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Analysis of change and influence factor of ice regime character
in Yellow River source area
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Abstract: The Yellow River is one of the most seriously-affected areas where the melting ice flood disas-
ters often take place. The source area of the Yellow River is the research gap of ice-slush. . Based on ana-
lyzing the meteorological and hydrological data of the Yellow River source area, this paper selected three
representative cross sections, summarized main characters of the ice regime. It then analyzed the dates of
freeze-up and break-up of the river ,and the change rule of the largest ice thickness in winter. The result
shows that the freeze-up goes from upstream to downstream. The dates have delaying trend, but the total
number of freeze-up days is decreased and the largest ice thickness each station in winter is different.
meanwhile the break-up process goes on the contrary. The main influence factors of ice regime are air tem-

perature, average flow in winter witch can be taken as forcast factors to further research.

Key words: Yellow River source area; character of ice regime; change trend; temperature

R AR R B BRI B LUK RRCES 7B RS

BEMTE 4 o BT UK I 3 I A 0 R T 2, B i e
FERIAR o Bl AU A8 A R N 2K 0 20 5 0 119 3%
WAL, T R 1 e R R A B 2 AR A7
PR S RIS — B E N AME e F ALY
RGBT R B R i B SR
T REE B A B i B . Btk A
LY BMERE . A SCl I 7 G
T B LAY 25 5 UK AR A Y i L e, 4521

Y F5 B #:2014-05-22;

&[] B #9:2014- 06- 17

TESKLERFFE R, A AT 9 B B T IR IX A 15 4 4
G0 LT T T 5L AR BT I DX A A Y UK
DX, i T AT AL 45 B2y, BT KA, R PR RE K 2E
SEPCE . ARG LR VK TR B9 SR T AR, X
P A A RT IR XA I o e B2 e - E 22, )
A B B e 0B A T A R (A 2 AR, B o i sr
PR DK PR R RYST T el AR SO BT P X 3
AN BT B BN R U SO AR A A2 ARt T T

EEWB : SRR E Z ERBLAAE 7S] 5 H (2010CB951103) 5 [ 5 [ S8 B2k 6 51 0 101 H (40830639 ) 52011 4F
JEE R S AR 2 B L R 4 42 (20110094 110013 ) 5 [ 52 F i 9256 2% AT A H (1069 — 50985512)
YEZ B v kL —H (1990- ) , 2, VLIRS BN FEBEAR 58 A= , 2B FR SOK SR AU AL b 5T o



4551

Ak, 55 BT DX Dk SR AL T B 5ol R 2 43 B 33

45, T TG K T S N R A R AR AR
R A BRI ST R T TR B 1 A

1 W5 X RO

BRI fR R B U T 2 W o LA
LR DS, b Ab T G R M, TR 121 972 k',
PRI BOE 1) 1 9 V7 1L, fE 3 ok DL 3
TR R S0 4%, 3 gz ; A B LUR
BT R LI A5 DX, T TE ORI R, BT IR XY
A FEFER B ARV T2 4 ~5 AN H o Tk
A DX AR AR, YR DK HE 1 220l O AR AN
B, N A SCIE B BIF T R e %10t

ARSI TR X B TR o | 0 vl B oty 3 10K
Sl WP B R B A T R RO E BT H
PALKIFI H A ol iR AGTRL RS WL 1,

2 SR X B RE Pr

2.1 H FiAEtESEit

VT Y5 X — P A STV BRI B ) S
T GEHEEAIELX. 3 A 7K SO 5 AT £ L] | I 3R
FI 250 (L35 2) AT 4% #OU IX 35 4 H ) — e
1 AR FAE 12 APt —igre 3 AT,
BT IR | 0 BT 0 o e 3
(1958 —1987) k.11 A 11 H,12 A 21 HAN12 H 7
H 5 ALAR SR H 19 (2007 - 2011) Py . 11 7 27
H,12 A 24 HF1 12 A 11 H, & B A #ER,
FE H T PRI R4 A1 H,3 A6 HR3 A
14 H;rEFEER:3 21 H,3 H20 HF13 A
13, Sl 70 A 0 S T, 3 0 o A e
J5 , 3 i AR

Rl FAERREMRGAKL . SEEHTIER m, a
TR 3l 55, ZHE N %73 TR R TRHC B HE
T Y 98.08° 34.57° 4221.0 1960 - 1987,2007 —2011 23 BRSNS
IRICBE R Hil 99.39° 33.46° 3989.0 1960 —1987,2007 — 2011 18 PR R 4
BN 102.05°  33.58° 3190. 1 1964 - 1987,2007 - 2011 25 TR ESE
pIeA 98.22° 34.92° 4272.3 1960 - 2011 52 okl sE
458 &H 99. 65° 33.75° 3967.5 1960 - 2011 52 el e
i 102.08°  34.00° 3471.4 1964 - 2011 48 okl s
Fz2 BEWERX 3 PNKIFIHAERGITR
- T H FFiH] H #] i H# PRGN i T H FFiT H #1
B B
FE il i
Sy 11-10 04-14 12-06 03-03 12-04 03-10
1958 -1967  fi 5 1959-10-25 1965-03-28 1959-11-25 1964-02-20 1965-11-28 1961-02-28
it 1958-1120  1962-04-30 1964-1220  1959-03-20 1964-12-12  1965-03-21
S 12-18 03-06 12-03 03-11
1968 - 1977 £ 1972-11-23 1975-02-25 1977-1120  1975-03-02
£ 197501-6  1971-03-14 1971-12-17 1974-03-15
S 11-12 04-08 01-01 03-08 12-13 03-16
1978 - 1987 & 1979-10-25 1977-03-11 1985-12-11 1982-03-01 1978-12-02  1979-03-10
il 1987-12-01 1983-05-01 1984-01-21 1987-03-11 1979-01-13 1983-04-01
SEH 11-11 04-01 12-21 03-06 1207 03-14
1958 -1987 i H 1959-10-25 1965-03-28 1972-11-23 1964-02-20 1977-11-20 1961-02-28
g 1987-12-01 1983-05-01 1984-01-16  1959-03-20 1979-01-13 1983-04-01
Sy 1127 03-21 12-24 03-20 12-11 03-13
2007 2011  f: 5 2008-11-11  2010-03-15 2010-12-15  2009-03-14 2008-12-01  2010-03-06
e 2011-12-16  2009-04-10 2009-01-14  2008-03-27 2009-12-27  2011-03-20




34 bi i IS S I

2014 4¢

2.2 #iMRE LT

BT X 3 K S Iy s i B (1958 —1987) £
AR R R ECR 152,69 ,97 d, 37 4F (2007 —2011)
SERIE R 121,79,96 d, vl BHAR A s,
PSR IEI N, 35 il 35 VR R BOEA AR, 3%
S SCHF T H B AR b o — 3ot 7E 1979 -
1980 4FJE , 78 F AT v ] B LA B B UR T [) 35 186 dl,
[F) s} 78 5 32 BFF S0 30T B2 B T i R R], £ 24
do AT BOULIN it 3 R AR o 5 Tl 2411
BN 69 d, Bl Z AP ERA KRR 108 d, 24
B AR B K BB (PEILER 3) o

3 EUEREIEAIBIHTREEREITR

iH BT gl iy
1958 — 1987 -1y 152 69 97
2007 - 2011 F-1y 121 79 96
L RH 109 24 59
PR HEAESY 1983 —1984 1979 —1980 1979 — 1980
TS 186 106 120
i
PIAESy 1979 —1980 1959 — 1960 1982 — 1983

2.3 KkESit

WG TR R th & R R VKE TR T
BRI T 0 I o A 2 A R UK R I g s B B
(1958 —1987) SFI{EH 53515 0.95,0. 58 F110.42 m,
AR HIME S 0. 66,0.57,0. 3 m, £ 3k B Bt F- 3
VKIS A DN
2.4 THEESH

K H Mann — Kendall 75 3% %t S50 H 1 -9 H
B B R R BRI ZR 5 KUK B A TR 35K 55, FE R[]
JP 5 a5 s3 B, Mann — Kendall 45 56 8 75 ZEAF AR 35
Wo—E o340, WA Z /DR A0 T4, 38 1K
VARSI B EEE TR E . AR AT
BAGE 95% () MK I MK 50, MK #G30fE | 2z | =
1. 963K R 1A 5, \EAH KR B0, T KR
b

M BRI A RN 4 PR, AR ERIX 3
ARG A BT H A SR TR H 0 B ]
st P, AR s A HER (2 EHIR T 0) ,(H
SN R R, AR BT H 4R 0 AR
B, b sl 2 4 X (RIS, AT BE AR AR
T 4 25 B R UK IR AE B0 T0T i sl A /N fa 32, 78 5 1
o sl DU B I e, AR MK R 3R 30 45 2R 5 Hij
SCEE R FEA— B, A e R VRS ) e 3G 06 245 SR e
RN G 0 b e, 5 B R 4

AN I PR g A AR S0 BRI AR X Dy s i BeR
MK #4645 R HR B, P45 & 5 SCES R,
A 3 WA 0l 3 A 48 2 i R U RE AR RS T Py S R BeATS Sy
USRS
R4 HEWRRX3 NAZHEREEN MK BER
BT HIY I H ) AR RKE BRI

F 12.39 N —1.52 Ny —1.55 Ny —1.43
il 1315 193 7102 Ny -1.04
st $3.00 0.8 71.80 4 -0.17

Fe D FRBE BT, A ONERE BT T R E R B R
{5k N 95%

3 BEREWIR 5 Br

3.1 ZEFREHFES
3.1.1 BAF##FE mENEmREREEFENILRR
PRI T A5 W0 07 101 2% %, Tk 0 B IR - & 228
BIR A&F RH R ARIR AR,

KGR TR G EZARIETR. A
LA REE I, R K AR R BB J = A vk, T
AR IE, A R RN (SR M AT B (] A
AR ALY R e e PR A B 3 R AT
Mo T A 2™ 8 I AR AN (URE - 24 L, 1B 1V %
JEAA SR B ARR RN R RD R AR B IR A 22 I ]
MRS, AR IEYS W K 1) A T 52 e A, DR I B
oy 2% A2 BT

TSR K T S i A R AR &, B I/
FEPAE K L 3 E Y /N FK A 5k 9% B9 BILARAE FH
oo SERERTFIT B 2 U A, T e sk AR AT A
B I YL f /N B SO R 3 R A 2
S8 X IR I K ) 2 A3 T BT o
3.1.2 B4 @ X1 HRIRAE 3 A8 YS9
228, X 1960 - 2011 4R KAEA Z 1 H A
IR HA RS TS, IR MK 7k
I HARE S G5 RN 5 s

3 AR ST I A T R AR o AR —
., [ 1960 FLIRAN T FHEARAS o i AL 3 A~k
SO A 2R B SR 1) 2 A (A AT i BT I
(HZ) 26 i ety , HA V- BRI, Bl A 26
A, it (G5 H ) VIl (3l ) & 2= 33 R
AR Ry, S 3K AR B 26 8 R AL T v R 4, 3
IR S 425 BT AR R4 B AR AL R A 5 A 2
SRR AR — B, AR Y X — M R 22 S5 TR
A TR AL T BT 5

U5 X A 2= i AR B (] AR AR AR K, A% 3l 34 S R



4551

Ak, 55 - BT DX Dk S RAIE AL T B sl R 3 43 B 35

WS EEH EHAA R ST , A%
IO e BOAS , AT AN B R, T T I I iR )
TEMAE S TR o DR IX A5 0l B A AR O, B I
JEM T I AFIT BT, 3 A 7K Sl £ 7R K
LIRS, S — 2

x5 FEWERX 3 ktuhigEEEH M EFERFE

C, m’/s

K 33k £ T E= £V
(K43h) Al A ¥ra
V(L) -12.51 -1896.3 1 20.6 7
WHGEH) -8.7 1 -1266.3 1 56.8 N
i (F i) -5.7 1 -824.3 1 181.1 7

T T RN BE LT, RS BB PR B B
IKF-H 95%
3.2 HMEFSREFEHEXTHT
T 3 X 2% 3l 24 2 R RS BAR R A AT 43
B, PR B 3 AN K SO S R AR R R, i T
J T FR ], LA ST il 4 o, o3 R4 2 R
SR AN B KA AT RUKIE ARG (A&l 1) o
A L2 2= 0 AR BRI, 4 2= BEVS , W himT R
BRI |2 o d R UKSE (8 =7 , T 5 A5 6 AR B 7 T 1Y)
A, R T Bk, B R R AT L

KUK FMIELTEE, H 5E KRB A TR RIKE
A HE—E R

HIER 4.3 5 0, &2 ST 00U TRL Rl v a] 22 T
Thidr,3 A K SOl R R Sl A 3, 5 b R
fr—2 K FmRUKIE R AR A AR, i
TE L DK IS I T 55 0 3t | 35 ot ol 14 oK RE S0 AE 1S
IO 7% FE AT K AR TH 7 R AN TR

DRI FEAZ - B i T RIS ] A R AR
ARSI, XX 3 A 7K STk 73 ) A 2% 2 22 7 o
BRI A& A KUK BIAR S AL, A5 2 AR [H] 1 6L
i, AR R R S v 455 . NP 2 FoR 28
ARy, i BRI, R R & T i R IK R 2
HBLAHEL, P RS A A 1 B i X AT S v,
A A 2 45030 0SB R  3 22 R DK R 4 RV AT
AR o

L5403 UK OSCHR IR B R, BHR R B
RS PR A TR RIKIERY
AR AR, LIRS DK ) 4y B A R, RS T £
T AEGLT , Wit 13 i al f8 2 S BRI R Ak
TG I, 3 T XA UK AT B W 7 [ S A S A, B
TEARI R SE T e

e
A
1964-1965 1972-1973 1980-1981  2008-2009
1960-1961 1968-1969  1976-1977 1984-1985 2010-2011
0 T T T T T T T 1.6
-500 [ " 1y 104
o I 1A {1, E
~ -1000 [ o N N
oE 5\ i A 1.0 2
©o-1500F N N A =
= \ ;oL I voq08 K
& L / ' ! A \ P
- -2000 7 3 \ i3
= ; ; Y 06 @
M‘\" -2500 40.4 Q(’/
W .
& -3000[ H0.2
-3500L —— A BIUOR - ZERRUKE 40

| BEARHEFERIASKESHERY(E) EFERNKE(H)EXE

100

s

80 k-

60

H/ (m’ .

25
JiL

40 b

Y

20 f

pd

0

1960 1963 1966 1975 1978 1981 1984 1986 2007 2011

i

2 BWRHZFETYRESHEFERY(E) EFEXNKE(H)EXE

pary \
)
1964-1965  1972-1973  1980-1981  2008-2009
1960-1961 19681969 _ 1976-1977 _ 1984-1985 20102011
0 T T T T T T T
500 |
o 1 200 _
- -1000 k- N N z
m hN \ . =
= -1500 F . SONA S AT 150 iﬁ
’ 1 \ /
& 2000 L ! 2 #
i 1 100 %
B -2500 |
4 50
ﬁ: -3000 |
3500 L —— AT ----- BERH 1o
80  —— AF Vi --—-- BURREL 1 200
v 1 160
mE 60 /’ //“ 3
= ! !\ 120
mg 40 | =
B 80 X
@ 201 {0
&
0 . . . . \ . 0
1960 1964 1974 1978 1982 1986 2007 2011
T g
4 & B
i o

FE BT L3RR B 1 I B S rpoRE 2] I XA 56
FERD AR SO FE BT IR X BT IE K B, e it

B TIRIX 3 A~ B ol i 32 2 R 12 A L
(E i Pu i TR E L Aoy

(1) BETPRIX B R R AR 0L 108 d, fri A 24
do EEZ ST, 00 R A, A



36 K BRSOk R 2R

2014 4¢

Rp B T L, il 1) bR AR . I LAF R
Byl SC I AR BUE 2 R 1) R

(2) 4Pk, ZBNAF T AT
Ui RN B S, B ] 9 DX R RO AR S
AN BT i Y 2 T di R UK S A B /N
AT 557 2 3l R ol P A6 T B KUK R B AR MIK
PAEIEERA LT, (AR DR R (E B A/ T g s
I B E, S O B AR I8N

(3) B B 58 DX g A R A 1) 5 B2 TN 3R0A 205
7R B R A, & A TV TR B L B A% v
TR, I 6 R 3R AR R R & R IK R A 8
UFROARSCSE R T8 H S S B 1 PR AR L Y 5 7
Hr, PTAIXSE PER P R UR PR N 5, BEAT 1 — 28
HUNR RS

S 3Lk -

(L] X0, 7 fl, A9, 5. B0 3 5] BOok i AL (U
FERUMTL]. ANREE, 2012,34(11) :12 - 14.

(2] e, $p@ids, £ B Bk R PG ].

ALK FK RS Bl , 2010,31(6) :27 -29 +42.

[3] Z=h%. SARAZAL S B bl 2 1% R AE 43 B S T4t
[D]. Bgat iK%, 2009.

[4] Eof, B, kb, . it 30a 2B Al x B |
W2 o3 (1], vk £, 2001,23(3) :323 -
327.

[5] B4, £ ¥, FAM®, % BRINEIL 46 R
AR E T[T ], LR R, 2011,39(13) 7782
—-7960.

[6] Dong X N, Li X M, Lin Y P et al. Characteristics of ice
regime in the lower Yellow River[ J]. Advances in Water
Science, 2008,19(6) :882 —887.

[7] R, wEiiL, IR, & PRSIt BP AR i
BT N SR B UK (5 B RSO3 HT [T ], B KR
KL, 2011(7) :69 =71 +75.

(8] Rhiléig, 7 M, BAERSR. #0075 B TR R A1k
FHAE[]]. F54%, 2014,32(1) 1120 - 122 +127.

[9] DuY H, Hao Z C, Ju Qin. Feature analysis and prediction
of ice regime in the source region of the Yellow River
[C]//. TAHS - TAPSO - IASPEI Assembly, Gothen-burg,
Smeden, 2013. 6.

R e e e e e ==L —

(E#% 31 7)

(5) FEH K AR FIVKOK AHAR L ZR 52
AR ZRAE 1.5 m ZR RS ZR AL RS SR
YKEIEIZTT 90 d HHORE Y A6, ILE Y PPR -
PVC /K BB TR 2SR

PRI OR TR 25 K A8 T R A R AE ™ FE I X A ZR 45K
BRI LE AR B , X I AW T
RO T 47 & 40 TR T T, R HSE
T T KA 2 KA R R L X, R 2
iR L Iy i o] S R S SR PN A AT E T N
(SRR, 25 7K A T8 1) B S PR ek 2 ™ At 4 IR i
PR T b O R ARE A i it Tk AR 3z
FEhnsi it ik AR 04 o A

S

[ 1] KB % o X b A5 3 ] 1Bl -+ 8K SR A 1 FH i U
MU D]. dbat . sp E AR, 2011,

(2] fFFEE, G20, 008, 45 2241 VR - X3 b i e 5 T8 44 )
MBS T]. TR F 444 ,2012,33 (12) : 2163 -
2166.

[3] eutas BRI, RKHIX +HEA Ik Emras [J]. vk
+,1993,15(2) :272 - 277.

[4] skE k. HHIRE SR FERRE[M]. 650 B2 B R,
2013.

[5] RALFE, VPom, BORAK, 55 R L rh R as B i A% 3 1y
HET]. R RS2 4m (A RRHE M) L, 2010, 25
(4):51 -53.

(6] M7 it , 2R 5%, 5. URES RIS Q2 B LMok
MR ETE [T ], A A 1 5 TR 2R 2011,30(9) :
1912 - 1917.

(7] R, B o . S b P T 4 18 i o 2 R R 0 —
AEEEALRL [T ] LT A A TR 2724 4] ,2009,29 (4)
53 - 56.

[8] 754W], £k Al Matlab7. 0 S48 ( T [M]. dbat:
L Toll i Jit: ,2004.

(9] A g2~F. 5 UER I R = PRBE T Ve 45 7K A5 3 A IR 40
FE[D]. BHR - Vh e 38 K 2 ,2005.

[10] Sy, FEME. IR)E L 2R T R oK TR & 0 i

[J]. BEa 4245 ,2012,43(4) :139 - 142.



