Updated from the 04 May 2026 version: RGVI.SI.OYI. Log
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« Corrected “NCEPS5” to “NCEP” on the “NCCV Identification Method” slide.

« Added “Typical Size of a Cut-off Low” to the “NCCYV Identification Method” slide.

» Added the data temporal resolution (daily) and spatial resolution to the “Summer Rain-Belt Index Calculation” slide.

« Rephrased and enlarged the reference title on the “Summer Rain-Belt Index Calculation” slide.

« Added the mean onset date, end date, total precipitation of the rain belt on the “Summer Rain-Belt Index
Calculation” slide.

+ Marked the starting page of the difference analysis, indicating that ERAS monthly mean data are used in
subsequent analyses.

Addiﬁﬂﬂ The frequent occurrence pe ri0d Of the Seasonal Evolution of Cold Vortex Activity (5-day MA)
. . L & with Rainband Onset and Retreat Distribution
Northeast China Cold Vortex coincides with the East | -

Asian summer monsoon rain-belt precipitation period,
which provides a basis for this study.

Future work = 5 = /@A\"‘“’“\%

« Share the methods for calculating the Northeast China 2
Cold Vortex and the main summer rain-belt indices over
eastern China, along with the related statistical analyses,
as a preprint, and release the code on GitHub.

« Submit this study to a peer-reviewed journal. il
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0) o) | focus on the climate over East Asia. The main systems affecting this region are the monsoon
]ntroductl_on and the mid-high latitude westerlies. Both are important parts of the global atmospheric
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Previous studies show that mid-high latitude systems interact with East Asian summer monsoon rainfall.

But the detailed mechanisms are still unclear. PR |
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Weather map at 12:00 UTC 12 August 2020

(a) FY-4A 10.8 um infrared image, (b) FY-4A 7.1 um water vapor
image, (c) FY-2G 6.9 um water vapour motion wind

Source: Xv (2021) #+ K (2021)
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In this study, we use Northeast China Cold Vortex(NCCV) to represent cutoff lows,
and the main summer rainfall belts in eastern China to represent the monsoon.

We then analyze their relationship and the structure of the corresponding
atmospheric circulation.



' ' This study identifies Northeast China Cold Vortex events using ERAS,
NCCV ]dentlﬁcatlon Method CRA, and NCEP datasets. Based on 500 hPa geopotential height and

temperature, a total of 15 sets of cold vortex center frequency are
extracted following this method.

® Data used
Dataset Name | Spatial Resolution | Temporal Resolution | Time Range [r _|a____
CRA 0.25" x 0.25° Daily 1979-2023 1-5 |1
ERAS 0.25° x 0.25°  Daily 1940-2024 15 1
z NCEP/NCAR 2.5° % 2.5 Daily 1948-2024  1-3 109075
.g Yt
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neighborhood (i) (r)with radius ris defined. centered at (i+ j) .This |, ()| Lnenym - S AL (ax)? (ay)? =
neighborhood contains (2r + 1) X (2r + 1) — 1surrounding grid points PN e e TR
(excluding the center point). The 500-hPa geopotential height at the center is CRA: ['C1,'C2,'C3, "4, "G5, PS: AO1. AD?
: ; e Sy ERAS b PP R Al SEY ' :
denoted as Z; ;y .and those at neighboring grid points are denoted as {Z ; OUtp ut : : i J ’
(£) Eabenng pnee ) NCEP: ['N2’,'N3','N4', 'N11','N12']




The main summer rain belts over eastem China include the

Summe'r Rain-Be[t ]ndex Ca_[culation Meiyu, the North China rain belt, and the Northeast China rain
belt. In this study, we follow the identification method defined by

22 the industry standard issued by the China Meteorological
Administration. Five datasets are used in the calculation.

Daily data used to calculate rain-belt indices

owal 0.25°10.1° 10.25° \0.5° \2.5°
n

o CMA\MSWEP\ERA5\CPC\NCEP
z Northeast -
Em- 11 Aug B 2gi T L_qx —1 ox \
2 120mm TR TR T uagﬁm- '**1"-—*’“‘i'—‘t“"“'”""‘?ﬁﬁl“‘i’l*fif ot A FR L0 [ ST M AT Ak AT

14 Jul

L
wn
1

30 “ Meiyu 20 Jul ol ol THRERNNE ELNE EBELMAGT FILHE
/ T Meiyu monitoring Monitoring indices of rainy Monitoring indices of rainy

season in China—Rainy season in China—Rainy

25 . . , , | . indices season in North China season in Northeast China
105 110 115 120 125 130 135 140 - —
Longitude (°E)
- Where Ljis the rainfall duration in year j, Lois the For each rain belt, we obtain the annual start date, end date,
= R, multi-year mean rainfall duration, By = Ris the

M=+ S+ 25  nultiyear mean precipitation intensity, and Risthe  [ainfall length, total precipitation(rain), and a composite index M.

total precipitation intensity in yearj.



We study the relationship between multiple Northeast Cold Vortex

— !1= (Xi_f)(yi_'?)
datasets and different rainfall indices by calculating correlation coefficients. ™ = J =

— 2
Z?=1(Xi—f)zz?=1(yi_y)
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We study the relationship between multiple Northeast Cold Vortex n(X;-X)(Y;-F)

2

datasets and different rainfall indices by calculating correlation coefficients. ™ = JZ

n (Xi—f)22?=1(yi_?)
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We show time series from three rainfall belts with the strongest correlations between cold vortex
frequency and rainfall start and end dates. The results clearly show a strong relationship between
Northeast Cold Vortex frequency and rainfall timing.

——— Precipitation (std.) @ —— Cold Vortex (std.)
(a) Meiyu - START (c) North China - START (e) Northeast - START
NCCV ID: E4, Month: 6, Precip: MSWEP NCCV ID: N12, Month: 7, Precip: MSWEP NCCV ID: E3, Month: 8, Precip: CMA
21r = 0.58 *** r = -0.52 %k*
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(b) Meiyu - END (d) North China - END (f) Northeast - END
NCCV ID: C1, Month: 7, Precip: ERAS NCCV ID: N2, Month: 7, Precip: MSWEP NCCV ID: A02, Month: 8, Precip: MSWEP
4r = 0.4] *** r = 0.61 *** r=0.x
2 2]
0- 0t
-2 4

1980 1990 2000 2010 2020 '2'19'80 1990 2000 2010 2020 2 1980 1990 2000 2010 2020



Based on the maximum correlation cases, we select three representative time series.
These results show a clear link between cold vortex activity and rainfall changes.

Mean of 9(85) Largestr

Morth China LEN _
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The main results are;

* In June, cold vortex frequency is positively related to é‘

Meiyu rainfall.

* In Julv, cold vortex frequency is positively related to
the end date of North China rainfall.

* In August, cold vortex frequency is positively related
to the rainfall length of Northeast China rainfall.

Northeast

North China

1] = 0.3 Counts: Region x Month (425)
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High Years 1983, 1992, 1996, 2016, 2020
Low Years 1985, 1988, 1994, 2002, 2004, 2013
JULY- High Years 1980, 2007

-North China "), years 1981 1998, 2011

AGUGUST-  High Years 1980, 1986, 1992, 2014, 2019, 2020
-Northeast '\, vears 1982 1994, 1999, 2006

*ERA5 monthly mean data are used from this point onward

Difference (High Years - Low Years)

TO better understand the 3D atmospheric structure
associated with Northeast China Cold Vortex rainfall



First, East Asian Longitude-Latitude Domain
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First column: cold vortex frequency differences. Blue means more frequent in active years, red means less

frequent. There is no clear spatial pattern, so total frequency seems more important.
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Second column: Composite differences at 500 hPa. Cyclonic circulation
structures are clearly evident, with noticeable variations across the three months.
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Third column: precipitation differences. Active years bring more Meiyu
rainfall and more Northeast China rainfall, but less North China rainfall.

cold vortex frequency 500 hPa G/T/UN precipitation Welch’s t-test (p < 0.05) extreme composites
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Fourth column: 95% significance based on Welch’s t-test. This shows the
mid-high latitude circulation has a strong and reliable impact on rainfall belts.
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¥ 99.8% Q 4 Q]. Fifth column: extreme composites. \Ve see stronger westerlies, clear wave patterns in
vk 0.02% mid-high latitudes, and the subtropical high influencing Meiyu and North China rainfall.
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Second, Key Meridional Vertical Cross-Sections in the Northern Hemisphere

we select meridional cross-sections along 107°E, 120°E, and 133°E in the Northern Hemisphere, covering the 100-10 hPa
layer. In the left panels, color shading represents geopotential height, contours show potential temperature, and vectors indicate
the combined V and W winds. In the right panels, color shading represents the U wind.
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Second, Key Meridional Vertical Cross-Sections in the Northern Hemisphere
A clear region of low geopotential height can be seen around 45°N.

We focus on two key points:
(D The meridional direction of the V wind in different months. (2)The large values in the fropical stratosphere.
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Second, Key Meridional Vertical Cross-Sections in the Northern Hemisphere
The left panels show the extrema of each variable, while the right panels indicate regions where 95% significance based on
Welch's t-test. We can observe a staggered and shifting structure among different variables. Although the tropical stratosphere
shows large anomalies, these do not pass the 95% significance test.

107°E 120°E 133°E 107°E 120°E 133°E P

June - 10T*E June - 120°E June - 133°E
) r T

je
=

Qﬂl BT A e~ G high g Jme - 107 Jume - 1) Jum - 139°1
— 4 I A n 3 %3
£ =T o 1) ) - Gilow ]
Ly -.'I- i - THETA high | ' b
) 54'-!'_ . : [ - % :’IL ETA low , : : 6
A - - R ) 1\ k - - ] = 4 4
6 Z mr.i / ; b=t "t." L | e I A v |_,|;::T.I £ l ]
= o g - Rl I 1A I Py Z T | Y Y T i = 1 i i
g w"fﬁ’ -1‘-,.\‘ ,’J.'"*.-"\! AV o O T T N i R e T B SR E o 1 E
E . j .:L‘\ ":-‘ 1 .f."r. p .." , I T \ & ' :'* o : = ;.‘ i '."-"'. " I p L W bow B m ‘ J‘ I" b
_-tm{-.f g vl = B4 = 1 3 | H— iy PR ! { N WS hich |2 ! ! i d :
W A U Y LA 11 ® o 8 : ]
’ v o y | T, o -] ! i
Sl ae N BN WAUATH lay TR T v wf'] e CU, =l )
T I X v r DA, v . bl L] ! o, 1 %5 i ! ) ; 7
. [ ] : 5 [ s, A i1 rteed i T ¥ L 1% 1
L M — 3 - ] W bottomd, 1% :Img — D = ! = v —r]—- = — LI L SR e [T S
T July II'I“—" E W a4 . July = 107 July - 120FF Juby = 135
WO - .
.-r 3
|
4 ha
7 . .2 - 7
£ 50%"_***' g " & .
2
JoLy @~ JULY
il =
EE L1} I i TE] L ) - b‘
300 [ M5 : | G W P f H e | 1
SOLRIYTH | ii | WSS y 1 bR RN | L 1 1
/ 1 v, T 1 ; lr" ¥ = ' v 5 L
EDO i iR Jed | LR Y i N . Ve - T WAy /. ‘J. 4 4 ,,'] il G (pe0lis) “imp :
] TeUees BV LT T e et AT W e TS AR THETA (pe0.05) v '
Wi peclL0S) . .
) ) ) Ausgas - 107 At - 1207 Avgst = 1337
" August - 10T°E August - | 20°E August - 133°E U (pei sy gy g i
__’-=___I ] 3 E___._ﬂl ] § E =T .._,- W (peil8)
. | - -. e
il 1/ Ao .;I:' z_1I___.-:f_, S (polLng)
- | - gl e [ - il = . % - a i
8 E sl 0 R =2 \ R z | ! 8
[ 1 ’t A, i - H i
= ! i e 7 f" g m 4 1
I ]|_.'|u'..- Sl qﬁ ;;'.-,'a:"'"“'.‘f 1!}' i 3 ! lll
AUGUST ;| |4 7R AR A Ealy F AUGUST
£ 200 ‘I ’ 1* 0 ? WA oldi | "l
I hepy: 1
B
- 1 R

=
—

ar 41 L 71 w0 1] (R} Tl o L] 5] =
| Latitude (*N} Latitude ("M} Latitude (*Np

300 ; 5
¥ TR
0l20 @ 1 Y 5y
mo 75

l.|'15 30 -'ISH.I' Et] 15 30 45 60 75
Latitwsde (*M) Latitude (*M) Latitu -.1 {*MN)

=



From all three meridians, and considering the full vertical range from 1000 to 1 hPa, a strong signal can be observed in the

upper atmosphere over Antarctica.
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Third, the 500 hPa global geopotential height difference in June

show consistent patterns across the three panels, with differences only in the map projection center.
Both the geopotential height difference and the p-values reveal a continuous quastmeridional structure on a global scale.
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For July and August, as well as for different variables and pressure levels, the structures may vary,
but a global-scale response is consistently observed.
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Summary

This study analyzes multiple datasets of Northeast China Cold
Vortex and the main summer rain belt over eastern China.

The relationship between them is quantified using correlation
coefficients.

Based on these correlations, key years in June, July, and August
are selected, showing stable circulation patterns.

At the monthly scale, the results indicate that both the Cold Vortex
and summer precipitation are mainly driven by meridional
processes with global linkage.
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