W42 % 511 A % Vol. 42 No. 11
2016411 J] METEOROLOGICAL MONTHLY November 2016

THE L RS WRIE . 2016, 1951—2015 4F 5 6 A 55 117 Wk il 3 A2 39 400 B 0 LA AR AIE. U4 . 42(11) - 1351-1363.

1951—2015 EF B ERFHERITIEME
FRESIEISME

BRI GRS hRmme
1R R R SRR B A 830002
2 % T AR AF RSB A T 830002
3 ¥ BT 5 E A 830002

R OE: AL EARFHASEN 19514417 1 HE 2015412 A 31 HWE H SRR L H SR A0 B H R e B o 45
b, B BB R FFT T 65 47 PR T RS 2 W R AR A T (3 L T O &5 ) L I 9 (o) L IV 4 G DL &V 2
(FEWDS NG 00 T 58 K5 T 4% B MR B A A B0 1R 8 1 %0, 3 B ) Ik B g 0 Wt B 3 R AR AR S0 L i R A AR S U R
- ARG R S B R AR AL . 25 R - (1)1951-—2015 4, I8 R 57 117 H B[ R 03 A 5834 W, E B AR 89. 8 kL, P T 4
(G REREFE S 78.1% ., MR SEMAME T MW A HNZGROM YV R (EFDFEREIRAEFS RS, EFREIRES
WAmZ S5 Z 0,68 A M A E 22 S e K4 R 9 A AR AR 22 S A/ . AR T S R A FRRURCAE T AN AR AR B 22 5
ARG BEAFACBR G4 T G 55D R ad R S R0CAE 38 s V9 (FE WD) B i B A A0 26 98 2. (2) 19512015 4F, B & R 551l
5834 KRR IR R FES: HEOF R 1,89 d, o de8: 1 d iad #2549, 0% . BERRIRE A5 T RB VR R . S BRFreH
Boimm BB CR BN 1 didER 3 d, VRGO AV RGERD BRI BEERNBORBLFTLHNRSEHREK . EFSHE.
(3)65 K, BEARFF T BRI BN — 4. 4°C B T PR IR B o s E ey, IV R G LUKV G (SE D i 72 1 BRI
W B2 o 1 7 0 4 il 6 F0 12 A . 65 AFEOR, BB ORSF TR TR AR W B K 24,48 F1 72 h [ R 0E O E 4 B —3.1.—5.5
M—7.4C, R 24 hIFRIEELEEERR ARS8 hBEREELEFRR . EERS;72hERIFEERLERR.ZFE
B . (4)1951—2015 4F, BE AR FH RS BN R MARFHEN 0.3C . XE2KARMK. EEFH RS AR ENENTT
FORHE . SRR K HAREE R EEEN—1.9 C MRS RERh 1 R3]V R, R AR IR R R 58, V & GE#D
[ I R BaA B —8.5°C . (5)FE S8 A 55 1l B AT RSB I 22 H 0% - X B 7 500 hPa & 45 37 38 32 22 32 4 ) 7 WU 3
il s AR 1 P XU b 22 8 0k A A AR R S I SR 5 A R IR O R AUBCR R A 40 L #E 500 hPa iR ZS BT R B2 AL
Hil A FRE it X R AL R EEE LB R FRmR SRR,

RBIA : WU A U R OB R R S

FE 42K 5: P163,P466 XERARERD: A doi: 10.7519/j. issn. 1000-0526. 2016. 11. 007

Climate Characteristics of Frequency and Intensity of Cooling Process
in Urumgqi During 1951—2015

MAO Weiyi"? BAI Sugin®® CHEN Pengxiang”’
1 Institute of Desert Meteorology, CMA, Urumgi 830002
2 Center of Central Asia Atmospheric Science Research, Urumgqi 830002

3 Xinjiang Climate Center, Urumgqi 830002

Abstract: Based on the daily temperature data of Urumqi Meteorological Station from 1 January 1951 to 31
December 2015 and using daily minimum temperature and temperature drop range as the index, database of

cooling process in Urumgqi City ever the past 65 years is established. The cooling process is divided into 5
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grades, i.e. | (weak), [[ (medium), [l (relatively strong), IV (strong), V (cold wave). Some climate
characteristics of cooling process are analyzed., such as frequency. continuous days, temperature drop
range in different periods, minimum temperature, and anomaly of minimum temperature. The results
show that: (1) From 1951 to 2015, there were 5834 cooling processes, annually 89. 8 processes in aver-
age, of which 78.1% is of Grade | (weak) cooling process. The secasonal distribution of the frequency of
cooling process is uniform, but the largest number of Grade IV (strong) and V (cold wave) cooling
processes is in spring. Annual mean frequency of cooling process in the seven decades is not so different.
Between the years with more and less cooling processes, the largest process frequency difference is in June
— August, and the smallest difference is in April and September. With the decadal increases, the average
annual frequency increased in Grade | (weak) cooling process, and decreased in Grade V (cold wave)
process. (2) The continuous days of cooling process is 1. 89 days in average and 49. 0 % of the process
lasts one day. The highest frequency of the continuous days changes from one day to three days as the
grade changes from I (weak) to V (cold wave). The continuous days of Grade [V (strong) and V (cold
wave) cooling processes are relatively more from late autumn to winter and less in spring. (3) The drop
range of temperature of process is —4.4C in average and the largest drop in temperature is in autumn and
the smallest drop in summer. The largest drop ranges of Grade [V (strong) and V (cold wave) processes
are in June and December. The maximum drop range of temperature in 24 h, 48 hand 72 his —3.1C, —
5.5C and —7.4C in average, respectively. For 24 h, the largest temperature drop range happens in
Spring and the smallest in winter. For 48 h, the largest drop is in spring and the smallest in summer. For
72 h, the largest drop is in winter and the smallest in summer. (4) The minimum temperature of the cool-
ing process is 0. 3'C in average, the lowest is in winter and the hightest is in summer with distinct seasonal
characteristics. The maximum daily temperature anomaly is — 1. 9'C in average. As the grade changes
from | (weak) to V (cold wave), the temperature anomaly gets much lower. The maximum daily tem-
perature anomaly of Grade V (cold wave) is —8.5C. (5) During the months with more cooling processes
in Urumgqi, the 500 hPa high level is mainly controlled by zonal westerlies in Xinjiang Region, the short-
wave trough and east ridge with the stable westerlies affecting Xinjiang. In the abnormally less cooling
process months, the 500 hPa high level is controlled by northwest airflow in Xinjiang Region, in the high
latitudes of cold air from the north to the south channel, which is more favorable for the strong cold air to
enter Xinjiang.

Key words: cooling process, frequency, continuous days, intensity, Urumgqi

RS/ = @ N S N S s i ST S ik o S
WEE 4347 13 50 47 [ J€ W01 sl AR Ok B 4%
2010) R B8 23 S0 sh FRAF R Bk 45, 2015) L 38 40 B
T ARRRAS W 5T 3 E A R s AR AR AR GE
AWM, 2015) . 2R OR A HT 1 IR RS

51 5

Al S Fn KA AR A W B R BHE X
AR A =M IE . BT TR RERR AR . l

T B R e B SR L iR A A A AR A B R TE
B 55 v 2 NARAR PR AR PR L O )L
S5 I 1] ROJE SR 23 B il S A A i K A0l 55 B
Z N H /N A I A ROBE SRR . R
A6 11 8 70 B L 22 A0 9 M 55 7 il R S B 58 1R 5+
TR AU NI Al A LR AR A
FHHOA T URMER . WA BB TR 25

i 5 AR . 2004 AR ISR IO B F X 804 & AR
AR P gl | b R 7Y Sl L A0 SC BRI . 5 500
hPa 5 37 K — DUJ 7% W90 BEL 2 w8 1 O 56 L o 0 3t X 22
RAE R GE 18 SAR X I (T A 45 L 2014) L a8 A BF 5 3
— s TN 2R R A 2 M T AR AR 5 TR E 5
I 2R 19 T REMIL A (5 W45, 2013) 47 e [ 4
Ty 23 A B -5 [ 2R I A AR R A S B



511

BHIEAF  1951—2015 4F 56 R 55 17 4 ek A A 451 450 K% ot B <Ak AR AE 1353

AR fb A e 2 (P34, 2014) , 75 96 25 i 4 28 XL i
AR AE X v T PG R T A B e R A
2015) s AR M2 4 25 XU i) 36 ] 7R b b X4 2 <l T
HXF 52 e 56 R A7 78 A AUPR 25 5 (R 35558, 2014)
A AR 55 T B A OF IS AR b B A SRR E
B TR ZE AU AR I K AR A A OC G i 4, 2014) L 5K
SRBESE (2012 5G40 B T AR A [ XA 2 AR
TSRNG4 50 45 (2013) 76 43 B K &
A5 R R O AR B AR AR PR R Ak R AE Rl |
P T AEAS AR A R 50N 43 ) A 37 T A 7Y g S
s DA SRR A Z SR I RIS . AR SR R R oy
SRR L A B 5T 2 b A P AR SE AR L R
TE 20 4 50 A, B 3 5 (1957) FZE %8 22 (1955)
SR A X FE I R A TR 55 T 5K R AR FE AT T
3P T HAR W T 52 A K i ) v s AR A i
o BJE LA FRE AL 458 (XD LT AR I
Je& ¥ FE A b IR T T R P L b X F Y
WA4ro & 94 (1986) 8 31 T 20 42 60—
70 AEARB R 56 Y FE WA B, S BT T T E %
2SS E S AR R R B S IR A, AR T IE R
T AR I A A I S R R A R 0 TR 38 5K (1985)
W22 8 VA 499 T 8 o 9 ) b M TR O 4R . AT SRR R
H (F 2155, 20125 e 2 45, 2016) 7 5 (5
A5, 2012) DA K 4 52 oy (Jaiie 9545, 2012) A 1 &
LAV BUR . T, 5K 42 22 4 (2015) X T 5 J€ W)
RAGT PR UGHEAT T IH 84, X o8y
] X 358 5 ) ok A R A T 55 B T FL S Y R A

O F Bk e R ) S R A 58 SR 5 R A 5T
8O0, [RIRE 48 v 78 €80 1Y DX S 28 R AE . 20
T2 80 A AR AR T & T 4 [ JE W) I (Rl %
R.1990), i#E A 21 4 ik, R b 7 K E
19512006 4F f 9€ 31 1% 2l FE AR O 75 B 45, 2010)
PRV 34 73R E 1951—2004 4F 1 JE 1 A2 4k 5 4 2
JRUAY G T B (0 25, 2006) , [ T ik 4 [ kK
T [ S 31 3 Bh A F o A0 . FR I AR L Gl FE R 4§
2013) VKL T (k7 B A5, 2011) DA K ) 7R (bR
24, 1998) 4F K HUIE WG S FHIEF R & B AR, A
1t O A 1 K 2 B 5 A1 2 3R AR T S A R A
RIS T . i IE I 2 R K AR R RS
5T e DX Sk TE W AR AR R B S HGE L A B A T
T 9 S A 08 T 8y 2% b XS ) A0 B0 Bl AR AR RRAE (Y
FAPT 45 ,2015) i85 FH 4 0l 3R B 55 8 K 55 11 X 8
FE WA B ACRAE OF £ PE 5, 2015) 48, (A2, e

KA 3 S A BE 5T 9T R & 0L, BRIt 4
(1997) A5 Fr | 4 5 1) KA R 55 (PR 551
SESGEATE R HT T 1964—1995 48 B s 55 L -
KA I AR BB B G0 T R AE BRI S 30 A AR A
ALHE T BEK AP IR T A . PR IR A o o PPt B A
PR AL 55 1 BN 2 R AR LR LT ) A
) RUBE AR PE AN M AN FE . 5 5 R 55 A R i 2 R
B F R I ACRE L 2 77 A v 26 13 Hh 1K, DU 2R 43 B L
8 H AR AR AE A B Fe k. A A0 A, W] DL AR
e X R S T R I A R R A A A T R Y
I 0 e L 3 R 1 AS R R i) D i 5 R R S

1 SRS bk

L1 &##

PRI B K SRR G 0 H R ARSI R, Rt
KM 1951 4F 1 A 1 H&E 2015412 A 31 H. U
I A1 HZEI12 A 31 Hif 1AE, 2851 65 o8 s 4
35S ANESE.6CS8ANEE. 911 A WEkZE. 12
HZEBUE 2 H W& Z,

1.2 BEEREEX

(Ve Z= ARG (rp A N IR SR ] [ 5 o M
o A R S+ I A AL R B B3 2, 2006)
Hgg i T 5 SR A A E S PO g T ()
11 2% Crp 2 sim B0 | NI 4 CREaiD L IV 4k (o) AV 4 (F€
WDV A g AR BAME LI 1, b MERHE 48 h
Ak 3 P2 0 A R A TRV 3 U 80 4 L 5RO
(2 48 [ L IR 38 I i o e o 2B B 2R 1K) 5 H
SR AR AR AR T » R SR ™ 00 3l i o X P ol
B 3 R bR E . %R v AT LRI R S Bl S H
“IXBIER H AR AN bR e R s A T IR E B
(] 728 P PR 3 J3E 255 Pk B3l o ik o Rt v 8 e i 2 s
[Fa) R B ) S0 TR 3t 53 A7 A L o e ) 2R BICRRALE

FERIETE B AR 57 T B Bk it i AR I O T R AR
2 EF ) O A N R AN ) [ 5 I M A 6 A 92
SR T ZAR HEAL B 2 D23, 2006) HE SCHY
AGER L ASCRL H B IR S AR A D 16 A W
BT R IR PR T A 11 AL & AL PRl
H bR e (00 H V& H R B0 i R R
it R R 3o R A (] IR B P A Al R L R e IR
i 3 R A iR I P R A (R 2D, 5k L



1354

A, % 842 %

Y A8 h i e R SR Ak A I i e AR P A B R
A8 h [ it 1 JRE A [ AR PR R HE YT B

WL R S — A U e e R S B E T
fitt o

x1 FRELRBITERE

Wil P

T &
m% (hE)
M%  CEesid
V& GED
Vg (GEED

Table 1 Standard of cooling process at different levels
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Table 3 Cooling process of unexclusive levels in Urumqi during 1951—2015
= Fis B HREH g H%/d FD/C TD/C Jp/C FDyy/C FDy/C FDg/C
A A H 4 A

1 1952 10 4 1952 10 9 6 —16.7 —5.5 —10.9 —4.7 —8.8 —12.2
2 1953 1 4 1953 1 6 3 —14.0 —24.1 —6.3 —8.0 —9.6 —14.0
3 1957 1 25 1957 1 29 5 —17.1 —27.5 —9.6 —5.0 —9.6 —13.5
4 1959 1 7 1959 1 10 4 —16.1 —31.3 —13.7 —o.1 —8.2 —12.0
5 1971 10 11 1971 10 13 3 —12.7 3.3 —0.6 —5.0 —8.3 —12.7
6 1974 11 30 1974 12 3 4 —12.9 —20.1 —8.7 —6.0 —9.3 —12.2
7 1977 12 13 1977 12 16 4 —13.8 —21.4 —7.1 —6.7 —9.6 —13.0
8 1981 1 22 1981 1 25 4 —14.0 —28.5 —10.5 —5.7 —8.9 —12.3
9 1983 11 6 1983 11 8 3 —12.2 —9.9 —7.1 —5.0 —8.0 —12.2
10 1993 11 13 1993 11 16 4 —14.7 —14.7 —9.2 4.7 —8.9 —13.0
11 1995 5 15 1995 5 17 3 —12.2 2.7 —9.5 —5.0 —8.3 —12.2
12 1996 2 13 1996 2 15 3 —12.1 —18.3 —3.5 —4.7 —9.1 —12.1
13 1998 11 13 1998 11 17 5 —15.3 —12.6 —6.8 —5.8 —9.8 —12.6
14 2001 4 26 2001 4 28 3 —13.3 —1.9 —10.5 —8.1 —8.8 —13.3
15 2003 1 24 2003 1 27 4 —13.8 —22.8 —4.9 —5.5 —9.5 —13.0
16 2003 11 26 2003 11 28 3 —12.2 —16.0 —5.4 —4.6 —8.9 —12.2
17 2005 10 23 2005 10 25 3 —12.2 0.2 —1.1 —4.8 —8.4 —12.2
18 2005 12 31 2006 1 6 7 —20.3 —26.4 —8.6 —o.1 —7.8 —12.6
19 2010 4 8 2010 4 10 3 —12.0 —4.2 —7.5 —5.3 —8.4 —12.0
20 2010 5 11 2010 5 14 4 —15.1 1.4 —9.7 —6.5 —7.9 —13.3
21 2014 1 6 2014 1 8 3 —12.4 —24.6 —6.9 —5.9 —8.9 —12.4

1 FD 08 1 B MR . TD 2678 1 7 b bl s e (IRl T P20 2 R vl A B ff A 1 B £ K ik

72 b fOK B IR E

+FD2y \FDug 1 FD72 43 5 3R 1 B v 24,48

Note: FD represents temperature drop range; T'D minimum temperature of cooling process; J P is for the low amplitude maximum of daily temperature anom-

aly in the cooling process; FD24, FDyg and FD7 represent the largest temperature drop ranges in 24 h, 48 h and 72 h, respectively, during the

process.

L4 F AEEFBKEBESITIRE

B BT R R o R IR T A v
N2 RO HE HO S A5 H A A — 2=, e
P 1 UGS R A 2R R S R T IR H 0 A4S R
FS03 5 R A A A 21 U P A 2 490 3 0.5 IR
it Bu R RSB ID]C St BRI g W RN

A5 2 10 T o e 5 B R ST AR E D - i AR Y
T i HO S 850 e ) — 245 L I zod R 2 R
Z 5N G W R R G R T AR F O A 4
F 301325 A AH &35 28 4 D003 B A 1 1 e Tl A
56 JIE R AR AR I B R R BTk . A5 A R
PO E GE i1 J5 1 06

2.1 ZETHHEBE

MR R X, 1951—2015 4F, & K F¢ i 4t

H R R R o R 5834 YR S H AEAE 89. 8 ¥k, 1981 4F
R B i 2 35 8 102 1R, 2010 4F 5 AL 76 K.,
65 4EH B ARFET 1 (5 BRI A 4559 W o
Rif Tk 3 R R B EE R GR B 78 104, F- ¥ B4R 70. 1
U TGO s ) (I 9 ) IV 4 i) DA &V
G (GEWD MRS FE 2 B BE T 633,151,226 1 265
YK i B I AR A 10, 9202, 6%6.3. 9% Al
4. 5% AL M 9. 7.2.3.3.5 F1 4. 1 K,
L 2 R 55 T ) 8 2o R DA R R R AR 6 C LY Y
[T B U S

B35 4 A7 WL, 19512015 4, 5 & K55 &
BBk A 25 2 I L L R B4y ) AR R VB
24.0%.25.8% ,24. 0% f1 26. 2%, A3 A e ¥ 5] . 4%
W U BB 2R A BN E R . T ()
R A2 A L ERURCA R TR B T )
CH 55 ) BRI 3 2 < B R R0 43 2R e T A
=2 Tk i) B o B« B R 080 1 0 3R i ik
75. 5% 3 i A = 2 5 IV GERD ATV G (FERD B
Mt R B RKRAECE RO IV g D) B iR



1356 A

%

542

F4 E65SELBEARFTHARERERITEME
Table 4 Numbers of cooling process at different levels in recent 65 years in Urumgqi
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1% B/ IR 1060 1204. 5 1060 1234.5 4559
HAE/% 23.3 26. 4 23.3 27.1 100. 0

1% HE/ IR 156 180. 5 150. 5 146 633
TR/ % 24. 6 28.5 23.8 23.1 100. 0

% HIE /IR 14 114 23 0 151
HorE/ % 9.3 75.5 15.2 0.0 100. 0

V% %ﬁé@ﬂt/(ﬁt , 74 9 ' 77 66 226
Hor%/ % 32.7 4.0 34.1 29.2 100. 0

Vg HIE /IR 98.5 0 87 79.5 265
"R/ % 37.2 0.0 32.8 30.0 100. 0

[~V LI RN 1402. 5 1508 1397.5 1526 5834
HAr2R/ % 24.0 25. 8 24.0 26. 2 100. 0
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Table S The annual average frequency of cooling process in

different decades in Urumgqi during 1951 —2015 (unit: frequecy + a™')

AR 1~V 1% 1 % [IE3 IV %% V4%
19511960 89.1 69. 4 9.2 1.1 3.6 5.8
1961—1970 89.7 69.5 9.7 3.2 3.2 4.1
19711980 91.5 69. 2 12.3 2.4 4.0 3.6
1981—1990 90.1 69. 4 10.4 2.2 3.6 4.5
1991—2000 86.5 67.7 9.0 2.4 3.2 4.2
2001—2010 88.9 69.3 9.9 3.8 2.9 3.0
2011—2015 91.8 73.8 10.0 1.6 4.0 2.4
19512015 89. 8 70. 1 9.7 2.3 3.5 4.1
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5 AL Z T 20 tH2E 50 ARAR B T 65 AR
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TE AR RS H OO . X R A o R AR AR 4y R
BECHFR 60, 1T &3 I Ch &5 ) L 2% (5
B IV GEY LKV H(EFED IR BT
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Table 6 Frequency of cooling process in different continuous days in Urumgqi during 1951—2015
AR RS H %/ d

1 2 3 4 5 6 7 8 9 10 11 &1t

I BER 2694 1123 467 175 63 29 6 1 1 4559
HAR/Y% 59.1 24. 6 10.2 3.8 1.4 0.6 0.1 0.0 0.0 100. 0

% AR 107 252 139 83 33 14 2 1 2 633
HAR/ % 16.9 39. 8 22.0 13.1 5.2 2.2 0.3 0.2 0.3 100. 0

L5 $EL 21 76 40 10 3 1 151
HaE/%  13.9 50. 3 26.5 6.6 2.0 0.7 100. 0

N AR 7 94 74 28 13 8 1 1 226
HAR/ % 3.1 41.6 32.7 12.4 5.8 3.5 0.4 0.4 100. 0

—_ B 31 78 90 41 18 4 2 1 265
Ba%/% 117 29. 4 34.0 15.5 6.8 1.5 0.8 0.4 100. 0

[~V 5 A5 2860 1623 810 337 130 56 11 3 3 1 5834
3R/ % 49.0 27.8 13.9 5.8 2.2 1.0 0.2 0.1 0.1 0.0 100. 0

RT 19512015 FEERFARERERIBERFHFEAH (B d)

Table 7 Monthly average continuous days of cooling process at different levels in Urumqi during 1951 —2015 (unit:d)

aREYR 1A 2 A 3 A 4 A 5H 6 A 7H 8 H 9 H 10 A 1A 124 HEfiE
1% 1.96  1.97  1.91  2.11 1.67 1.78  1.78  1.80  2.08  2.04  2.27  2.26  1.67
1 % 2.60 2,74 2,77  2.48 2,51 2,71 2,32 2,73 3.0l  3.67  4.32  3.36 2.6l
1 %% — — — 2.00  2.15 2,27 2,50  3.17  2.69  2.00 — — 2.34
V% 2.90 3.07 2.44 2.74 2. 80 2.04 — 3.20 2.98 3.41 2.66 4.09 2.91
V% 4.42  3.21  3.11  3.08  2.59 2.71  3.32  2.94  4.16  2.87
IT~V% 218 2,20 2.16 2.29 1.96 1.96 1.90  2.15  2.36  2.56  2.67  2.71 1.89

B2 7 A7 L. 19512015 48, 13 6 K 55 1 FE iR
SRS H OB A SE Y AE 1,90 d(7 ) ~2.71 d
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L1 A e —28, T 8 T 9 O S5 5 B B it
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Z 1) 2ok i o L R e L P2 — 10, 9 °C 5 IV % ()
il o B e e M R i P2 — 12, 7°C
VG CTE D) ik i 3k A A 2 1 ok ol W e
RUPHE—14.3C. B 3a i, T3 5 11
GO A5 R 5D 1o AR 1Y A5 T 0o A R i R A AL T
28 2% i) el e e 5 A e i — 11, 1C
IV 2 i) B il ik Fe A2 6 H Fesik 18 —14.5CL V&
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Table 8 The temperature drop range in

cooling process at different levels

in Urumqi during 1951—2015 (unit:C)

HREYR FF e % X% AR PE
T4 —2.6 —2.9 —2.9 —3.0 —2.9
I % —7.6 —7.5 —8.6 —8.2 —7.9
1 %% —10.9 —10.2 —10.3 — —10.3
V& —10.3 —12.7 —10.7 —10.4 —10.6
V4 —12.5 — —13.9 —14.3 —13.5
IT~V&% —4.4 —4.1 —4.8 —4.4 —4.4
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Fig. 3

Monthly average temperature drop range in cooling process in Urumgqi during 1951 —2015

(a) drop of cooling process, (b) maximum drop in 24 h, (¢) maximum drop in 48 h, (d) maximum drop in 72 h

4.1.2 &K 24 h BB E
Hi 9 AT L. 1951—2015 4F, 136 K 5% 17 MR
WM AR 24 h BERE 8 —3. 1C. & &,
FR& U ZE 243 05 0 — 3.3, — 3.1, — 3. 2 Al
—3.0°C, FZERF IR R L ok, 4 R . &l 3b il
UL T2 e L IV 9% i) DL RV 95 (i) B L i) 72
(9 24 b il R 2 e 2B 43 0 00 DR 5.6 RS A
450508 —8.6,—11.9 1 —9.8C. 24 h il
R EE LA 2238 5 F 6 ] dhal 21
£9 19512015 ERRERMER
HREZA24 hERIEE(RME:TC)
Table 9
cooling process at different levels in

Urumgi during 1951 —2015 (unit:’C)

The 24 h temperature drop range in

HERER BE e % X% AP
T % —2.1 —2.3 —2.1 —2.2 —2.2
II %% —5.3 —5.4 —5.0 —4.9 —5.2
1 %% —38.4 —7.4 —7.2 — —7.5
IV 4% —7.1 —9.0 —6.5 —5.9 —6.6
V& —9.2 — —8.5 —8.1 —8.6
I~V&% —3.3 —3.1 —3.2 —3.0 —3.1
4,1.3 FH% K 48 h B g B

H1 22 10 W] WL, 19512015 4, & K ¥4
2974 WS R RS H B 2 d s DA B o T
EEDNIIE A GEE  DN [E € & DN A€ DAY
BV G CGEWD B 43 ) B T 1865.,526,130,

219 1 234 . 65 4k, BB ARFFH 2974 W KR
PR AR K 48 h BRI BE -3 —5.5°C 4 - Bk
K ZESH 5 —5.8,—5.2,—5.7 f1—5.3C,
A7 R i R S . B 3 AT UL (I 4K
i) VIV & Gifo) LA KV 9 (FE ) B iR FE 1Y) 48 h
ok T W R A TR B Ty 43 ik 5.6 TS . A
Ay —10.5.—14.4 f1—13.1°C, 48 h [l g &
[FIRE LR 228 5 F 6 ] el B
R 10 1951—2015 FREZEHEE
TS K 48 h PEiRIEE (#L:C)
Table 10

cooling process at different levels in

Urumgqi during 1951—2015(unit; C )

The 48 h temperature drop range in

HREER  HFE HZE Tz Az AR HE
T2 —3.5 —3.7 —3.5 —3.5 —3.5
II %% —6.9 —6.9 —7.0 —6.8 —6.9
1l %% —10.3  —9.6 —9.8 — —9.8
V&% —9.6 —11.9 —9.2 —8.9 —9.3
V& —11.7 — —12.0 —11.5 —11.7
I~V —5.8 —5.2 —5.7 —5.3 —5.5
4.1.4 HK72h&EMgE

Hi 25 11 0] W, 19512015 4F, 38 K5 i 45
1351 R B Hp e H 80 3 d sk A By T %%
GG MY P EERR D V& Cigag) IV GR) VL &
VG CFEWD Bl 2 43 A BT 742,274 .54 ,125
156 K. 65 4F2k, B R FFTH 1351 K F il i 7
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Table 11 The 72 h temperature drop range in
cooling process at different levels in
Urumgqi during 1951—2015(unit;C )

T4 —5.0 —5.1 —4.8 —4.8 —5.0

II %% —8.3 —8.1 —8.6 —8.7 —8.4

I3 —11.0 —10.4 —11.2 —— —10.7

V% —10.9 —13.3 —10.6 —10.4 —10.7

V&g —12.9 —— —13.9 —13.9 —13.7

I~Vg —7.4 —6.8 —7.6 —7.7 —7.4
20,
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1 2 3 4 5 6 7 8 9 10 11 12
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4.2.1 IEFKAE
HIZE 12 A L, 1951—2015 4F, & & AR 55 i B i
R IR0 0.3 C L L BK A U
Wil 2.4.15. 7. 1.2 f1—17.4C . X = HIK. B
Fd o M da Al DL 2% 9 Rl i 2 09 fie AR il 1Y
150 A LA SR o3 A AR A ) B T SRR AE
LA T AR ZEFS A RE.
F12 19512015 FEERFARELRE
HENRESEBEETES(ENM:T)
Table 12 The minimum seasonal mean temperature
in cooling process at different levels in
Urumgqi during 1951—2015(unit; C )
1

1% 3.3 16. 4 2.1 —16.5 1.
1% 0.5 13.4 0.1 —19.2  —0.4
2% 9.9 12.4 9.9 —— 11.8
V% 0.6 6.4 —1.1 —20.7 —6.0
Vg —4.4 —— —8.8 —23.8 —11.6
I ~V# 2.4 15.7 1.2 —17.4 0.3

1 2 3 4 5 6 7 8 9 10 11 12

Bl 4 1951—2015 4F & G RS MR A2 b 25 A P38 8 AR f MR U () 5 i R R AR H R ERSF- (b)

Fig. 4 Monthly avergae of the daily minimum temperature (a) and the lowest daily

temperature anomaly (b) in cooling process in Urumgqi during 1951 —2015

4.2.2 EAZRIER A A BIE PR IKNE A

Hi 2 13 A L, 19512015 4F, &6 AR 5% 1 B i
it B AR s OH R BECOF R ICO0E B R T S E
—1.9C. HF. B . . L WEFHHH R —2.0,
—1.9.—L7HM—1.8C, FRMMIEER®E, [~
V2 3k R Y A K H AR B S e AU i R ) P 24 (B
AR —0.9,—4.0,—4.4,—5.7 M1 —8.5C, Jifi[%
ek 3 R A AR v T B T i A A R B 5 .
P Ab Al % Chesio L IV % Gl Fn Vg (€ ) [%
T3t R ) AT B O A R A K H 0 43 i A28

R13 19512015 FEERFHARELREH
HEEMKBEHSBETEE(EMEX:C)
Table 13 The lowest temperature anomaly of cooling process
at different levels in Urumgqi during 1951—2015(unit;C )
HREEg EF "7 k= A7 AERE

T4 —0.7 —1.2 —0.5 —0.9 —0.9
II % —4.4 —3.9 —3.8 —3.8 —4.0
1l % —2.1 —5.0 —3.0 —— —4.4
IV % —5.9 —8.7 —5.5 —5.1 —5.7
V& —8.5 —— —8.7 —8.3 —8.5
I~V% —2.0 —1.9 —1.7 —1.8 —1.9
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Fig. 5 The monthly frequency distribution
in abnormally more cooling process
year (1981) and less process year

(2010) in Urumgqi during 1951—2015
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Fig. 6 The 500 hPa geopotential height (contour) and
anomaly (shadow) field in April 1981 (a) and April 2010 (b)
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Fig. 7 Same as Fig. 6, but for December 1981 (a) and December 2010 (b)

Bl A2 — = — a0 A, RO L KR PG A R I X8R 53
53] g A GBS s+ 2R BRI Y P A A i AE B
AL R A A B i 2R L D 55 s PR 2 3 XM DY
VGRS R R+ — 7o i R BE P 0 B A
/I BTREAR 2 B B R ey T T P X 7 g i
FELAR L RAVG DX T KV AR B 7R R I IE
B DX B i 2 ) P W R AT A O B SR IR D 55
IEHEP- X, 280 KR O 55 T BT X

XFRL A 2010 4F 12 H e i 2 7 450 5 0 S 4t 20>
oI 7b Al L. % A 500 hPa & B2 b . BRI AE [
PN PR — 5 B R 5 2 70 39 o AR 3 Bl X
LSRR I BRI b i TR s AL R AR B . A
R R BRI 3 58 32 74 A6 3 A o e RS A 7E L
VI A AR Z T o £ 500 hPa {7 3y B B
Yy b WO B P AP 26 3l X 52— — 7 A1 B
AR H DT 80°E LA ZR 9 S YA X 388 7 J31) Sy W 4> 67 i
DI, AR BRE] O A TE BE P X TE B oA T
B 7% L 0 HEL R X3 AR A A7 B O A R
i 558 5 P AR 26 J5E A BT 37 11 24 5% 1 350 31 2R R IF 24 B 1
B DX A

5 45 R S Tl o RS R 22 9 A )L
WiAF 12 Hid A 4 H .16 500 hPa 523,
FE[R] R AE 2 B8 b s DL 1] P PG XSO0 A
LRI A R G A R BN R &
G AR A ek i Bl T S B Rl e A
M2 . 1ERER PR > A 6y A5 500 hPa =5
TeAe KR BE 30 28 58 1 7 T A i 12 70 A1 A 2 K 22
St o R LI () R AR R < 7 AT A ] Y Y b A A
(NN O RS WA= B NS A = R RATE BB
b R AR AR D AR T T R VY A R SR

5 o

6 45 i

WA 19512015 4 &R T B 7 L 2 B
TS ] B G o Ao R ) R BARR Lo R R H OB
TR IR e L A IR DA R e IR B P I R R
RFRAE SR DL 4598

(1)1951—2015 4F , & A 7517 4k B 5834 1k
PRt 72 SE 4R B A 89. 8 Wk, T & (55) B iRt
R 7801 0. DUZRMY R R R AT R 22 S OR B B L 0
BEFREMLIRE .. SRR S R AIECE 5% A
O3 A KRBT R =2 4 A REU i A 57, DL T %
(59 11 9 Crp 85 5 ) [ ok R s o LA 68
HEUECR 22 LT G i ) [ 3L ok e A L AR 5 7
10—11 A 4—5 HA WA & &I B H o fi W
W TR 4337, LA IV % (B8 RV 2 (FE D) [ 3t 3 7 A oAy
A, AR R R R 2 () AE .68 H iy R
R ZE Sl K4 9 H B SN, R
YR ok B AR EE 7 AN AR AR B v 25 R OR R 5 AR AR
Prof i, 1 9 (35 B I R AR T 384 o . V 9 (SE D

(2)65 4, B8 R ¢ i R B i e H % 1
~11d AP 1,89 d Hp#EZE 1 d il 2 L
49.0 Y. WEFEIRSREH T 2G5 3V 9 (GE@]D 2
T B e 1 3 R RS H AN 1 d 3 U 3
3 d. BORBIAZA ] MRS P2 H B K,
RN . SRR SRR BB il =
PR 4 A Z i R H A 22 S AR DA 11
HBERK —28, T R85 | I ZCrp &5 58 ) B i o 72 &
Tz i PR S H BB AE 8 H L I R [ it
SRR MR S RS OB EAE 12801 LIV



1L

BHIEAF  1951—2015 4F 56 R 55 17 4 ek A A 451 450 K% ot B <Ak AR AE 1363

e GO TV G (FETD [ Il 2o A8 55 oy B 7Y

(3)1951—2015 4F, B A F 17 5834 Wit Fef4
T BE -3 — 4.4 CL Bk R, H RS . %
CRE5) e I o R ) o R I UL e B2 AE S T B, 3R
—1L1C, IV % i) Bl f2AE 6 H Jeom, ik
—14.5C, VR CGEHED BRI FRAE 12 A KRz, ik
—17.0C,

(4)1951—2015 4F, L& K FFT i Bk 24,48
72 h PRI B BE A iy — 3.1, — 5.5 F
—7.4C K 24 h BRIRIE R B TR, & F i
55,48 h FEil IR R F R mom, R 59,72 h Bl
TR R R, H EmR . S8 ARF5M &G
58 LIV % G50 DL SV 9 (FE D BRI FR Y 24 h D)
K48 h FFRIRE Y L  H 2258 5 M 6 H sk I
G Cige ) A IV G oo B R FR 1 72 h [ R I R DA
BAREWIN S A6 H ik, VI GERD KT R L
BOR 11 Bt

(5)1951-—2015 4, &5 & K 5% 1l [ I o 72 fe (1%
AR IEIME R 0.3 C L F B Bk A DU Z 1 IR
AR SR E 2 5 204,150 7,1, 2 A0
—17.4C A B . A EmEm . AR ENEYHE
SORRAE . IR de R H AR I TR A B S
—1.9C., MR ERH [ %3V HAE e, EF
i A B AR Wk B LV S (ZE D) B E GE AR Gk F
—8.5C., & ARF I P (s RS # H A
R RIS ELIEZS 8 A (—6.2C) &, IV
CGHOPRIRAFRLL 6 H (—8. 7 CH i, V 9 (FEMD [k
Mt FELIA T 12 A (—12. 7 C) ik,

(6) 1588 A 55T B TRt R AT A S 0w 22 H 0y . T
WRAT 12 HiR&AFF 4 H LRy G0 2 B s
RN el T R = WU o B S P e A e 2
BN E RGAR B, SOR TR A % B iR
FEIIEL 2 5 75 Kt T 2o R A 85 D 2 Ay T R RUBE 2R
T AR GE B R BE O A A 2 K 28 S (HJR BT SR AR
REWHRMEILRES T . e FA s adtmmE
(R Sl 3E B b B I 2ok AR A R D R R AR

2R R
&% ik

BT TR A - W R ARBL 85 75 3E. 2015, AR AR BE 15 52 K B ) 28
X € i 0% 2 A8 R ARAE . VK . 37(2) :387-394.

PRUER B . 1997, B il R AGS BRARAE 5 S A k. R4, (2
8-10.

AR L AR . T . 2015, EERAFBE T 5 N IR EF BRI A

A AL R AE. K%, 41(10) :1177-1189.

AR WSO BRk . 4. 2012 T R A TARF . dbat: KR
#£,103-135.

B R L P K R T 22 4L, 2L 2012, N SR IR K ORI L
G AR . 460-475.

WER I, 42 16 BUUE B . 2010. 1951—2006 4F W] (8] 3¢ [ 96 81 15 30 4%
TEAMHT. B JRA 5 ,29(2) :420-428.

AR ARG BRI . 5. 2013, TRE A TR SR W K 7 5L RN AR
RBRAE AL, WA 4k 24(4) 1 385-396.

A2 1955, R FETRZ M BEIE. KL (1919—1949). Jbat . B
2 AL, 35-117.

MR 22, R AR 1998, 3T 40 Z4E]RA W IEMTE 3. AR5 M
14(4) :337-343.

X% R 1990, T E FEM MEIEMN. L5, 16(12) :40-43.

XS BB U AN, A5 2014, - AR L 3t IX A 22 IR S AL I AR I A& R
KA 5. WA SR . 25(1) (1121,

TR BLIE AL L 45, 2013, 1961—2010 45 4% b 4l X 58 1) 0% 3
B B 2 R AE A3 A T 5 XU 5 PR 8 L 27 (1) 1 142-147.

T AL TEAOAT . TS L 25, 2014, WK AL 2004 4 LSR5 B8 41
FHAE 3BT RBLFRHIER. K55 . 72(6) 1 1143-1154,

Pfd o, F M, ERESE . . 2012, H & AW K S Bk 0L M.
5 RGHAE . 193-207.

P RE . 1957, RLA TR S ZIEUSR / h i KR 5. 1 Wi
Ft.

TR ARG, R SEL 2015, 7 9 A 7R MU A A BT AR AE RO
PETEESENER. @ESE 341 11-20.

F R, T —1C. 2006. T 53 4F Hh [ J€ ) #4728 Ak FpAE K H 7T g R
KAEFBL,3006):1068-1076.

W, XK 2 WL 2014, Bk b B i vk X A A& 2R R G
. S %A . 72(4) 1 703-710.

IRBEEE. 1985, FEW PN TIMR T %. K4 . 11(2) :6-10.

e Es T Sct . Dy A AR 2016, I P A R AR BB 1 3l A8 1k 4 iF F
HAFR A, R4 ,42(6) :756-763.

Wk B Bk L XB A . 2011 VLA TR I A X 2 FE) & AR AR Y AR Ak
FRAE AT, R4 . 37(3) : 339-344,

mFE SRR AR 2014, & 2 R W0 R BT S0 IR Y S0 e R AR Ak 5 R
E =S FR. RARE,38(1) 1 146-158.

SyWIE R I8 AR 2. 2013, M0 I 7R 390 4 25 ot 1 L I A 5 P
L JZ 5 A8 Y O R R AUREAE .37 (3) :668-678.

TRF L IR, PML T . . 1986, BT iR W K W IE S T 0. B
AFF BN B A L 184-217.

TR L AW 2015, L BEIE ) R 40 A K B AR, VDI S ki
K4,9(6):11-18.

TR R 2012, v [ A2 AR DX IR SR AIRIR S 1 TN S S
KAFFF.36(6):1269-1279.

W B B 2015, 15 R 55 T 2 M REAE S AT WIS R
4,9(6):56-61.

e TR S 0 KR e W R 0 e 2 R b I R b v AL R

5143, 2006, %% 59, GB/T 20482—2006.

JEL Bk 0 IR 2015, 1961—2010 438 [ ¥4 25 S A s AR AE. R AR

22241 ,38(3) ; 342-353.



