles of dust-forced radiative heating over Qinghai-Xizang betan Plateau and its surroundings during spring (red)
and summer (blue). The shading represents the standard deviation (From Wang et al, 2020b)
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TEAERE R AT 2 7 (Huneeus et al, 2011 ; Sekiya-
ma et al, 2010; Yumimoto et al, 2008) . [A it 4]
e L FH AT B O I S8R A TP A 2 AR K, I AT
e V18 B R A VAV 7 v Dt DX i %o B 455
SRR AP

ST Bk A PR AE A 1 RS 2 i M A
NICAM (Non-hydrostatic ICosahedral Atmosphere
Model) # & SPRINTARS (Spectral Radiation Trans-
port Model for Aerosol Species) i AR 2L, 1 FH Py
Yt Jey 4R 5 e R K 2 08 (AD-LETKF) [A) 46 J7
B, USR] R Al BRI BORH B R L R 5
(Cheng et al, 2019) . X J& H iy 1t 5 [ Yokt

SRR IR LN AR B AT 2 /N R I
T ST A A I R A R GERERS i Eh [R] Ak CALIOP A
O T I AT B RO R B AR
A UL B TR R IR A U I
BELAE R . A% 2 LA Z U A5 B AR vl L
X I T AL ST R A ) O I R R AT A, (H2:
Xt IURA BRI R IR B, A R 5
V¢ TR S A BE A% 0 U i 352 14 0 e e T A
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LI A A, X M e 9 D' 2R B A B R iR
D27 JE RE HEAT R A5 [ Ak T LS A 2 el ot UV IR
25 0 AR R BE 7, AR AU o JR o B 70 Af
MER A E P o 2 0F 5 TR 75 s Jt b s
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350 g i ] i DX I — s — R KA B T Y
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&4 FrRiEdl a0 2R AR EE SR DL OIS 2] i A P H
[F] B I TH G ZR 8 BBk (51 H Cheng et al, 2019)
Fig. 4 Vertical profile of the monthly average daily aerosol
extinction coefficient obtained from five sets of standardized
simulations the observation (From Cheng et al, 2019)
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N S L 2 SR HE O i A G, % DK R
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&, 2007; MR{E{E4E | 2008; Rangwala et al, 2009;
Naud and Chen, 2010; Sugimoto and Ueno, 2010;
Yang etal, 2011; Yanetal, 2016)., il JLT A
Tk sl ORI ESCHE T 9% e S X s AR L ZE Y
A1 H 7% 4k (Fujinami and Yasunari, 2001; KurosakKi
and Kimura, 2002) . 75 7 i B b XL 2 & AR o
A AR Ak (BN ANghas , 1997 T al M4, 2001; X
BEAF, 2002; MR/ B R Z 3, 2006) M 2 4R 5K
N (FR BB LSS, 2008; FRIGAISE, 2021)5%,
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PEAEAERR Y = AME BN AR E250 , iS5 = A
KA ST AE 5 D b X ATE AR 32 B A i O o AT
H A 2 380806 5 35 fl = 3 35 (6] 40 CALIOP Al
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I8 T NI 25 M A T R o B %) 225 [R] 3 A, 6 S 880
FEXTRE AR AR5 . SR 25 R W . 5 i
B NARRERIPEILE T R, XTaEEm T

T IR R RRIE T S8, T B Al K
BER B E I, EAEX 2 BT A o
AR, 78R b X ] 1k 84%, TR K =
() % AR e/ (Wang et al, 2021) . 7EBEZ, IBA
HH 2 A V2 S K 2 B AR 2= 20 B e B g
FEADEAE R R AR . BERZENIKS IR H
= IRz Bt Ve 7K s 7 e D RS2 T ) i S 280
¥k -7, -8.8, —2. 1 -6 W-m?([&]5). IMi7EHE
2, T 2R A R A R AR R I K )
B, BATTHERAZ TR RS 200 & 1 % -18. 5,
-30.4, -2.6 %-9.2W-m?, BRI, IKs ek
SN AR S RN o5 A T, HAER R 2
) 4 555 BT R 7 ik 80% 1 40% . VK = FILR & AH = 9
B I BN B T 6 km FfFE (AT 3k 1.2 K-d™h), 7l
558 114 V4 AN I 43 1) e AR HE 12 km T8 km A2, HE
BHIRAKEN-0. 5 K-d (B Z vk ) fil-0. 4 K-d™
(BZEMIRAGMHZ) . FTEEENE, hTigk
BYSZIR o SR 2k v K 2 9 e AR AR R 7K =
SO V7 P 28 S 20 R I B A Ve 2R I KT K
=o XRWIR K S TE IR e i s h B AN
ZABIVER . Meoh, FE R K F LR Rk
RGN, THREERS, Hrh, ks F
S IR AR B BRI, MRS A = W 35 &
JR R FE TR R IR o AR 2R, VKA BEK Y 32 3 BTk
W) = A T R SR AR o

K5 K=, IRAEMHE, BK=, SRIEREKE, ZEa USRS AT REERRKTZT, RANFLL 3R B
2 BRSO (B . Wem™2) (5] H Wang et al, 2021)
Fig. 5 Cloud radiative effect of ice clouds, mixed-phase cloud, supercooled water clouds warm water clouds,

multi-layered clouds, and total clouds at the top of the atmosphere, between top of the atmosphere and

surface, and surface over the Qinghai-Xizang Plateau. Unit: W-m™ (From Wang et al, 2021)
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ERETE | K2 B 78 A1 5 M IX S % 2 12 /< 0 ( Bai
and Xu, 2004), @S EAE S, —# SR

T T 7R e D i U T T, TR Bt 5 ) 5% 3t TR 7K (Xu
etal, 2003), 55— M 25 S0k i B BHLEY , 38 2o %
1378 UK 2% 30 v SR AN o P XU K 7 il 0 7K VR
HRREAMDBEANARWHX . TR
WA A S 18k 8y, TR T 5 e bl BR 1) 28 B A i
FINES AR VG BRI 26 1) IR0, 520 4 BRSOK A3 1I6 R
(Xuetal, 2008a) . 4 f4F, L& B 1 b i 22 XL
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CPRTECUE T AR A N B0 R AR
S A ERE B A R T, R R TR S |
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i [0 25 UK B U A Bk T R 5 e A8 2% i L 3 K i
A e K — TR, PR AR e S R M I Bl
T3 AR X XS A BRORRFR AL L KRR, B
X S Y 52 2 XA e S5 [ RS, AT 9 2 Il B o SR

18 ) #45 (WU and Zhang, 1998; Boos and Kuang,
2010; Wu et al, 2012) .

Yan et al (2020) F 5% & B 75 i e i - 35 KA
TKIREIA 1 Q 1Y 25 18] 3 A 5 I AR A B e K 7 48
FIPGILEREL /N | Seih AR B b i/ NI R A KR L
SRR W 25 ) 25 5, 76 o JE G 350 R PG i A
XF AL, QIEH g N (355 mm-a™) , Mi7EHEE
AT VT3 358 P it e VRV LI, Q 2R R B (/T -5
mm-a™). TR R TR X SR R F i, QM
AR, KRB , (B 7R 2838 K 2 AR
M ABZ 1L ARS Z 6], QI &AEHS I 3~4 mm, Jff
B G 2 1 R R 5 . R RN R
CRAUKEE T B R W, K Ry
1.786 Gt-a™. M Hib— LT 1 520 i Ji 2 rhok 9%
TR & (AE 2R K, KRG MZE L
) I KA P P B 1 0 S A S AR Ak 45 (151 6) o

E6 Tk e RO 404 (1979—2018 4F ) &4F Bl /KiRigR A i, 26k i, MUK ARt a3
IKF43Ai (51 1 Yan etal, 2020)

Fig. 6 Horizontal distribution of 40 year (from 1979 to 2018) averaged integrated divergence of water vapor flux,

evaporation and total precipitation over the Qinghai-Xizang Plateau (From Yan et al, 2020)
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*1 FHEFEEAOERRFRENERITKIRZHERKETN
Table 1 Annual cumulative water budget components and long-term trends over
different sub-regions of the Qinghai-Xizang Plateau in the past 40 years
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Fig. 7 Monthly mean ice cloud particle radius values for constant bins of the Aln for daytime (red)

and nighttime (blue) (a)and its the log-log scale(b) (From Liu et al, 2019a)
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K18 HUMEARLIDIAT B B 7 e Jat L 28 B e 3 VbR 5 LR R I 2 AR X R e K B9 520 (51 A Liu et al, 2020a)

Fig. 8 The effect of eastward movement of convective clouds over the Qinghai-Xizang Plateau polluted by Taklimakan

dust on the downstream precipitation obtained by numerical simulation (From Liu et al, 2020a)
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E19 (a)1979—20154F (] 7—8 ] #h3% %2 200 hPa /K ¥l /i (B : kg-m™-s™) A #44345 . (b) CALIPSO F1 CloudSat T A2 Wil
BT Z IR S, (¢)(30°N—60°N, 90°E—110°E) [X 45, 1979—2015 4F 1] ] 2y b Oy Y I ] 41), (d)1979—2015
AEJ1H] 200 hPa XU Y 353 A1, (e) T i I s m AL T 2 A HLEE (51 A Liu et al, 2020b)

FEL AL A IR 1% DAl A 5 o B A, T AR X0 B 34 5 90% 114 i 5 HEAG 10
Fig. 9 Mechanism of the Qinghai-Xizang Plateau’s attribution to northern drought. (a) Trend distribution of water-vapor flux
(unit: kg-m™-s*) from the surface to 200 hPa (shading) and water-vapor flux vector (arrow) in July-August for the 1979—2015
period. (b) The frequency distribution of dusty clouds obtained from CALIPSO and CloudSat observations during 2007—2015.
(c¢) Time series of the jet stream center’s position anomalies over the region of 30°N—60°N, 90°E—110°E during 1979—2015.
(d) Distribution of horizontal wind-speed trends (shading; unit: [m-s™(10a)™]) and wind vectors (arrows) at 500 hPa in
July-August from the ERA-interim data for the 1979—2015 period. (e) Schematic of the northern drought attributed to the
Qinghai-Xizang Plateau. The area enclosed by the black bold curve is the main body of the Qinghai-Xizang Plateau.

The dotted symbol denotes a trend significant above the 90% confidence level (From Liu et al, 2020b)
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An Overview of the Aerosol and Cloud Properties and Water Vapor
Budget over the Qinghai-Xizang Plateau

HUANG Jianping', LIU Yuzhi®, WANG Tianhe?*, YAN Horngru®, LI Jiming®, HE Yongli’
(1. Collaborative Innovation Center for Western Ecological Safety, Lanzhou 730000, Gansu, China;
2. Key Laboratory for Semi-Arid Climate Change of the Ministry of Education, Lanzhou University, Lanzhou 730000, Gansu, China)

Abstract: Acting as the “Asian water tower” , the Qinghai-Xizang Plateau (QXP) can significantly influence
the East Asian and global climate. This paper introduces some preliminary results of the Strategic Priority Re-
search Program of Chinese Academy of Sciences (Grant No. XDA2006010301). Focusing on the Pan Third Pole
centered by the QXP, the dominant results include: (1) Dust, polluted dust, elevated smoke and polluted conti-
nental aerosols are the most important types over the Pan-Third Pole region. Among them, the dust emission and
transport can significantly affect the atmospheric thermodynamic structure over the western QXP and the Qaidam
Basin. (2) The occurrence frequency of supercooled water clouds and its role in adjusting the energy budget are
greater than those of warm water clouds over the QXP. Precipitation is mainly produced by ice clouds and mixed
phase clouds, especially in warm season. Although the QXP is warming and wetting, the water vapor arriving
from outside the QXP could not effectively replenish the surface water storage, the water cycle over the eastern
part of the QXP shows a weakening trend, while the one over the western part indicates opposite trend. (3) Due
to the black carbon (BC), a weak South Asian Summer monsoon is induced, leading less water vapor transport-
ed from the Indian Ocean to the QXP. Besides, BC addition can induce an intensified East Asian Summer mon-
soon significantly, consequently, more water vapor is transported from the east of QXP. Overall, due to the BC,
the net water vapor is positive over the QXP, implying a net import of water vapor from the surroundings to the
QXP. The eastward movement of convective clouds polluted by dusts over the QXP can merge with the local
cloud clustering, leading to an intensified precipitation in the Yangtze River Basin and North China. In general,
aerosols can directly affect radiation, or indirectly change the macro and micro characteristics of clouds by acting
as cloud condensation nuclei, or by affecting the thermal structure required for cloud formation, thereby further
affecting the surface energy budget and atmospheric heating rate profile of QXP. And ultimately affect the circula-
tion system and the water vapor budget of the plateau. Being some parts of the program, the research on above re-
sults is beneficial to reveal the physical mechanism of the QXP influencing the surrounding water cycle, to under-
stand the mechanism of aerosol-cloud-interaction affecting the water cycle of TP. Additionally, it may provide
some evidence and guidance for the improvement of the efficiency of air water resources development and utiliza-
tion.
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