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Fig.1 Location, altitude, river network, annual mean temperature and precipitation of the study area
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Table 1 Landscape classification of Xiliao River Basin
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Table 2 Simulation results of monthly net flow of three
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Wy E AR MR s
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rate period
Can Gl
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Period
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Note: RSR is ratio of the root mean square error to the standard deviation of
measured data; NSE is Nash-Sutcliffe Efficiency; RBIAS is percent bias.
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Table 5 Area transformation of the lakes and bog with other land use types in the Xiliao River Basin km

2

Wz ITH . JERAM

, NN . 3 Y . J 1) FH
Cultivated . Reservoir Beach . i Other unused
Land type Year Woodland  Grassland  River  Lake . rural,industrial and Bog
land Pit Land .. . . land
mining, residential land
1990 -18 3 13 -5 0 -2 -1 0 39 5
1995 -6 -3 5 1 0 -1 2 -11 -26 -9
W 2000 -17 -3 =27 1 0 2 0 -3 1 26
Lake 2005 -14 0 1 0 0 0 0 -1 -6 -5
2010 0 0 0 0 0 0 0 0 0 -1
2015 -2 -1 -1 1 0 0 0 0 0 1
1990 -13 -12 -61 5 -39 -9 -7 19 0 43
1995 -159 -26 -3 -11 26 4 13 -32 0 -79
a3 2000 -70 4 -32 4 -1 -2 -10 3 0 106
Bog 2005 -100 -2 19 3 6 21 0 0 0 0
2010 -5 0 0 0 0 0 0 0 0 0
2015 -3 0 1 0 0 1 0 0 0 -1

e IR YA L8 S B R ORI GEED, FUEEEIE GREE F o HAL L8 75 28 .

Note: Positive value is the conversion of one land cover type into lake (bog), negative value is the conversion of lake (bog) into other land cover types.

3.1.2 HASEBAFAE

NSV W P AR FE R (B 3D, PRI
1980 LISk S b AEER TR E. TR
MFEHAE 1980—2015 F A KB A 3 BB, 2814
BBt 9 1980—1995 4 (1], Jii ak s5e Wi i #ote i B oK, Hop
1980 — 1990 4 [A] -2 866 km?*, 1990 — 1995 4 [f] Ny
=5491 km®, VEHLFAEHIRFESS /N 0, BERIXAN B+
W s AR T AR AR T R R, IR HL R B
K, BFUEAIE FE k-8 357 km?; &5 2 Br BN 1995—2000
RN, ATIRAIEIEE KT 0 Ch 531 km?») , BHI4
IR FE A ) T AR B T 1 R, (B A 45 Mg P A K T —
I H A /0, DR O S 0 SR AR A 3 0 4TS A T IR K P
(-7 826km*) ; %5 3 BB 2000—2015 4E[A], 4=
SR B SO R /N T 0, U BH AR 1) A 5 1) SO 4 1)
FAEAERIRIE, HiiREEaL T 1995—2000 4E[H], AT
~505~857 km® 2 [i], M ifi 580 RFUFE el Lt — 20 T F#
3.1.3 IBEARA AT

2000—2015 4 PHIL A E FEAE A A K =ZE (4—10
H) NDVI 4 GPP 1A EM R Z ) E A (E4)
Hr NDVI /T 0.21~0.36 21, P8 0.30, 284k
1A 0.07/(10 a); GPP AT 213.12~257.73 g/(m*a),
TN 257.73 g/(m*a).

PEIL I IR AR K22 NDVI PS8 A7 76 5 B 1 (X
W2 (Bl 5a) , NDVI & B X 8 F 4 A 720G 2R
S0 YA I AN P T TR R U X 8, AR K RT3 NDVI
kT 0.30, [FIERS NDVI 52 _ETbiE s, Hpsgnigx
AT TR DX 335 0] 32 LA 22 0 ] g S 2 T A ] R iR R
FE R XA (B Sb) , AP 0.01, 1
H B EFER &S (p<0.01) ; 4 GPP Vi
REI A AHFAE (B S¢) 54K 2 NDVI fE2 0 L BA
AT AR N, {H NDVI T GPP (48 4k 4 #4 i 2% ] —
R ZE, A THIE GPP (A5 A FE 1 55 1 R a3

(p=0.05, &l 5d) , tHFEFHIEMN NDVI f£4E— &/ E
PAN =R

5000 0 1 SR ) ¥ Landscape transformation

é —— BRIEDUE LR Cumulative landscape transformation

g

= 1
g 0 -
&G
#®E
= b=}
% £-5000

2

3

g

3

-10 000 . L L .

1990 1995 2000 2005 2010 2015
E4 Year

T SOULE AR BV I RIS S IR AR R, SR UL e
BES UL i B ) SR, >0 R AL TR AR, <0 R ik TR .
2k BTSRRI A B R, R R T AR B R R

Note: The landscape conversion range is the net change of landscape dry-wet
conversion in the Xiliao River Basin. The cumulative landscape conversion
range is the cumulative amount of the landscape conversion range, > 0 means in
wet habitat, < 0 means in dry habitat. The rise of the curve indicates the
development to wet habitat and the decrease of the curve means the development
to dry habitat.

B3 1980—2015 4 & i SRR 7 IL4% et
Fig.3 Landscape conversion extent of Xiliao River Basin from
1980 to 2015

3.2 WITARESIET LT

T FRFFFUT B (1980—2015 4F) IS fRAS fh#a3h
H5AEE 5 CHARZI0 R USRS : 1951—
2018 4F) Z (B F&R, XL aAr 7 PH LT ikt 1951—
2018 - F11980—2015 4F [ 41 25 iR AR Bk 2 A2 4L
. AL, 1951—2018 4E PG 1L il aE T 155
AF 6.59~11.10 CTIa], “FHK 8.88 °C, HAFEEMRE
= bAiEH (B 6a) , AEAIMIMZN 0.3 C/(10 a);
1980—2015 4E[i], FFHFE\ENT 7.91~11.10 C, F
¥4 9.32°C, 5 1951—2018 “EAHEL, 4F-F3 18 hn
T 044 °C, FPHSRBSA kN, SEEERS
1951—2018 = JLF—5, 58 A 1w 22 A4H [F] o
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2
02t = 0.006 8+ 0.237 6
R =0.6923 p<0.000 1
0‘] 1 1 1
2000 2005 2010 2015
1 Year
a. NDVI
400 V' =4329 9x + 220.93
R2=0.6004 p=0.0004
=
E 300
&
=
[a%
5]
200 1 1 1
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A Year
b. GPP
B4 2000—2015 48 il FAKRIE FALK NDVI =
GPP %4t

Fig.4 Variation of NDVI and GPP of bog vegetation in the Xiliao
River Basin during 2000—2015

IIMTEERROK BT (B 6b) , 1951—2018 4E[£/K &
A F 25575 ~52838mm 8], fEREKETHN
377.6 mm, (FTERESHI TR 1980—2015 fERE/KEA
T 257.49~511.35mm [, “F¥N 372.84 mm, BT
1951—2018 4F, F[&#a3A%e 1951—2018 FIH &, (HAhA
LB R E K.

3.3 WiAREIEMT A mEER
3.3.1 REEMREIN S H

PP RIREL N 51 AN TR, T K E .
ZRECE . MR A A 6 T S TR Y e T AR . T8
B Hb T A, VT AR e, rp R A AR AL
IR~ B A AN BN TS GRS r AR
CEl LA - b R FH 28 B 6 B8 Sl var AR I TR sk 2>
(RITHIRR AT/ B 2 o Fo At b b R FH 2R AL T R
KA R RN EFRK, LGSR —HEH
Ja HEAT T, et i R, R R AR R
5w\ GRE BHHARE SR EHICCR, Hik
Klang. 7 mr 0L, TR AR S R K R AR
TH1IE T AR AR Ak 25 R AR 3 B R R 4 M TR A
KRR, BKEMABEDRLKR, WA RE
ZHER, PR KR N 2 R 1A A R Y T AR AR A () 3R B
RE S g 53319 0.589 7 1 0.669 6. WA AR AL E T
BEAAERIE-19.28~11.62 km*, 52 X6 N[ (&K B2 ALAE
-300.95~295.02 mm 2 [&], & H{ &= AL 1E-784.68 ~
690.33 mm 2 |f].

HEIAR AR NG RFKERN ., BRI 2N
BEMZRMZ R, PR E R Z B AR E T
AR RS BE 77 g {53 1175 0.886 1 1 0.829 8. AR L.
B AT, FEAKEARLAE 200 mm 75 47 2 VTR

I KT
NDVI
Annual average

NDVIZEALEH
Tendency rate of
NDVI change

7 0~0.005
50 km [ 0.005 1-0.010

0. 251N0 300 Slgmﬁcance

50 km
= 03010326 ¢ 5% 01 )= = 0011
CIEmE «p<005 e
Withoutbog 7 =0.05 Without bog

b. NDVI L
b. Trend of NDVI

a. NDVI *F¥J{H
a. Average NDVI

GPPE{LE %

Tendency rate
of GPP change
Sgm*ah)

Annual average
GPP

C1200-250 1, \, [1-3.539~0
= 251~300 Slgmflcance . o [0.001~5.000
B 301~305 exe I ) 5.001-9.455
NI . . 373
I LWE  eh<00s EpE
Without bog - p=0.05 Without bog

c. 4 GPP F¥I{H d. 4F GPP Ay
c. Average annual GPP d. Tendency rate of annual GPP
H: O~@ MR FRAMGT . EFAMI . DB RAARH . 1 IR
[ SEVET] . BORIANTE I o
Note: D-@ stand for the main stream of the Xila Morun River, Chagan Morun
River, Ujil Morun, Ha'er Gol River, Laoha River, Jiaolai River and Xiliao River
respectively.

B 5 2000—2015 F il a4t K& NDVI - GPP &HihAs 3
Fig.5 Tendency of NDVI and annual GPP during the growing
season in the Xiliao River Basin from 2000 to 2015

12 -—— i Temperature
------- 1951—20184EZF (k4% Trendline during 1951—2018

—— 198020154t
Trendline during 1980—2015)

3=0.03x-59.37

[ R=0.7209, P<0.001
=0.03x-59.34

R=0.466 5, P=0.004

(=}

=5}
T

St Temperature/'C

1 1 1 1 1 1
1960 1970 1980 1990 2000 2010
3 Year

a. i
a. Temperature

600

y=-1.50x+3 369.13
R=-0.222, P=0.193

[ 7K &t Precipitation/mm

2001 —.0.40x+1 179.68
R=-0.119, P=0.334

1 1 1 1 1 1
1960 1970 1980 1990 2000 2010
AR Year

b AEREKE
b. Annual precipitation
B 6 1951—2018 4 HiLAAMF-F AR A F K E T
Fig.6 Variation of annual average temperature and annual
precipitation in Xiliao river basin from 1951 to 2018
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A A, B2 B K R > B /T 200 mm, VAR
T RSB B KB T B g 3 n, BB PR K & B oK T
200 mm, A5 A BE B K & 0038 I gds . 43 H R L
KL, DVEEEM FEERUK, SBEEREEK
A VR T, R MERKED R, #HoEE
2 2L SRR AE, DR R AE BB R S S X
a3 DX 43 R, SRR DA e Hr R M, A AT
B e K ERINEE R 200 mm ()T R AR P
TE A M AT G, KRB AR SV
MWE . WEE 7d MG ML ARITE, ZBERLE
500 mm ZE AR VEFE AR R AL B 7d H 85.24%
FI 78 BUR AR LB 500 mm A HE &, BE/K R 200 mm
(E 7¢) , WK ERNEZBETIIIHE KR K
W, “HEWMZEMLEMKLRKR (R7=0.6747,
P<0.000 1, n=306) , AU, BE/KEBAIK, HHEL

TR ER R S K EZL (B 7e) « HZ&R
A (K 70 YRR ENEIMIEMHRKR, BKE
MABEBWK, WA EN B3GR
AN ZE R AR R AR IR R IR RE D q B A
H9 0.647 1 A1 0.593 2. {HAEREKEARLIX (8] 9[-300,
3007, BT AR I = AR A 5 B /K AR A0 TG B B 1 A
KN, 30 5 R AT R 5 % R EOK R AR R K SO AL 5
TEE R

SITIREEREAE NDVI 54573 R A KT PR
R K EMA KRR RN R RN, RAEEKST
BRI 3 2 AR R A (B 7g R 7h)
17 L3509 B Atk TEAH 5G 56 2, 13 B i DR 3 0 78 T A 4
TEEERE R AR KT e B — 5 MR TR R B K 43
DRI 26 B2 M (1 B4R, o A s IR T R 2 F 7 5 O AR K AE

TEEERIRE AL, 7K o3 55 AR AR A A A K™ A8 T I 1 1) 24

LBl 2 38 . EH
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< [
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B 7 1990—2015 @il FiRE ey #a @R EMAE LR E T X 2

Fig.7 Relationship between lake area change and meteorological factors in Xiliao River subcatehment from 1990 to 2015
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KB e S AT 3 AL A EARE T AN 5, A el L,
A2 A P HEAE HI P9 AL ) 329 D B K B 5 28— 52 AL )
FIVER], WREhAES) g MEEIL 0.70, W] WFEKOE R AL
MR EZ R 7 HEAE SR =3 P A2 HAF A 2 LA
FIZRR AR (AR A 5 25— S M R 1 (K U R A

R - 3t R IR AL AL S AT S5 R T AR iRt
B A HISR AR A, PR AT LUK b i R AR AL PR 3R
UEVSPNCSYS pind:NiE Ak e s} 2 15 1 S i B U
BRAL T TR, BitA RO 40%, #h
RNV AED NIRRT S AN N RS PNE S )
ARSI R . SRR 6 Mt ReT i,
R PR 2% 4 3 T AR A A s AT A ) 2 S A
7, NRESHEEKZZNT BRRER, Hh AR
IR IR BN R Y. T I ARARAL L WA T
RARAL M I B AR AL

*o6 TEEFXEERSH

Table 6 Analysis of interaction of different factors
WVATAARAL FHEETAAAL ISR RIER AR

Lake area Swamp area  Basin runoff depth
change change change
FELHEM 1 Rk N A FEKER: N A8 HK -
B
Dominant Interaction 1 /D THAR s AR N AR
q 0.770 0.934 0.708
FFEEAEH 2 Rk N 2L Bk NVABE Bk N B AR
Dominant Interaction 2 = P THAR B34
q 0.764 0.922 0.687
L HIEH 3 ZHCRE N BKE NEE AARE NP R
Dominant Interaction 3 HEINTHAR I AT AR A4k,
q 0.746 0.909 0.395

4 ¥ ®

AWFRFEY, MRS RGN E ) FE
I AKCSCR R AR R Y, IX 5 Ferrati X Bl #2 £
LB Esteros del Ibera Hiu[X AT 77 45 18 H A A = I AEALL
PS5 AR A T B3 T SRR I A K S ) R b e A
BRI B R R H AR R, S
A DR 2R B R T i RN 2R S S VR F e, BT R
Bl R e R AR . A A A S A
Jb 2= BR w26 B Hh XK 2 iR = 508 38 5 A ] BE R AR I X
PN, T REA R SR ARABER N, MUES
FORHPEHA G K i, T H AR S R AT R SR K
XKL, Ak, ASARARRE A1 1 VR L7 B I [ 4
FERI ARG R e AR, 2 S R KA R, X
ST B SR A AN R

= H ) A Bl A A R TR B AL B BT
PR RS2, WA AR 45 AT WL, 6 I AT e £
HH AT X3 Ak B R A AR, B AR o5 2 12 A s v R
B FEREZ —, 1980—2015 F[A][ 6 4~
I HAEEH 22 S E 57.00 km?, 12 5 VEEE 350 km?,
1M HIXFZ 5L —RATER, Sk, #iiS Hih
R ST B AT #e 4k, DRI AE S A I R0 9 B T AR AR
15 - R S R 2R AR DG PRI, W b T AR AL
i) FH A A (AR 9 1 B S I T 5 B K A e

BARA AL AT B R IR OB AL 0 F B R, HEET
b R KR Bt T BE 23 R R 2, B G BT B
ORI 5 OB K 7R P B K PSS,
BT RAEG, KR AR FE R AR A 35 K BRI T
WA RN R, > T ANAMNE R K 2y, B
FUEM AR AR R ER, EME T EgE, X
B A Z T 5. 2T R AR L,

AHFFELEREI, 1980 FELISKIEHIEY NDVI 1
GPP ¥ 2L H K 2% %, 5B ZEA MR AH1E,
JR R 5115 777 9%, fETH5E NDVI Al GPP &R X4
SEIRHOAS B R, WURTESE A S b L O HoAth
TR T, B ATE G 6 BN o 5 R A A K )
) 2 NIRRT, K AR AT ARV R
iR A 1 R R T, 2000 4 DUORASR I B3 TR
% NDVI A1 GPP fli& 7 A RIZ&AF, Fb 3 7 vai
T b S AR T RN LE 25400, T VA 0 b R A 38 I 4 1
WA

KM 5T AR SWAT BB %] | 4&F N E/K X Y]
TR B AR A K 5 2 0 87 DX 3 A 8 Y R0 7
[T ANV A 7= T BUR IR ke A 3: L Y P R R - 1N} - 2
WAL, H A S A s A PR, iy ELR = K
N LIRS KR St EedE, X SWAT BRI SRR E K
AR B 2 72 A — e e, e S T R B — Db
FERZ I TORE, BE TR B N ST IE T, fE
TR TR RS 25 SR B il 5K

5 & ip

1) 1980 4F BIORPEILFTRUREA i 1T 1224k
T, BR 1995—2000 4 AIRAAER SN, AR T
Glace

20 VY IZ AR e M R A BT R, A VR R T AR A
TE NS, EEEM NDVI ARSI R T
GPP fFEMR 23 LT % .

3) WIAEAR AR AR AR S K AR A
AHCE AR BRI IR OSSR, THEER I T
AU E 2 MR B ER 2K %, NDVI
A GPP 5 A KFRR AR E I IEAH G R

4) BT IRBE R iR, B KB P T
TSR S N < kP S R ) & P2y 6 O BT L Y £
(3R 30 66 77 B B/ 35 R 3 PR AR TR L
WA .

5) PIPSRBNA T2 EAE R A0, Bk B 5 25 K
BBl R B B R VR FDR A . VR IRIR
FERIIREN BE T1 v T F A RS E A, SR B BRI R
XA AR R S KT AR T

(& £ X #]
[11 Jorgensen S E, Xu F L, Salas F, et al. Application of
indicators for the assessment of ecosystem health. Handbook
of ecological indicators for assessment of ecosystem health,

2005, 27: 55-66.
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Evolution process and driving force analysis of natural wetlands in Xiliao
River Basin based on SWAT model

Yu Chenglong®?, Wang Zhichun?, Liu Dan'?*, Zhao Huiying'?, Gong Lijuan’?, Tian Baoxing'

(1. Heilongjiang Province Institute of Meteorological Sciences, Harbin 150030, China; 2. Northeast China Ecological and Meteorological
Open Innovation Laboratory, China Meteorological Administration, Harbin 150030, China; 3. Chifeng Meteorological Bureau of Inner
Mongolia Autonomous Region, Chifeng 024000, China)

Abstract: Natural wetland is one of the most productive ecosystems, providing with the wide arrays of ecological services to
the local communities in particular and global communities in general. The Xiliao River Basin in the eastern edge of
agro-pastoral ecotone in northern China, has become an important agricultural and animal husbandry production base, with
obviously regional transition and vulnerability of ecosystem. It is necessary to accurate assesse the driving forces of wetland
ecosystem evolution, thereby to understanding the long-term evolution of wetland ecosystem, and the contribution rate of
climate and human factors to wetland change. In this study, taking the Xiliao River Basin as a research area, a quantitative
analysis was made to investigate the evolution and hydrologic attribution of wetlands using the soil and water assessment tool
(SWAT Model), Geo-detector, landscape conversion methods. The digital elevation model (DEM), land use, meteorological
observation, and vegetation index data were firstly utilized to define the geographical region in the Xiliao River Basin, and
then to explore the lake and marsh wetland areas, landscape conversion characteristics, change characteristics of marsh
wetland vegetation, and river runoff depth, finally to quantify the types of natural wetland for a long time series and the
transformation process. An emphasis was placed on the impact factors of climate or land use on wetland change and their
interaction, as well as the contribution rate of driving factors to wetland change. The results showed that the average areas of
lake and swamp were 607.14 km?, and 2 657.00 km?, respectively, both of which showed a decreasing trend. The average
depth of rive runoff was 48.46 + 36.82 mm, indicating no obvious change trend. Most types of land use had invaded the
swamps and lakes, with the largest area occupied by cultivated lands. Since 1980, there was a dry—wet—dry transformation
process occurred in the Xiliao River Basin, except for the wet periods in 1995-2000. From 2000-2015, the mean NDVI and the
average annual GPP were 0.30 and 257.73 g/(m’-a) in the growing season of swamp wetlands, both of which showed an
extremely significant upward trends and regional differences. There was a highly significant linear positive correlation between
the changes of lake area, the runoff depth, precipitation and evapotranspiration, a highly significant conic relationship between
the change of swamp area and the above two factors, and a highly significant linear positive correlation between NDVI, GPP,
and accumulated temperature in the growing season. The influence of natural factors on wetland changes was greater than that
of human factors. The precipitation was the main control factor of wetland changes in the Xiliao River Basin. A single factor
driving effect showed that the precipitation was the main controlling factor of wetland change in Xiliao River Basin, where the
order of driving capacity of precipitation and evapotranspiration on wetland change from large to small was the marsh area,
river runoff, and lake area. A synergistic effect of precipitation and evapotranspiration on lake, swamp, and runoff depth was
higher than 70%. This finding can offer the possible mechanisms to control the changes of wetland ecosystem in the Xiliao
River Basin.

Keywords: land use; models; NDVI; wetland; climate change; SWAT; Xiliao River
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