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Study on the Characteristic and Period of Frost and Snow Disaster

in Guanzhong Plain During Qing Dynasty
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Abstract: According to the historical materials and wavelet analysis, the grade, period and cause
of frost and snow disaster in Guanzhong Plain during Qing Dynasty were discussed, and the
lowest temperature was recovered when frost and snow disaster happened. The results showed
that there were 34 frost and snow disasters, and the frequencies of mild, moderate and serious
frost and snow disasters were 2, 20 and 12, respectively; the change of frost and snow disaster
could be divided into three stages, and the first stage was from 1644 to 1733, the second stage
was from 1734 to 1823, and the third stage was from 1824 to 1912; frost and snow disaster
happened frequently in the first and third stages, and most were moderate and serious; frost and
snow disaster happened occasionally in the second stage, and most were mild and moderate;
according to the wavelet analysis, there were different periods when frost and snow disaster
happened, and the periods were mainly 9-15 years, 13 years, about 34 years and about 40 years;

the main reason causing the frost and snow disaster was that the temperature suddenly decreased
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below 0 C; the temperature was —6.4 C-——1 ‘C for mild and moderate frost and snow disasters,

and —19 C-—17 C for serious; there were three cold climate events including 1690-1692, 1861-

1865 and 1893-1895.

Key words: {rost and snow disaster; Qing Dynasty; Guanzhong Plain; disaster grade; periodic

law; wavelet analysis; cold climate event

[1] ,
’ L5 H 1
(-5 . . s , 300 km, 400 m
tel, ) ’
b :778: b b b
o . 12°C~13 °C., 550~
ey 700 mm, .
2
[12-13] ,
N P e ) { M«
, HHe) 269
bl : 3
C D,
1
Tab. 1 Classification of Frost and Snow Disaster
1 3 5
(1]
[17
2 20
[1]
s ) , s , "
; 0
’ 3
( IDIN 1 s
34, 2 , 3.1
5.9%; 20, 269 . 4,
58.8%; 12, 7.91 1 ., 45 ,

35.3%., (



% 3 8 REE . F XA PTRARFEREFR LS AHNAR 77

3% ra A . a a “ma  a 4
: i
& L o []
2% kumas  m aa . A aa am pu
& =
m-m 23 D
e =4
1%& TN T T T T Y1 T T T N T TN T T T TN M T T T T B |
00 00 00 00 00 00 00 00 00 00 OC 00 00 00 00 OO 00 0O 00 00 0C 00 00 00 0O 00 00 0O
RS Sd e E N
o0 on 0 o ©o [l
FEr 3 e = & ] x
N 7 N 7 7 7
< (=) <t (=2 < N
! : & & 0§ % &
Fig. 1 Distribution of Frost and Snow Disaster Grade A
14 O T 3
= 10 — AW
b Fig. 3 Change of Frequency Anomaly
#a
w0 of Frost and Snow Disaster
b 2
i ,
_2 % 1 E 1 E 1 g 1 % 1 E 1 . 4 s
T 0 T 0 T T .12, 35.3%.,
I 8 ¥ g8 3 g
et b = = st st s N
FE4r X H
2 8 23.5%,
Fig. 2 Frequency of Frost and Snow Disaster , . .
and Six-time Polynomial Fitting 0 °C
1869~1912 44 o s 7
o b
[18]
: «C 2, 20.6%. :
3 o 1 N o
1644~1733 . 15, 6 .6, 17. 6%,
1 o 2 1734~1823 s 2 , 4 , 2 o
’ ’ 45 1 ’ ’ [1] 9
o 3 1824~1912 , , s ,
17 s 5.24 1 s s
. , 1. o
3 ) 2 N s H s
b b b b
C 2. otc .
45 ’ s
269 y s o
15 € 3. 12 PEX TR OBKSTRANRE
~ ~ <
3 s 1644 ~1733 1 1824 % 3
1912 3 , , B4 :
{% % §
7
45 5 67 ’ 0 1 % 1 & L %§ |
0 1734 ~ 1823 2 F

4

Fig.4 Seasonal Distribution of Frequency

3.2

of Frost and Snow Disaster



78 ok M ¥ 5 xR OB F R 2012 4
. 0°C .
(19-22] Morlet bl ,
¢ 5, 0°C s
5 ; , 1979 4 , ,
. . 5 . 5 . ;1986 10 \
, —3°C, , ;1987
, 3, —4 °C,
. [24] ,
, . 5 , 0°C
1 (1644~1733 ) 9~15
, 34 .
. 2 (1734~1823 ), 2 .1
, . ;2
, 1758 34 . 3 . 2
40 . . 1878 , ,
,40 , 1918 .
, 19 .
o 2 ’ -
, [24
4 .
4.2
4.1 , 26 ,
. . 3 ’ N
RN 400 4 . 3 6.4.3
, 17 20 18 20 .19 9.2%.4%.5.3%,
40 19 .
t2s] R 3 1971~2000
T0r-
S
i
i
Iﬂ:’
0 Bl L O | ’ s [ = 5 - g A 1
1648 1668 688 1708 1728 1748 1768 1788 1808 1828 1848 1868 1888 1908 1928

Hir

5
Fig. 5 Wavelet Analysis of Frost and Snow Disaster Grade



% 34

RFRFRPFRARESREF LS ARFTA

3 2 C 2,
1971~2000

2 1971~2000

Tab.2 Average Lowest Monthly Temperatures and Monthly

Extreme Minimum Temperatures from 1971 to 2000

1 2 3 4

o
(=2

/C| —3.8] —1.3 3.4 9.3 | 10.8 | 18.7

/Cl—16.4 |—11.4|—6.2 | —2.0 4.1 9.9

7 8 9 10 11 12

/°C| 13.8 | 12.7 6.1 |—2.3 |—9.5 |—16.2

. ( 2 5 .
9 1 ), ,
mo
. —6.4 CHL,
. 0°C
. —1C (251 .
3.4 —1C~—27%C
. —3C~—4C
[26]0 ’
—6.4 C .
—6.4C~—1°7T .
; 1971 ~2000 2~
4
,—6.4C~—1%C ,

. ’

—10 CH,
—10 C .
s Puma —30 C s
—50 CH .

o

_19 °C~_17 oCs

—26 C~—237%C,

—28 C~—27

T :

—19 C~—17C

—6.4C~—17%C, N

—19 C~—17 C, s

3
Tab.3 Temperature Range Recovered When Frost

and Snow Disaster Happened

/C /C
—19, 0~
6.4~—1.3 o .
—6.4~—1 0 ’
—6.4~—1 0 ’ ’
—6.4~—10 ;
<0. 0
<0. 0 .
<0. 0
<0. 0
—6.4~—2.3 | —9.5~—6.4| ;
—6.4~—10 | —9.5~—6.4 ,
—19, 0~ , ,
—6.4~—2.6
—17. 0 3 s
—19. 0~ . ;
—6.4~—3.8 ’
—17. 0
1971 ~2000
’ o
0 C,
0ocT , , 0 C,



80

2012 %

1862.1864 2 “ , 7 ,

1994 1 18 s
1~2 m ’
—12.1C,

“ ”»
b

—12 °C s
(—19 C~—17 C) o

(1971~2000 > 3

0°CC 2, ,
0°C s ,

3 0°C o

, 1690~1692
1893~1895

. 1861~
1865

(1690

—6.4°C o

(1861
4

W

1) ’ _17 OC °

(1895 ), 3
> 1 2 . 1893

“ 9[1]
o

@)
7.91 1, N .
2.20.12
(2) 3 s
1644~1733 1 ,1734~1823 2
,1824~1912 3 o 1.3

(3 ,
, 9~15 N
13
4

\34
0T

—6.4C~—1°%C,
—19°C~—17C,
&P 3 s
1690~1692 1861 ~1865 1893 ~
1895

References :

[1] [M]. : .
1994.
YUAN lin. Famine History in Northwest China[ M ].
Lanzhou: Gansu People’s Publishing House,1994.
(2] , , .
[Jl ,2010,
38(3):30-33.
SHI Jun-dong,ZHANG Jian-cheng, XU Atling,et al.
Effects of Low Temperature and Frost to Cotton Pro-
duction in Southern of Shanxi Province[ J]. Journal of
Shanxi Agricultural Sciences,2010,38(3) :30-33.
[3] ; , ,
. ,2005,14(4) ;72-78.
LI Mao-song, WANG Dao-long,ZHONG Xiu-li,et al.
Current Situation and Prospect of Research on Frost
of Winter Wheat[ ] ]. Journal of Natural Disasters,
2005,14(4) . 72-78.
[4] .
[l 1) :31-37.
MA Zhu-guo. Variation of Frost Days and Its Rela-

,2003,58¢(

tionship to Regional Warming in Northern ChinalJ].
Acta Geographica Sinica,2003,58(S1):31-37.



% 34

MEA P FRARE DT REH LS AN 81

L5]

L6]

7]

£8]

L9]

(10]

[11]

(12]

[Jl. »2007,30C  1):126-
128.
YAN Zhen-guo. JI Wen-hua, KONG Ling-zhi, et al.
Damage and Preventive Measure of Wheat Frost in
Dancheng County [ J]. Meteorological and Environ-
mental Sciences,2007,30(S1):126-128.

, . [J1.

,2009,23(3):118-121.

CAI Wen-juan, YIN Shu-yan. The Freeze Disasters in
the Little Ice Age of Ming and Qing Dynasties in the
Guanzhong Region [ J]. Journal of Arid Land Re-
sources and Environment,2009,23(3):118-121.

s . 39
[Il. ,2009(23) :288-291.
LIU Feng-jun, LIN Zhan-xin. Weather Analysis of
Low Temperature Frost in Deqing County During
Nearly 39 Years [J]. Modern Agricultural Science and
Technology.2009(23) :288-291.

L. ,2009,

67(2).:321-330.
ZHANG Xue-fen.ZHENG You-fei, WANG Chun-yi,
et al. Spatial-temporal Distribution and Multiple-tem-
poral Scale Variation Analyses of Winter Wheat Late
Freezing Injury[ J]. Acta Meteorologica Sinica, 2009,
67(2).:321-330.

(] : , 2008,
27(2).26-31.
LI Hui. Study on the Features of Microthermal Climate
in the Northern Dynasties[]]. Journal of Changchun
Normal University: Humanities and Social Sciences,
2008,27(2) :26-31.
. . . 10

[rl. .
2010,6(1) .22-28.
CHEN Zheng-hong, XIANG Hua,GAO Rong. Trends
of Ten Main Extreme Weather Indices in Wuhan[]].
Advances in Climate Change Research, 2010,6(1):
22-28.

, . [Jl.
,2008,10(2) :130-137.

SU Quan-you, HAN Jie. China’s Snow Disaster and
Its Relevant Research Review[ J]. Journal of Institute
of Disaster Prevention Science and Technology, 2008,
10(2) :130-137.
TOLVANEN A. Recovery of the Bilberry (Vaccinium

[13]

[14]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

Myrtillus 1..) from Artificial Spring and Summer
Frost[J]. Plant Ecology,1997,130:35-39.
VEISZ O,BRAUN H J,BEDO Z. Plant Damage After
Freezing,and the Frost Resistance of Varieties from
the Facultative and Winter Wheat Observation Nur-
series[J]. Euphytica,2001,119(1/2) ;179-183.
VAN ES H M, DEGAETANO A T, WILKS D S.
Space-time Upscaling of Plot-based Research Infor-
mation: Frost Tillage[J]. Nutrient Cycling in Agroeco-
systems,1998,50(1/2) :85-90.
SAHLEN K,GOULET F. Reduction of Frost Heav-
ing of Norway Spruce and Scots Pine Seedlings by
Planting in Mounds or in Humus[J]. New Forests,
2002,24(3):175-182.

[M].

,2004.

ZHANG De-er. Meteorological Record Collection of
China During the Past Three Thousand Years[ M ].
Nanjing: Jiangsu Education Press,2004.
(1l ,2012,32(1) :81-86.
ZHAO Jing-bo, XING Shan, ZHOU Qi. Frost and
Snow Disaster and Change Periods in Guanzhong
Plain in Ming Dynasty[ J]. Scientia Geographica Sinica,
2012,32(1) . 81-86.
, , [M].

,2001.

FENG Jian-hu, CHE Gang-ming, NIE Yu-feng. Nu-
merical Analysis Principlel M]. Beijing: Science Press,
2001.
s . MATLABR2007

[M]. : ,2007.
GE Zhe-xue, SHA Wei. Theory of Wavelet Analysis
and Realization of MATLABR2007[ M. Beijing: Pub-
lishing House of Electronics Industry.2007.
LAU K M, WENG H Y. Climate Signal Detection Using
Wavelet Transform: How to Make a Time Series Sing
[J]. Bulletin of the American Meteorological Society,
1995,76(12) :2391-2402.
TORRENCE C.COMPO G P. A Practical Guide to
Wavelet Analysis [ J ]. Bulletin of the American
Metorological Society,1998,79(1) :61-78.

[JJ. ,2012,26(1):98-103.
CHENG Aftfang, ZHAO Jing-bo. Characteristics of
Drought Disasters in Wuwei Region During the Qing
Dynasty and the Republic of ChinalJ]. Journal of Arid
Land Resources and Environment, 2012, 26 (1) 98-



82 ¥ o A F 5 3 ¥ F R 2012 #

103. age and Defense of Northern Spring Frost[ J]. China

[23] . [J]. Agricultural Information,2009(7) :24-25.
,1973(2) :168-188. [27] .

ZHU Ke-—zhen. Preliminary Research on Climate [Jl. ,2005,30(4) ;34-37.

Change of China During the Past Five Thousand WANG Jurrjie. Estimation and Countermeasures on

Years[ ] . Science in China,1973(2):168-188. Late Frozen Injury in Blooming of Fruit Trees in Lo~
[24] s . [M]. : ess Plateau Area of Gansu Province[ J]. Journal of

,1991. Gansu Forestry Science and Technology,2005,30(4) ;

NIE Shu-ren, QIN Guan-min. Summary of Xianyang 34-37.

Geography in Shaanxi[ M]. Xi’an: Shaanxi People’s [28] GUSTA L V,FOWLER D B,TYLER N J,

Publishing House,1991. [J]. ,1984,4(4)
[25] : . 22-24.

[J1. , 2010, GUSTA L V,FOWLER D B, TYLER N J,et al. In-
31(1):111-114. fluence Factors of Winter Wheat Exercise and Survive
ZHANG Xia, QIAN Jin—xia. Frost Characteristics and Its [J]. Journal of Triticeae Crops,1984,4(4) :22-24.
Effect on Agriculture in Taiyuan Under Climate War- [29] , > s
ming[ J]. Chinese Journal of Agrometeorology,2010, Jl. ,2006,15(6) :281-285
31(1) :111-114. ZHAO Peng,ZHONG Xiuli, WANG Dao-long, et al.

[26] s s . Relationship Between Frost Resistance and Freezing
[Jl. ,2009(7) :24-25. Resistance of Winter Wheat [ J]. Journal of Natural
ZHANG Jian-jun, LIU Yan-hong, LI Jing-jing. Dam- Disasters,2006,15(6) :281-285.

(B ET i RIETERERF RS
1710064

:029-82334686

E-mail : dkyhxb@ chd. edu. cn

0 -
: !
: { » !
A A
v y
! !
5 :
! 4 M ( 4 » 1979 , s E
A
y y
3 S : ‘ 3
/ ;
H . . o 2011 4 Y
v y
¢ ( RIS » 0.911, 0.82, !
A A
! ¢ ) : , :
y v
A
2 { ) . » : v
y ~ ~ y
: 1. (CSTPCD) o !
A A
v 2, ; o :
y v
} 3. o :
! !
E 4, . . ;
! 5 !
! ’ ’ s
! 6. :
! !
; :
y y
! !
; :
y v
A A
y y
! !
: :
1] y
; !



