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Influence of the runoff variation in Wuyur River catchment from 1951 to
2015 on the succession of the Zhalong saline marsh

LUO Jinming, WANG Yongjie, BAI Lin, LIU Fugang
(College of Sciences, Qigihar University, Qigihar 161006, China)

Abstract : Runoff variation in the Wuyur River catchments and its influence on the succession of the Zha-
long saline marsh were analyzed using Mann — Kendall test and moving t — test method. The results indi-
cated that rapid degradation of the marsh was closely correlated with the runoff amount variation in Wuyur
River Catchment. The runoff entering the wetland was significantly decreased since 1980s, i. e. , the run-
offs decreased from 8 x 10° m® in 1960s to less than 3 x 10° m’ in 21st century, with the lowest 1 x 10°
m’. Runoff amount decreasing in Wuyur River catchments resulted in sustained drought and water short-
age in Zhalong Wetland, and thereby induced to water quality severe deteriation and large area of marsh
disappear. For example, the area of saline soil significantly increased from 150 km® in 1979 to 245 km’
in 2015 in the Zhalong wetland. Most water body in the wetland reached a level of eutrophication status,
even to be severe rich level in some areas, and the water in the wetland is generally getting worse. Long
— term drought would impair the ecological function of the Zhalong wetland and even impact on the eco-
logical safety of the whole western region of Songnen Plain.
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1 g FEFIA BRI S B0 2 R X
- T T PRAR AL B K S 1 AR A X i X

W R G THIRMFE MR R A TAEE IR BT . 20 b4l 50 4F
MRS o AR IRA IR I R G RSN A 3R SR % ) b 8 B 7 P DR 05 BT I oK Thi
AT, AT R SRR B AL/ DR BUHERAS R A SR A 3 520 42 60 4R, Tk

ks B8 :2018-02-26; {&[E HH#A:2018- 04- 03

EEUWA: FHEK RIS H (41771250) ; F K SHFA IR H (2016 YFC0501201) 5 FBIRILE 4 I8 5 S5 F# R FEA R

v %5 R H (135209248 ,135109231)
EBB A B &V 1977-) , 55, WU BCER A, 11, 208, WS AR TR L0 5ok hid B 5t




2 P S QSRS S N o 14

2018 4f

[t b 3 X B T S A SR AL 2 S W
AR B

ZRACHL XA ROT- IR R E T 3R E KER 4 1 N ik
B L AR, AN i XA TR R I 3R Ak
SRR AL I Geit SR, MO SR S Y
¥ 4 BUA 2. 57 x 10° hm® (5 % A X Y
23% ) , I HATAFE R AR TE L B4R 2% i BE s
VISR IR YT 48 v P 3 b X A 45, 20 #2290 AR AR A
Mo X AR BN 2. 43 x 10° hm®, 3] 2015 4EE
23] 2.78 x 10" hm®, ASHu X +HEEh i1k &
SR A AL DL e N R TG s B A O A
SR B TOT i v VG R AR TR R -
TR AR K R ENE R 2 ~4 %, X Fh
IREE AR AL T B FR 2 1) A8 Ak B M AR L X - Y
WS R T o o5 —J7 T, I AE SR A b X 32
NZETE SRR B 25350 , Kt KR TR, A s X
HE LTS FI 0 Ik 3 R Kk B FE 4 4 . 20 k22 70
AEAR, MR i L RS K R BUL AR E A
0 HiL 4 7K R A 20 122 60 AEARTY 8 x 10° m® s
WD B ITAESR AL 3 x 10° m SRk s S5
FLAEIEHL 130 km® JUA= 2 2 VR B R Ak v 2k
LG X B AR N A 1420 km? ™ B BFST
X A4 1l X 6 V3 0 U R A v AR p R Ak - e
JEPEAT 720077100 (ER i e DR SUR B 4R
VIR AR R 78 A X T T W iR AL B S

AW Ad ] Mann — Kendall 656 F 2l t 4656
SEJ7 8 BT T 1951 - 2015 4F B33 R kA2 7
B AR ARRAE LA SO L M M s B 12, T 45
A BT T A i X 64 B AL R, AT 9 4 4 14
Pt
2 BhRH ik
2.1 WREHR

PSR DX A3 T 28 g VT 45 1 0 M X 5 5 s JR T (
TCF IR PG ) |, 8 T S R T R iR A R
KR TF/INDLEE F AR L 18] 7 R AT i, 2 A IO T
DX 5 R SRR , A2 B T IR, 755 5 A /R T 2R
WEH T KBS AR 2 E PR IR e (FL R
124°00'E ~124°30'E ,46°55'N ~47°35'N) ., LB 1%
M TR R - 2T R REN , A
AERE 410 mm(70% [REMAERFET A8 A
[6]) . v J2H R /K fh F K BB 7L HCO, &,
BB T-LA Na* Hl Ca’* 3, J& T HCO;—Na 155 5"
PRRE R KT T AR 25T B (e A%

O A LG PF TR 76 N 1) 2 RS HG K & 1 A6 B
Moo ATAER, SRR A A B, 5
FOBA TR FREE A o 0 2R AL, TR R
AR

AHIF ST W 5 A 0] A g (b e, 1250
30'E,47°50'N) Fl S48 K 30] Ui (FLE A 1T —
AL, 124°26'E,47°35'N) it 65 4F 1448 i i %
P, 53 BT i AR i i A8 AL AR
22 BEEEERE

HRAESCHR 12 1 9 IFFE 2538, FLOBIRHL 5 F 4y BEAR
FOKEN 5.6 x10° m* . ASSCUEHAE S A B E
K SRR K S P T BRI e R R

ZOKE > 120% S, Ki5;120% S > EKE >
100% S, fi#%5;100% S > ZKE >75% S, IE%;
75% S > EKE >50% S, fw5F; EKE <50% S,
K5,

R R SRR R A TSR SR R T R R RS it 4L
it Wb 7K AR A LB A A Bk L RUBH AT
AR FEE N 48 K i 2 25459 31, B0 ok A
FFFFWE IR T K S W) o
2.3 M-KRTHN5E3: K1E

ACAHEFH Mann — Kendall (M - K) J5 12 46 56 BF
FEIXGT 65 AR R AR R R kA B AR,
HREHE M - K AR K ) Jm BRA%, AR SC85 A i Bl
6 950 2 3 258 5 B W LA AT Y A 25 R A5 i R
IR AE . ARSCEEREL K N 5 FAE WA,
Matlab 7+ 52 M - K 2848 k& I 5 ¥ 3 t £ 4%, DA
<0. 051 M PAEAr & & A= i 3 AR AL I s 7K F
T M — K R 58 A8 G A R + 1,96, 14 3l t kg
RAFNGFE Ry £2. 46,

2.4 KEEEFNKIER

AHIGT B F R R EOI AL AL ( ET ) 173U R
MK BB B SRR ) BRI AR T R &
JEPR D% L iR K AR & E SRR O R . KIKEE
I T8 br AL ECA (TN) BB (TP) | COD,, il
BODy , i 35 2 UK 43 AT 1 1 22 45 F8 b AR, 15 2]
EI 850 AAKAK EL 5B RULT 5 AR 9k
TUEFAL 2 BN ThE T3 W E E IR 4 PR
HEEFRS o EEFR.

3 iS5

3.1 ERAER
K1 1951 - 2015 AR4LJg iR bk & M - K
K AL S A1 e sl . milE 1(a) LA



5 4 191

a5 DRI 1951 - 2015 AR AR AR+ LEER TR B IR s R 3

FLJE IR Hh 1 R WY B 20 2l 50 AR .60 448
191,70 AEAH D] 80 H Il — 90 rhi] 21 22w DL K&
2010 4FLAJ Y B 1) Bt Ay 38 R £ 14 I 4 38, i 7 20
g 50 AEACH I .70 AEAK - 80 4EAR I 1998
AEHTJE (2005 AFEHT 5 LA S 2010 455 9 R TR AT
TEZA R (410 mm) DL b g M - K £
BRI 1(b)) KM UB Fl UF 52t
AL T B AR A R REAE , I A R B B R A 3
ol F D R, IF B UB i UF Gei 78 AR TE 0. 05
WEVEXRIN 1B KI5 R (K 1 (e) ) A LM
b 2 Y ZRAZ I (] 1 Ao F AT L, AR R IE Y XY
R TR A S
3.2 ZrRETWK

2 S 554k R e e v 1951 - 2015 4FE4%
WAL M - K KK 5 F1Esh t R, AR
2(a) T LA, S48 ZR00T L b 28 ol i 4% i 1 A8 Ak

A LAAT S B 220 H2g 50 4FRAY - 20 {42 70 4F
RN 20 e 70 AU R o S —A B B4 1R i
7(10.48 x 10° m* ) B 2 &5 F45 — ANHFBE (6. 51 x
10°m*) (F =16.10, ¢t <0.001), Z54 M - K #5%
FIWE Bl oA E6 R 45 0] i, 1968 — 2015 A I il X
AR G 1951 - 1967 B B it b, X R4
AIfiE 5 20 4t 50 - 60 ARG/ N 4208 FRARAR 1K, 1
T R U5 B 7 A R A G

M 3 AT UL, SR TN R 3 (A2 ) B4R I
TR R R D A R-IE . 20 4D 50 4R
FRAY R T LA E 8 x 10° m*, F1) 20 {42 60 — 80
AEARINE D AN 6 x 10° m®, #E A 90 4F A5 T 11
B E 5 x 10° m® DLUR, T4 R R & 3 x 10°
m’ IR, 454 M - K 5 sh o /5 vl 0, @i
AL B HE AFLIE IR 72 3 & 20 20 80 4RAXH
W

800 y=-0.15x + 430 C O R
R*=0.001 2
g 1
s 2
e B O
2 L/ z
s -1 oy
W —UB ==-UF - 0.052 % -2

..........................

................................

0 L L L L L L ) )
1951 1961 1971 1981 1991 2001 2011 2021 1951 1961 1971 1981 1991 2001 2011 2021

-3
1956 1964 1972 1980 1988 1996 2004 2012

= 4 = 4 o
(a) W& (b) M-K# % (o) SEWHtRE
B 1 1951 -2015 FF EIBHERE M - K QWF 5 F£53 RRERTHE
2500 4
g
mg 2000 )
1500
i 0
E 1000
T 500 2
0 L A A L ) _ 1 1 L L ) 4 L L L L )
1951 1964 1977 1990 2003 2016 1951 1964 1977 1990 2003 2016 1956 1968 1980 1992 2004 2016
1 4 =
(a) #m BN (b) M-K#& % (o) STEW/HN LI
B2 Jb®if 1951 -2015 £ERE M -K KK 5 £F3)  KIEERTHE
—UB ==-UF .- 0.052 %
1000
“g 800
=)
= 600
i
w2 400
M
200
0 1 L L 1 J -5 L L 1 L ) -6 1 1 1 L )
1951 1964 1977 1990 2003 2016 1951 1964 1977 1990 2003 2016 1956 1968 1980 1992 2004 2016
= 4 = 4 = 4

() BIRERM

(b) M-KHir 3%

() SEWMB LR

3 RTHRE 1951 -2015 FRRE M -KREMBZ RRERTLE

PRI L T RS i AR O R AR A R
£ 20 22 80 4EAC LAY, MR il iy /K 4 BEAS AL 5T
SFBHEATR R, SR A 20 T2 80 4FAC LU, LifFRY

IKPMIARESERTA T F . BRI T ir k&
PNTEAVEE SRIERE ST L S T S e S = g ]
60% LA Fk oy FE A RiFR A o MK



4 K BE IR 5Ok R R

2018 4f

AR A ME LA i 2 R U, 06 SR R T Ui 1)
KT FRA A R BRI e R AL
3.3 REERETUINEMEKEN M

[ 4 SRy Abeae sl TR 22 w48 i a5 W b 5 7K 2 1)
FICRE . K 4(a) a] LUA Y, sl I r 48 i it 7E
1980 4F DA 5 FL e W0 25 7K 2t 52 0 S 385 ) 1 AH G
KZ(R =0.70,P = 0.001); {H /220 {4 80 4F
RUUG BRI 5 T W &K & LA H G
(E4(b)) o TEMMEHLATK T (CAEERFK ST ) 42
PN 5 R B K R B R G (R =
0.88,P =0.002) , Hitr] %, S R i dek b by
IKIREE AL W35 % T AT iR K &, 5
FORUHR AR S E PRI AR A5

S L iR 1951 -2015 AR KR A
5 AJIL,20 tiE4g 80 ARARLART, FLe i h & /K AR A2 L
AR TARIEEHIRS 78 20 40 80 4RAUrh 5 1T 4

TAZSHVK BRI BB AATE B Kt I T
HFAR KA 5.6 x 10" m”, BI@ 3 #k b T - 5k
RE . WX R EHR A TS A B S
1) ,20 {2 70 AR CLART U 4RO 7 33% (1)
s PP 2 U5 9.5% ), IEH AR 28.57% ,
MEBFAEGY o5 BTGSeI Y 38% (Wit i AN 2 K, o5
9.52% ) . 1971 —2015 H]1a], 4ty KR o 4F ] 4k -+
EORAS (T FIRA AR 03 BT i FU ] 7 3% 70% ) , 37
AR LU BIIAN R 20% , 5 1951 - 1970 4739 [] 1) 5255
OMRTFAE B 22 5% . AT UL, 20 {22 70 AFRAR LR BF
FEXAEIAE T T R BIRIRZE (1998 Fil51) .

MNP 6 al DL, 388 MK i AR 7 KR S I IR
MMM R (R =0.72,P <0.05) , th T
KRS HAE T T R aUIORES , 98 5 20
MK T B TR 15 v B S el D[] S R M K
o WHFERWT, B 21 22 LI AL R0 W] 7K 1 g /0

JUT B 40y BB AR IS T HEARE KR, A 46% , A RIK R 16 T B > 16% 7, AR SC i 45 31
21 g Lo 2 3 x 10° m® IR, Bifn A BiESE Ti%45E .
L 10 ¥y=0.003x+2.16 R . 8 L J 1o
£ gt R=070, P=0.001 . £ ., . S o E s
5 6 b ‘e ° 2 . i 4 A i 6
N o ¥=0.003x+1.46 o
pg 4 - *° pg S le oo o R'=0.11, P=058 pg“ ¥=0.01x+0.20
2 o 2 R’ =0.88; P=0.002
,DE' L4 1 1 1 ] 'DE' .r 1 .J:.I.: 1 J 'DE' L4 .| 1 ) 1 J
0 400 800 1200 1600 0 400 800 1200 1600 0 250 500 750 1000
ZWE/10°m’ ZWE/10°m’ ZWE/10°m’
(a) b 1951-1980%F (b) Lz ¥E1981-20154F (o) Rk

4 JRIHMREZHFEHERESEHEKRENXR

10

oFAREK  mAEFFK

R

1951 1959 1967 1975 1983 1991 1999 2007 2015

=

ERKE/10'm’
=

E S $LAEM 1951 -2015 FHEKETH

F1 HRKIE6S £FRRTFEREMNGITER
1951 - 1970 1971 -2015
TR
IR L3/ % IR L3/ %

KB 2 9.52 1 6.51
T 5 6 28.57 5 13.04
1EH 6 28.57 9 19.57
g 5 5 23.81 20 43.48
KA 2 9.52 6 17.39

...................... olllo gt
\ | E”‘%‘
\

1000 [
£ 300
~
‘E[é
= 600f
=
K A0 AT . ¥ =69.74x +368
= . .
P | R'=0.72, P < 0.05
200 4
0 1 2 3 4 5 6 7 8
BRE/KE/10'm’
Eo6 EthEKESHAEEARHXER

i M - K K25 LW UB Ml UF it/ i s
Sy D W AR IE (B 7 () ), I HLAE 1974 A1 1981
AR A, UL e 1R B 1980 AEAALLR Bk &
B D s T AR SRR BT SEIX 1964 (1974
PAK 2000 4 75 A7 i M K S8 A7 AR SRR kL (18 7
(b)) o &ty Bk " F KA R ], +L e i i E 7K
THI7E 20 20 80 AEAUR A T PR

S U WUN (NS RiEm E P AL -2 O NS e ]



54

a5 DRI 1951 - 2015 AR AR AR+ LEER TR B IR s R

5

IR (ORGSR ) A SRS R A A T B
A AE Ak, L 1 Hb B SR K B R TR, DA T S B0
K R Bt S K AR B G 22 T K T R
BT BOR FB L BPR &S . 2# Qiu'" 7E ( Na-
ture ) FSCHU 21 {204 F Sk 9 20 4F L3R FE AR b
DX AT TR R SRR TR A8 I 527
3.4 FEMNRMAIHM

VAR AL A 45 5 PR X & A TR
AR AR T R 8 L RN M 1979 - 2017
ARSI 40 AEER I L AR AR AL oL, MR 8 AT,
1979 44U Jp iR MR + 1 AR 170 km®,21 {22 LA
e hnK 200 km® P, %) 2017 £h35i Ak i AU i £
245 km?, i ELAL Y3505 3h 4k 39600 A 76 18 Hb 1 2%
LIX(EI8(b)) .

TR K Hb 5 A4~ LA

=

SR S B

o
r R
75 1 1 1 1 J
1951 1964 1977 1990 2003 2016
£
(a) M-K¥ %

(K B HOB AR L 3 2 SRS KK IR B 3R L
FEPRA A 3 2 AT, i XK AR
FALRR ™ H, Hg i Tk d. BA
(TN) 19 & AR JE T 1V K bR s V bR ife.
TP 1985 &M 1993 41 0. 10 mg/L 14 /i1 51] 2008 4F-
f70.34 mg/LOIKE] V K)o BODs 5 i i)
T IV/V K

K9 zsfa] b zn 7L i 2011 ARk R ZR
BREBURIE . AT UL, Y 7K BT E A B AZ O X )
G2 BTG TR AR A A B, T HL R DX 3 8y 7 S
THEEFACIRE, AL T8 AR A8 1 22 vh X sy £ 28
AT HEE SRR . 4, RO X K5 &
B AR (B R A% 0 X 0 5 3T 1) 7K 5 D) 45
FEEE, JUHIE R N Bl 5 A H A 2 v X L R
B X%,

ISR
w

1980 1992 2004 2016
F 5

(b) SEH iR

78 1
1956 1968

7 HLEEH 1951 2015 FEKER M -K 1F0 S FiFsh  RBERE

y=14.37x+159
R*=0.93;P<0.01

PE 200
2
\l“:{é
=
x>
3= 150
&
i
100 e
1979 1989 1999 2006 2014 2017 T A -
oy R \ i s
A p BT
(a) AU LAF I . 2017%%%;%?3'”*‘% % D% B %
Y2 181 (b) % 25 FlLandsat8 OLL R ¥ 468, MR I 1: 2017664 7 16H] .3 .S
8 LRk 40 F£REF T MR TIEFE B9 Rith2011 FAEEEFNEBEHNTEES
R2 IE20 ERILEEBMKEEEFIERTH mg/L
WA 1993 1995 1996 1999 2000 2004 2006 2008 2010 2011
TN 2.51" 1.91V 4,837 1.31" 2.52V 2.78V 1.95" 1.36" 3.14" 1.25V
TP 0.10" 0.26" 0.18M 0.10" 0.10" 0.18" 0.21" 0.34"Y 0.23" 0.26"
COD,,  25.02V 24V 41.19Y  21.51%  33.65Y  28.45% 22.35"  10.54" 21.14%  15.45"
BOD; 3.75M" 4.27" 27.05" 12.2V 11.687  15.687  12.46" 5.46" 8.25" 6.56"

1 fhT 2578 2 1 GB3838 — 2002 7K hR1E M &2



6 P S QSRS S N o 1

2018 4%

E1IV) AT RE SRy RN T TS VA VAR ST S
M, [RY S s ) 935 3 TOURS £ P ) 22 Pl i 7K 8 B4 A
S ES I JRH R LB UL R 5 M
R/ ES R, o4 el 5 81 X2 A BRI Y
L, {RHAFLE T oK G DR BN %5 DR BUF
IR A B A FAL , 30 iR SR OR3P ) 32 DR S
B

4 & B

fifi ] Mann — Kendall 4556 F19 3l ¢ #3677 15 4%
W T 65 4 (1951 - 2015 45 ) Byt /R Tl i I e I o
AL R O BRI AR RN 2598

(1) FL e i e 1R AL 5 5 % J ] At A i
AL B VIR G . ITAFR, WH5E X R 2 0F 30A 2
FR D (R R WA AR A A 20 fiE22 80 ARAR
0 I s, S BOE b K T AR R M A
SRE K 0 (21 4l DO L e 195 B /K T i
BB 46% ) , i (AL T R EACIR S

(2) Pl 5 BRI B0 15 AR e ek /D[]
FEOKBCEAFR AR EE B P . LR
MR AR /KRS T T B IR AR, 78 X Ik B A
AR, OF AR E 2 ISR S. ek
BT SRR T, FL e Y A= 25 T RE S 32 2 ) 55
Ry Ak VA G B e e oo

B AR L ERERRIT FRARKFR
ZAFE 151 Preh s & Roakak Rt R A F et
BESEECRUIV % o

S

[1] GAO Xiang, SCHLOSSER C A, MORGAN E R. Potential
impacts of climate warming and increased summer heat
stress on the electric grid: a case study for a large power
transformer ( LPT) in the Northeast United States [ J]. Cli-
matic Change, 2018,147.107 - 118.

[2] ARNELL N W. Climate change and global water resources
[J]. Global Environmental Change, 1999,9(99) :S31 —$49.

[3] MWEFF,Z0H. AR - AABELER LK SC
TEHTLT] . BEIERRE,2010,32(12) 2316 —2323.

[4] LIOUBIMTSEVA E, HENEBRY G. Climate and environ-
mental change in arid central Asia: impacts, vulnerability,
and adaptations [ J]. Journal of Arid Environment, 2009,
73(11):963 -977.

[5] Flw, BN, a8, % mEHE R [M]. Jbat.

Flez it 1993.

(6] B, i SR M]. BRI SR
FoAR A, 2008.

[7] YANG Fan, AN Huafeng, MA Hongyuan, et al. Variations
on soil salinity and sodicity and its driving factors analysis
under microtopography in different hydrological conditions
[J]. Water, 2016,8(6) :1 —13.

[8] WANG Li, SEKI K, MIYAZAKI T, et al. The causes of
soil alkalinization in the Songnen Plain of Northeast China.
Paddy and Water Environment, 2009,7(3) :259 —270.

[9] f&~FIE, B2, g3, 55 LRRAE S R g B il 7

R[] R ,2008,6(2) 1179 - 184

[10] SRFLL, KA, IR se, 55, J6T 38 il e iR 13
it EE L] Rl R GRS RS,
2010,26(2) ;140 - 144.

[11] WANG Yongjie, LUO Jinming, YE Yajie, et al. Edaphic
characterization, water and salt translocation in saline
marsh at local scale in Songnein Plain, Northeast China
[J]. Advanced Materials Research, 2011, 383 - 390,
3744 -3750.

(12] FATR, L EL 21,5 FLBR A SR T K &
GABEMBIFET]. KA ,2007,38(7) :845 - 851.

[13] ZHEUK, i 5 bs , R RA, 55, 55 8 IR AL A B o 4L
JnAnAY & 18 A X [T]. R oA 4, 2008, 28
(2):392 -400.

[14] FENG Xiaqing, ZHANG Guangxin, YIN Xiongrui.
Hydrological response to climate change in Nenjiang river
basin, Northeastern China[J]. Water Resource Manage-
ment, 2011,25(2) :677 —689.

[15] WANG Zongming, HUANG Ni, LUO Ling, et al. Shrink-
age and fragmentation of marshes in the west Songnen
Plain, China, from 1954 to 2008 and its possible causes
[J]. International Journal of Applied Earth Observation
and Geoinformation, 2011,13(3) :477 —4386.

[16] BAI Lin, WANG Cuizhen, ZANG Shuying, et al. Remote
sensing of soil alkalinity and salinity in the Wuyu ‘er —
Shuangyang River basin, Northeast China[J]. Remote
Sensing, 2016,8(2) :1 - 16.

[17] 240, P MESL, e, 55, ACh sl 4L e 1
SRR R AR AL R R R [T ] M 4, 2014, 45
(2) :450 -456.

(18] SRELL, IR g, T U7 8, 55, $L e 5ol sh 481k
FRIELD]. B4z ,2015,70(1) ; 131 - 142.

[19] QIU J. China faces up to terrible”state of its ecosystems
[J]. Nature, 2011,471(7336) :19.



