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Abstract

In recent years, wetland degradation in the Liaohe River basin is serious and the wetland function is
weakened due to the natural and human factors. In order to analyze the main factors affecting wetlands,
the typical wetlands (Panjin wetland, Puhe wetland and Lianhua Lake wetland) in Liaohe River basin
were selected and analyzed the characteristics of three types of typical wetland landscape and the causes
of degradation. The results show that the variation of landscape characteristics of Panjin wetland and
Puhe wetland are similar, which are showed as the area of grassland and construction land increased,
the area of wetland decreased and the area of cultivated land increased firstly and then decreased. The
main factors affecting Panjin wetland are the climatic factors, such as the increase of temperature and
evaporation, and human disturbance including the increase of construction land, the development of
agricultural aquaculture and the crude oil exploitation. The natural factors of Puhe wetland degradation
are serious shortage of resources of natural water, human disturbance, including point, surface and
source pollution of Puhe River Basin, Puhe River upstream water conservancy construction and the Puhe
River rubbish and so on. As for Lianhua lake wetland, grassland and construction land area increased
significantly, while the cultivated land area decreased year by year and wetland and woodland are re-
duced after increasing. The main influencing factors of degradation are serious water pollution of sup-
plying river such as Fan River, economic development and Tieling new city construction.
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1. 51§

Mt IR EOKREAR ELAE IR SR LS R G, 2 HAR TR R B2 PEPE I AR S SR A N S i FE 22 2R
B —, RS AR R, B4R RS DR 2 RV DL TR KR BB 5
Befidrs ey whndt Rk i LI R A E BAERI[1] [2] [3] [4]. Tkt T BAAREMAATI, Bl 3]
—EREEMIBIR, 1 ERIy A AR IE SRR A A W), SR AR, AL S T REI S5 55 (3] [5]. o,
M T AR R S e A S R GURE B AR B, i R L AR e — . 38R S GIS HURIISE & 1R
HOBEIR A AR T RROAER, ORI SOV R AR L P LA R A A R AT S AR A R B T AR T
o B [6]-

ARSC IR TN GOL T8 TR AL T v 2R G DX DG R 3, AP T BRI T AT 12196.15 km?,
A [ IR 8.24 %, WRMSEAL AR, PSR WAR . EEER . N TR 5 K. XLk
M3t BAT B RS RS DI RE,  4ERrE XA A SRS P, JF HAE BRI X W&t K g A IR &
FALE . H A LR TSR T 7T B AR AR, SRAR[7)SE R TR, GIS BORMIEFSNA A, XL
THEREHAT =R ARG KRG, BN GHAT T FMRR M 4 T E 6] I = A AT iR
BRI AR AL A AKEh F3 70 Hr s RUIN TIRANWTIEIN, BRI AR, EEIRB I N A, 2
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GEA LAY JE o BEEEAR[8] /0 HT 1 3L T] = A1 IMIAT 1B HbIUT 30 4R S WLvE AR A, 75t ARV BB T i A oy
AN TR, S K=, SoW R, RV EESE AR, AR iSN TR
Hh, TR BRI T @ R T S R A, R S S Hh A SR AR R R B AR

T SRS R RIF T ) TR, XA, A TEH SRR D, XA T T A E A
FIRM RS TR, N T MR — 8, AR SR W8 B A [R14RF 32 B =N ]t S e 2R g b o 3 ok xof e 7Y
JEHLHEST 2000 4, 2010 4F, 2015 4F 7~8 A, It 24 # TM 3B EEIE 4T, 75t SRS 5 2R i AR & 40 i A8 1k
FHIE, IR BRI AN AT PR AN J7 T 4 A S AL 1 (1) S LR R 3

2. 1L Feis s BB b KR E
2.1, MRS

IR T R4 116°54'% 125°32', Jb4: 40°30'% 45°17'2 [a], efkE-LRITmRse —, KE T
AL X A BN KISkl (R 1490 m), &b, Wl SEHRRAIL T 4 ANMEIX, EEAE VI -
FRILIA] = T ) P (FFR IR 7K ZR) AN VRIAT = R -VA] = RILVA] 7 (FETFRVE R IK 2R) 55 I KM K R, i Ak 2201 km,
SR 21.96 15 km?, JRACIRK R, RIEERACA, ZRE8. PSRRI R LIRSS, DA S it 3N
T, it 48.2%, FEFRY 21.5%, “FE LN 24.3%, Y& 6% [9].

LA AL R KRR R R, WAEIZE, HRZ, XFTEEK, FRERZRAD, EFERA
2, HKEBT, FEXK. ZEFHBEKEHN 300~1000 mm, FEKN S0 AGRAEE), MRS, 25
FPE 6~9 H, HAeFERKER 70%~85%, 5 LRI KEEMERN 221.9 12 m®, HohRK 7 HE=
137.2 42 m®, AR FK IR AR 115.04 12 m®. ¥ RK R BHEKEIEMBCE R, PH I K 5™ A B

LR R E AL A, AT FU. E AR, e A B O . XS T, &
b A5l B BRI T HEAT (04— FR AN 805 B FERT I T A e = A A K SR i s . Tolk T — A T K2 4
b i A 2 b, R4 L BV K BRI T B ROk R G, HEAERS KRBT B
P i5 K HEA R K RSS2 Ny P AIRAE . T S BOL Ik K 5 i5 ™ 8, AN A4 X 35
LIV ZEKERHE, KIS R IR K V BRSO, HEA SV BRI HIX, K55 § ™ HE[10].

2.2. BEGEIMIRE

HUFI L PEIAST  K SR A DA R KR AN Za IR 0 A5 0 e 2 AR AR A B e A B AR o /R AR B4R T A i A
DLIEEAL E, 25 RS IR SR | R AR IR BEIR DL UL B I g A A R R S SE I 2, G U T kv A
HA RN =N

R R TR Gl . RS AV ER I K WML DL RS £ AR ) AR
M, AURFEAIKZESE N TR [11] [12]. bR bR, 3 ASIEYI R 2, SOLi R 2,
BAMREASRMETT A, RENIMEE e, T8 28R IX ARSI 245 R
JEHREEARH AR

VA TR TS G R KRR A [13] [14]. HAL TS, AhFEKIREE ., B TR S BOK IR E AR, KR
TEETGR, SRR TERE . WA T R SR T AR SRR AE T F AT IR AL S B ER O STk ) S 2 i
MAESBEREAAHRIEN.

BRIEICHHEIE T B AMATE G, A KR G AR EAM N TR, b goKim e
BAERZ BT IR WA AR AN LR SR . K ANKEE[15]. FEAEHIT I R AR X IO AL W]
A, FHOE UL TS, R i Sk R N GERA e B R & R [16], HA R AR,
FRORE) LIREE A AEYIX &, SRR, 0 H A S KRGS AR AR e R . DRI SR
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S, AT LA RN T ST S
3. HELRHIRIL R E 54T
3.1 ERIEHE LR MmE R

3.1.1. BIREHBRE RMARTL S

AR AL 40°39'~41°27'N, 121°25'~122°31'E, Willmihigias, J& TREl i K Fig =R A s, FF
¥R 9.1°C, o 171 d, 4F H BRESF A 2568.47 /NI, FE/K B IR G, T 60 KA P /K 2= 211 mm,
BB AN 7 H, S PRIMXHREEN 65.78%, F-FIXGE 3.2 m/s, B8R, T FHhX . SR hihsEsk
B B AT SRR, AR bR, AR 2° DA, PR 4 me 2B IX T ORI, XL
BT KR T EA] UR A (28 ELAE R FE R T AT AN 3.0 x 105 km? (B A S RS, T = MM
ER Sy . HBHhSRM E ARG A E . EHEEH . FWEE. MG, B KR AR 7],

FHERIR A SRS B R AR e 1 B, SRR 3096.46 km?, Jerb i BT o AR A, A TR 45%~52%,
HUREHH, R 33%~40%, ARG AEFUHM. MM, SR Al 2R, 4300 B AR 7%~12%.
1%-~1.5%. 0.2%~8%#1 0.03%~0.11%; A4k K&, 2000~2015 4E[a], FHANE A i AL B S n, 36
T AR 53310 233.24 kmP Hil 146.73 km?, T {0 AL IZ AR IR , yl /b BT Ay 198.86 km?, BkHhu i AX 22189 i 34.34 km?,
SRIGUR/D 215.40 km?,  ARHUAI LA 4 i BRI AR (AN K

312 BREMRUENER

3 59l A BR 22 R0 NP0 196 73 T 6o 48 R 3 A [ = 5 e (R B R AT 20T o

1) A=

SRR R F BRI K E . i E AR BRI SR AT G A, 15 R AT 2 R
TP B d e R A R AR R A BT, s 1 i, BTSRRI AR S Ak 344 0.03485°C, 0.01212°C Al
0.04347°C. H5AaESMBERES S, RN T &, FEEREHK A& R &R, P nlEiRht
B SRR R4, PR AR A K AR 2 T TN A R

2) NNFk

FRAE S /SR S B B R, #E8RTH NEIA ) 139.2493 73 N, [A465 TLik4s BN I A5 A L, 10 4 18]35 0
13.0740 Ji N\, #HK 10.36%, FTFIHK RN 0.99%. [l FHR TN DEE 2RI, ST RO &R ie Hh %
PR T SRAAWTHE I, SR SRR DX ) 2 5 AN 0, RO T R R S T R AE FEABOINGR, KR
FHER B ARIEHD U R AR AR SR P, IR TR N N TR 0 B 5K I 22 57 R AU FRRIK RS, 3 ek
RANBH T AR B, HEH A AWK
o EIHHHLAIIEG M

FRAE 2000~2015 4F 0] (1 S U B THI AR ECH A8 4k, ] R 0 b A0 4 500 FH b TRTAR B R34 0, 38 s AR 3 0

Table 1. The changes in area of each type of landscape in Panjin wetland during the period 2000-2015
& 1. 2000~2015 245 E tth F W XA EFAZEb/km?

AR il plivg:iA easdazhill HAth HhHh
Fhr &1t km?
A km? BH4r % A km? H4rEE% A km? B 4rEE% TR km? H 0% R km? H % R km? EH 2%

2000 7= 43.85 1.42 8.47 0.27 1596.66 ~ 51.56  228.22 7.37 0.95 0.03 1218.31  39.35  3096.46

2010 4F  33.54 1.08 24.63 0.80 1496.57  48.33 285.52 9.22 3.55 0.11 1252.65 40.45  3096.46
2015 4F  42.19 1.36 241.71 7.81 1397.80 45.14 374.95 12.11 2.56 0.08 1037.25 3350  3096.46
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16 T T T T T

—=— Annual mean temperature
—=— Annual mean highest temperature ,
—5— Annual mean lowest temperature

12 y=0.01212*x-10.03

10—

P23 B /°C Annual mean temperature
[oe]
T

y=0.04347x-81.4

5 I I I I ! I
1950 1960 1970 1980 1990 2000 2010 2020
FAy Year

Figure 1. Annual mean temperature of Panjin wetland from 1955 to 2015
1.1955~2015 SRR ESIBMNTL

233.24 km® f1 146.73 km®, [Alif A eR i+ = FitRIaT a0, 6+ A, BERTRsE—. = = KEE L
J&&, FH LA P A E AN I, AUt S A S AN T e, X SRR R R T A, S B0 HIR L.
o RMIFREKFRGEN

RN IR FE S, EEAMIERRZS, EREHEKIIER T, KEMFRE T = MM A ka5
M, i R K SRS G SR AN R H S AR A A KR AE A R AR LR, T LR R ) A T B 1 IR
AR FEE BT ™ H A U SR o[RBT X3 A K= FR A R DU R R, RS MR s i MBS R 7R T )
B, SRS B AR R LA S5O0 2 FEERD (N T
o ATMBHIRIFR

B ARIE AL T T R R YR AT R, R R, AT, RAREMF R EIEEEE . WARRRE
BT RFITER, o 7R RN E AR, JF ELAIR T IR Y SO0 ) sE B 0, Bl Rl B RIS i R 2
L5 L FSRAE R 09 N DSTEZ, QBRI & AR IE BRI TR AR, MR Tk 2 P AR A R b SO0 0 S R
IR, BRER 7 I % A A AT S . A 3 R SR R M AN A AR S b B SR, 2 ] ARV R (1
PERAAL . IR AE L B 5 BRI R, I 2B R AR TR TR B AN IR R i) 32 AN KR, T
N T G b 4 b 7K R R AR S PR 3 AT LAE IR YRR

3.2. AR MIR R E &

3.2.1. SEINRHBEER K R ARV ST

AL YR ki BARIE T 7 2 A8 Ll 7R B SR A AR YNV, 45K 3 205 km, TSR R A 2496 km?.
VI TETRRHEE 6 TR K, WAHEAILIF R IX . JLAb#iX . Tt BriRmAns h &, K% 168 km. #Y
A 2 S ALK PE . AR KR, IEE B KR K. AN K IR FE R AR BE K. b
WEKEEFEIK . SCIRI AN TR K B RIS KT HEZK . BbAh, I HE R AR FR %295 7K o T 7K R K BRI 25 43 A
ALY, R AR B2 TR, R K AR B RS #h K [14]

T S AR T AR LK BERTEAT K EE () AR i K B AR A IR, AKEEF KT B, Al P K&
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ko VIV I 32 BOKVER B AL T IRAREARK, FMKE KL HREKER 32%. LULERENARR IR IR SR K
TERAERAMNR, HEZZETICRMAK. teo, IS EHK S SRR E R 41% 4. Bl —BRIAKENS
YERPAE T AR S K, 10 & R HERAE R 53—/ K BRI, DRl G ™ HR AT 7K AR A PR BT 1 ™ B AR [18], AR
JSL PR TR A AR AN IR S B R R . T EUAEOR, BEE TR AR A RIS AR, R E TS JUIRES SR
FREE BAFb, KA 20 B R OGE AR B K AT e ik BIRE € 1 HAREESK . H T 32 90 175 7K A 46
WA TETG K ARNTHIRTG G R X TV R KR s I8 TV K o T KBTS G, L B ) A SR B i 3
BORHIREIR, T FRBIANA KA L J5KIC N R ARG 7 3 i Y™ B 25 () L, 3 ¥ 34 L 0 L TR i

VHE VATV M S AR R R A AR AN 2 Frow, AR 490.77 km?, R #F T S A S OK, o5 A AR
67.22%~62.59%, HGRIRHIFIE I, 2 s R 12.88%~21.21%F1 11.45%~17.91%, SRJ5 & kHh A%
b MAELK 15K, 2000~2015 4K 7], H R 0 b i A BA 2 38 00, 389 In (4 T AR 4330 23.10 km® AT 31.73 km?,
TR T AR AR IR, I (TR A 40.85 km?, B SGHE I JG i b, ZEALIREEAN K, PR Syl /b Js B 48 i,
2015 “E[HIA N 8.14 km?.

3.2.2. BRI R0 =

T 52 3 E AR ARV YR, T TS KRR, TR EB I B 98T RE ) FIK IR B 25 B [14],
NALIAT AU N 5 S O P e . T, LIS S AT A KT 6 32 S YRR [19]

1) RIRKIEANG T EA 2

TR A R AR K R IR BN AL, KR R 25 B BRI LK R RN A K BN, I b B & K
TR, RIUKTHEEMHELS, AR LR A B30 K B S SR A T oK. HAME ik P A B (AR
BFEX, TR A KA, T E SRR, I 3 B RN A AKSRIE T T IT5 7K, 5457 4 Hh
PACRFFAE A4, HEI S BB HR AL .

2) ] KR AR R

ERT, BTS2 975 KR IE A 2% THIVES B G RE 3B A 3 RO BE DA R Tl B 7K B AR5
TR K S Yo 8, EENENIS S, PR S R R E AR S . R I A A I I R
WAL K TB A S B e FERE A%, B TCVRIA bR SRR D Ve e e i ) 32 BRI, K
S R VT b P AR RS A R TR, i e R R A Y R

3) ARTE B B AT T RS Y

W R T2 24, #20 A EBE B X BT (X, B3R S A A ) e B 2 (T AN AL, 1K
SRR KRR, I 2 HORAERR R R R AR R R R, o R A A AR AR 2
FEERREEFRMN AP S0 R) EREHANZ RS, SEUTRE SR KEEBERER.

3.3. FEWPEMIRUR AR

3.3.1. SRIAEIL MBI R FER B

BRI SESCHIEHAL T E123°41'~123°51", N42°15'~42°20", HuAbIL ] 5 H: 30 S8iaT . FLIR 2 18] (Rt~ JR X,
J&TILWK &R, iR 50.5~60.2 m, J& Ty KRtz KA X, AEF R R AT T, ERRAE
W, MAEZE, HRFET, TREFENSH. $PENRN 83C, 1 A, PR NN-11.9C, 7 Hh &,
PRI 24.5°C. FPEIKER 630.4 =K. G HFRIS RN 2801 /IiF, PIRER 7.7 /MR, FL BEHEEH
MR, MRk, %&F=EE[20].

AR AR Sy, AL N TS A SRR IN AL A AR A R A A, B
Wi AHBRII KNG . OB MRS R EMIEARTERE, TIEEN . AV R AR 1 o v o i &2,
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Table 2. The changes in area of each type of landscape in Puhe wetland during the period 2000-2015
# 2. 2000~2015 4F3EAE it B AR E AR /km?

il i Rt Yt Bt

b A km?
R kM FiAH%  ERLkm® EAH%  ERkm? A% Ak EArHo  ERLkm? F 4%
2000 4F 5.36 1.09 1.25 0.25 104.08 21.21 56.17 11.45 32391 66.00 490.77
2010 = 191 0.39 2.38 0.48 87.02 17.73 69.57 14.18 329.89 67.22 490.77
2015 F= 8.14 1.66 24.35 4,96 63.23 12.88 87.9 17.91 307.15 62.59 490.77

TR VR AR 2 . SRS T AN 1500.3 km?, LRI IR 42.0 km?, JAEEEH 82.0 km?,  FESERMG
326.0 km?, JK7A%H 1050.3 km? [21].

SEAE T RS SR R R T R 3 B, TR 4517 km?, bR T o5 TR, o A AR
75.61%~40.80%, UGB, 5K 10.30%~29.85%, RJ5EMRHIAEH, S AR AR, WAL b
SKE, 2000~2015 48], E R 40 M TG A B SR 38, 3 g TETRR 43 14 29.60 km? AT 88.40 km?, 38 i FE 4y
A ST AR ) 6.55%1 19.55%, i AHF Hhu T ARIR 4L, kb (RTTHIAR Ay 157.24 km?, i/ @ P A s TR ) 34.81 %,
TR AR 38 e gD JE B, 3 AR SR IE A O . SEACINE M TR IR T R IX N 14 40 5N, A5 KA
WX T BT KR, HEREZN 14 15 md. IXEey5 K & BRI T X 15 K ACFR T Ab 5 8 S HE N SELE TR
IR A S RS E N LI IV KR, B NIV 2RoKIR[22], & b TR BE e Ak, T95R
A EFRERG Y, K ELC 7= A T G R

3.3.2. BHBHRUFEELMMER

1) JURIZK 5 (1 s

VB SEACIANE A I 32 BN A KRR AT, FUTAT /K0 X SE A E T W M R A 3 BRI o 3 A SR VAT
WA TAERIZ S TIT IR, WIBHUS T R, A NI K S A A e — e FE R BAF 3 T ¥ , KA Brir %,
1B FLIR] 7K 35 G o) FEATSARAFAE . 4% 4 9 2006~2010 4E FLIA] 7K 5 Hh 35 By e A 45 P 1918

B 4 rf VR, FLAZKJSAE 2007 F1 2008 R4 1 40 2% 75 S . 20 8RN (o B R SR 18 5000 A 38 (i 35 1
i JURZKS Y8 JARE I =/ ME bR Y B (A KR AR, TR 2009 43 2010 4, FLIAIZK B H
P R R KA EERR I EE 2R N ERBA, KEERGE, E75E—0iRE.

2) ZUFHIRE

IS A RIS T ST R4, A3 BIBRIS T 1999~2011 AF A PR ME, Wl 2 Fow, ARPEEE T GEE N, 12 4F
3T 7,552,941 Jigt. MK 3 ATLAE H, &A= 515 2 RMR BT, LR Z i Tolk, #5307
WA TERIE, BONERIE TR EREE k. T RENFER, Fo4&KETAEK, Tk, kil
ARSI BUBR IR IS BAR KM, 2 5] R EE T\ TR B ) E 2 R

3) BRI TITE /KAL) H 7KK B R

BRISTTVS /KA ER T K, SRl K — el i 4k, Bt TR, @i i A TR ik
ARG, WMHEHKRNELB . KA ZWX 5K 75K, S4B EHGERB T, AELHE
MR AR . F B TG KA ER ] TS K s e Bk, SACER)E 1 AOK AR E , FIZK ) COD ff fii i
S, IXEEI S RELLWIE A — 0 B, R R ECELENEH K COD M V bRk T E A .

4) SHTIR X G I 5

RUA T T X R BRI T IE R M, SR AR AR o FE BT X B e FE A, TR S A
N I (10 S 2 0 %o T ) L S R P 2 S5 P R A 1 7 26 R RS S5 7 A AN RS s 7 il e 2 = 2 1) ] 4k P 77
VI RA BT /K S AR S A T Hh ) AR A A e i o DRI, BT ImX A v R B AR L TR AR O
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Table 3. The changes in area of each type of landscape in Lianhuahu wetland during the period 2000-2015
# 3. 2000~2015 FFEL AT =W LR EARTH/Kkm?

Hte By o B BHb
i ot km?
TR km? b R km® EAHS ERLkm? EAbH%  mRkmT EbH%  ERkm? EAH%
2000 £ 28.7 6.35 4.32 0.96 30.61 6.78 46.54 10.30 341.53 75.61 451.7
2010 4F 25.57 5.66 19.00 4.21 25.14 5.57 83.67 18.52 298.32 66.04 451.7
2015 F 61.99 13.72 33.92 7.51 36.66 8.12 134.84 29.85 184.29 40.80 451.7

Table 4. Annual average values of main containments in Fanhe River during 2006 to 2010 (mg/L)

5= 4. 2006~2010 £E JLIAI7K R A = B 15 344 T 19{E (mg/L)

Gy WEEHAE A e il R R AL
2006 25 3.35 5.0
2007 37 483 8.0
2008 37 2.63 6.9
2009 17 1.28 33
2010 15 0.87 3.6
I <15 <0.5 <4
1S <20 <1.0 <6
V Fhrifk <40 2.0 <15

5) BHIEM

Lt AR BRI X i AW T BANNY 9758, JT R 7 R E R ME, S BOELE W]
RERTH T ARG, R D) IZ A iR . BRI THBUM SR PR HUIR A R R, I 2007 SETFAG % BRI TEAE 1R
HHEATAESL, SAT “CRPEEH” SRNg, RIS RAREEE A, O 5 4R, PR AR O D, 3R A ] R
wn, —ERE EWRE T ETE IR
4. &g

1) F SRR VR ARSI EDIROL DA IR A S R R A SR R R, AERE N I IRETE L, B
SE T AR,y AL R VTR M DL R kU S A IR

TR TR, R IAUR, JER AR AR IIRe AT ThRE, RN Rt B A
RN R E 5 L B0gH, AR BIRE Z , KRG E, WERASAHE, R0 TEE,
T 02 b P SR SR 20 A5 o AR A IR 7, 6 I A3 R 2B A S B R B A 48 T S BRI SEA IR
I TEME I E SR A, ZUNTERE, . W3R8 ENE SR XM A 45 7R L R
M BT — e AR, TR A AR SR A ) St LA R R

2) I SRR AT 2000~2015 A1) TM REIRER /04, 15 H SO0k o S A AR S 20 A HARAUARRAE, IF:
MR DR 2 AN A TR AN 77 T 43 B B2 1 1) 32 BRI 3R

B4R S TR 3096.46 km?, 2000~2015 45 |, 5 i 7 470 P b T A B S 38 m, 189 I o T A 43 iy 233.24
km? Fil 146.73 km?, T @ M I RUER IR, Ik FITIRR N 198.86 km?,  #FHb T AR S iyt /b, AR AN A+ 2k
FUARAN K o EZERSI R 22 9 SR m A2 R B3 N SRR, SO M3 0, Aol K = IR I K e
AR TR N TA4A:
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Figure 2. Tieling City’s GDP from 1999 to 2011
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