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Fig. | The monthly variations of snowfall percentage (a) and snowfall day percentage (b) from 1981 to 2010 in Northeast China
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Fig. 2 Distributions of annual mean snowfall (a), snowfall days (b) and snowfall intensity (c) from 1961 to 2017 in Northeast China
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Fig. 6 Annual variations of snowfall (a), snowfall days (b) and snowfall intensity (c¢) from 1961 to 2017 in Northeast China
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Table 3 Climate tendency of snowfall, snowfall days and snowfall intensity of various levels in Northeast China and in
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Fig. 7 The spatial distributions of linear trend of annual snowfall (a) and of snowfall days (b) from 1961 to 2017 in

Northeast China (+ denotes the trend significant at the 95% confidence level )
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Table 4 The number of stations with secular trend (signif-
icant at the 0. 05 level)for snowfall and snowfall days
from 1961 to 2017 in Northeast China
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Fig. 11 Distributions of annual mean snowfall during 1961 — 1980 (a), the difference between 1981 = 2000 and
1961 — 1980 (b) and the difference between 2001 — 2017 and 1981 — 2000 (¢) in Northeast China

SI°N SI°N

48° a8
45° 450t

420 420t

12.
20.
30.
40.
50.
60.
70.
80.

39° 39°

SI°N

48°

45°

42°

39°

120° 123° 126° 129° 132° 135°E
(a) 1961—19804ERET H %¢

3 %ig

FIHIZ H B 8 B R4 0 BHEBUE & H
eS80 , 0BT A5 JL H X 1961 — 2017 4F [ 55 i 23
AR

(1) ZRdbHE X PSS A H 8 2 R TE 12
A, /WNERMbhFEg2 e 1 12 7, REA
FRERZHIAE3 A, WmkE S 4 K FHD) H A%
Tlvm . MEBEMIEES H B B A0 LK T
J5, PR X A m g AR T s, R E
JEHB . ANLBIE TR I X RS R 2 X S
558 8 HRO T MR L DXL 7 e kv A T
TERF S X

(2) RACHLIXAE | Bk &2 FREBRT R
[] 191 B 7K St 1L 1) 53 0 R 4.7% . T% . 84. 4% Fil
7. 6%, T M4 ZERE I AR RS ZIGILTS L N DS
A A L X B R, 7RI T HLX /e 10 H = 1K
A4 145 A B S a IRI R K i LA 2240572 43 031)

120° 123° 126° 129° 132° 135°E
(b) 1981—20004F 1961—19804EF{E

120° 123° 126° 129° 132° 135°E
(¢) 2001—20174E 5 1981—20004E% {5

Bl 12 ARICHIX RS H 41961 — 19804F (a) . 1981 — 20004F-15 1961 — 1980 4F25{# (b) . 2001 — 20174155
1981 — 2000 4F- 2 () Y =5[] 73 Afi
Fig. 12 Distribution of annual mean snowfall days during 1961 — 1980 (a), the difference between 1981 — 2000 and
1961 — 1980 (b) and the difference between 2001 — 2017 and 1981 — 2000 (¢) in Northeast China

H4.8%. 48.3% . 81.8% . 88.4% . 80.9% . 51.3%
F16. 5% 3L VU L X R 35 A K% it X H
I KRR B G AERE S & i , SRS H
BAE2ALLT, B ENAEN RS ED IS,

(3) 1961 = 2017 4F, ZRILHBIX 11 H — k44 H
B HBES BRI 2 8, 12 - wIE3 & A
M 2R 4 A 11 ) ; FRS &
FIRETT 243 9LA 1. 93 mm-(10a) " #10. 11 mm-d™
(10a) ™" 13 R 1 35 10, 4F &S5 H 5L 2. 08 d-
(10a)™ (3R % 2 ek b 5 BT 3 hn £ 2= 8
RS SR E S RN, B H Ao R
/NG H B D, o RGO RS H AL, MRS
JE RN 25 S HOU R R LA R 5 B 35
22X 80% LA b iy il s B 5 i (R 27 H 400 B 2 48 in
(WD) ¥, INFRMBES B, bR
TSRS & (BT H DA 60% DLk 5 2
WD (G I a3 4F | BREE A ZE eSS 1 LU 5] 343



38

JEE 45 1961 — 2017 4 A [ 4 b Ml X F4 25 B 55 7 AR REAE 4347 777

i, SE4 4 10 4R850 0. 36% . 0. 48% H10. 45%, &
FRE S AL 0. 11%-(10a)™ (3R /D

(4) 3574, FEE5 00 oT kR bR /NS [ 25 ik
A A SEGR RS RN B B BTk R R
RS B A 8, AL SRS H A n ., k&
Tin, BES HEOAE 1987 F R AR, %A JE/NE
A SRS R ak R AR LR B 5, BERRS
TR R U IE , RS H ATk A D i
R RV N =l S B i e ] R s IR

(5) 1961 — 1980 4 . 1981 — 2000 4F 5 2001 —
2017 4F =BT BE, BES mR B IBAR R I, RS
H 8O AR . I IXBRE 34105, 2001 — 2017
4 FEE A 1961 — 1980 4R8N T 27. 8%, K& FH H
BT 22. 4%

£ 2% X Hf (References) :

[1] The Editorial Committee of the Third National Assessment Re-
port on Climate Change. The third national assessment report
on climate change[ M ]. Beijing: Science Press, 2015. [ (% =
PR TE PP S Vo S 2 . B = AR AL
FAFA R (M. st Blegli e, 2015. ]

[2] Ao Xue, Zhai Qingfei, Cui Yan, et al. Climate projection in
Northeast China based on CMIP5 data[J]. Meteorological Sci-
ence and Technology, 2017, 45(2): 298 = 312. [ (%, B
&, WP, L RAU X AUEE L CMIPS BTG [T]. AR
FHE, 2017, 45(2): 298 - 312. |

[3] Yang Xuan, Li Dongliang, Tang Xu. Probability assessment of
temperature and precipitation over China by CMIP5 multi-mod-
el ensemble [J]. Journal of Desert Research, 2014, 34 (3) :
795 - 804. [, ZEMRE, Hdh . FTF CMIPS ZHLUE A3
A rh SR AN R K UG B ER A [T]. RPN, 2014,
34(3): 795 - 804. ]

[4] Pan Jie, Liu Ke, Xia Dongdong. Projection of regional climate
change over China from PRECIS under SRES A1B[J]. Marine
Forecasts, 2017, 34 (1) : 34 —46. [, X8, A4 .
PRECIS %} SRES A1B 5% T Ay rf [¥] [X 4 A 22 Ak T A 43 7
[J]. MFEHER, 2017, 34(1): 34 - 46. )

[5] Wang Tao, Wang Yishu, Cui Yan, et al. Evaluation of ability
of climate model for simulating precipitation in Northeast China
and precipitation prediction[ J]. Journal of Meteorology and En-
vironment, 2016, 32(5): 52 — 60. [ £V, £ L&, EDF,
A AR AR AL = R BHURE T WA K Bifh [T ], R4
L B4R, 2016, 32(5): 52 - 60. ]

[6] Luo Xinping, Xia Jun, Qiu Bing, et al. Assessment of water
resources vulnerability under climate change in East China mon-
soon region[J]. Yellow River, 2013, 35(9): 12 — 20. [#fE#r
T, B, Bk, A o AHS 2R UK K BE IR E S A
[J]. AR, 2013, 35(9): 12 -20. ]

[7] Xia Jun, Luo Xinping, Cao Jianting, et al. Impact and assess-
ment of climate change on the water resources vulnerability in
the Eastern China monsoon region [J]. Climate Change Re-
search, 2015, 11 (1): 8 = 14. [H%, M, WEE, %,
AL Al X o ] AR 2 IR DX K R R 55 1 5 A ().
SAEABALTFFLIERE, 2015, 11(1): 8 - 14. ]

[8] Liu Yulian, Ren Guoyu, Yu Hongmin. Climatology of snow in

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

China[J]. Scientia Geographica Sinica, 2012, 32(10): 1176
- 1185 [XI B, EEE, TR, PEESSEFHE
(3], skl 2012, 32(10): 1176 - 1185. ]

Xu Xingkui. Spatiotemporal variation and reginal distribution
characteristics of snowfall in China from 1970 to 2000[J . Jour-
nal of Glaciology and Geocryology, 2011, 33(3): 497 — 503.
[ #5428 . 1970 — 2000 4 Hh [ 6 25 kA8 A A DX S 3£ 15 i
(3. vk, 2011, 33(3): 497 - 503. ]

Zhang Zhifu, Xi Shuang, Liu Na, et al. Snowfall change char-
acteristics in China from 1961 to 2012[J]. Resources Science,
2015, 37(9): 1765 — 1773. [3k&ER, &3, XU, 5. 1961
= 2012 4F [ e 5 I 22 AR AR R AE AT [T ). BEIRALE, 2015,
37(9): 1765 - 1773. ]

Wang Jie, Zhang Mingjun, Wang Shengjie, et al. Change of
snowfall/rainfall ratio in the Tibetan Plateau based on a gridded
dataset with high resolution during 1961 — 2013[J]. Acta Geo-
graphica Sinica, 2016, 71(1): 142 — 152. [ £, 5KHZ%E, T
A, L EET R IPERAS SRR 1961 — 2013 4F35 B I
T AT ], HFEf, 2016, 71(1): 142 -152. ]

Wang Jie, Zhang Mingjun, Wang Shengjie, et al. Change of
snowfall/rainfall ratio in Xinjiang during the period of 1961 —
2013[J]. Arid Zone Research, 2017, 34(4): 889 — 897. [ L
AL W, FRA, %, 1961 — 2013 455 85 W A8 1k
[J]. TRXWIE, 2017, 34(4): 889 - 897. ]

Zhang Xueting, Li Xuemei, Gao Pei, et al. Separation of pre-
cipitation forms based on different methods in Tianshan moun-
tainous Area, Northwest China[J]. Journal of Glaciology and
Geocryology, 2017, 39(2): 235 — 244. [3kF g, 25 M, w5
B, & R TORIE 7 i [ Rl KRR KR 25 43 B AT AT
[3]. WK1, 2017, 39(2): 235 - 244. ]

Han Chuntan, Chen Rensheng, Liu Junfeng, et al. A discuss
of the separating solid and liquid precipitations [J]. Journal of
Glaciology and Geocryology , 2010, 32(2): 249 — 256. [#if
I, BRCTE, XURE, S5 RS KK 43 B iR (T ]. vk
JI ., 2010, 32(2): 249 - 256. ]

Liu Yulian, Ren Guoyu, Sun Xiubao. Establishment and verifi-
cation of single threshold temperature model for partition precip-
itation phase separation[J]. Journal of Applied Meteorological
Science, 2018, 29(4) : 449 — 459. [X| T3, {LH T, #h %
G B 2328 Bl SOOI AL S RS B [T ], BRI
i, 2018, 29(4) : 449 — 459. ]

Zhao Chunyu, Wang Ji, Yan Xiaoyu, et al. Climatic character-
istics and regionalization of winter snowfall in Northeast China
[J]. Journal of Natural Disasters, 2009, 18(5): 29 —35. [#
B, EF, BT, L AR XA R 1 R RAE K
FXAIT]. ARKF], 2009, 18(5): 29 = 35. ]

Wang Ying, Zhao Chunyu, Yan Xiaoyu, et al. Changing char-
acteristics of snowfall and snowfall days in Liaoning Province
during 1961 — 2007 [J]. Journal of Glaciology and Geocryolo-
gy, 2011, 33(4): 729 = 737. [FH, MEMW, HH, & .
1961 — 2007 4F 1L 7 44 i =5 1k Rl =5 1 50 A0 A0k 728 fL SRR AR
(1], wkiizR+, 2011, 33(4): 729 - 737. ]

Zhou Xiaoyu, Zhao Chunyu, Cui Yan, et al. Variation charac-
teristics of different levels of snow in Liaoning Province [J].
Journal of Glaciology and Geocryology, 2017, 39(4) : 720 —
732, [JAMET, BAER, EYF, . LT H ARESERFES L
FAELT]. vk, 2017, 39(4) : 720 - 732. ]
Zhao Chunyu, Wang Ying, Li Dongliang, et al. Climate
change characteristic of the beginning and ending dates of snow-
fall in winter half year of Liaoning Province[J]. Plateau Meteo-
rology, 2010, 29(3): 755 - 762. [ &N, L&, =3,



778

K N

+ 42 %

[20]

[21]

[22]

(23]

[24]

B ULTHLEFERES A B RESIED ] SRR
%, 2010, 29(3): 755 - 762. ]

Wang Liwei, Huang Xiaolong, Xu Hui, et al. Temporal and
spatial change characteristics of the beginning and the ending
dates of snowfall in Jilin Province [J]. Arid Zone Research,
2019, 36(4): 980 — 989. [ Emifl, B, T, &5, HHk
HRES WL H N BARHELT]. TR, 2019, 36(4):
980 - 989. ]

Wang Ji, Zhao Chunyu, Lou Dejun. Variations of winter snow
concentration degree and snow concentration period in North-
east China[J]. Acta Geographica Sinica, 2010, 65(9): 1069 —
1078. [ 3L, BXAW, LA . ARIH KA ERKET LR T
AL T AR A RRAE (1], BT 2241, 2010, 65(9) & 1069 —
1078. ]

Li Bangdong. Spatial and temporal variation of precipitation
and analysis on the factors affecting snowfall in Northeast China
in recent 50 years[D]. Lanzhou: Lanzhou University, 2013.
[ZEHAR . I 50 4F AR b X 7K s 25 75 A B e 5 5 )[R - 43
BrID] 2290 2£HHKR, 2013, ]

Zhao Chunyu, Fang Yihe, Luo Yong, et al. Interdecadal com-
ponent variation characteristics in heavy winter snow intensity
in North-Eastern China and its response to sea surface tempera-
tures[J]. Atmospheric Research, 2016, 180: 165 — 177.

Wang Huijun, He Shengping. The interdecadal increase of
snowfall in Northeast China in winter and its relation to the de-
crease of winter monsoon in east Asia[J]. Chinese Science Bul-
letin, 2013, 58(8): 629 - 633. [ £&%, BEF. FKEAIL
KRR RYEACUSRIE 2 R 5 & T RS e R (1], B2

[25]

[26]

[27]

[28]

[29]

[30]

[31]

AR, 2013, 58(8): 629 - 633. ]

Wei Fengying. Statistical diagnosis and prediction technology
of modern climate [M ]. Beijing: China Meteorological Press,
2017. [BXTe . SR GEIH2 WS B SR (M. Jeat:
KL HMAL, 2007. ]

Sun Xiuzhong, Sun Zhaobo, Luo Yong. Characteristics of
snowfall from 1960 to 2005 in Northeast China[J]. Journal of
Meteorology and Environment, 2010, 26(1): 1 = 5. [#hF i,
PR, %5 . 1960 — 2005 4 2R Jb b X B T5 A8 fL AR AR B 50
[J]. KB 5HEEM, 2010, 26(1): 1-5. ]

China Meteorological Administration. Blue paper on climate
change in China [M]. Beijing: China Meteorological Press,
2018. [HESZR )R . PESRZELERABIM]L bt K%
ik, 2018. ]

Hou Yiling, Liu Mingyan, Zhao Chunyu, et al. A study on the
consistency and local characteristics of temperature evolution in
Northeast China[J]. Journal of Meteorology and Environment,
2019, 35(2): 69 = 76. [FAK¥%, XIS E , B, 5. KL
b XA S 0 — oM S R PR AE B ST [T ], R SR
42, 2019, 35(2): 69 - 76. ]

Easterling D R, Wehner M F. Is the climate warming or cool-
ing?[J]. Geophysical Research Letters, 2009, 36(8): 1 — 3.
Held I M. Climate science: The cause of the pause[J]. Na-
ture, 2013, 501(7467): 318.

Ridley D A, Solomon S, Barnes J E, et al. Total volcanic
stratospheric aerosol optical depths and implications for global
climate change [Jl. Geophysical Research Letters, 2014, 41
(22): 7763 - 7769.



34 JRIGE T4 1961 — 2017 45 Hh [ AR Jb X 25 i 225 A8 R AR 20 B 779

Analyzing the characteristics of temporal and spatial evolution of
snowfall in Northeast China from 1961 to 2017

ZHOU Xiaoyu', ZHAO Chunyu', CUI Yan', LIU Mingyan', AO Xue',
LINa’, LI Jingwei'
(1. Regional Climate Center of Shenyang , Shenyang 110166, China; 2. Shanxi Meteorological Observatory, Taiyuan 030006, China)

Abstract: Based on daily precipitation record and record of weather phenomena from 162 meteorological sta-
tions in Northeast China, climatic characteristics and temporal and spatial variation of snowfall from 1961 to
2017 were analyzed using statistical analysis methods. The results show that the snowfall and snowfall days were
the maximum in December, the light snow and moderate snow were in November or December, the heavy snow
and snowstorm had the highest probability of occurrence in late winter and early spring. The snowfall was larger
in mountainous areas than in plain, and in plain snowfall had been decreased from north to south and from east to
west, the high snowfall area had mainly located in the northern part of the Great Hinggan Mountains, the Xiao
Hinggan Mountains and the Changbai Mountains, and the snowfall intensity center had been located in the
Changbai Mountains and the plain areas of central Liaoning Province. The annual, autumn, winter and spring
snowfalls had been accounted for 4. 7%, 7. 0%, 84.4% and 7. 6% of the precipitation in the same period, re-
spectively; the daily maximum snowfall had been accounted for the highest proportion of total annual snowfall in
western mountainous areas and southern Dalian areas of the province ; the longest continuous snowfall days were
less than 2 days. In the 57 years, the snowfall and the snowfall intensity had increased significantly with the
rates of 1. 93 mm-(10a)™" and 0. 11 mm-d™'-(10a)™", and the snowfall days had decreased significantly at the rate
of 2. 08 d-(10a)™"; the increase of snowfall had been mainly due to the increase of snowfall at all levels; the de-
crease of snowfall days had been mainly due to the decrease of traces and light snowfall days; the increase of
snowfall intensity had been mainly due to the heavy snow and snowstorm intensity. The annual, autumn and
winter snowfall as a percentage of precipitation in the same period had increased by 0. 36%, 0. 48% and 0. 45%
per decade, while spring snowfall had decreased by 0. 11% per decade. The contribution rate of medium snow,
heavy snow and snowstorm to snowfall had increased, and the contribution rate of light snowfall and traces snow-
fall days had decreased. After a mutation of snowfall and snowfall days in 1987, the contribution rate of traces
snowfall days, snowstorm days and light snowfall had changed significantly. On the regional average, the
amount of snowfall in 2001 — 2017 had increased by 27. 8% as compared with that in 1961 — 1980, and the
snowfall days had decreased by 22. 4%.

Key words: Northeast China; snowfall; different levels of snowfall; temporal and spatial variation of snowfall
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