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Abstract Based on the 42 years of data from 1970 to 2020, the traditional statistic methods and
random forests have been used to study the influences of the typhoon in the Western Pacific on
precipitation in the eastern part of northwest China (33°N-45°N, 93°E-110°E, ENWC). The results
are as follows. The peak values of the frequency of typhoon and precipitation are both in July,
August, and September. The typhoons in the Western Pacific play an important role in the daily
mean precipitation during the period of the typhoons (TP) in that month. The location and intensity
of typhoons have the most significant influence on the precipitation in July and the location, intensity,
and frequency of typhoons all influence the precipitation in August, while typhoons have little
influence on the precipitation in September. The influences of typhoons change with location, time,
and the level of precipitation. The influences of typhoons are mainly on the second mode of the
EOF analysis, the heavy and extremely heavy precipitation, which shows that the typhoons are not

the main factors to influence TP and the influence is indirect and nonlinear. The typhoons influence
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the precipitation by influencing the location and intensity of the ridges and troughs in the mid-
latitude, the West Pacific subtropical high, and the vortex in the low-latitude. The model based on
the random forests can fit the distribution and intensity better than the linear model, which shows
that the influences of typhoons on TP are mainly nonlinear and the nonlinear influence increases
with the intensity of the precipitation. The random forests model also shows that the location of the
typhoon is the most significant factor to influence the precipitation in ENWC.

Keywords: Eastern part of northwest China; Precipitation; Typhoon on the West Pacific; Random
forests
1. #5

VAL DX AT 75 8 B A SR o e SRR B v S, DR A X A TR b 1) B —
Tk POALHBDCHOR RIS 2 AR, SRR RS, SR RRKED . B, BEE AR
RSN, WA PG L X B /K AR A A 1 R 35 BOAR A, A L3RI HS i /D e 22 R AL
Ot FERES , 2002, 2003), [ AE 20 28 80 SR A T /K RAL CHIREKES, 2003).
Sui et al. (2013) fEH 1961-2009 FEREKBTRIHAT 08T, KINAEZTT0G AL IX /KA Fr i
e EEHESE (2021) FIH] 1961-2018 FF G LHh DXk K BORHEAT T 48Tt i, ALt
M DX PR R SIS, A2 PU AL X B PE AR K I JC N R . AR RUE L, &3
5wl KA I NS, B AR HR vl m B KGN, R A A P AL M XA R 20 P vl
B 7K SR By o PE AL DXRMA PR K SR R 55, ) LT-AR 2 Y I SRAL T B 2 T X g 9 e /K
KA (BRARSE, 2016a,2016b; Yue etal,, 2013). BRAAEE (20092, b) FIA 1958-2005 4F
PO AEH X BE K BRI EAT 1 Gitt b, Xl T ARG K s B R 23, AT T D A b X 7K o
TN 6 NEEL, T T &R RS, KIAE 6 DMK EER T, TEAEH XK A
R RO, HiRFOKE ETHES, X 53K B RFE S

KRB B AR K EZ R R, MR AR B ME— I, BT Pk X b T Kk S
W, SEEEEEE, BUKIR R IAEE M BV E S (EKESE, 1999, 2005). PHALHBIX
FKIR A2 BT T RSP M 28 1) TR 2% T SR, PASUAR T 45 1 1 R 2 B i v T b [ PR P 7K
(FRILHESE, 20060, PO EHBLE G AT DAE R R K, 38 AT AR iU 34
VRHE KPR I TE , 56 B EH T ) DR A R B 7K Ve, RIE P bt DXz 3 AP, (ERSF
HEERAGRERUA AR B, S8 (2000) 2T 1951-1994 F£4: [ 160 15
i B K BORLRT 6 R BRI T8 R, 5 KUIRE 22 RIRE 2D AF 473 4 Fe 7K R b~ 22 0E B K I X F A
FEFRE 2R BT 0 T AE Y B X . B/NVHTSE (19960 AT 1980-1990 £EFE/K BRI G X,
BORMIAR TR I, FEIX AR [ R AR AE FE AL X )RR, A - S PR T & XS 3
AR WHerSE (20000 HETT 1 & XSS E e ER AL R0, 204 7 Pa b X
IKGEHRAT & =38 Z I 1)K 5, KD 6 AR BT R R, 22 6 KU R T A .
PR E BIHETE (2005) 45 H & KON PUAEHBIX FEK B2 M AN 2 B R, T A2 S 5 00 ) #4ry e
JEEERAITRGE, ATTEZR PG AL X 57K TE R MR K o

BT NFE ARG GE T J7 I 70 R BT RSP & KO PU b X B KR e m, JEEH T 6
5 PE AL X K AR AE — € HIAH IR R R o SR, A7 5Kk 6 RO PG b [X 28 35 52 =B /K I 25 oy
AT IR S S B KAR LR R 2, AT FER 8 e NIk, A SCRII 42 SRR RiFK
BURIA & XU A B AR R AR, 5% & AU PG b X RS B K ) s T Je it 7t . R bR |
AR 7R G RO P AE X 2R B R /K B AE e e, SN FH 1 A & AR 2 A5 2 B BE A LAR bR
B, KRR TG A TNEEN AR M R RIS AR . EIRRT AR, REVTEAL X AR
AR 7K B TR SR A — R IR AR YR A1 S5
2. BERLRITT I
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ASTHRIFFUASE ) Bk B Rk 36 [ [ S g e MR VB B (NOAA) TR LIS m Bk}
(CPC), ¥ 0.5°X0.5°, IIHHEN 1979-2020 43k 42 4, TEMuEA

https://psl.noaa.gov/data/gridded/data.cpc.globalprecip.html[2022-2-20]; Fff 5T [X 35k P #% i 550K
24 X34, g HEE DX Rl . TR SR R AR R S HA R R E R A A
NCEP/NCAR 3T 80RE, 72385 2.50X2.5°, NaERpLEHN
https://psl.noaa.gov/data/gridded/data.ncep.reanalysis.pressure.html[2022-2-20]. & A EER N
ES %R LG R AT AL CMA-STL FUdbR-F e SR s e B A 4 (Ying et
al., 2014; Lu et al., 2017), F#M1EA https:/tcdata.typhoon.org.cn[2022-2-20].

ARSI TR T AL X AR IX 35E SN (33°N-45°N, 93°E-110°E) (Bk5=[E, 2005), JyAl
IRT7MEIC A ENWC (The eastern part of Northwest China)o 24#i7 S e 58 B KT 251 #71 X
W, THN— R E XL, e KadfEd ENWC #1°F H BEKid o & X H B 7K (precipitation
of typhoon day, ity TP), HHILERHKF HIEKICAIES X H K (precipitation of
no typhoon day, N NTP), 4 H A REW KR 24 A HIEK (Averaged
Precipitation, 109 AP)o A8/ V8 AL IX AR BB FE /K 5 TRV & XA S, BT 54 1 AH
KorHr EOF 70fifts SR s/ kAN FOTVE, DLARES B i s P P 2
(LA R R BENLRMIL G T, JREAT T R Se. FENURRARE —MEE R 21 7,
R R 2 MR ATH SRR E g R, BT EEGTHREE . fEREILRK,
RGO DR o AEVIZRIT B, BENLARA A S A I 2580 5 R AR 2 AN A 7 )1 258
PR ARAK Nt Z2 AR RS s ZETT B, BEHLARMORE 224> PR SR 1) 45 SR B 245 5
BEALARM I A G R . NIRRT, BEALARARIL B Aor il 2 A 7] & R FE AR 2 8] 1 TLAH 2 ,
R4 & F8 45 10 07 22 T ik AT H B4 0 B AN [RIHR A5 0 B /K 48L& 1) 3 22 % [Liaw and Wiener.,
2002; Strobl et al., 2007].

3. FAPEEE RS ENWC FRK IR
3.1 XA ENWC FE/K A S

Bl 145 H T 1979-2020 3% 42 - P35 H 1) AP KB H & XA HEIRT L, —4FErh
PEACACT R 6 MR g f, B HIEE K, 7-10 A&R% (Bl 1a); ENWC ] AP
5 HIEARY, AP KAEHIITE 6-9 A (B 1b). T DA SCIR AR P K B A & KBS KA
)7, 8 F19 H, IR _HMRR.
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Fig. 1 The mean numbers of the typhoons in the West Pacific (a) and the AP (b) in ENWC from
1979 to 2020 in every month

RAETREE LR ER, BB ETAb X orEiE, H2 AR, &K
ENWC /KIS 25 Ay o= A gomi,  HIXFpszma g (m]22 40 (Wb 4%, 2005). 05T
AR, MESFRT5 ENWC BUKZ AR R, TS 7-9 A0& A8 & X
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. Intense July . Number July
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Fai}
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K2 7 HENWC X% TP RIGXEREE (a). 4L (b). GRAFLEE (o) MERF L
2R (D MMKRAY, ROSEEXEENT T 95%8 E PR .

Fig. 2 The correlation coefficient between TP in ENWC and the intensity of typhoons (a),
frequency (b), the center latitude of typhoon (c) and the center longitude of typhoon (d) in July.
The black contour in the figure is the area where significant at the 95% level.

K2 25t 7 ENWC X4k 7 F TP MG XS BRI R 2 804, IR, 7 H
i) TP EEH 524 H G KRN BAH SRR K. G XGREE T ZONIT 7T DX AR A Y K 5
IEAHSR (B 2a), & GBS % X 48 1 B KOBR, PREE A SR R 40K 0.8 LA E. & XUt &
JEANZE S TP &35 IEAH K X3 BUAE BT 7E DO P R i (& 2¢, D, G RHDALE
AL 4, ENWC PURgHl X I, MR RE0E 0.6 LLE. X2 H T 0K F
& WAL B W PE I, 27T R E] R 588gpm ZEANEEFhE 586gpm Lk VU{H, SR EIHvi
i S RGP KA 2 ENWC LR, 350 B AR IUmiE 21 ENWC X3, M43 TP
PN PEORCTPE 6 LB 2R I, 2 S PG KB AL B A 2, AT A6 3 1 vt 8l ) v Pl
FLAT LIRS KIS ENWC DX R 14 s 21 ENWC X380 (k2= [E], 2005), 3 55 ENWC
(¥ TP, AHXSFH A =/NEbs, & XIET TP MEEmA K (B 2b), HAMR/NEMHKX
s T BEERR . A RS, 7 A4 ENWC [ TP E25 4 1 & KRB RO AL
BA K,
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Fig. 3 The same as Fig. 2, but for August.

8 H 4y ENWC [X#f1) TP 58I KRt thA — @kt (K 3). G BEEEY
ENWC Jb#X TP IEAHR (& 32), HKARHUE 0.6 G XIELS TP R FIEHKX
HILAERT FEIX SR AR AR AP & (1 3b), Hrr R HIA S RBOAH] 0.6 DAL, TEEBAIAH
KYERES N 0.4 Foth, IXRIEIZIA XKITG AT VE G KR E, TP, &M OEi
5 TP IEAHR &3 XA BUERT A XA PaEE (& 3c), MR RETIE 0.6, MERPOLE
25 TP AR SRH IR BT R B (B 3d), MHRREATE 0.6 h. Bk
£, 8 A4 ENWC KHR 7> X3 TP 5 6 XU 4 THEARHA R &R, EARRIER R EL
M) FR) XA [

Kl 425 17 9 A4y ENWC PR A5 6 X 4 BERFRHIAHSNE, BBIW %, 9 At
ENWC ) TP 5 5 KGRSE . AL E AR K, ARV IGEN 1 &2

IV o

Number September
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Fig. 4 The same as Fig. 2, but for September.
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SRR SR FE AR IEAH DG 9 A4 TP 5 6 K& Wi bn 2 [0 IAH S G, S BA T 24047 7
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3.2 RN ENWC P H Bk HI8
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(K 52> AP \WPEAL A Z 8 7 a8 N, RAR X BLAE ENWC IR RS, /ME X B LG 0k

i, 8 HA R ARE (B Sb). X ERRAASE (2009) FlEERSE (2021) HI45R—
o EXHMNHENTP 04 (B 5c, d) AL AP 44 AiZdifl. i TP (K Se, £) 5 NTP 1]
W 7 H, BT TEZR B B0 KRG VG B B R4, PH ALK IX s, AR -ra b 2
SR 8 H, TP HIBE/AKKAEH O NTP B4, Fik, MEKSE, &R ENWC B
ZEREACGRA M, XMl B B Rk B, RIXHREAN X e o AR 58 4 — 5
B 5 F 6 TR FRK D ATRE KA - —80 XU ENWC B K B K7 IR R 2
PEALACF PRI G TGS, & R R B 12 HR [R50 R 7
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Fig. 5 The distribution of the daily mean precipitation (units: mm/day) in July (left column)
and August (right column). The rows from the first to the third are AP, NTP, and TP, respectively.
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Fig. 6 The first models (the first and second rows) and the second models (the third and
fourth rows) of the EOF analysis in NTP (the first and third rows) and TP (the second and fourth
rows) in July (left column) and August (right column). The numbers behind the titles are the
variance contributions of the corresponding models.

NT R TP 5 NTP o3 il Z R, %P 7. 8 AW TP 5 NTP 4351347 T EOF 4y
fit, K64yt T BOF 43 s — s s, mEnTa, 7 Hir (H 6ac,eg), TP L NTP
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A PR SR E O B RS AT 22 55, XU I P PR 38 o sl /D A AR A X — B . B
BOMERER, BAWMIEN TR T IEAES O3S 51046, H NTP RILNE
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Lk, TP 5 NTP H% —HZAE 39°N AR AU R, 7E 39°N LUIBHI L 7 2 5% 28 M7
AEFBR, NTP N PGAL R R B -0 PO AR RS, (B2 TP B3I P IL 2] 2R F
- IE- S = R AR .

g BRI, &S ENWC FE/K BRI 32 R IS8 RS b, 0 35— S o 1 24k
BUE 39°N DUBHIX, 28 A A7 2 ook IS 28 RS CRRILIE 6 Fridljm 2
B, EHWEH, GXRAZIE ENWC KR EER T, HE XA ANGE 205 .

3.3 6 XX R 55 BE K KM

HI ESCATA, & XU ENWC 7K 73 AT TS R AN K, (B0 B /K KA X V8 [ R 588 A
B IR, g s 6 XN ENWC FRKSREE 2, SRR FIRIK A (2009) $2H 1)
PUAEH X B K 7 RbRitE s R oK 7 s baK . BeaaleaKk . AR, BompEK . smfEK. )
SRIEIK 6 NEER . BARbRHEI N 1

R 1 BRESRR CRABRAZMEKA (2009))
(Ri B H=—H5 i L HFRKE, RaoRANER a H U0 ML K & D
Table 1 The levels of the precipitation (referred from Chen and Dai (2019))
(R; shows that precipitation of one grid, Ras; shows the number a percentile precipitation)

F5 R 7K 915 344
0 Ri < Rygo, g9RFEK
1 Rosoe < Ri < Rggge LB
2 Rsoos < Ry = Ryso *%5%7](
3 R?S% < Ri S RBS% ﬁgﬁ B%7J<
4 Resoes < Ri < Rgsy, o % 7K
5 R > Rysy, e i B 7K
010 July 030 August
(a) N NTP (b EE NTP
0.25 I TP 0257 Hl TP
-§‘ 0.20- 0.20-
5
Fols 0.15
=
20,10 0.10
&
0.05 i 0.05 I '
.00 Ty 1 2 3 4 ; 0.00- %9 1 2 3 4 5
0.30- 0,301
© Em NTP () Em NTP
0.25 . P 025 . TP
£0.20 0.20-
)il
0I5 0.151
g
=010 0.10
0.05 0.05

0.00 0.00

K77 A (ac) I8 H (b,d) AFLEL TP Al NTP [£/K K% (a,b) AIfEKE(c,d) b
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Fig. 7 The ratio of the different levels of the TP and NTP precipitation days (a,b) and the
amount of the precipitation (c,d) to the total precipitation days and the amount of the
precipitation in July (a,c) and August (b,d). The x-axis shows the numbers of the levels of
precipitation and y-axis shows the corresponding ratio.
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Fig. 8 The box plots show the difference between the area mean TP and NTP of ENWC in July
and August from 1979 to 2020. The number behind the month is the monthly mean precipitation,
the positive means that TP is larger than NTP, and the negative means that TP is smaller than NTP
(units: mm/day).
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Fig. 9 The distribution of the daily mean precipitation (a, ¢) and composite circulation (b, d) of
typhoon days (a, b) and non-typhoon days (¢, d) in extreme precipitation years in July, the shade
shows TP and NTP in a and c, units: mm/day, and the arrow shows 700hPa vapor flux, units:
gem 'hPa's™!. The black arrow shows the referring standard, the magnitude of the 700hPa vapor
flux is 60 gem™'hPa’'s™!. The contour is 500hPa geopotential field, unit: gpm, interval: 10gpm.
The number behind the title is area means TP and NTP in ENWC, unit: mm/day. In b and d, the
shade is 700hPa vapor flux divergence, unit gcm?hPa’'s!, the purple contour is 500hPa
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587gpm, the blue contour is 586, the green arrow is wind field, unit m/s. The black arrow shows
the referring standard, the magnitude of the 500hPa wind speed is 3m/s. The dotted line
indicates the area with an altitude higher than 3,500 m.
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Fig. 10 The temporal changing in the fitting TP and observation TP (a,b) and the Ts scores of the

level rx precipitation (c,d). a,c are in July, and b,d are in August. The number 0 shows no-
precipitation, rx shows the number x percentile, ‘LR’ is linear regression and ‘RF’ is random forests.
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Fig. 11 The observation (a,b), results of the linear regression (c,d), and results of the random
forests (e,f) of the precipitation and their Ts scores in ENWC in July 2020.
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Fig. 12 The distribution of the most significant features (a,b) and the second significant features
(c,d) in July (a,c) and August (b,d) gotten from the fitting of the TP in ENWC by random forests.
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