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Abstract

Based on the daily minimum temperature data of Altay reference climate station from 1954 to the
spring of 2017, taking the daily minimum temperature and its cooling range as indexes, the single
factor intensity evaluation index of cold wave process is calculated, that including cold wave cool-
ing range, maximum 24 h cooling range, maximum 48 h cooling range, maximum 72 h cooling
range, process minimum temperature and process minimum temperature anomaly. Evaluation of
each cold wave weather process by cold wave comprehensive intensity index IY, the results are as
follows: 1) Taking the cold wave weather process standardization index Ix as the index, the
process of ranking the top ten from large to small intensities generally distributes relatively
evenly during each month during the general cold wave and strong cold wave, and all the ex-
tremely strong cold wave processes are in March. 2) Taking the cold wave weather process maxi-
mum 24 h, 48 h and 72 h standardization index I41, Issn and Iz as indicators, the general cold
wave process occurred twice, once and 4 times in March respectively during the cold wave process
of the top ten intensities from largest to smallest, all appeared in April for 3 times, and appeared
in May for 5 times, 6 times and 3 times respectively, the strong cold wave process appeared 6
times, 6 times and 5 times in March respectively, and twice, twice and 3.5 times in April respec-
tively, and there were twice, twice and 1.5 times in May respectively. The extremely strong cold
wave process all appeared in March. 3) Taking the cold wave weather process minimum temper-
ature standardized index Itp as an indicator, the top ten cold wave processes of all levels with in-
tensity from large to small all appeared in March. Taking the cold wave weather process the low-
est temperature anomaly standardized index Ijp as an indicator, the general cold wave occurred 4
times in April and 6 times in May for the top ten cold waves with intensity from large to small,
while strong cold waves process and super strong cold waves process all occurred 9 times in
March and once in April. 4) Taking the comprehensive evaluation index Iy of the cold wave process
intensity of each level as the index, the general cold wave process with the intensity ranked in the
top ten from largest to smallest occurred only once in March, 4 times in April, and 5 times in May,
8 times of the strong cold waves in the top ten appeared in March and twice in April, 9 times of the
extremely strong cold waves in the top ten appeared in March and once in April. 5) The intensity
of the general cold wave and strong cold wave in spring showed a weakening trend, but not signif-
icant, while the extra-strong cold wave process was weak and significant.
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1. 5|8

FEW R AUEH 2GR ZURIRAUR K, AREFEA R & MREGER, S ERAEFERE Kk,
FEWIR BRI 2 MR FIERA, W2 RAEENCR . £, YIENT, 2HENEEIRREL—,
XA Holk, Tl ZZ@E MmN RATEA IR, 5 85 A HAR X & 5 &5t S EInfe . SEmIEK
Je i U ZU R, FEACTETTE I 2 AR, 0, 2012 4 12 H 18~22 HALFE G Bl 3 R
R, ALBEGH U F AT 20a 5Kk 12 H 5%, 18~20 HIES: R, L3852 it~ % 8°C~12°C,
AW BT hge . LIS 10°C~15°C, 2t Il 7 P el B AR, B Kk 3 3h45-40°C, Xk 28
UEZI—-40°C. 18 3EZA-42°C 4 3hiZ1-45°C, F#1ZE-39.1°C, Bl#hZRiblX )& 28 Bk /Rt £-49.1°C; HHE
AR A T fE T HEOR, 2014 4F 4 H 23 HALSE GRS AR, Ab5E I 24 h AR PR 10°C L L,
EEI BT EhER. B R M AR BB IR 4 R 12°C, JBERAN 2R 58 K M [X DA% B 75 B 7 s R B AR SR P 2 0°C
LT, JbEE. ZREEAHEE 0°CE-5C, fidb. MAE-S5CTE-10C, IHLX-10CLLF, 36 ik B FEHIbrifE .
T RIZIB IR S BUE B AET: 3606 Sk(H). %29 29,200 Sk(R), HIRTERIR /S RA TR 9.32 1278

A2 [1RAE 1955 “Eakde H AR W FEMI v Loy = K8 A . AL R 218 78 1 82 v [ KBk i vd 23 <0
PEHFIER AR . JEoR, &7 —ILMskEE A (3] [4]RIE— B FUIESE, (2280 E St 2 2H =/ —
ST By LAVE B AEOK T s R 5 DUAR BB ORI T =2 0K AR R PE v . 8 id K el
RFEF ) B FERIGHFIE . IR ARG LKA FE . FERIN R & R A 78, TR T
Eb 4% 2R G5 12 B M FRAB (5] [6] [7]. i, Chan ZE[80 R WA ZERGHAT T 4 M 45, IXAT T A%
FEWNTE IR SR At T B a0 . JE-H LR, EFAREI TR E B, LTHAER
ZE[9]. FEME RN, IR ZHE SR I E T R AR A EE AR I T B R . SR, A 20
4 50~80 AFAH E & SRIEM R AR AR Bk ey, HAaRfEA FriRgs. FRENERICRE, &t ER
IRK, FEmd AR AR . R R AE SRR R 5t T, REFEMIFFEt R A T 808 [10]. BxE
T IEW] e FEH R AW A SR AT T B A R AU B . IRk TR 8 1SS B At S T —E
HBERE[11]-[17], i € 2 1 5 B2 K 1 i DR 7 5 v 2280 5 b W0 i Sl AR b b R BRI A £ i)
A R XA AL ER R L — G, JFECE 3 A AR IE FE ) . AR 5 s 5k
IR, TERGTE 7 Fe bR B e A v e, TE RGN B 3B 1 R b 53 N T B2, S UL
5 IR B B B A (R RR B B R R AR R AR Bt NS e R L kA e s & b8, T s s
BT B SAEEN, BRHIEESRE, SECHEACIE R WL &R Wl X BRI KB R 2=
TR, BEARH BRI KA AR, (H RN 5R A 25 S PR R 5078 25 SIS B TR AN 08 R v
i — TR L SN K ALIR IR TR 35 A BERE SEW R AT 1 43 i, 1986 4R th i 1) i i A 3 R Ul
AR T thiER 7RI I K R FR AN AR AE[ 18], E2 SR [T, I AR T B4 B Bk,
AREEAT N B FERRE AL AN 8 SR PPk RE J7, SR R B GOk TR0 538k i 52 R S AR 2 1) 2 B U705, 98
FE AL B B VAL B ) R At . RN 21 ], SR TAEE GRS SEREATIE AL, R RE[19]. 2Rk
SE[20]FF & 7 2008 4= 4 H K 1l b3 A G SR AL 3 — V0 m FE W KA B 2 A, SRARMESE[21] 8 SESURTT213
YIRS 53 AT 7 2009 4 2 Bl 8 2 S R AR SR IR IR R SRR IR IR, FE/NFR[22] [23155 0 A T B SR S8 R
SETIRIE R, 25U HESE[24) 045 T s — UGB I B A2 1 283 R AU IE . IRTR O[5 1R T T E I
—HFEER I R E L AR, BRI 26 )RR I SR BRI TR R IX LR FER R MRS
SRR IR A S RIRAE 271459 HH 2 S A H R T PR S R R PR, PNEESE[28 0 B A i T
IR E X 2 RFEHI RS IR, B8R ZE 2910 T T AL FE 3 R ST A AE A TR & IR 25

BT ZE T AL TR AL A, AR A X, DU B, BT RS RHE R BARER M, v Bl
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TR R AR, JCHGRAER T, (5 H TR RE A 55 VAL 7 i oI AR 2 A AR IR S K
KT HE ) PR R R PP OB FU LD, AN BEE PG SE IR ) A AR RO B B o A SC AR 28 T
WEFEIX I, A AL €] B T FE 5 P A A, AR B AR b 2 U R T 281 2 i o 2 5 ) o e ) 0
HOMGR I, RN FT R 28 i ) P R R A S A R, ) S R ) 5l L AT S BEVRAN I 7T, AN
SETH BB 2 1 0 T B A KT SR BRSO

2. AREFZE
2.1. #EREIR

B Ry A AR B o A il H B ICARUIR B R, BERHCEE A 1954 4E3 2017 FMHEFEGFE 2 H 26 HE S
H 31 H, it 63 ). FM#EIRTHMEEN3~5 A, W3 A1 HES A 31 H. MR (FEREHR)
(GB/T21987-2008) " FI A, €3 (0 BRI FE v S iy (R R EE 4G 24 he 48 h fll72h, BI2 A28 HAE3 A
1 HCPAE) 24 h B ARSIEPEME >8.0°C, 32 H 27 HAE 3 H 1 H 48 h HUEIREMFIE >10.0°C, 22 H 26 H&E
3 A 1 H{EAIERE >12.0C, H3 A 1 HEMESIE <4.0C, WA—XKIEPEREFE. RAEA ST 72
IR B FERIR S RS SR ARAE 3 H (RIEZR) €I AR, USRI BOAREER) 2 H 26 H TR

22. ARFE

2.2.1. FFEREENX

e T ) 22 T R U HE AT ZK, AR SCE ST B 2 v R B i I R ) R A B R A AR AR AR, B
FEFER O AR AR R, RRRE R H . RS AEA D BRRRS 0. SREREE . SRR R
24 h, 48 h M 72 h FEIR IR A R SRR AN AR R AR TR IR 1),
Table 1. Definitions of various cooling concepts
= 1. BABRBMSENX

EA S 5E XL

RGO H AR ERT— H T, B4 H AT24<0.0°C, @ 3CH— MR FHHE, WRkE
i H .
BB 240 AL AT24 1120.0°CH9<0.0°CHIF — H i SONBRIRIEREYI H , 742 AT24
R=0.0°CHIRT— H & ORI 228 1

Fee il H

Pl R, BRiRwIH . 4 H

R H ¥ R H 2224 H i H 80 SCA R R R4 H 3K
K 24 h BRI IR IRt AR AT24 B ARME
K 48 h [EIRIERE Rt RErh ATAS SRARME, PRI REFRE R AL 2 d, WUIERE 48 h B KRS IRIRS A Gt
K 72 h PR FREL R AT72 SRfiCAE,  GRRIR I FERESEI (RN 3 d, UIEFE 72 h SRR IRIEE A ST
RALAR R H 1) H AR
AR AR EE T AL H B HBRRR S R H 25 FHE e =

(FERIZELL) (GB/T21987-2008) 715 S T b (PRt FEMIbRHE: DA H BARSEAFEIR, R0,
24 h PG S BB 8.0°C (848 h P IELIE &k B BT 10.0°C, 572 h iR IE A R8T 12.0°C),
A H RS %2 4.0 CE LR, 10— RFERIS R T, (FERISESL) 2 ST b ek X i < e H 7
OBRHE, AR IE[30] [31]55 AR IR I R A B AR A uh FE W I 7 S LA 2, 58l B e K 24 h.
48 h Al 72 h PRI SOod B IR A A T8hR, JRAE S (SEISEL) (GB/T21987-2008) 1 JE i 72 1)
WRBRUE, B B R R
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2.2.2. FHFEL B LR EFHER RS TR

B A (B 2 R R AE AU GE T bt Dy SR FRIR I RE 1T 4h H IS 5 R H IR [ — A ()
W, RS IZ A ()L 1.0 RFEEIE RS, 2 7] FRIR AR AT 4a H AN ZS 3 IE A AR I H (RD),
JPIAS H (A7 A B 0.5 R EIE R . 56 H (F) FE W RE 08 FERFIE R AR M L THFnetE Dy S B L
FERIIFG H S 45 R HE R — A () A, W e g A 0 B R IR 2 512 1 (R)) € 0 E FR AR St 1
A T IR IR KT 4 E AN G551 H 92 AIAE DTS AR SR A (RD), IH SRR AN (RO IR 8 23K SR BE Fig bR
P47 8 M R R T R TR

2.2.3. FFTEEE R ENIER

PRAEACIRETR AL THE IR A % ORI B S RIARHEA A, PEARE AR HEAL LR, 2 JE )
AR PR MY o R U A S B R A (B A S BCE AN 55 o AR B Ly, FRARYE Iy HEP A
SEFERI SR G IR I HEE, B BEA RSO — IR FE R AR R
3. BEFEBRRHEFLIERLRRREITME

FEW DR B R VR TR AR (LA FEWIPRIEIR AL, oK 24 h FRIRIESE, oK 48 h FRIRIREE, &K
72 h BRI, SRR AR, AR TIREE T A& TR ER A AT — 52 A1 J5E J e S o ol I R 1 9
PATR 20 L 6 T L3S S VP A AR bR A MR, o S PAli B 8 28 i o ik 2] PR I R

3.1. BEFERRHITHITIEIERIER B E TR

1954~2017 FHZEQG~5 H)BT#IZe T Ik A — I8 RS2 110 R, P FEREE ~-10.8C. LA
110 IR — IR OSAE PRI IR FE AR EAL TR H 1) FE bR, SREEM KBNS R 07 R A 4 I ILTE
3H, 35 REIMAES A, 2.5 IHEIAE 4 Ao oo — BEEIERE HIAE 1976 53 H4 H&E3 H 10 H,
BARA M H 3 A 3 H-6.0CH% 3 A 10 H-212C, MRIEEIX-152C (3 2(a).

I 64a P §HZR T LR AR SRFEWI R AL FE 76 IR, FIREIERIERE N-13.0°C. LA 76 IRERFER] R SIS FE %
TR FERRHEAGTE L 1 o Tabs, SR MKBNHEFIRT AL FE7E 3 AL 4 AR S A BT 3.5 K. 3
WA 3 IR feomam et L BLAE 1958 45 3 H 21 H&E 24 H, HKAWEH 3 H 20 H 3.8CHE3 A 24
H-25.9C, FFRIEEZIA-22.1"C (% 2(b)).

1954~2017 FFHZE(3~5 H)BT 82 i SR AR RF DR S8 R AU A2 40 %, “PIFRIRIRRE N—17.3°C. LA 40
IR— MR R R B IR R FEARAE AL TR E 1, B R, SR KB NHRF T AL R A 3 A, i
— RS AR A 5 FE W L FE BTN B A EL TR . B — AR R M BLE 1977 4E2 A 27 HE 3 A
1H, ®ESEH2 A 26 H-58CHE3 H 1 H-34.1C, FFRIERZIE-28.3C (¥ 2(c)).

Table 2. (a) Nearly 64 years Altay region takes the process cooling amplitude standardization index I, as the index general
cold wave process intensity ranking; (b) Nearly 64 years in Altay region the intensity ranking of strong cold tide process is
based on the I, of standardized index of process cooling amplitude; (c) Nearly 64 years in Altay region the intensity ranking
of super-strong cold wave process is based on the standardized index I, of process cooling amplitude
% 2. (a) 1 64a MENSH LU IERERIBE IR ENIEE 1, RIEFRM — AR 2R HERF ; (b) I 64a FUENZR T UL A2
bERIGEARENIR 1, AIETRRERETIEREHF; (o) i 64a MR LIS IEERIREIRENIEE [, HIERA
R EMd I REH T
(a)

FreH dRERER dERIE RICAR &K24h &K48h K 72h

# e/ C i/ C B/ C R/ C R/ C Feif/ C
1 1976/3/4 1976/3/10 7 -15.2 -21.2 —5.6 =15 -9.2 -12.0

Hefr THi6 H 3 45 H 3

2 1982/4/23 1982/4/26 4 -15.2 -3.6 =79 -9.9 -11.9 —-13.6
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Continued

3 1970/4/29 1970/5/2 4 -14.6 -3.8 -9.1 -8.8 -9.0 93

4 1961/5/23 1961/5/25 3 -143 3.4 -57 -8.8 -113 -143

5 1961/5/29 1961/5/31 3 -143 3.2 ~74 -10.5 -12.8 -143

6 1963/4/25 1963/4/27 3 -13.9 -53 -10.5 -73 -11.5 -139

7 1990/5/16 1990/5/17 2 -13.9 2.7 -6.7 ~74 -139

8 1993/3/2 1993/3/5 4 -13.8 -242 -6.5 -49 -8.6 -12.7

9 1956/3/14 1954/3/16 3 -13.7 -245 -13.6 -57 -9.5 -13.7

10 2004/3/26 2004/3/28 3 -13.6 -13.7 -9.4 -55 -10.4 -13.6

(b)

1 1958/3/21  1958/3/24 4 -22.1 -25.9 -16.4 -7.6 -113 -15.2

2 1971228 1971/3/3 4 -17.2 -36.4 -194 -6.4 -10.0 -14.0

3 2001/5/19  2001/5/22 4 -16.4 1.5 -15 -5.0 -10.0 -14.0

4 1961/5/3 1961/5/5 3 -15.8 -1.5 -8.0 -5.8 -11.6 -15.8

5 1970/4/4 1970/4/5 2 -15.8 -5.7 -4.1 -9.9 -12.4

6 197553/6  1975/3/11 6 -15.5 -19.8 -3.6 -73 -12.1 -13.6

7 1989/4/9  1989/4/12 4 -15.5 -5.7 -5.4 -6.6 -11.5 -14.6

8 1999/3/23  1999/3/25 3 -15.5 -22.4 -15.5 -113 -13.5 -15.5

9 1957/5/11  1957/5/15 5 -15.9 -2.2 9.5 -73 -12.8 -133

10 1963/4/1 1963/4/3 3 -14.9 -13.1 -10.9 -6.1 -103 -14.9

©

1 1977227 1977/3/1 3 -28.3 -34.1 -16.3 -12.7 -23.1 283

2 1960/3/9  1960/3/10 2 -253 -30.3 -153 -20.8 -253

3 1999/3/15  1999/3/17 3 -233 -30.8 -20.1 -122 -20.2 233

4 1994/3/5  1994/3/17 3 -23.0 -30.5 -14.1 -14.7 -22.1 23.0

5 1998/3/14  1998/3/17 4 213 -25.8 -149 -12.6 -16.4 17.5

6 1966/3/16  1966/3/17 2 -20.6 -22.7 -122 -132 -20.6

7 1956/3/19  1956/3/20 2 -20.4 -27.4 -174 -115 -20.4

8 1978/2/18  1978/3/2 3 -19.9 214 —4.4 -103 -16.6 19.9

9 1955/3/5 1955/3/7 3 -19.6 -29.2 -12.8 -13.6 -17.1 19.6

10 1980/3/6 1980/3/9 4 -19.0 -29.0 -12.8 -9.7 -15.0 16.3
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3.2. EFEERHFETERAK 24 h FERIERE R E TG

1954~2017 FEEZ=R )28 1 3k A — MR . TR FE WA RF SR IE W R U #2110 ¥k 76 IRAN 40 IR,
K 24 h BEIRIEREFIIME S B N—-7.8°C L —9.0°CHI—-12.0°C. LA FERI R it B e K 24 h B IR IR FE b itk
FREL Ly S94EHR, SRE K EBINHEZ AT -7 S0 I R — A S 2 2 I IRAE 3 A, 3 IRHIILTE 4
H, SIRHBAE 5 H: sRFEEIEfE 6 HIE 3 H, 2 BBIE 4 H, 2 REIE S A FrssEmidig 9
HIAE 3 B, 1 IRHITE 4 Ao i — e BB 1977 5 A7 H, &K E S A 6 H 0.0C
Fez 5 H 7 H-11.7°C, 24 h [FFIRIEEEE-11.7°C SR FE M A HILAE 1974 £ 5 H 15 H&E 16 H, &K
AR S H 15 H 125CHZ 16 H 0.5°C, 24 h [FRIEEIA-12.0C; SRR I 2 HBLE 1960 F 3
HoHZ3HI10H, ®IKAREH3 H 8 H-5.0CHKE3 A9 H-258C, 24h [FiRIFHEX-20.8C (¥ 3).

Table 3. (a) Nearly 64 years Altay region with the process maximum 24 h cooling amplitude standardization index L4}, as
the index general cold wave process intensity ranking; (b). Nearly 64 years Altay region takes the process maximum 24 h
cooling amplitude standardization index I,4, as the index as the strong cold tide process intensity ranking; (c) Nearly 64
years Altay region with the process maximum 24 h cooling amplitude standardization index I, 1, as indicators of the intensity
of the particularly strong cold wave process ranking

3. (a) I 64a PR LI IERK 24 h FERIBEARENIER Ly, DI —RZIILIZREHT; (b) 1T 64a fE)
RMAFIERK 24 h FEBEARENIEH L,  AIERREEEIEREHT; (o) ik 6da FIEIRMLLIER K 24 h
FERiRE AR IR Ly AIRRR R RS IR E A

(@)
we nm  meom PR UEND MK mOW mran mias s
1 1977/5/7 1977/5/7 1 -11.7 -11.7 —18.8 -11.7
2 2003/4/30 2003/4/30 1 -11.2 -11.2 -16.7 -11.2
3 1961/5/29 1961/5/31 2 -14.3 32 7.4 -10.5 -12.8 —14.3
4 2000/5/6 2000/5/7 1 -11.8 1.5 5.7 -10.1 -11.8
5 1982/4/23 1982/4/26 4 -15.2 -3.6 -7.9 -9.9 -11.9 -13.6
6 1961/5/8 1961/5/8 1 —-9.8 —-9.8 -17.3 -9.8
7 2002/3/16 2002/3/16 1 —-9.8 —-9.8 0.7 -9.8
8 1964/5/10 1964/5/12 3 -11.2 38 -3.8 -9.7 -10.0 -11.2
9 1965/4/21 1965/4/21 1 -9.7 -9.7 -12.7 -9.7
10 2002/3/8 2002/3/9 2 -10.7 -10.7 32 -9.7 -10.7
(b)

IR IR RIRRE RK24h HK48h HAK72h

A dEi SRHA KEER i BE/°C R/ C BESF/C R i/ C Rt/ C R/ C

1 1974/5/15 1974/5/16 2 -12.8 —-0.5 -8.7 -12.0 -12.8

2 2002/3/19 2002/3/19 1 -11.7 -12.5 -2.5 -11.7

3 2010/3/3 2010/3/3 1 -11.7 -31.7 —-15.0 -11.7

4 1966/3/1 1966/3/1 1 —-11.6 —-14.5 2.8 —-11.6

5 2005/3/15 2005/3/16 2 -13.7 —-15.1 —4.4 —-11.6

6 1989/4/2 1989/4/3 2 —-11.5 1.7 3.6 -11.3 -11.5

7 1999/3/23 1999/3/25 3 —-155 -224 —-15.5 -11.3 —-13.5 —-155
8 1977/3/10 1977/3/11 2 -12.2 -17.4 -3.5 -11.2 -12.2

9 2005/5/3 2005/5/4 2 —-12.6 -0.2 —6.7 —-11.1 —12.6

10 1988/4/23 1988/4/23 1 -11.0 —0.6 -4.9 —-11.0
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(©)

. o WEBE ERE REAE BAk24h BK48h K72k
A3 4 o e 45 L
HBL - THRHEL EREE REEEC eec e mmC MEC BRC MEC

1 1960/3/9 1963/3/10 2 -253 -30.3 -153 -20.8 -253

2 1982/3/1 1982/3/2 2 —-16.5 —22.5 -52 —-15.0 —-16.5

3 2014/4/23 2014/4/24 2 -17.4 —6.8 —-11.1 —-14.9 -17.4

4 1977/3/21 1977/3/21 1 —-14.8 -27.0 —-17.5 —-14.8

5 1994/3/5 1994/3/7 3 -23.0 -30.5 —-14.1 —14.7 —22.1 —23.0
6 2001/3/1 2001/3/2 2 -17.3 —24.0 —6.7 -14.7 -17.3

7 1999/2/28 1999/3/1 2 —14.5 —18.2 -1.2 —143 —14.5

8 1978/3/8 1978/3/8 1 -13.9 —24.5 -9.2 -13.9

9 1967/3/1 1967/3/2 2 —-18.0 —28.9 —-11.6 -13.8 —-18.0

10 1955/3/5 1955/3/7 3 -19.6 —29.2 -12.8 —13.6 -17.1 -19.6

3.3. BEFEERHFETERK 48 h fERIERE R E TG

1954~2017 FEAFZERA ) 22 17 He A — MEFEW | 3 FE AR 5 FE W) R i P2 PR IR R 4Rt 8] 2 2 d BB
(38 74 IR 66 XFH 34 IR, H K 48 h B IE B2~ 5ME 43 7 8-10.7C. —12.4 CHI-16.7C. PA%&Z
FEWIR AL AR/ K 48 h BRI IR FEAR AR Ligy AFEFR, SR MR BN INHESHT 7 7 25 2 0l FE 8 il A o
— ORISR L HIAE 3 A, 3 4 B, 6 IRIBIAE 5 H s sFEHIEAE 6 IHIRAE 3 H, 2 ki
WAE 4 H, 2 RHIE S H Froms@ilid #2 9 IRHHILFE 3 H, 1 IRHIIAE 4 H o i — RIS A2 e
199045 A 16 H&E 17 H, HBARSIRH 15 H 16.6°CH#% 17 H 2.7°C, 48 h [FIEIREIE-13.9C; Ak
FERI R BLE 2001 953 H 4 HE S H, SR SEH 3 H 0.0CPEE 5 H 13.9°C, 48 h [FIEIREZEIA-13.9C;
R oR I I AR ILAE 1960 4F 3 H 9 H&E 10 H, &K< 8 H 0.0°CR% 10 H-25.3C, 48 h (£
M JE1%—23.3°C, i 58 48 h P il RF o FE W R Uk 12 5 ik 24 h BB Ry SR S8 ) R AU R A A — PO R (R R ) -

3.4. EFEERHFEIERAK 72 h FERIERE R E TG

1954~2017 SEFRZRF #h 22 17 3 e Ar — A FE R 5 FE )RR 5 S ) R Aok R B R SR 2 ) ) Dy 3 d B DA 1
53928 28 X+ 21 KT 14 I, # K 72 h iR IR P 2548 20 3 9—12.3°CL —13.9CHI-19.1C. PA% 2R
FEWIR AL AR RK 72 h BRIRIEFEARAEACSREL 1y AFEFR, 3R MR BN INHESHT 7 7 25 2 0l FE 8 il A o
— RIS R 4 HIE 3 H, 3 IRBIE 4 A, 3 IRBIIE S A RIERIEAE S IHIHIE 3 A, 3.5
HILFE 4 A, LS KBIBE S B FrmERid 2 10 A 3 H . Bom— M8 f2 HILTE 1961 4F
SH23HZE25 H, B&EMH 22 H 17.7CH#ZE 5 H 3.4°C, 72 h FEEEIE-14.3°C; AimimE i
WEILE 1961 £ 5 3 HE S5 H, RICKIEH 2 H 143 CHZE 5 H-1.5C, 72 h [FRIERA-15.8C; Hi®
R dEW AR e 1977 2 A 27 AR 3 A 1 H, ®IKIRMH 2 A 26 H-58CR%E3 A 1 H-34.17C,
72 h [FIRIEEEA-28.3C, #5824 hy 48 h F1 72 h [FIR & O FEWIR U A2 rh, HE AT+ — A gem] i 1
FRRTE R SRS H AR5, Fromd& R ~ud #E3 HILAE 3 H (GRIK).

3.5. EFERHFFHTRERRSRBET

1954~2017 SEFZ=R 248 117 — MO L SR IFE AR 9 A W] R UL R e IR R T BB v 73 39 —7.8°C
—12.8°CH1-20.3"C. PAAZFE IR R S AR RARHEALAREL Ly 4R R, 9B MWK BN ET A
FHONFER AR AT I 3 H, B3 APRAURIIEART 4 AR5 H, Prol Bl R s R iR br AL
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FRE Lop JyFa s S 1 - S G e I R A IAE 3 H . o — MM R HIRAE 1985 4F 3 A2 H
F3H, BEAEH3H 1 H-198CHKE 3 H-30.1C; HomsmIEmid e oife 1971 4£2 H 28 HE 3
H3H, BM&SHEHE2 H 27 H-192CH% 3 A 3 H-364C; HomfrmsEmid e 1977 2 A 27
HZE3 A1 H, BRAiEH2 A26 H-58CHKE3 A 1 H-34.1C, ZidFE 555 72 h BFERRFHRIER K
AR A — UGS FE (GRS -

3.6. EFERHBHTERRSURETBEFH

1954~2017 4775 Z= R 3 2 T — M€ ] | i SR W) P RS 0 28 ) R AU A e I il R~ 294 23 0
—5.7°C. =7.9°CHI-10.5C. VAo F8 R U FE R R ER-F AR EAL T8 Ly A FE AR, BRI MORF]/INE
FURTHAL TR AR — R A 4 HHIRAE 4 L 6 IRIIAE 5 H . SRFEMI AR I8 Md 354 9
UCHBE 3, VIRHIIE 4 . o RoSiid R IE 1977 455 37 H, SRR N 2.5C,
HEA-18.8°Cs SRR IS I AL BLE 1971 422 H 28 HE 3 H 3 H, SR lA-36.4C, BEEN-19.4°C;
BORFFIRIERI R LA 1999 4 3 H 15 HE 17 H, SR TR HM-308°C, FEFHN-20.1T (3 4).

Table 4. (a) Nearly 64 years Altay region the general cold wave process intensity ranking is based on the Ijp of the standar-
dized index of the process minimum temperature level; (b) Nearly 64 years Altay region the intensity of the strong cold wave
process is ranked according to the Ijp of the standardized index of the minimum temperature of the process; (c) Sorting inten-

sity of ultra-strong cold wave process in Altay region 64 years Ijp, with the standardized index of minimum temperature of
the process as the index

% 4. (a) i 64a MENRTH LSRR SR FARENIEE L HIEARH—RFFATIEREHF; (b) i 64a FI#HRT
U RE SR SRR FARENIEH L AIERAETEIZRBEHT; (o) i 64a MERHUIERRIIREFIREN
1R L HiEtRE R R AT R B HE

(2)

WREREE  OERE RERE &K24h HK48h K 72h
& &/ C SR/ C HEF/C [/ C [&iR/C [&iR/C

HEfL THEHE 4R HE FeHH

1 1977/5/7 1977/5/7 1 -11.7 2.5 —-18.8 -11.7

2 1961/5/8 1961/5/8 1 -9.8 -1.8 -17.3 -9.8

3 2003/4/30 2003/4/30 1 -11.2 33 —-16.7 -11.2

4 2013/5/5 2013/5/5 1 -9.6 0.6 -16.7 -9.6

5 1978/5/14 1978/5/14 1 —8.6 2.5 -16.4 —8.6

6 1955/5/4 1955/5/4 1 —8.3 3.7 —-16.1 —8.3

7 1975/5/9 1975/5/9 1 -84 -14 —16.0 -84

8 1979/4/9 1979/4/11 3 —-13.0 —-15.5 -15.2 —54 —-10.6 —-13.0
9 2007/4/29 2007/4/29 1 -9.3 2.3 —-14.6 -9.3

10 1966/4/1 1966/4/2 2 —-11.1 -16.3 -14.1 -8.1 —-11.1

(®)

IR IR RIRRE mK24h HK48h HAK72h

0 A H sk il 03 %
Hr THAHA  GREH  HEER Mg 5/°C iR/ C #iSF/C [/ C [E5/C [/ C

1 1971/2/28 1971/3/3 4 -17.2 -36.4 -19.4 —6.4 —-10.0 —-14.0
2 1958/3/21 1958/3/24 4 —22.1 -259 -16.4 -7.6 -11.3 -152
3 1999/3/23 1999/3/25 3 —-155 -224 -15.5 -11.3 -13.5 —-155
4 2011/3/19 2011/3/20 2 -13.7 -25.1 —-15.1 -10.8 -13.7
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Continued
5 2010/3/3 2010/3/3 1 -11.7 -31.7 -15.0 -11.7
6 1976/3/26 1976/3/27 2 -12.9 -19.1 -14.8 —8.6 -12.9
7 1957/3/1 1957/3/2 2 -12.9 -32.0 -14.7 —-10.0 -12.9
8 1980/3/27 1980/3/28 2 -13.4 -18.4 -14.1 -9.6 -13.4
9 1969/4/1 1969/4/2 2 -12.1 -15.9 -13.7 -10.8 -12.1
10 1995/3/13 1995/3/4 2 -13.2 —24.8 -12.9 -7.2 -13.2
(©

TR OERE REAE &K24h HK48h K 72h

HROL JPARH SOREN REREC Cenc Thpc mwe BEC MEUC MERVC

1 1999/3/15 1999/3/17 3 -233 -30.8 —20.1 -12.2 —20.2 -233
2 1977/3/21 1977/3/21 1 —-14.8 -27.0 -17.5 —-14.8
3 1955/3/10 1955/3/11 2 —-18.3 -31.3 -17.4 -10.4 —-18.3
4 1956/3/19 1956/3/20 2 -20.4 —274 -17.4 -11.5 -20.4
5 2003/4/14 2003/4/16 3 —-16.2 -14.4 —-17.1 -9.0 —-13.5 —-16.2
6 1977/2/27 1977/3/1 3 -28.3 —34.1 —-16.8 -12.7 —23.1 -28.3
7 1960/3/9 1960/3/10 2 -253 -30.3 -153 -20.8 -253

1998/3/14 1998/3/17 4 -21.3 -25.8 —14.9 —12.6 -16.4 -17.5
9 1994/3/5 1994/3/7 3 -23.0 -30.5 -14.1 —14.7 —22.1 -23.0
10 1979/3/26 1979/3/28 3 -17.9 —18.2 -13.9 -9.3 —14.8 -17.9

4. BEFFRHNEPBE=ERBEES T

ZE LRI, R IR 6 TR T 2 S8 B 5L Ik R 50 5 VPN T Am 20 ol X 5 R 55 T S i R e AT VT
fhmT AT, I 64a BT 2 T % G A 2 I AR 1 B s SE M PR AN R A] ], N T 45 AR ML /BT i 64a BT
R0 B B K I SRR LI B, TR AL AR AR S W I R R P I 45 VP R A

1954~2017 FEEZ=R ) 2 1 3k A — TR . TR FE WA RF SR IE W R U #2110 ¥k 76 IRAN 40 Ik, +F
SEHHCRH 2d LA F & GO FE MR 5 O SRR AT 67.3%. 86.8%F11 85.0%; REESEHEN 3 d
o UL _E B 2% 200 T e R o 2% 2 ) T R A B 25.5% - 27.6%11 35.0%.  [R)INF Fa] 2 2 T 4 Ak v e 5 3
X, AEMK, 3 A s KR H BT 4 HS 5 H. DR EARE T2 Iy NTRIR BA
B E R SRR, PO E A S AR s, BEES S AR R AR AR S i . R AR
i i e FEE AR AL AR 1y PR ARK 24 h FRIR IR BE PR UEALFE A Ly I FR SRR AR HEAG TR 2L Lp 3 T
AL R A P S 2 RN LGS () S S R R 5 o o P 1 1) P 2 T 0 P AR
EAMEIREZ N E,  H U RO BB 2850 B R I B b v 4K R B /N e A N S W ik 2 o B iR, X
FEAME T3 B AR, 75 SERR DS N Fp 27 R — 8 AN, BT LLe SCEERIS RO 3 B LA VAN
Iy=—(IA+124 h+ IUP), BEPFRHAEAHEHOBR R TE M i 1 ik 2 BR i

DA G0 S W AR 0 P 2R A VAl P Ty AR AR, 9 AR BN FI AT -7 (1 — €l 72 3 H R
BT 1R, 4 IREIIE 4 H, SRIE S Ay F5IET-H A2 smsgsid fE b 8 IRHBIE 3 H, 2 IRHIAE
4 Fs HFIRTALR R RIS AR 9 HIAE 3 A, 1 IRHBIIAE 4 F o BB — RIS HILIE 1977 45
H 7 H: SeomsssEm e 1958 453 H 21 HE 3 24 [ fomfr s8] FR HILAE 1960 453 H 9 H
%10 H(# 5).
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Table 5. (a) In recent 64 years, the general cold wave process in the top ten places of the strength index of 3 elements in Al-
tay region; (b) The Strong Cold Tide Process in the Top Ten of the Three Elements Comprehensive Strength Index in Altay
region in the last 64 years; (c) The process of super-strong cold wave in the top 10 of the strength of 3 elements comprehen-
sive intensity index in Altay region in the last 64 years

% 5. (a) K 64a FENZRTH 3 ERGEABERIEERT I —ARTZHPELIE; (b) iE 64a FENGRT 3 BERLGZABEIE
SREERITIRRERIEIE; (o) ik o4a FENRT 3 ERESBERFREIHIMNSFEEHTE

(@

MRERER  OERE RESE HK24h H&K48h KK 72h
g 2/C i/ C BP/C B/ C Feil/C Feil/C

HEAr TR H s EHM FEH %

1 1977/5/7 1977/5/7 1 -11.7 2.5 —18.8 -11.7
2 2003/4/30 2003/4/30 1 -11.2 33 —-16.7 -11.2
3 1982/4/23 1982/4/26 4 -15.2 -3.6 =79 -9.9 -11.9 —-13.6
4 1961/5/29 1961/5/31 3 —-14.3 32 -74 -10.5 -12.8 —-14.3
5 1970/4/29 1970/5/2 4 —14.6 -3.8 —9.1 —8.8 -9.0 -93
6 1961/5/8 1961/5/8 1 —-9.8 -1.8 -17.3 -9.8
7 1961/5/23 1961/5/25 3 —-14.3 34 =57 —8.8 -11.3 —-14.3
8 2013/5/5 2013/5/5 1 -9.6 0.6 -16.7 -9.6
9 1976/3/4 1976/3/10 7 -15.2 —21.2 —5.6 =15 -9.2 —-12.0
10 1961/4/25 1961/4/27 3 -13.9 -53 -10.5 =13 -11.5 -13.9
(®)

WERERE  dEREK R &K24h ®K48h K 72h

A NEb P L Lo 8
B OJHREML EOREM RSEEC Coec Thmee mec BEVC BEC BEC

1 1958/03/21 1958/03/24 4 —22.1 -259 -16.4 -7.6 -11.3 15.2
2 1999/03/23 1999/03/25 3 —15.5 —224 —15.5 -11.3 —13.5 15.5
3 1971/02/28 1971/03/03 4 -17.2 -17.4 —7.4 —6.4 —-10.0 14.0
4 2011/03/19  2011/03/20 2 -13.7 —25.1 —-15.1 —10.8 -13.7

5 2010/03/03  2010/03/03 1 -11.7 -31.7 -15.0 -11.7

6 1972/03/17 1972/03/19 3 —-14.7 —20.5 -9.8 —-10.7 —-10.9 14.7
7 1957/03/01 1957/03/02 2 -12.9 -32.0 —-14.7 —-10.0 -12.9

8 1970/04/04  1970/04/05 2 -12.4 =57 —4.1 -9.9 -12.4

9 1980/03/27 1980/03/28 2 -134 -18.4 —14.1 -9.6 -13.4

10 1969/04/01 1969/04/02 2 —12.1 -15.9 -13.7 —-10.8 -12.1

©

WREREE IR RIRRE mK24h HK48h HAK72h

A 4 H 1 4k il 08 H ¥
AR THREH  BRHA RERK W/ C SIE/C BEF/C [/ C [/ °C [/ C

1 1960/3/9 1960/3/10 2 -253 -30.3 -153 -20.8 -253
2 197772127 1977/3/1 3 —28.3 —34.1 -16.8 -12.7 —23.1 —28.3
3 1999/3/15 1999/3/17 3 -233 -30.8 —20.1 -122 —20.2 -233
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Continued

4 1994/3/5 1994/3/7 3 -23.0 -30.5 -14.1 -14.7 -22.1 -23.0
5 1998/3/14 1998/3/17 4 -21.3 -25.8 -14.9 -12.6 -16.4 -17.5
6 1956/3/19 1956/3/20 2 -20.4 -27.4 -17.4 -11.5 -20.4

7 1977/3/21 1977/3/21 1 -14.8 —27.0 -17.5 -14.8

8 1966/3/16 1966/3/17 2 —20.6 —22.7 -12.2 -13.2 —20.6

9 1955/3/5 1955/3/7 3 -19.6 -29.2 -12.8 -13.6 -17.1 -19.6
10 2014/4/23 2014/4/24 2 -17.4 —6.8 -11.1 -14.9 -17.4

5. ERRLANELERETNL

IR BT TS P R PR A B HR AR Ty IG-PIME b, T 64a FSZRT — B IE. SRIEHIFIEE
R FE T PR LR G 5 FE TR B 31 20 73 38 10a B> 0.013 & 10a 9820 0.025 FI%E 10a /> 0.134, 5H
SR B LR A 55 R 5020 30 0.034 0.06 F1 0.343, v — AT W A 5im FE 3 FE 0 2R ME AR 9% RBOR
BEMACPALLE, FERFERIT RO RECEIT T 0.01 B E AL . 27 AR R EL Iy MUK FER 5
JERR, FTLAT 64a F8ZR iR — MRIEW] . 9 IE I AR iR T A o B RS9 i, Hoh— e
FNGRFE WL AR O B RIS AN B, R IR R R R R T (] ).

B TR IE AR ZR RO I PR LR A SR AR bR Ty SRV IE SR o A S W R 0 B AR AL B DAAh, e v AR
FIESYONFER TR TPk B R IE TSR A SR TR EL, M 20T % GO SE W R AR AR o A3 BT R IR
T 64a B 7 T — M SR ARE SR FE T AR 25 G 0 FE R HCF 3848 73 90 F 39 5 102 9870 0.066 5 10a 957> 0.081
A 10a 98/0 0.214, 5 HAEUTHIL AR RE 08 0.122, 0.133 #10.394, H5L5ERERE Iy 1
SERSME AR AL, — MW RN SR S W AR 1 2R A O R BOR B I 2 AP A, R S R R 2R M A G
REOEIL T 0.01 FIRFMERL . BT 64a B )28 7 2= — MRS A 5 T W i P2 0 FE RIS (R 3%, 5o
FEWS RO RS Y, HREE 2).
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Figure 1. Variation of the mean value of the combined intensity index of cold wave in
spring of Altay in the last 64 years
Bl 1. if 64a FENIRTTES SR FHEEBEIERTHEL K
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Figure 2. Maximum variation of combined intensity index of cold wave in spring of Altay in
the last 64 years
B 2. if 64a FIEIRTTESF SR FHEEBEIEHRKEL KL

A ESA 2 BT VE R A AR M R S L R R O BT SRS s, EARE, TR
FE IRy i R s HR 3

6. &it

1) DAFERIR S 72 B e AL R 2 Ly o FE bR, 5B KBNS AT A g FE dr, — MRS A
SRR FE S H AT LSS ), R IE R R A HIAE 3 H .

2) VAZERI RS FERA 24 hy 48 h A1 72 h BRI IR EEARHELAR AL g s Tagn 1 g TRHE, BRI MK
E/NHEF T A7 P FE T R A — MRS AR IAE 3 A0 2 k. 1 IRFL 4 Kk, HEILTE 4 A I35 3
R, HILAE S A2 5 k. 6 O 3 IR iRIERIE B ELAE 3 HBIA 6 IR 6 IR 5 Ik, HILFE
4 A5 2 R 2 kA1 3.5 Wk, HEBILE 5 H B 2 IR 2 I0AN 1.5 ks REom 8t F2 4 5 th BLAE 3
Ho

3) PAFERIR A R S AR IRFR A TR EL Trp FERR, SR EE MR BNHEZI T A7 1 % 200 Tl FE 4
HHILE 3 H o DI R SIS R RAR IR PR AL TR 2 L A4EAR, 58 KB/ INHES A (1) 58 it
eI R 4 O ITE 4 H, 6 IRIIAE 5 H s SRIERI AR IEH I FE A 9 IRHIIAE 3 H, 1
R IAE 4 H o

4) DL GO0 T FR R LR A VA FE AR Iy FEAR, SR MR B NHEFI R0 i — €I 2 3 A R
HIL T 1k, 4 IRBILFE 4 H, S IRBILE S Hs A3 HAL R s sgmid f2 0 8 b BiAE 3 A, 2 bl
e 4 Hs ARG R R 28 i A2 9 IRHBIIAE 3 H, 1 IRHIRAE 4 H.

5) HIE— R IEE AN R I I AR ORI TR RIS S, (B T RER S I AR N T A R
HEZE,

E&WE

PrBER R RAMIFR BN H (MS201811) “Buf#hZe i X iR T FE AR R IREAE. . HiEEsR
Je 75 G AR A R w5 i 727 B .
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