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receptor attribution method, the moisture sources for super typhoon Rammasun (landfalling from 0600 UTC July 17, 2014
to 0600 UTC July 19, 2014) were studied, and the contributions from these moisture sources were quantified. Results
indicated that the vast majority of the target particles were from southwest and east of the target precipitation region. The
former originated from the relatively lower layers of the atmosphere and could be traced back to regions such as the
Arabian Sea and the Bay of Bengal, and particle height did not change much in transit. The latter could be traced back to
the Western Pacific Ocean, and the particles were relatively higher at their source, descending during transportation. The
South China Sea region (C) made the largest contribution, followed by the target precipitation region (T), while the Bay of
Bengal (B) and the southern Western Pacific region (D) both contributed similar amounts that were less than those from
region T. The greater contributions of regions C and T to the precipitation during Rammasun landfall were attributed to
their higher uptake by the storm (especially from region C) and reduced loss in transit (especially from region T). The
uptake from region B was higher than that from region D, but the unreleased proportion from the former was significantly
higher than that from the latter. Meanwhile, the moisture loss in transit to the storm from both regions B and D was
equivalent, resulting in roughly equal contributions to the target precipitation area. Although uptake from the Arabian Sea
region (A) was also substantial, its ultimate contribution to the target precipitation region was dramatically reduced due to
evaporation in the air parcels. Our study demonstrated that the FLEXPART model and areal source to receptor attribution

method can reveal relative moisture source contributions to tropical cyclone precipitation more clearly and quantitatively
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than the qualitative commonly-used circulation and water vapor flux analysis.
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Fig. 1 (a) The observed track of Rammasun (black line) from 0000 UTC 17 July to 1800 UTC 19 July, 2014 and the observed accumulated
precipitation (color shading, units: mm) from 0100 UTC July 17 to 0000 UTC July 20, 2014. The black rectangle indicates the selected target
precipitation area. (b) Temporal evolution of hourly area-averaged accumulated precipitation (dotted solid line, units: mm h™') in the target
precipitation area, maximum wind speed (long dashed line, units: m s_l), and minimum sea level pressure (short dashed line, units: hPa) of Rammasun
from 0000 UTC July 17 to 1800 UTC July 19, 2014. The horizontal line is for 1 mm of precipitation and the vertical line is for the moment of

Rammasun landfall in Hainan

60E 90E 120E 150E

2 NCEP/FNL %K}y 500 hPa {7 % fEdy (BREVR(E L, WM STLURL 5880, FfL: gpm, SEEHZIAIIGA 20 gpm), KT 10 m
s 850 hPa MUl (L% k) LA KT 20 ms ' A 300 hPa RIS (BEERID: (a) 20144 7 5 9 H 00:00; (b) 2014 4F
7 A 11 H 06:00; (¢) 2014 47 A 18 H 06:00; (d) 2014 47 A 19 H 06:00

Fig. 2 500-hPa geopotential height (black contours, thick blue line indicates 5880 gpm, contour interval: 20 gpm), 850-hPa wind field (> 10 m s,

red vector, units: m sfl), and 300-hPa wind field (> 20 m sﬁl, blue wind bar, units: m sfl) from the National Centers for Environmental Prediction Final

Operational Global Analysis data (NCEP FNL) at (a) 0000 UTC July 9, (b) 0600 UTC 11 July, (¢) 0600 UTC 18 July, and (d) 0600 UTC 19 July, 2014
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Fig.3 850-hPa moisture fluxes (left column, vector, color shading indicates the value of the moisture flux, units: g cm ' hPa ' s ') and vertically
integrated atmospheric precipitable water (right column, shaded, units: mm) from 1000 hPa to 300 hPa calculated from NCEP FNL at (al, a2) 0000
UTC July 9, (b1, b2) 0600 UTC July 11, (c1, ¢2) 0600 UTC July 18, and (d1, d2) 0600 UTC July 19, 2014
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Fig. 4 Accumulated precipitation in the target precipitation area from 0600 UTC July 17 to 0600 UTC July 19, 2014 (color shading, units: mm): (a)
Observed precipitation, (b) diagnoses based on output from the FLEXPART model driven by NCEP FNL data
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Fig. 5 (a) Trajectories of the target particles from 0900 UTC July 9 to 0600 UTC July 19, 2014, and (b) cluster mean trajectories (cluster number: 10).
(a) Trajectory segments are color to coded according to the associated altitudes AGL (Above Ground Level) (units: m). Purple star marks indicate the
beginning of the trajectories. Only one trajectory is selected randomly for every 50 target particles for clarity. The black rectangle indicates the target
precipitation area. (b) Numbers located at the beginning of the cluster mean trajectories indicate the percentage of each cluster relative to the total
trajectories of the target particles reaching the target precipitation area; A, B, and C indicate the Arabian Sea region, the Bay of Bengal, and the South

China Sea region, respectively. D and E are bounded by 28°N in the western Pacific ocean
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Fig. 6 (a) Values of E—P diagnosed based on output from the FLEXPART model (color shading, units: mm) and (b) the contribution of each
examined moisture source region marked with black rectangles shown in (a) to the total moisture released in the target region. T indicates the local
target precipitation region. Total is the sum of the results from all examined moisture source regions. (b) Green histogram is the integrated result of the

entire atmospheric layer, while the yellow histogram is the integrated result of the boundary layer
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Fig. 7 Ratios of the moisture uptake from the examined moisture source regions (a) across the entire atmospheric layer and (b) in the boundary layer
to the total moisture release within the target precipitation area. These consist of three parts: the part lost in transit (orange), the part released over the

target precipitation area (blue), and the part that reached the target precipitation area but did not fall as precipitation (green)
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Table 1 Ratios of the moisture uptake from the examined moisture source regions (A, B, C, D, E, T) across the entire

atmospheric layer ( AL ) and in the boundary layer ( BL ) to the total moisture release within the target precipitation area

Uptake Loss

Released Unreleased

KRFEX AL BL AL BL

AL BL AL BL

36.31% 16.30%  29.07%(80.06%) 13.83%(84.85%)
61.86% 34.05%  35.49%(57.37%) 21.05%(61.82%)
62.00% 37.49%  22.65%(36.53%) 14.90%(39.74%)
47.71% 15.54%  28.25%(59.21%) 10.86%(69.88%)

39.76% 24.55% 3.61%(9.08%) 2.02%(8.23%)

4.24%((11.68%)
16.06%(25.96%)  8.02%(23.55%)
30.58%(49.32%) 17.56%(46.84%)
16.68%(34.96%)  3.99%(25.68%)
0.11%(21.57%)
26.21%(65.92%) 16.51%(67.25%)

1.47%(9.02%) 3.00%(8.26%)  1.00%(6.13%)
10.31%(16.67%) 4.98%(14.63%)
8.77%(14.15%)  5.03%(13.42%)
2.78%(5.83%)  0.69%(4.44%)
0.01%(1.96%)  0.00%(0.00%)
9.94%(25.00%)  6.02%(24.52%)

0.00%(0.00%)

A
B
C
D
E 0.51% 0.01%  0.39%(76.47%) 0.01%(100.00%)
T
S

HH B AR 2% T 15 92 S A KRR X A R R T B

X A A R 3 R R U X (C) B IR X 3
(B) HKHI/KIKTTHR (30.58%, K 6b), wndi
TS DXL e PRV R AR AR 22 P AR IR T R B R T
Bk (B 6a); ABAETE AKFFE D X 7K
AREEE (F 7. # D URTERMEE (B) A
FEXIE (C), HHEMBHMER (59.21%) HE
KFHEXIE (3653%), 5 &M ERER
(5737%) # 4, BHAR KX DIF X & )&
(47.71%) & T BIX I (61.86%), {H D IX 5%
I KR B0 B Ar X 380 AR B R 1 KA
(2.78%) &F/NF B X (1031%), FEH DX
1 (16.68%) 1 B X1 (16.06%) HEHL K KN}
H bR B K X TTHRAE s H FRBE 7K X 3805 Hi /K VA Y
2 (39.76%) B& AL T 78 K ~F ¥ ¥ & DX &
C47.71%) , T & T B0 4 Aa i X 3 C A,
36.31%), HHFH AT HRBFEKKX, #ik
TAER (9.08%) TEFTA B RN XS &/, FH
o AR BE K X381 B K KR BTk (26.21%) X
KT ¥ X 3 30.58%

Al A, XA (C) FTHFRFEK XL (T
Xy 6 ik A B K DT R TR T R
PEDXOKIRAEICRE LRI C) FIEBAR A
EAFER L HARBEK XL T)s d s X
B (B) AKVRSEHE & T IORSFEE R D XK, H
T B3 H R B 7K DX 31T A A R 78 ) B Ag1 BH . v T
JEE, IR, PE TS FERA Y, SRR H
P B 7K X 3 ) B 24 TR A 5 AT A1 36 [X 4k
(A) KEBBA R HE, HH TR EEH
FE,  FEOLN H AR B 7K DX 3800 5 28 DTk 23 AR
FIF FLEXPART #1328 38 B3 A1 AH R /K VR X 38 5 5T

R M ik, AT DA D i T R RE R e s A e
B 7K BRI AFAE o

6 Zit5itie

A SCAE BB A% B H #1328 18 BE A% 2 FLEXPART
AIAH L) K IRUR X 8 B DTk o b Tk, BT
2014 SR G M " B R IE (2014 4F
7 H 17 H 06:00 £ 19 H 06:00) 5 [% 7K [ 7K 35 I8
H HERHEFIYR X E B TR . 5 DA FH B ENR
ARV B RSN L, FRBER 57k aT DL M
WA 48 73 s e B KA SRS K IR IR HB AR AE . 15 21
FELERUF:

(D) BB RS H AR HE B H AR KX
P8 R AR AR, 7S e 0k T 8 e A v A o
IS X, HIRER SR B A BURZ IROR
R, EEEAERNEE AR K TR H R AR
ALIEWE] 140°E LUZR PR R, AFTRA
VORI ) H AR, SR B R I a6 i B AL T
FEXTR R 2 KA, v P R J gk i v gk I

(2) MR¥EHPRSIRFIE . RV BT Ll A
E-P 5y A4, B 5 D EERSBIREX, FIH
“THPRTTERE AN 7, AR A KRR X
XFH bR KX BRI DTk, KL, X IR
C (MilEXHE) Trmkix K, HARBEKXE (T) &
HTTER R, FNFE (B) AP APV E X 4
(D) BgkAH Y HISET T X3k,

(3) B (C) MHERBEKXE (T) XF
Ry b 6 it S TR A K T R RV T A U
XK IR OUHEREHIX C) FABRIKHTIE
POFEZR LR B AR FEKIX IR T);  d i v X 4k



2 ] B —ImAE: “ESHEDT (1409) FEZKZKITRIEANGE X E & otk 70 i

No. 2 XUE Yidi et al. Moisture Sources and Quantitative Analyses of Source Contributions of Precipitation ... 353

(B) ZKVAEERHCE & TP KT g i D X35, {HHT
& B35 H AR K DX T ARAOR R Le A s T )
=, [FRE, PEIRIAERAE Y, G R E R AR
26 7 DX 3380 Py o 2 D R A RH 2 s RV T g A v X 3k
(A) KRNI R, HiTFHErEE
FE, PR HPRFEK D) 5 2 DTk 2 2 PRI

A% S FH 9 FLEXPART #0728 38 5458 30 A0 AH B
IKVRIR X 8 B DTHR BT 32, 5 AR B3R AT
KRB ST, BT DLE i i A g & 45 s
TR AUNRAE N 25 Bl R SR G B/ I KPR R
ik, AHSCHFFEA AT EUIISEN LB AR, [F] B A] g AH
TR TR B AL PR S MK HE  (Huang and Cui, 2015a,
2015b) o PAAE R bl A5 RN 77 2 FH T s e %
IK IR FE TAEARR LD, AR SO B & i 40
[ BE K I L3R4S T — G s I 4s i, AR ik
B 22 Pty AU A 19 I A () DX 38 i iy —Uie
BIFF RS Z A, DUEIRNLE AR [RIT,
AR LA F AN R 750 B B R SR 3 A5 2 Bl 5 A [F] 47
6 B F 8 AR AT o A, DA — 3 hn 45
WIS S5, ARSCRYE K 2 8l A5
( Numaguti, 1999; Trenberth, 1999), & T [A] §f
BERR RN 10 K, MR X B EER A, DA TAE
Wit T AFEAYE (Sun and Wang, 2014), HAk
EHEJLRIENIEEERH], TTREAFRRIARAS
K, X TTTHAKAR AT R AHOCHH T, DAE A e S5t
T e B N IE PR I R T

S #k ( References )

Atallah E H, Bosart L F, Aiyyer A. 2007. Precipitation distribution
associated with landfalling tropical cyclones over the eastern United
States [J]. Monthly Weather Review, 135(6): 2185-2206.
doi:10.1175/MWR3382.1

Mros, AR, JEIReIE. 2011, hiik B3 H 7 vki2 W 2007 47 7 H i E R
0 5 A A Bk K B VR i B A K L T RE SRR IX. [T]. SR
%, 69(5): 810—-818.  Chen Bin, Xu Xiangde, Shi Xiaohui. 2011.
Estimating the water vapor transport pathways and associated sources
of water vapor for the extreme rainfall event over east of China in
July 2007 using the Lagrangian method [J]. Acta Meteor. Sin. (in
Chinese), 69(5): 810-818. doi:10.11676/qxxb2011.071

WER, BREEAT, TN, 2. 2011, & KT BE 25 5 N AT 7T 2 (0]
A SR 4], 27(2): 264-270.  Cong Chunhua, Chen Lianshou,
Lei Xiaotu, et al. 2011. An overview on the study of tropical cyclone
remote rainfall [J]. J. Trop. Meteor. (in Chinese), 27(2): 264—270.
doi:10.3969/j.issn.1004-4965.2011.02.016

BRI, PNALHE, 22 T, 55, 2014, B G R “Bi D" 5 Cakge” itk

NG B8 7 5 AR A L T (D] 2R R 5, 33(4): 392-400.
Chen Jian, Sun Hongmei, Gao Anning, et al. 2014. Comparative
analysis of intensity changes between super typhoons Rammasun
(1409) and Damrey (0518) during the period of entering the Beibu
Gulf [J]. Torrential Rain Disasters (in Chinese), 33(4): 392—400.
doi:10.3969/j.issn.1004-9045.2014.04.012

WRIKAE, T —IL. 1979, POK-F¥E & XMBEE [M]. dbat: B2z H it
1-3.  Chen Lianshou, Ding Yihui. 1979. Introduction to the
Western Pacific Typhoon (in Chinese)[M]. Beijing: Science Press,
1-3.

WREEAR, F8 5. 2001, B Hl RO TR HE R[] KRR,
25(3): 420—432.

2001. An overview on tropical cyclone research progress in China

Chen Lianshou, Meng Zhiyong Meng Zhiyong.

during the past ten years [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 25(3): 420—432. doi:10.3878/.issn.1006-
9895.2001.03.11

WRIEAR, %31 T, 22 0%, 2004, B R SRERT S HERE [7]. LB
%, 62(5): 541-549.  Chen Lianshou, Luo Zhexian, Li Ying. 2004.
Research advances on tropical cyclone landfall process [J]. Acta
Meteor. Sin. (in Chinese), 62(5): 541-549. doi:10.3321/].issn:0577-
6619.2004.05.003

Chen Lianshou, Li Ying, Cheng Zhengquan. 2010. An overview of
research and forecasting on rainfall associated with landfalling
tropical cyclones [J]. Advances in Atmospheric Sciences, 27(5):
967-976. doi:10.1007/s00376-010-8171-y

FEWENS. 2009. Hi T FEKIZ W5 FEXT B AR (K58 B2 T [9]. KSR}
2. 33(2): 375-387.

analysis of surface rainfall processes by surface rainfall equation [J].

Cui Xiaopeng. 2009. Quantitative diagnostic

Chinese Journal of Atmospheric Sciences (in Chinese), 33(2):
375-387. doi:10.3878/j.issn.1006-9895.2009.02.15

Cui X P, Li X F. 2006. Role of surface evaporation in surface rainfall
processes [J]. J. Geophys. Res. Atmos., 111: DI17112.
doi:10.1029/2005JD006876

Cui X P, Xu F W. 2009. A cloud-resolving modeling study of surface
rainfall processes associated with landfalling typhoon Kaemi(2006)
[J].  Journal of Tropical Meteorology, 15(2): 181-191.
doi:10.3969/j.issn.1006-8775.2009.02.007

FRIESL, BRI, AR AEAE, 55, 2005. 3 10 45 b [H & X2 FI AT 0t
[0 A %, 31(12): 3-9.
Xiangde, et al. 2005. Research progress on typhoon heavy rainfall in
China for last ten years [J]. Meteor. Mon. (in Chinese), 31(12): 3—9.
doi:10.7519/j.issn.1000-0526.2005.12.001

FRIESR, BRIETE, 25 7E. 2009. % i & KUK 1R R HFE I 23 A
0. 5 & % i, 67(5: 840-850.
Lianshou, Li Ying. 2009. Diagnostic analysis of large-scale

Cheng Zhengquan, Chen Lianshou, Xu

Cheng Zhengquan, Chen

circulation features associated with strong and weak landfalling
typhoon precipitation events [J]. Acta Meteor. Sin. (in Chinese),
67(5): 840—850. doi:10.11676/qxxb2009.082

XSIk, 3t S, wOCHE, 552016, MR G K “E T (2014) B
PRARFAE A BLALL 5 %0 LE AR BT [9]. B, 74(5): 697-714.  Deng
Lin, Duan Yihong, Gao Wenhua, et al. 2016. Numerical simulation

and comparison of cloud microphysical features of super typhoon


https://doi.org/10.1175/MWR3382.1
https://doi.org/10.11676/qxxb2011.071
https://doi.org/10.11676/qxxb2011.071
https://doi.org/10.11676/qxxb2011.071
https://doi.org/10.11676/qxxb2011.071
https://doi.org/10.3969/j.issn.1004-4965.2011.02.016
https://doi.org/10.3969/j.issn.1004-4965.2011.02.016
https://doi.org/10.3969/j.issn.1004-9045.2014.04.012
https://doi.org/10.3969/j.issn.1004-9045.2014.04.012
https://doi.org/10.3878/j.issn.1006-9895.2001.03.11
https://doi.org/10.3878/j.issn.1006-9895.2001.03.11
https://doi.org/10.3878/j.issn.1006-9895.2001.03.11
https://doi.org/10.3321/j.issn:0577-6619.2004.05.003
https://doi.org/10.3321/j.issn:0577-6619.2004.05.003
https://doi.org/10.3321/j.issn:0577-6619.2004.05.003
https://doi.org/10.3321/j.issn:0577-6619.2004.05.003
https://doi.org/10.1007/s00376-010-8171-y
https://doi.org/10.3878/j.issn.1006-9895.2009.02.15
https://doi.org/10.3878/j.issn.1006-9895.2009.02.15
https://doi.org/10.3878/j.issn.1006-9895.2009.02.15
https://doi.org/10.1029/2005JD006876
https://doi.org/10.3969/j.issn.1006-8775.2009.02.007
https://doi.org/10.7519/j.issn.1000-0526.2005.12.001
https://doi.org/10.7519/j.issn.1000-0526.2005.12.001
https://doi.org/10.11676/qxxb2009.082
https://doi.org/10.11676/qxxb2009.082
https://doi.org/10.1175/MWR3382.1
https://doi.org/10.11676/qxxb2011.071
https://doi.org/10.11676/qxxb2011.071
https://doi.org/10.11676/qxxb2011.071
https://doi.org/10.11676/qxxb2011.071
https://doi.org/10.3969/j.issn.1004-4965.2011.02.016
https://doi.org/10.3969/j.issn.1004-4965.2011.02.016
https://doi.org/10.3969/j.issn.1004-9045.2014.04.012
https://doi.org/10.3969/j.issn.1004-9045.2014.04.012
https://doi.org/10.3878/j.issn.1006-9895.2001.03.11
https://doi.org/10.3878/j.issn.1006-9895.2001.03.11
https://doi.org/10.3878/j.issn.1006-9895.2001.03.11
https://doi.org/10.3321/j.issn:0577-6619.2004.05.003
https://doi.org/10.3321/j.issn:0577-6619.2004.05.003
https://doi.org/10.3321/j.issn:0577-6619.2004.05.003
https://doi.org/10.3321/j.issn:0577-6619.2004.05.003
https://doi.org/10.1007/s00376-010-8171-y
https://doi.org/10.3878/j.issn.1006-9895.2009.02.15
https://doi.org/10.3878/j.issn.1006-9895.2009.02.15
https://doi.org/10.3878/j.issn.1006-9895.2009.02.15
https://doi.org/10.1029/2005JD006876
https://doi.org/10.3969/j.issn.1006-8775.2009.02.007
https://doi.org/10.7519/j.issn.1000-0526.2005.12.001
https://doi.org/10.7519/j.issn.1000-0526.2005.12.001
https://doi.org/10.11676/qxxb2009.082
https://doi.org/10.11676/qxxb2009.082

xR M 44

354 Chinese Journal of Atmospheric Sciences

Vol. 44

Rammasun (2014) [J]. Acta Meteor. Sin. (in Chinese), 74(5):
697-714.

Dorling S R, Davies T D, Pierce C E. 1992. Cluster analysis: A
technique for estimating the synoptic meteorological controls on air
and precipitation chemistry-Results from Eskdalemuir, South
Scotland [J]. Atmos. Environ. Part A. General Topics., 26(14):
2583-2602. doi:10.1016/0960-1686(92)90111-W

Ui %%, WRI, TR, 4. 2014, & XUB i B U5 57 2 Ak ¥ B 9 gk
J& [7]. KB 2AR, 72(5): 969-986.

Liang Jianyin, et al. 2014. Research progress in the unusual

Duan Yihong, Chen Lianshou,

variations of typhoons before and after landfalling [J]. Acta Meteor.
Sin. (in Chinese), 72(5): 969—986. doi:10.11676/qxxb2014.085

TR, BRAE. 1995, 4 UL BeANYA 2 G BN 5 A R Y Y I Y
Ft (1], AR 2431, 11(1): 80-85.  Ding Zhiying, Chen Jiukang,
1995. A study of relationship between enhancement of typhoon rain
and available potential energy and cold air [J]. J. Trop. Meteor. (in
Chinese), 11(1): 80—85. doi:10.16032/j.issn.1004-4965.1995.01.011

TR, TR, EIK B, 5. 2015, A A “Bilis” (0604) %1
WEHI 5 B KR s B e B AR A, [3]. RAUREE, 39(2): 422-432.
Dai Zhujun, Wang Lijuan, Guan Zhaoyong, et al. 2015. Simulation of
water vapor transport paths before and after increased rainstorms
from tropical storm Bilis (0604) [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 39(2): 422-432. doi:10.3878/j.issn.1006-
9895.1404.13340

Guo X, Tan Z M. 2017. Tropical cyclone fullness: A new concept for
interpreting storm intensity [J]. Geophysical Research Letters, 44(9):
4324-4331. doi:10.1002/2017GL073680

Hua Cong, Liu Qijun. 2013. Numerical simulation of cloud
microphysical characteristics of landfall typhoon Krosa [J]. J. Trop.
Meteor. (in Chinese), 19(3): 284-296. doi:10.16555/j.1006-
8775.2013.03.009

Huang Y J, Cui X P. 2015a. Moisture sources of an extreme
precipitation event in Sichuan, China, based on the Lagrangian
method [J]. Atmos. Sci. Lett., 16(2): 177—183. doi:10.1002/as]2.562

Huang Y J, Cui X P. 2015b. Moisture sources of torrential rainfall
events in the Sichuan Basin of China during summers of 2009-13 [J].
J. Hydrometeorol., 16(4): 1906—1917. doi:10.1175/jhm-d-14-0220.1

Khain A, Lynn B, Dudhia J. 2010. Aerosol effects on intensity of
landfalling hurricanes as seen from simulations with the WRF model
with spectral Bin microphysics [J]. Journal of the Atmospheric
Sciences, 67(2): 365-384. doi:10.1175/2009JAS3210.1

Kim H S, Kim J H, Ho C H, et al. 2011. Pattern classification of
typhoon tracks using the fuzzy c-means clustering method [J].
Journal of Climate, 24(2): 488—508. do0i:10.1175/2010JCLI3751.1

Liu M F, Vecchi G A, Smith J A, et al. 2018. Projection of landfalling-
tropical cyclone rainfall in the eastern United States under
anthropogenic warming [J]. J. Climate, 31(18): 7269-7286.
doi:10.1175/jcli-d-17-0747.1

NIE, BRIETS. 2001, TSR I8 Ik B L 5 P A BEIR L R SEAH L
PERMBE A [ LR R, 59(5): 602-615.  Lei Xiaotu, Chen
Lianshou. 2001. Tropical cyclone landfalling and its interaction with

mid-latitude circulation systems [J]. Acta Meteor. Sin. (in Chinese),

59(5): 602-615. doi:10.3321/j.issn:0577-6619.2001.05.010

Meng W G, Wang Y Q. 2016a. A diagnostic study on heavy rainfall
induced by typhoon Utor (2013) in South China. Part I. Rainfall
asymmetry at landfall [J]. J. Geophys. Res., 121(21): 12781—-12802.
doi:10.1002/2015JD024646

Meng W G, Wang Y Q. 2016b. A diagnostic study on heavy rainfall
induced by landfalling typhoon Utor (2013) in South China. Part II.
Postlandfall rainfall [J]. J. Geophys. Res., 121(21): 12803—12819.
doi:10.1002/2015JD024647

Ming J, Zhang J A, Rogers R F, et al. 2014. Multiplatform observations
of boundary layer structure in the outer rainbands of landfalling
typhoons [J]. J. Geophys. Res., 119(13): 7799-7814. doi:10.1002/
2014jd021637

Numaguti A. 1999. Origin and recycling processes of precipitating
water over the Eurasian Continent: Experiments using an atmospheric
general circulation model [J]. J. Geophys. Res., 104(D2): 1957-1972.
doi:10.1029/1998jd200026

W, VO, TN, . 2012, BT RALEE TS B R o E X
T 5 AR 3 B I B K Rl e [J]. R AE R, 70(6):
1381-1389.  Pan Yang, Shen Yan, Yu lJingjing, et al. 2012.
Analysis of the combined gauge-satellite hourly precipitation over
China based on the OI technique [J]. Acta Meteor. Sin. (in Chinese),
70(6): 1381—-1389. doi:10.11676/qxxb2012.116

Qu Y, Chen B J, Ming J, et al. 2017. Aerosol impacts on the structure,
intensity, and precipitation of the landfalling typhoon Saomai (2006)
[J]. J. Geophys. Res., 122(21): 11,825-11,842. doi:10.1002/2017
JD027151

Stohl A, Hittenberger M, Wotawa G. 1998. Validation of the lagrangian
particle dispersion model flexpart against large-scale tracer
experiment data [J]. Atmos. Environ., 32(24): 4245-4264.
doi:10.1016/51352-2310(98)00184-8

Stohl A, Eckhardt S, Forster C, rt al. 2002. On the pathways and
timescales of intercontinental air pollution transport [J]. J. Geophys.
Res., 107, D23: 4684. doi:10.1029/2001JD001396

Stohl A, James P. 2004. A Lagrangian analysis of the atmospheric
branch of the global water cycle. Part I: Method description,
validation, and demonstration for the August 2002 flooding in central
Europe [J]. J. Hydrometeorol., 5(4): 656—678. doi:10.1175/1525-
7541(2004)005<0656:alaota>2.0.co;2

Stohl A, Forster C, Frank A, et al. 2005. Technical note: The
Lagrangian particle dispersion model FLEXPART version 6.2 [J].
Atmos. Chem. Phys., 5(9): 2461-2474. doi:10.5194/acp-5-2461-2005

Stohl A, James P. 2005. A Lagrangian analysis of the atmospheric
branch of the global water cycle. Part II: Moisture transports between
earth's ocean basins and river catchments [J]. J. Hydrometeorol., 6(6):
961-984. doi:10.1175/jhm470.1

Stohl A, Forster C, Sodemann H. 2008. Remote sources of water vapor
forming precipitation on the norwegian west coast at 60°N A tale of
hurricanes and an atmospheric river [J]. J. Geophys. Res., 113:
D05102. doi:10.1029/2007JD009006

Sun B, Wang H J. 2014. Moisture sources of semiarid grassland in
China using the Lagrangian particle model FLEXPART [J]. Journal


https://doi.org/10.1016/0960-1686(92)90111-W
https://doi.org/10.11676/qxxb2014.085
https://doi.org/10.11676/qxxb2014.085
https://doi.org/10.11676/qxxb2014.085
https://doi.org/10.16032/j.issn.1004-4965.1995.01.011
https://doi.org/10.16032/j.issn.1004-4965.1995.01.011
https://doi.org/10.16032/j.issn.1004-4965.1995.01.011
https://doi.org/10.3878/j.issn.1006-9895.1404.13340
https://doi.org/10.3878/j.issn.1006-9895.1404.13340
https://doi.org/10.3878/j.issn.1006-9895.1404.13340
https://doi.org/10.1002/2017GL073680
https://doi.org/10.16555/j.1006-8775.2013.03.009
https://doi.org/10.16555/j.1006-8775.2013.03.009
https://doi.org/10.1002/asl2.562
https://doi.org/10.1175/jhm-d-14-0220.1
https://doi.org/10.1175/2009JAS3210.1
https://doi.org/10.1175/2009JAS3210.1
https://doi.org/10.1175/2010JCLI3751.1
https://doi.org/10.1175/jcli-d-17-0747.1
https://doi.org/10.3321/j.issn:0577-6619.2001.05.010
https://doi.org/10.3321/j.issn:0577-6619.2001.05.010
https://doi.org/10.1002/2015JD024646
https://doi.org/10.1002/2015JD024647
https://doi.org/10.1002/%3Clinebreak_en/%3E2014jd021637
https://doi.org/10.1029/1998jd200026
https://doi.org/10.11676/qxxb2012.116
https://doi.org/10.11676/qxxb2012.116
https://doi.org/10.1002/2017%3Clinebreak_en/%3EJD027151
https://doi.org/10.1016/s1352-2310(98)00184-8
https://doi.org/10.1029/2001JD001396
https://doi.org/10.1029/2001JD001396
https://doi.org/10.1175/1525-7541(2004)005&amp;lt;0656:alaota&amp;gt;2.0.co;2
https://doi.org/10.5194/acp-5-2461-2005
https://doi.org/10.1175/jhm470.1
https://doi.org/10.1029/2007JD009006
https://doi.org/10.1175/JCLI-D-13-00517.1
https://doi.org/10.1016/0960-1686(92)90111-W
https://doi.org/10.11676/qxxb2014.085
https://doi.org/10.11676/qxxb2014.085
https://doi.org/10.11676/qxxb2014.085
https://doi.org/10.16032/j.issn.1004-4965.1995.01.011
https://doi.org/10.16032/j.issn.1004-4965.1995.01.011
https://doi.org/10.16032/j.issn.1004-4965.1995.01.011
https://doi.org/10.3878/j.issn.1006-9895.1404.13340
https://doi.org/10.3878/j.issn.1006-9895.1404.13340
https://doi.org/10.3878/j.issn.1006-9895.1404.13340
https://doi.org/10.1002/2017GL073680
https://doi.org/10.16555/j.1006-8775.2013.03.009
https://doi.org/10.16555/j.1006-8775.2013.03.009
https://doi.org/10.1002/asl2.562
https://doi.org/10.1175/jhm-d-14-0220.1
https://doi.org/10.1175/2009JAS3210.1
https://doi.org/10.1175/2009JAS3210.1
https://doi.org/10.1175/2010JCLI3751.1
https://doi.org/10.1175/jcli-d-17-0747.1
https://doi.org/10.3321/j.issn:0577-6619.2001.05.010
https://doi.org/10.3321/j.issn:0577-6619.2001.05.010
https://doi.org/10.1002/2015JD024646
https://doi.org/10.1002/2015JD024647
https://doi.org/10.1002/%3Clinebreak_en/%3E2014jd021637
https://doi.org/10.1029/1998jd200026
https://doi.org/10.11676/qxxb2012.116
https://doi.org/10.11676/qxxb2012.116
https://doi.org/10.1002/2017%3Clinebreak_en/%3EJD027151
https://doi.org/10.1016/s1352-2310(98)00184-8
https://doi.org/10.1029/2001JD001396
https://doi.org/10.1029/2001JD001396
https://doi.org/10.1175/1525-7541(2004)005&amp;lt;0656:alaota&amp;gt;2.0.co;2
https://doi.org/10.5194/acp-5-2461-2005
https://doi.org/10.1175/jhm470.1
https://doi.org/10.1029/2007JD009006
https://doi.org/10.1175/JCLI-D-13-00517.1

2 ] B —ImAE: “ESHEDT (1409) FEZKZKITRIEANGE X E & otk 70 i

No. 2 XUE Yidi et al. Moisture Sources and Quantitative Analyses of Source Contributions of Precipitation ... 355

of Climate, 27(6): 2457-2474. doi:10.1175/JCLI-D-13-00517.1

Sun B, Wang H J. 2015. Analysis of the major atmospheric moisture
sources affecting three sub-regions of East China [J]. Int. J. Climatol.,
35(9): 2243-2257. doi:10.1002/joc.4145

LA, W, SIS, 45 2013, o I X3/ I e K Rl i B O
PPAG [, KRAFRH2E 244, 36(1): 37-46.  Shen Yan, Pan Yang, Yu
Jingjing, et al. 2013. Quality assessment of hourly merged
precipitation product over China [J]. J. Nanjing Inst. Meteorol. (in
Chinese), 36(1): 37—46. doi:10.3969/j.issn.1674-7097.2013.01.005

Trenberth K E. 1999. Atmospheric moisture recycling: Role of
advection and local evaporation [J]. J. Climate, 12(5): 1368—1381.
doi:10.1175/1520-0442(1999)012<1368:amrroa>2.0.co;2

Wang L J, Dai Z J, He J L. 2017. Numerical simulation of the
relationship between the maintenance and increase in heavy rainfall
of the landing tropical storm Bilis and moisture transport from lower
latitudes [J]. J. Trop. Meteorol., 23(1): 47-57.

Wang M J, Zhao K, Xue M, et al. 2016. Precipitation microphysics
characteristics of a typhoon Matmo (2014) rainband after landfall
over eastern China based on polarimetric radar observations [J]. J.
Geophys. Res., 121(20): 12415-12433. doi:10.1002/2016JD025307

WuCC, Yen T H, Kuo Y H, et al. 2002. Rainfall simulation associated

with typhoon Herb (1996) near Taiwan. Part I: The topographic
effect [J]. Wea. Forecasting., 17(5): 1001-1015. doi:10.1175/1520-
0434(2003)017<1001:RSAWTH>2.0.CO;2

TRUEHE, SRR, Bowt, 5. 2013, XA KA I BRI g RE & . /KIRE
AT ) = g R 0], SRR, T1(5): 825-838.  Xu
Hongxiong, Xu Xiangde, Chen Bin, et al. 2013. The structure change
and energy moisture transport physical image in the development and
decay processes of binary typhoon vortices [J]. Acta Meteor. Sin. (in
Chinese), 71(5): 825—838. doi:10.11676/qxxb2013.069

Xu Huiyan, Liu Rui, Zhai Guoqing, et al. 2016. Torrential rainfall
responses of typhoon Fitow (2013) to radiative processes: A three-
dimensional WRF modeling study [J]. J. Geophys. Res., 121(23):
14,127-14,136. doi:10.1002/2016jd025479

HH, BB, TR, 4. 2014 IR A K B TDED” (1409) 5 EE A
R AR B LA g R i S5 I [J). B9 9 5, 33(4): 333341,
Zheng Yan, Cai Qinbo, Cheng Shouchang, et al. 2014.
Characteristics on intensity and precipitation of super typhoon
Rammasun (1409) and reason why it rapidly intensified offshore [J].
Torrential Rain  Disasters (in  Chinese), 33(4): 333-341.
doi:10.3969/j.issn.1004-9045.2014.04.005


https://doi.org/10.1175/JCLI-D-13-00517.1
https://doi.org/10.1002/joc.4145
https://doi.org/10.3969/j.issn.1674-7097.2013.01.005
https://doi.org/10.3969/j.issn.1674-7097.2013.01.005
https://doi.org/10.3969/j.issn.1674-7097.2013.01.005
https://doi.org/10.1175/1520-0442(1999)012&amp;lt;1368:amrroa&amp;gt;2.0.co;2
https://doi.org/10.1002/2016JD025307
https://doi.org/10.1002/2016JD025307
https://doi.org/10.1175/1520-0434(2003)017&amp;lt;1001:RSAWTH&amp;gt;2.0.CO;2
https://doi.org/10.11676/qxxb2013.069
https://doi.org/10.11676/qxxb2013.069
https://doi.org/10.11676/qxxb2013.069
https://doi.org/10.1002/2016jd025479
https://doi.org/10.3969/j.issn.1004-9045.2014.04.005
https://doi.org/10.3969/j.issn.1004-9045.2014.04.005
https://doi.org/10.1175/JCLI-D-13-00517.1
https://doi.org/10.1002/joc.4145
https://doi.org/10.3969/j.issn.1674-7097.2013.01.005
https://doi.org/10.3969/j.issn.1674-7097.2013.01.005
https://doi.org/10.3969/j.issn.1674-7097.2013.01.005
https://doi.org/10.1175/1520-0442(1999)012&amp;lt;1368:amrroa&amp;gt;2.0.co;2
https://doi.org/10.1002/2016JD025307
https://doi.org/10.1002/2016JD025307
https://doi.org/10.1175/1520-0434(2003)017&amp;lt;1001:RSAWTH&amp;gt;2.0.CO;2
https://doi.org/10.11676/qxxb2013.069
https://doi.org/10.11676/qxxb2013.069
https://doi.org/10.11676/qxxb2013.069
https://doi.org/10.1002/2016jd025479
https://doi.org/10.3969/j.issn.1004-9045.2014.04.005
https://doi.org/10.3969/j.issn.1004-9045.2014.04.005
https://doi.org/10.1175/JCLI-D-13-00517.1
https://doi.org/10.1002/joc.4145
https://doi.org/10.3969/j.issn.1674-7097.2013.01.005
https://doi.org/10.3969/j.issn.1674-7097.2013.01.005
https://doi.org/10.3969/j.issn.1674-7097.2013.01.005
https://doi.org/10.1175/1520-0442(1999)012&amp;lt;1368:amrroa&amp;gt;2.0.co;2
https://doi.org/10.1002/2016JD025307
https://doi.org/10.1002/2016JD025307
https://doi.org/10.1175/JCLI-D-13-00517.1
https://doi.org/10.1002/joc.4145
https://doi.org/10.3969/j.issn.1674-7097.2013.01.005
https://doi.org/10.3969/j.issn.1674-7097.2013.01.005
https://doi.org/10.3969/j.issn.1674-7097.2013.01.005
https://doi.org/10.1175/1520-0442(1999)012&amp;lt;1368:amrroa&amp;gt;2.0.co;2
https://doi.org/10.1002/2016JD025307
https://doi.org/10.1002/2016JD025307
https://doi.org/10.1175/1520-0434(2003)017&amp;lt;1001:RSAWTH&amp;gt;2.0.CO;2
https://doi.org/10.11676/qxxb2013.069
https://doi.org/10.11676/qxxb2013.069
https://doi.org/10.11676/qxxb2013.069
https://doi.org/10.1002/2016jd025479
https://doi.org/10.3969/j.issn.1004-9045.2014.04.005
https://doi.org/10.3969/j.issn.1004-9045.2014.04.005
https://doi.org/10.1175/1520-0434(2003)017&amp;lt;1001:RSAWTH&amp;gt;2.0.CO;2
https://doi.org/10.11676/qxxb2013.069
https://doi.org/10.11676/qxxb2013.069
https://doi.org/10.11676/qxxb2013.069
https://doi.org/10.1002/2016jd025479
https://doi.org/10.3969/j.issn.1004-9045.2014.04.005
https://doi.org/10.3969/j.issn.1004-9045.2014.04.005

