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Supplementary

Table S1: Summary of numerical moisture tracking studies over the TP region.

Reference Study area  Time period Model Data Main conclusions
Chen et al. 2005-2009 The ocean source could extend from the
TP FLEXPART NCEP/GFS ;i )
(2012) (summer) / Arabian Sea to the Southern Hemisphere.
During the warm (cold) season, oceanic
Sun and Wan Grassland moisture is mainly from the Arabian Sea and
9 oneastern  2000-2009 FLEXPART NCEP-CFSR y : _
(2014) TP Bay of Bengal (areas surrounding the Arabian
Peninsula).
Zhang et al. Central- ERA-Interim,  More than 21% of the moisture comes from
1979-201 WAM
(2017) western TP 979-2013 NCEP-2 oceans.
1979-2016
Huang et al. Southeaster . LAGRANT . .
(20 18% TP (winter extreme ERA-Interim  About 18% of the moisture comes from oceans.
precipitation)
Pan et al. Southern/no During summer, the Indian Ocean supplies
1982-2014 CAM MERRA )
(2018) rthern TP about 28.5% of the moisture to the southern TP.
Chen et al. Four areas 1980-2016 . The northwestern TP and northeastern TP are
. FLEXPART ERA-Interim . .
(2019) in TP (May-August) less affected by the Indian monsoon moisture.
The Indian Ocean and the Pacific Ocean
Guoetal. TP 1979-2015 WAM- ERA-Interim account for 24% and 2% of the moisture
(2019) 2layers - .
contribution, respectively.
. . ERA-Interim,
Lietal Endorheic 1979-2015 WAM- MERRA-2, 24%-30% of the moisture comes from oceans.
(2019) TP 2layers
JRA-55
1979-2016 Moisture contributions of the Arabian Sea to
Qiu et al. Three areas (winter extreme LAGRANT ERA-Interim the intense precipitation in the western, south-
(2019) in TP recipitation) central, and southeastern TP are 9.2%, 6.9%,
precip and 1.1%, respectively.
1982-2011 . -
Xu and Gao Southeaster 98 . 0 . Only 2% of the moisture originates from the
(April- QIBT ERA-Interim .
(2019) TP oceanic source.
September)
Northwestern (southeastern) source contributes
Zhang et al. Southern/no 1979-2016 WAM- ERA-Interim  ~39% (~51%) of the moisture in the northern
(2019a) rthern TP 2layers
(southern) TP.
.. 1960-2017 A 1% (54%) of th i h
Zhang et al. Sanjiangyua (J?JGnOef ’ HYSPLIT, NNR1 rzcc):]tifatic())rf 5is ir?‘lﬁe:lczorln t? dltl:l:]rfgrtr?\?v\gtern
(2019b) n Region HDBSCAN prectp y
September) (southern) source.
. About 57% of the moisture comes from the
Liuetal, Western TP 19_7972018 HYSPLIT ERA-Interim Avrabian Sea, the Arabian Peninsula, and the
(2020) (winter)

northern Indian Ocean.



Ma et al.
(2020)

Yang et al.
(2020)

Zhang (2020)

Lietal.
(2022)

Seven areas
inTP

Southeaster
nTP

TP

Seven
basins in TP

1961-2015
(summer
extreme event)
1980-2016
(June-
September)

1998-2018

1979-2015

HYSPLIT

FLEXPART

WAM-
2layers

WAM-
2layers

NCEP/NCAR

ERA-Interim

ERA-Interim,
TRMM

ERA-Interim,
MERRA-2,
JRA-55

About 75% of the moisture for extreme
precipitation in the southeastern TP comes from
the Bay of Bengal.

30% of the moisture comes from oceans.

The southeastern source from the TP to the
western Indian Ocean accounts for 32% of the
moisture contribution.

Oceanic moisture accounts for 24%-30% of the
moisture in different basins of the TP.




Table S2: Summary of the selected 17 model layers in three reanalysis products. The column “Pressure” represents the corresponding

pressures under standard surface pressure.

ERA-Interim MERRA-2 JRA-55
Model layer Pressure (hPa) Model layer Pressure (hPa) Model layer Pressure (hPa)
1 60 1012.05 72 1013.25 1 998.50
2 59 1009.06 71 998.05 2 995.50
3 58 1004.64 70 982.77 3 991.50
4 57 998.39 69 967.48 4 985.50
5 56 989.95 68 952.20 5 977.00
6 55 979.06 67 936.91 6 966.00
7 54 965.57 66 921.63 7 953.00
8 51 908.65 65 906.34 9 917.98
9 48 828.05 61 845.21 12 846.96
10 47 796.59 59 809.56 14 786.96
11 44 691.75 55 707.70 17 684.41
12 41 573.38 52 605.88 20 571.90
13 38 461.90 49 491.40 23 458.38
14 35 353.23 46 377.07 26 351.86
15 32 257.36 44 288.93 29 257.36
16 27 132.76 40 150.39 34 132.88
17 17 18.81 28 19.79 44 18.99




10 Table S3: Relative moisture contribution to the TP precipitation from different western oceans in summer, winter, and on the annual scale.

The Atlantic The Mediterranean The Red Sea The Persian Gulf

Summer 1.88% 1.05% 0.35% 0.82%
Winter 13.76% 8.43% 5.39% 4.42%
Annual 4.49% 2.75% 1.36% 1.57%




15

Table S4: The correlation coefficients between monthly precipitation 520 and the relative oceanic moisture contribution from the 10 for
19 stations (derived from ERA-Interim, MERRA-2, and JRA-55, respectively). ‘** represents statistically significant correlation
coefficients (p < 0.05). To ensure the robustness of correlations, we only calculated the correlation coefficients for stations with available

isotope data longer than 10 months.

Model layers (from the surface to the upper atmosphere)

ERA-I MERRA-2 JRA-55
1.Nyalam —0.65% —0.18 -0.51
2.Zhangmu - - -
3.Dingri - - -
4.Larzi - - -
5.Baidi -0.37 —-0.42 -0.41
Monsoon 6-Wengguo ) ) )
7.Dui —-0.38 -0.49 -0.33
domain 8.Lhasa -0.62* —-0.44 -0.52
9.Yangcun - - -
10.Nagqu -0.39 —0.18 -0.05
11.Lulang —0.44 —-0.12 -0.29
12.Nuxia - - -
13.Bomi -0.05 0.30 0.16
14.Shiquanhe - - -
Transition 15.Gaize —0.73* —0.52* —0.36
domain 16.Tuotuohe —0.80%* —0.63* —0.36
17.Yushu —0.06* 0.04 0.32
Westerlies 18.Taxkorgen —0.87* —0.87* —0.84*
domain 19.Delingha —0.84* —0.84* —0.75*
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Figure S1: Mean annual oceanic moisture contribution to the TP precipitation simulated using (a) 15 min (0.25 h) time step and (b) 10
min time step, and (c) the absolute difference and (d) the relative difference (%) between these two simulations. The forcing dataset is
ERA-Interim. Cyan lines represent the TP boundary.
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Figure S2: The land-sea mask used in this study with 1%L “spatial resolution (the blue area represents oceans). Red line represents the TP
boundary.
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Figure S4: Same as Figure 1 but based on JRA-55 (1979-2015).
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Figure S5: Mean moisture sources of the TP precipitation in (a—c) summer and (d-f) winter. Blue lines represent the location of the TP.

Moisture sources (shown as equivalent water height) are tracked backward using the WAM-2layers driven by three forcing datasets (ERA-
Interim, MERRA-2, and JRA-55).
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Figure S11: Trends of oceanic moisture contribution to the TP precipitation from (a—c) the Indian Ocean (I0) and (d-f) the western
oceans (WO), on the annual scale using ERA-Interim (1979-2015), MERRA-2 (1980-2015), and JRA-55 (1979-2015). Stippling
60 indicates regions with statistically significant trends (p < 0.05).
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Figure S17: Same as Figure S14 but for absolute moisture contribution from 10. All absolute contributions are standardized with Z-scores

method.
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