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Climatic characteristics of Northeast Cold Vortex and its

precipitation during the warm season in Heilongjiang Province
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Abstract: Based on the hourly precipitation data of 80 national stations in Heilongjiang Province
and NCEP/ NCAR reanalysis data, the climatic characteristics of the Northeast cold vortex
(NECV) and its precipitation during the warm season (May-September) from 1981 to 2022 were
analyzed, and the spatio-temporal distribution characteristics of NECV precipitation in the
complex terrain of Heilongjiang Province were studied. The results showed that (1)In
Heilongjiang province, the average annual precipitation during the warm season, the precipitation
of NECV processes and their proportion in the warm season showed significant interannual and
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interdecadal variation characteristics. Before 1998, the average annual precipitation in the warm
season showed a slow weakening trend, and then an obvious increasing trend. The average annual
precipitation of cold vortex processes showed an overall increasing trend. (2)The peak values of
precipitation and precipitation frequency were from 14:00 to 17:00. The diurnal variation of
precipitation was larger than that of precipitation frequency. The precipitation with greater
intensity had more significant diurnal and interannual variation characteristics. (3)The frequency
and contribution rate of heavy precipitation were greater in the daytime than at night. The greater
the precipitation intensity, the greater the influence on the total precipitation. The contribution of
heavy precipitation in the process of NECV was increasing, and the greater the precipitation
intensity, the more significant the increasing trend. The contribution of weak precipitation was
declining. (4)The spatial distribution of extreme values was closely related to the local topography.
The transition area from plain to mountainous area had the largest precipitation extreme value,
which was easy to have heavy precipitation, while the precipitation extreme value in mountainous
area and plain area was relatively small.

Keywords: Northeast cold vortex (NECV); daily variation; spatial distribution; terrain; short-time
heavy precipitation
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%4645 (Northeast China cold vortex, NECV) #2&3E5h T FE 4 dbHb X 5 = i i a8
i, BEMSAERE = RV RECE K RIIRE RS CRZIREE, 20000, 2R ERILH XA
MEBERSRG (KEHE, 2002). RIGA RN EZERFEZ — BRSNS, AEMRT
Wb tE, HABERME. FREMEIGEFIE (P07, 1997). RALA IR —FENUZ T Bl (F
Bk, 1991; Huetal, 2010), HEZE&H NIEEL, JLLL 6 H#H &% (Zhangetal., 2008; X[
&, 2015). AREMARILAINIESN, Ref% 5] R E AR X KRR R, A BER
SAEBN. ([T 435, 2006a; XEEE, 2012). FRAbA RGN ALK e . R MR
SHRKRSAME LR AENEE RS RS GROIAEMZ=5EH, 2009; XINIZE, 2012).

FNFI5E (20000 FRH, ZRALA i RAbH X B RS AR B E 1, LTS
B FEURILH X B 2R 1 — AT CB I BR 1, RIS 0 ok A R, FlfERR
B 2w, BEAELE RS AR AL HR X P 0 255 5 AR S iE s A B B A OC . ARIBA R
TSN INE R L o SRR AR AR . FREEI [A] S5 BE 2 IEAH G (b7, 1997). &Rk
A SR A0H X P E R BOK R & B IEAHCKR, MBI RILA RG2S AR
RV, 1SR b X B =K i 22 (90715, 2010; {AT4:i855, 2006b; k455, 2009;
WIS, 2017), 1998 FFFAMATIEAE R 7K i A2 H 47 B2 1) AR S 74 i B 7K R 3 e iy ik 95 ok 5
(A NHFEE, 2000; #h/iFIZzN, 20015 Fh 1%, 2002) . AR ALAIRVE b m £hh X EZ 3R
MRS, AT AL AR AL X 7 ok B AR RMIR IR R A, [FRE T AR b [X P4 K 4 B 5 4
Femf A HE R (UEOREE, 2012; f/REE, 2023). MArA%E (2023) I, W
BEEEK SR CCPEBRRT OB 120 LATEIIE AT T 1EEhIEME: &
J6A i n] DL I 50 77 30 7 AN KPR A e S A 2= A K o AR b A i i AN AT
XPYTVEAR Y B 7R A B S (R 2, 2R A6V IR s R e A FH T P A (R ) 34ty v 1R 5 B0 Ve
AR AR (ERNAESE, 2010), 1M ARALAIRIGBNE5ET, MR RN WD (] 435, 2006b);
FREL M R AR AL IR TS BN FIFE R R BT K B w2 (BT 556, 2011, #EIESE,
2017). AMFHTARACA RS I =, NS A AR s/l BEE MR HASE I, iR
HE— D BRI, M Y HABE B 2= 2R VA T AT 38 I i a4 R B SR U ORI A AR -, 2012).



AR B AR LA TR 5 B 5 A e BT TR B K B B IEAR DG (455, 2006) .
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08 B CILEHF, FFD, FRETBCN 08 I 2 20 B, Blui BA 20 B2k H 08 B
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Fig.1 Distribution of 80 national surface meteorological observation stations in Heilongjiang Province (black dots)
and topographic height (shaded, unit: m)
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1981—2022 EREZE LA RN IL 408 Tk, AR HIAE ZI6 B Enl W (B 2a), 24
Ak (242 1%, (5 59.31%) #JA T HERITA BAPE (110° ~120° E, 45° ~55° N) X%
Mo WA RO ST R ERE (K 2b), LIREAEG BN E: £ 228 &, Htt
55.88%; A< ZRra MZARILTT M#2ah Rt kA 325 ¥k, itk 79.66%.

RACE IR P IR ZE I 9.7 X, AniEZE 2.4 X, WifEZEREL (bR 2118
O N 24.7%, FAREIEEUE AR, IR A BORIERR AR PR T
AIRIEEI H 2 415 d, bRiEZE 9.9d, FrifEZE REL 23.9%, FdE B EUE BA AR R, B
AT IR 2278 I 3 B B B AR 8 A A IR IS R IR BUE BB G  B . AIRTE B R 2 12
1986 £ (18 X, 68.25d), /DI 1994 4 (5%, 185d) (& 3a). AN FEfFEET
AR ZESR, SRR [R5 3d, el 12.75 do A0 BTV Bt 15 45 H 2500 38 fin v
k> (B 3b). AR iigERr 3 d e, B 88 Ik, (B IRELN 21.57%, E
il 3~5d (IR FE it 328 ¥k, itk 80.39%, FH AL AR AL A IR RS N IR .
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Fig.2 The initial position and the frequency of the NECV (a) and the moving direction of the vortex center (b) in
the warm season from 1981 to 2022
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Fig.3 Interannual variation characteristics (a) and duration distribution characteristics (b) of NECV in the warm
season from 1981 to 2022
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Wi, FEANAIRRS: 4.82 d, Al 9 d fA B IR B 6 . 9 Hidiwz:
TR, IR IR RRSE 3.89 d.

THEAR KA RIS R BT P K &, REUA iR R AEAK /0 1) 8 H P84 A it
FEFKE RN, 3121 mm, A A ESIREZ K 5 PR K& &/, Jv10.37 mm.
A8 AT EZE, AKIRsT, AR ERKERKR, b HaTHZE, BOy TR, JEE
KEE AN 6 AR A iiiad, FHEREKE 18.02mm, (kT 8 H. 7 H ik
K& (14.09 mm) tE 8 FF1 6 H#R/AN, Ui A i B B KR 1R AN S 8 m A dr 1. K
RARMA R, BTHER —ERERR TGS, eI AR S .
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Table 1 Monthly activity characteristics of NECV during the warm season from 1981 to 2022

- " o oo g BN
Aoy wwgic sEsme T IR g e, BT e e
/d “:H%ud
/mm
5 H 109 465.75 11.09 35.77 4.27 10.37
6 H 89 429.25 10.22 34.07 4.82 18.02
7H 86 359.00 8.55 27.58 4.17 14.09
8 H 61 244.00 5.81 18.74 4.00 31.21
9 H 63 245.00 5.83 19.43 3.89 11.96
&t 408 1743.00 415 27.12 4.27 16.19

1981—2022 g 2= B e VLA ¥ i id AR~ B /K & 157.23 mm, & BN IE R K& (1R
FRAEP Y PR /K & 461.67 mm) 1) 34.06%, RISFIRAFEA IR IR TR TTIR =0 2 — K E.
BT B RITARZFERKEAA IR RERKE (B 4, RIARSEERZFERKREMN S
FEA BOR AR AL 2009 4 (5 bLi oK, BEZE[E/K & 491.7 mm, A inid f2 /K & 274.3 mm,
5 b 55.79%, 1994 4F 5t /N, BEZE[E/K & 581.6 mm, A it FE /KR 55.2 mm, 5 HAR
N 9.49%. HEIVIT AR BEZEAE T B K EAE 1998 4R G UM [ AR LA (] 4), B 1998
FELLRT NS IR TI S, a3 2-9.61 mm (10 a)t, 1998 4E 5 AR S, &k
Ao 84.45 mm {10 @)1, YA i R PR K B R AR S I B R 3, 1998 4 LART 2k ka2 23.00
mm {10 )%, 1998 4 J5 4= 39.11 mm {10 a) .

CAETRE, 1980 FARLLRARILHX FZ=EK L 11 a 724 AL T R W38 (F)

%, 2000), B RILEEMFEARFRBIEHE LAITT4, 2011; Zhao et al.2018; R FEEE,
20200, ASCHFURY 1981—2022 A HE TR R ZE K & A imid 2R /K & 2 07 EURFAE, AR
o HBE B I AEAR PR AR LR AE : 20008 BE ZE4-~F-3 [ /K 8N 397.64 mm<<461.67 mm, J& T ¥
KA IR B, He AR E TREK W2 M Bt A imid B2 F% /K & 1980s A1 2000s J& T fhi/>Fr
B, HedFEARE T mEN B Winid FRERZ=R/KE M) &5 HAE 1980s &b, (U 28.78%,
1990s PAJG ¥ imid FEIERE ZER /K A0 5 EL R B4 0, BL&E 2020s FFafi/ (R 2).
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Fig.4 Total precipitation (bar chart, unit: mm) and accumulated precipitation of NECV process (solid line, unit:
mm) in Heilongjiang Province during the warm season from 1981 to 2022, the dotted lines represent the trend
lines
2 BRILAETFERKE., iR RRKE & HAERZE K 5 H AR X
Table 2 The interdecadal average of warm season precipitation, NECV processes precipitation and their proportion

in warm season precipitation in Heilongjiang Province

1980s 1990s 2000s 2010s 2020s
% Z= %K & /mm 465.26 463.10 397.64 499.16 534.57
P imid FE B K 2 /mm 133.88 158.10 131.76 199.59 168.07
‘//‘\\‘ ‘TJL {m} % Siss [ =R
CIRELEERREROR o 34.14 33.15 39.98 31.44
W EE /%

oI 3a T GRS SEAE N AR AL A ) S H LT ARy, )T IR B AR A3 VA i T B AR AE
X RIEILA K TTRR (3R 3), KINEFRRIEANIIK E . I ARFFEE (a4, i PE K E R
B EZERERK TR . B R BIZRAE IR IER T o 28 T A R 2 1 foK, X
EX 1SN PN
3 i MALE Gy ZR ALV RIS R AE B0t BB T4 B /K STk
Table 3 Characteristics of NECV in typical years and its contribution to precipitation in Heilongjiang Province
RREEmfE] AR BRERRILA

N N
F BRI i K jmm W B/ i /%
1986 18 68.25 210.20 428.10 49.10
et 2021 13 50.00 230.10 487.30 47.22
1993 13 63.25 219.20 465.20 47.12
2017 13 55.50 185.10 448.50 41.27
1994 5 18.50 55.20 581.60 9.49
. 2006 6 28.50 51.50 444.30 11.59
* 2022 7 24.00 85.30 453.80 18.80
1987 7 25.25 133.00 523.50 2541
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1981—2022 “ERE Z=FT A 408 AR AL A L RESE 1743.1d, TR IBITH 80 MEEK
M TS G 3% N B K B, R PV 5RBEIK (P1h=20 mm 1) 3 YA 7 B B K sl
RIF 0.27%, FHE4E 99% 4307 #04 11.9 mm hl, 95%%3H7 %K 5.0 mm hl, T CARHE 95%%
7 Er. 99% 53 BN 4 INF 5 A K 0 /NI B K & (Pan) 384743 %%: 0.1 mm h1<<P1;,<<5 mm hl,
5 mm h1<<P;,<<11.9 mmh?l, 11.9 mm hi<<Pp<<20 mm hl, P1h=20 mmhl, E X Pyn=5
mm hL NEREK, 0.1 mm hI<<Pin<<5 mm ht AF5FEK. 4 3 BLE DY R i FE R K R B 7K A
UK TTBRZEBEAT 20 M1 o — AN 4 — B 0 VA TR B /K TR 3R 58 UMl i 1% B 4 4 T ook
IKE HREZEA M KB E .
4.1 BFRI A ARIRAE

AT IRV AR RACA IR R K& BRI L AN TR B 2 B K /) H AR R AE , A SO
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MER 2z —, (IR IEH X A g 3 e E B R AR (e 16—18 B (CFanii =4k,
2016; J7HE%E4E, 20205 ZEMEESE, 2022) W45 NHIAE. BKERELTRESR BT
(06—10 i), FEAKBIRAMEAT EA (09—10 ), 5UEAE X AH LA B X FR A A8 1 (s 22
/N LRI I H AR AE R B, B K B LU B AR A AR PR i 22 TR, R R /K & H
A5V HRFAE B .

RIS F BN K S ) H AR B (1 5b): AERT5RF£7K P1n=20 mm ht {1 H
A BEXUEA AT, PANEAE 2 B T 14—15 AT 17 I, Frukdbdqs 2 ik 3] 1.11~1.24
A11.31, 11.9 mm h1<<P1y<<20 mm ht ¥y H 224 25 GE L IR IR 40 A, WEAEAL T 16 I, 1k
#]1.20. 5 mm h1<P1p<<11.9 mm h* ] H AR FFE R BRIEAE 20 AT, VBT 14—17 B, 0%
18 XIS 22 HIBE RN, e RikF] 050, 0.1 mm hi<<Piy<<5 mm h {1955 KK F 38 4k it 2%
BINEIE HLR, WBEMAEDARE. NEEZL/NBEKERNAEL T RRES BT (03
—11 8D, S XA LB X RREER A, AR E R 22 58 /o EUBEAN [F) B 2/ N
IR HARREIE I, /NS B K AR R OR, PR i w22, RIVBR 2 K St K H
A RFAE R
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Fig.5 Diurnal variations of standardized precipitation, precipitation frequency (a) and precipitation of different
magnitudes (b) of NECV process in Heilongjiang Province during the warm season from 1981 to 2022
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ITAE 80 AN ZR b GOt /NS K SR AE 2 AT REAE A 1] 6 P, AS[E)h A
) 8 7K 8 R AR 2 [ AT A FE AR 2 25, LS Ryt T 2 DA OC o P sl st () PR /K B A 387
B4 I 98 K B 2% (P1h=20 mm 1), P1p>80 mm h1 4 %4 (88 mm h™) A LT (87 mm h1)
PR35t 3 AL TR Y TR [ /N D 22 0 R R M 2208 (R IX o P1n<<30 mm bt 9 i, Hordrig/h
23 mm ht HELE T %, 9 ik ZHAL T R/ D20 L Bk AG UL X i 3 A ) 2,
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Fig.6 The maximum hourly precipitation of 80 national surface meteorological observation stations in
Heilongjiang Province (unit: m)

WK B Gt 1981—2022 fEREZ= eI 80 /N R Gt i R ulh fr A
JINES B TK B RN ()R AR ATIR o3 AR, RIS B R B K R A2 AR ¥ 52 R s2 R, R AR AT
RTCW FR  BIANIE & AR 22 S5 I /NI et 7K B PR 086 DR T k) o RS I 5 7K 355 e 7K ) BB AR
W AR SRR ZE 50 P2 I AR B i, R PR R R AE SRR e T ), 2R 08 e X 555 Pk /K AR 1) A 43
T HK.

BAKE, P1n=20 mm h? 5 R-FIEERE KA 9 I, o R T Ratier TR G i) oK%
LT PRI AT SR AR TEAN AR ) 2 % 220 A L BRI I DX, e R XA T/ M 220
H A BRI A X SN IR IR s IR XA TR 220 b . RIS 30 R AR AR 4 K,
e R T AR SR PG AN TG 7] DR L 22U I DX, AR TR N D22 A 5 kT
SERPEAIIRFE N 5 I, CAIEAR & 2, KAB X 2 207 T F eI A8 38 2 11 i T 2o 981X A €
7al-a3).

11.9 mm h1<P1p<<20 mm ht H R BIAHFEIREKIRIK 7350 234 13 4Kk, BRI
P1n=20 mm htFHML,  ROEKEEE AR IRSS, A T AR U . ABOAAR M ) K
e ZZ W RN LKL X, IR TR AN A LB AG I o A8 A5 = = AR TA) /)
MW IR FE R AEATIR W 3G N . ~PIERBIRZE R 11 Ik, N IEE, BhEE /AR RS 1L,
WAPIR G L RAR I A L i b i i vk 2= - (B 7b1-b3).

5 mm h1<Pyp<<11.9 mm h {R . BIAPFE BRI 308 121, 85 1, % 11.9 mm ht
<Pin<<20 mm h1 K7 5~10 %, #BEEI AT RFEAR L ELIE A 7K B 20 A ek > T A AN B 2
N2 IRTE R LA 3G N, AR T EOR, X B OB R ZE K o O SPEEIR
B ZE 36, i AIEME, BAEEAGRHERE 2851k (Bl 7c1-c3).

0.1 mm h1<<Puh<5 mm ht [E5EEK R BE] - P- 28 R ZEAR 53790 0 2392, 2351,
WEL S mm W <P1r<11.9 mmht K 1 ANER. /A RFIE A [F) H 5 58 B KA 5K IX 5
R AL TR NP2, PR R XA K L iR =SSR U Rt /N TR 1) X3 A
[ 2 AR AE TR B) N D422 U8 1oy R DXL L R AR 28 /N M0 ZR o AR XA TRA T IR . i
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Fig.7 Spatial distribution of NECV precipitation frequency in daytime (left) and nighttime (middle) and difference
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Table 4 The proportion of the precipitation station in the main station, contribution rate and contribution coefficient

of different magnitude of NECV process in Heilongjiang Province during the warm season from 1981 to 2022
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Fig.8 Time series of precipitation contribution rate (a) and standardized value (b) of different magnitude of NECV
process in Heilongjiang Province during the warm season from 1981 to 2022, the dotted lines represent the trend
lines
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Fig.9 Spatial distribution of contribution rate of cold vortex precipitation in daytime (left) and nighttime (middle)
and difference of contribution between daytime and nighttime (right) (unit: %): (al—a3) P1n=20 mm %, (b1-h3)
11.9 mm h1<P1p<<20 mm h?, (c1-¢3) 5 mm h1<P1p<<11.9 mm h?, (d1-d3) 0.1 mm h1<P1;<<5 mm h!
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