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Simulation of water resources evolution driven by vegetation construction and

control of eco-hydrological processes in Erdos Larus Relictus Nature Reserve

LIANG Lili*, WANG Fang
Department of Water Resources, China Institute of Water Resources and Hydropower Research, Betjing 100044, China

Abstract: Erdos Larus Relictus Nature Reserve is a typical inland wetland formed by a lake of semi-arid area, which was
listed in the wetlands of international importance in 2002. Its rapid shrinking in recent years makes Larus relictus, the
First-class National protected animal, almost disappear in this region. To explore the reasons for the lack of water in this
wetland and more importantly to find the solutions to it, this paper performs a simulation of the eco-hydrological processes in
the catchment based on the SWAT model. The simulation combined with an analysis of climate evolution indicates that as
much as 10. 043 million m’ is lacked in this wetland. Among the factors which cause the lacked water, climate factor
resulted in 5.944 million m’ , forage consumed 3777 thousand m’, vegetation construction reduced a runoff of 240 thousand
m’, and square-built wells and JieFuliu projects consumed as much as 92thousand m’. Meanwhile, the ecological water
demand of the wetland is calculated. To better utilize resources in the region, the author puts forward some measures of
controlling eco-hydrological processes to achieve the coordinated development of slope ecology, wetland and economy in the

catchment, i. e. , controlling the suitable scale of forage to be no more than 692 hm’, grazing appropriately to reduce the

impact of vegetation construction, saving water, and laying out water conservancy projects reasonably.

Key Words: Erdos; eco-hydrological modeling; SWAT model; eco-hydrological processes
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Fig. 1 Catchment and river system of Erdos Larus Relictus Nature Reserve
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Fig. 2 Main ideas of the research
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Fig. 3 Result of sub-basins partition according to the model
#1 E10a FEMHALHFA
Table 1 Land uses of different periods in the past 10 years
4E43 Year
1996—1998 1999—2001 2002—2003 2004—2005
+ 3] 2 A Land use gl xR [iag:al xR [iag:al xR [agal 13
Area Percent Area Percent Area Percent Area Percent
/hm? /% /hm? /% /hm? /% /hm? /%

KR Water 1359.32 2.09 1212.10 1.86 698.96 1.07 443.71 0.68
JK ¥l Corn land 531.91 0.82 795.74 1.22 1009.78 1.55 1083.44 1.66
THEBATE Dry lake 8.50 0.01 127.77 0.20 640.84 0.98 896. 16 1.38
EhPH Saline land 800. 47 1.23 789.81 1.21 789.77 1.21 789.50 1.21
i 41] Meadow 1303. 54 2.00 1303.55 2.00 1283.80 1.97 1283.80 1.97
KA Tamarisk chinensis 2038.91 3.13 2038.27 3.13 2038.27 3.13 2037.64 3.13
3% Marsh 3290. 43 5.05 3308. 17 5.08 3271.01 5.02 3265. 57 5.02
¥4 Caragana korshinsk 6649. 95 10.21 6685.62 10.27 6574.17 10.10 6596.97 10.14
38 Riverway 2732.35 4.20 2730.72 4.19 2730.72 4.19 2729.09 4.19
Fr4& HETR A Caragana

vl Anemisi"; ey 2312:95 3.55 2312.89 3.55 2312.89 3.55 2312.82 3.55
FiA Arbor 1623.87 2.49 1623.38 2.49 1623.38 2.49 1622.89 2.49
ii nﬁﬁiﬁgiﬁﬁw 3310.98 5.09 3272.75 5.03 3246. 66 4.99 3251.44 5.00
YU Salix 5037.68 7.74 5037.12 7.74 5036. 65 7.74 5036. 06 7.74
gﬁiﬁﬁiﬁfi‘;ggﬁ 2192.59 3.38 2105.22 3.23 2201.59 3.38 2209.59 3.38
fﬁi%ﬁf f;i’r"a‘;“ 6335.55 9.73 6306. 07 9.69 6329.55 9.72 6329. 54 9.72
B #kH Abandoned land 10077. 56 15.48 9993.56 15.35 9864.91 15.15 9772.82 15.01
8 Artemisia ordosica 15489. 45 23.79 15453.30 23.74 15443.05 23.72 15434.93 23.71
3} Total 65096 100 65096 100 65096 100 65096 100
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Table 2 Main characteristic data of the plant community

AR i GRS
\ ITON
s B BEAN N Rk bk i
TR % Fraction of ’ BEK Minimum 3] arvest index
Land o . Maximum . Eizpid
Plant Radiation-  growing Maximum temperature  C [HF
. cover/plant b canopy + deoth Leaf area for lant  USLE-C

community classification ﬂ'u'se se]as :fn when height P P index or I;:}:l ) 1996—  2000—  2002— 2004—

elhicency - leal area /m m 810 1999 2001 2003 2005

declines /C

i) meadow Perinnal 6.55 0.89 0.80 1 1.90 6 0.003 0.1 0.1 0.1 0
VoW Salix Perennial 0.25 0.95 2.50 2 4.5 8 0.05 0.95 0.95 0.95 0.95
BN Chinese - omial 0,58 0.95 5.00 10 4.5 8 0.05 0.05 0.05 0.03 0
tamarisk
W Aremisia il 0.45 0.57 1.00 2 1.15 7 0.003 0.4 0.4 0.2 0
ordosica
Fidk Korshinsk — Peremnial - 0.70 3.00 6 0.95 10 0.003 0.4 0.4 0.2 0
peashrub legume
M Poplar Trees 1.60 0.99 7.00 3 5.00 6 0.001 0 0 0 0
K ¥eHl Corn land  Perinnal 1.39 0.81 2.00 1 5.14 10 0.05 0.99 0.99 0.99 0.99

« BRIR A R i LA T 5y e RS (N A YRR A L3

@3 A F ) C T e/ IMEL, F PSR FRALE BBt A Y 3 3R ok sl M S8, (e
FONRMBD NSRS A . XS ECE T8 R U FOR E RE M H & SCRR H 22 I OHGR
FIE LR A3t X, BB R 7E 0. 001—0. 5, MRYFLH, 4 . 22 3 MnHERI B LG (E T 0. 003.0. 05 Al
0.1 %

(4) TIRE AR SHL

AR 737K ST B BT IR AR , T ELoRE T FIBA R RO . AR YR BB =B L3RBT
P58 B 1:100 J7 807 B R S IR E 3 R R G0) 4 A R B . R IXIRA 20 gk, 3t
12 Fh R 3RR (K 3) .
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Table 3 Types of soil of the study area

T 3 TR 3

O E e s

Sall T Area Percent Soli Area Percent
or pe /hm? /% ol e /hm? /%

%@:’i(ﬂz% D 7367.40 11.318 &%%i(ﬂféﬁ) 2074.48 3.187

Chestnut soil Light chestnut earth

DB EES L HAE L (EA2)

Sanded light chestnut soil 3108.08 4.715 Saline Flavo-aquic Soil 21086.95 32.394

B L (EA 1) VLB E A X

Saline Flavo-aquic Soil 552.14 0848 Fluid meadow aeolian soils 7389.15 11.351

5 R + Calcic regosols 2670.93 4.103 TG+ (7.3 2) Chestnut soil 4230.79 6.499

BEBEPRR RS + [ 2 B SRR £

Diluvial gritty chestnut soil 2.0 0003 Fixed glassland aeolian soils 8063.13 12.387

M FFE X+ 2 i 5 FE XY £

Moving glassland aeolian soils 2489.73 3.825 Semi-fixed glassland aeolian soils 6061.19 9-31

FEIESHON LKA BB SRR RS, BREEEEA S AWM SEON, Mt S B BUE
W

OB BERMIEILRE, HIEB BRS % USDA T R IARE—REME A B RR S 4
Ho & HROTLIRRS I LI AR | £ R TLBR SR d 42 10 B FR K R+ R B

Q-3 ) B, B T S 5 AR S S BN TR T RS Z b TE—E R e T HIERZERE. B
AMUMEKBWZ DA R BRI O BREESEAR, TIRERE P BCEKE MR BER 0.9, 1 4E L
FEBFFE AR 44 i R 5+ 9 R A RIS R DA KTE L, 45 A R AR S B K R
EIE

(5) KRB B A B e

SEBHEAATE B FERROR H B aRAUR G IR B S R R B S RE. RS
Rk B B TS X BT TLIE T 52. Skm AR ESG 0 1996—2005 4R H FERT A H B m SR IREHE -

TR XA RN 26 LA B — , T TRt 3= B R K VR =Mk, L R 18 =, BRI AR D TR AR 2
T EEHK, 555G —EB S B EAM IO T /K, B A G — B K VEME RS . AR R R 2 A2 i SE B
HIFEBRTE O , e R E T 4 ROTE R BE
2.3 KPS RARELARLH

(1) 7K SN A 5 i ] Ak 2

OREHEPAIALTE  SWAT BREILL I +38)Z 00 1m 3, B 130K &8 JiHE 1m IWETEE , X BES BEHR
Bt T /K TR AR 76 B8 BTSRRI o AT S8 In T i 2 R AME R E EPCO, fif LA R 2 HYK
AR GAE R

QAL KBS X R B 2 VEAS 7K To 18 BE 7K PR, PR 2 B LA L 1) 5 85l 5 2 il 2R O45 s, B
B R PR AW K F B KK AR (1. 70km” ) Xof o7 7K (A PR, ARTIEASEI0LI 1B AR 2% A= K 5 BRIAK PRI AR &
BN

(2) 2T R B WTA 1A 2% ih 2 AR B A

SWAT AL H >R FIA] 1 W K A B AT 8 A OE , (H 2 bk = SEIBERE, A SCiR Y T 56 T R [EIIA
W2 Y 2 R BURAZ 5 v , BIKE 1996—2005 4E 400 B IR A K B A I A - ARt &t s e i, 5

© EIFF, BEW. $TRXUHRHE B K FR-E N AR BRR . 5+ = A R S S0
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[Fi] 1A 328 RS T ) T FR B, IR 22 3R HE 10% LAY, LG 16 e WRER
AL TLIE 4, ‘“E 12 - JHEER
3 GRaOW £
3.1 KKK YRR R R A E 4
Y I E= 3 I S T T T T TR S A TR SR S N |
QKB PR B 23435 7T, ol e
KPR 2648 77 m , KR 0 11.3% | Forb f ek d22c2iigd4222¢:
o . O WA O A AN T D
EHTY AR TR A R by 3 v R 3 7K e A T SR 4 8832888 SERER
b F K L 1080 J7 m’, MK R 1172 J7 m’ 488 I Date
FOL ] b R 7K Bh A AR ALK, (AU i T R B A 4 MEERELIES TN EN R
0&’}\ 3675 71 m’ ,ED,E'\1$_E7K{)JZ§'5_FF%%¥\O %ﬁi{ﬁj\% Fig. 4 Comparison of simulated area and measured area of
KDY K VR B e 4. Bajiang Lake
x4 RBRAFERE
Table 4 Water resources of the catchment
HERR WK A YT HUF KB
VAR MR P et it FEE  THOKREEE SRR EBRE KR
i 8] Y 3 e AR /(x10°m®) /(x10°m®) /( x10° m®) /( x10* m®) /( x10* m®) F&KIZE/ %
. /(x10*m’) /( x10* m’) 4 3 . .
Time N /( x10* m’) Groundwater Surface Soil water Dynamic Evapotran- Frequency of
Precipitation Surface 0. - R
o Lateral flow  contribution water content change of spiration precipitation
e to stream flow  resources groundwater
1996 24821 272 618 1 891 2155 4071 17704 46
1997 21378 264 458 4 725 553 -2067 22166 60
1998 35920 2696 996 469 4160 2239 2272 27249 6
1999 18032 233 417 0 649 413 573 16397 84
2000 12075 33 162 1 195 667 -3204 14417 96
2001 21098 83 443 4 529 1820 -18 18767 64
2002 25830 152 573 0 725 703 3089 21313 42
2003 33414 1049 741 3 1792 1799 166 29657 14
2004 27444 233 653 1 883 785 3673 22103 32
2005 14341 62 190 0 251 581 -4598 18107 92
-3 Average 23435 508 525 48 1080 1172 396 20788

3.2 HHPFEKSIEMFEKE

A& SAEHE 10a ) T-HFEKRE , BrK R Ah, AR £ TR T IERE R 350mm ; 3 HEAR B8 AT
ZRFIE SE VD B ET 5K, (5 By T H P AR FLA K, #B7K i A XFEK &2 B BBl BER, 4351 11.37%
25.23% \22.54% . MHEETT AR I A K BAR T K IR AN S #E (B2 TRV, B/K BIEFE L 2. 68% .
VAR T R X AL B B YRRl (EAE L [R] T FR A 9 78S SR 10, ZTH 6 20% 7K 43, T HK 43 2835 BT
AEREEHEY), HIL st 2 2 E e FEb kUL, A =2E A IR
3.3 ORI E BOE AR KRR E

£R K DX K G 3 R FR o R AR AR BB K AT B 4, K IR FE W R K 2, M ZE K B K, 10a P ST FEK IR
763mm, i H AT AR B R A 264. 6mm, 2002 4E 3 Bk Hb S 824. 01hm? | 3T 3a Hy 47 k) 3 Hb (1 72 1%, 2003 FI
2004 4E4351124 1009. 784hm” 1 1083. 44hm® , 2005 4F J§g 3% fin 2 1136. 2 hm® . AH H [7] T 5 0 Hb 45 4 48 9k
2002—2005 4E L mMEE K& 377.72 FF m’,
3.4 HHPHEXNRIIYE REE N

I 10a SE7K X NAEBAS REEASR S, B 2002 SRR HETT R A LK, (R X N ARSI ER D] TH8E, 3
B MY AE Y B B I, AR IR R B WAS T B3N 20% —50% . 1996—1997 4FRE/K B VK4, 76
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HABBIE RSB LHIEOLT Ao 5 ) S by 1 S48 T A 0 v T AR B0 i 50% , ) AR L R R B0 1996—
1997 4 R [BJ#ATH B ZKAR TR, I BUBPIURARAUSE SR , AR TR 28 16 B S WP /K AR A AR W B i 50% Xt 7K ¢
BRI

ZEIRFW BT RGN 50% BT RABIK R 8 7 m® , R AVI B HET, I LE M EF
e, ZEEFERAKEI T, R ABIK IR R 8 J7 m’, i FK R IR BB 7.4% , 55 3a Fs> AW
BHE24 T’

3.5 KA TREEBBRERGERKEHFE

STK X KA TARE T LAEA B4R L 3T 3a SRAKFIER I 6 AL AR W TAR AN 7 4b K A S (BI/NELK
PE) o BRIE CRRSRAKIER T, FER /A X T KA, 8 R ZE BN, RIS HE, BRI T
RN RS EGF , T (R, HE RS BLR B & AR AR AL, X BRI T 7K 28 BEHE TR i 3 s A, LA T

B A BRI ALY 1. 25hm® Fe L 2. Sm P BRI, M 6 BRI TRMEELREL R 1 T m,2002—
2005 AR TR IHFEK B L 2.01 i m’,

2002 FLRBEBROHAE 7 4, XFROFRZERKITTE, KL 100—200m, 57 30 2K, P EEZE, T
TR, — Mk 2—3 BB b, FEBEAEABKEFERKEMWME, HT50KER. SRIFKERY
4500m” , 4 H8 22 45 - 357K T 76 & B 1428. 9mm i 25 4 [ 120 2E K T O AR AE K B 294, Tmm J5 R R B
1134. 2mm 35,2005 45 7 fboK O3 3@ B R 3 1 1D b 45 4R 2 I FEK & 3. 57 7 m?,2002—2005 43k %
¥k 7.15 Fm’,

3.6 SUREEAEWIL R moor 4
WRAE AR TS S5k 1957—2004 4E (S S %R T E; 1600~ i
SHR SR . PR O 0.48°C /100,38 2815
AR i, 45 100 TR 0. 79T, K §2 0o 47 ¥
K& AETHBK R 375, Smm B RHOBH, SFF T3 000 | yison-wos I

I3 8% K 10. Tmm/10a,1995 45 DL 5 R TR 4F 22 B 100956 1961 1966 1971 1976 1981 1986 1991 1996 2001
K ELfA BRI 19992001 4E#£5% 3a 52,2000 4 e

SFEKE 181mm, KRB L HERRRK . ZE4E BS5 WRESFERSRUEHRERES

Y7 R BE 1M 1428 mm , i 50a ﬂe/é\ﬁgﬁ%mﬁ;ﬁiﬂ’{ﬂ Fig. 5 Average annual evaporation capacity of Dongsheng
20 142 90 AR DART R TR %, 00 4RfRLUJG g Weather station in Erdos

EW A EE(ES) . X5 E b X A TEZ L

R B, Bt 90 ERINE SR RITY IR I LB .

WA 1996 4Ef 11. Tk /03] T 2005 4E A4 2. 63km” , 1A BR/K 1004.32 77 m® . LA LA AT LA
BT 10a 3%, 17 BRI EE LS INFK 377.72 7 m® AR B W RTE 24 5 m®, K DR R T T2
FEZK 9.16 J7 m®, UG, N & BRAE IR KT T R K B 593,44 J5 m’ (5 EBOK B 59. 1% .

3.7 WHAERFK

G A A RN BT K I VLI oK st w8 A AR A BRI, 4 PR EE R , 6 4 03 o R
TEELIVATEIRR 9. 06km” 5 573 SR B SR B B R AT 7K SRS, 07K S Ak Bk sl v 3 I 2 7 AT I R i, 2 SC LA
90% [ R 7K AT FRAEAME T B/ MBI TET T AR 4. 88km” , AT B/ MVEB KT

1997 4 J& T F7K4FE, 1999 4EJR T 75% WK SRFR4E , 2005 48J8 T 90% R /K 334 . A SCLAITH K H A
RIS R M TR X, S R ISR A TR, KR 10 BRI A 45 A B REK
THBL, LA 1997 48 (1999 £E71 2005 4F FrIAE B2 Y B A7 T ARFE /K B 20T 57K AR LA B2 75 % 1 90% R 7K S 4
FN i A 7K, 45 R4 B2 3121.6.2169.3 J7 m’ 1 2063.8 T m’ (% 5) .
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RS FKEMFKERBT/AE

Table 5 Water demand of the wetland in dry year and average flow year

90% /K IRAE: 5% KK SARAE: Pk AR
Frequency of precipitation 90% Frequency of precipitation 75% Frequency of precipitation 50%
+ #1257 Land use
MRV MKR/Tw)  mBVRe'  @AR/CTm)  mBVke  fkiR/(Tm)
Area Water demand Area Water demand Area Water demand

%i4a] Meadow 10.97 240.48 8.11 215.59 8.11 259.94
#3490 Chinensis Tamarisk 0.48 13.23 0.48 11.69 0.48 16.88
T TE Dry lake 7.09 155.46 6.97 187.70 0.15 5.16
¥r4& Caragana Korshinsk 1.90 51.63 1.90 43.84 1.90 62.37
F+K Arbor 0.73 16.08 0.73 19.80 0.73 23.69
YO Salix 18.37 403.59 16.22 437.94 16.22 524.79
7k ¥eith Comn land 1.01 73.25 0.79 56.43 0.79 68.68
7KK Water 4.88 564.55 4.88 558.07 11.70 1295.24
iB#k#b Abandoned land 1.00 27.29 5.21 124.80 5.21 169. 14
b Saline land 5.39 112.91 6.67 116.17 6.67 153.03
T Artemisia ordosica 5.22 147.90 5.39 119.12 5.39 178. 88
TRVEHL Marsh 11.72 257.39 11.43 278.12 11.43 363.79
i1 Total 68.77 2063.76 68.77 2169.25 68.77 3121. 60

3.8 ABKGEREAE

M FSMEHE R WA b, HAK X 7K 3OS AR AR 2 5 i B2 (8] 1A 7K &, AR SCET 3 A K & /A
JIEER  WEIEF FE R B, AT AR 7K XK SCRE A2 i PR 45 1 it

(1) BE7K X P38 B & Jre i) HEps Bt , Yok /D 7K B YL P

) Bt SR K X R RE K AP 3 2 A R AR R, AR B4R 7K X PN 45 FH /K B o P /K 438 B0
JHTEFLN 9. 06km? 2000 4 9 H 4 FI5A7A AR 8. 85km” 553 ‘B W 1T 42530 , XoF 7 ) ¥ V%t T AR 24 O 33. 08km?
B2 7K X2 1B 6 b =2 471 PR 5 T A A 2L AR A BRCAR. 2005 4F o, 45 A B RE /K 8 R T K A4 (1997 4R ) B0 45
o KX MK EFETHE RS IR RN, SR TR R . BT AR B4R K X N FE SR 4
TRBE H A ST KBS , 7T AL R 692. 09hm® 17 H0RE 1

HOK XA FRHE 1136. 2 hm? | 78 R 2% 58 H At 48 i 9o 2> 7K W U8 A4 A, 5 0 32 T8 DBk PR /) B b PR
39% , APR-REREE K X P9 B2 [B) I H 1) AR S T K o

(2) 38 B, B 3B BRI S 5 0, [ B 3R MaDek 32 b i Jsi /b , [ #2320 7K B VA

HRAE 152 K PR3 X BUA 7K SRR LT OF J& , I 26 PR3P 35 T80 A 25 A At b 38 224 J0 0 A9 T A0 R ) R 38, R AT
HAKBE, HBHFE-TERERI 30% T4, W5 7= B3 i1 270kg/hm” , 45 48 7K X P b7 1 44 v
F13251.44 hm’ (3 1) Fi— LA R F R 700kg/a 118, AT IR ER 1254 HARHEE,

MBI B TR BRE ik FE 10689ke/ hm® f)7= B4, HUBCAT AR /D4 Kkt 82 hm? | 53 B ok
AT HFEEEE G ENERBD R, A ERE R RGN T TR0 T B, B T
AFER R, BFFT X E S iR kb B L BB AR ERAR #ESE 20107 H, 1 2005 4 & BB & FrifEE 125901
R, BRESE SR AT FREBRS , NBR A A HEAAREEE  FESHELEARBESEE R

(3) A HEABKF TR, I E BT AR, DR R85 K S IR % fhad A2 wp T 6

T2 DX 2 PR S PR 2t 3 8 T A0 L Ath 2347 Y TR 38 (s /K 2 R B Y B R KR, BRI, BR N B HROK
TARSN, 28 1 R A 45 45 S BRI I S K R TR, /DK SRR ) TOH R R

(4) BRI LK XYDWI4kEE K & , 18/ R RE K A B 7K 4T R

2007 4ELAK , B P52 it YDA AR W) IR R U & PR YD WD R 3 4K DA B VD0 v 2 BE AR SR Ak i B L AR
BT VIR R R . A XK B2 U5 AT R B BR , AIIFE K B3R, R IE A 1 v bR , Ry BR i H &
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J&o Foh, REATEREK X NFHETT A B FEK G LA 78 % B, Y ALIR T 5 3 L A AR IR AR K A0, 12
PR SRR R
4 Hit5ifit

(1) A SCFIF] SWAT AREUAEA T S0 /R it BSR4 X BN ERK K B AE K G . ERRTIEZ W, 22
SE T TR BITE 80 2 R AR A Ty ok 5 B A0 T AR B R o, TR T AR LA B A B SR M — E R
BE RRm TG . (H2, Mg S Rk Z R s IR , K Ee ]+ SR R B A 5 345, LA BAR LA B %o
H T K SR A T (AR R 52 2 — R PR , 45 1 7 N S AR SR G BRI Fy i

(2) BE/K X 10a PR S g 23435 7 m’ K BB 2648 7 m®, /KRR 11.3% o MBLIISE SR
ST M B B B R R BORSUR R R AR FORL M B L B UK R LA B, 3 10a A B BRkK 1004. 3
Tom® A SRR 593.4 J7 m’, 5 59. 1% , Db R K & 377.7 71 w’, 5 37. 6% , HE W E
W24 J7 m® KR TR TR K 9.2 T m’

(3) ARHEIEL NG A 77 B A e SR 7K SCARA , B MR TR S K 4F 75 % 1 90% e 7K AR 3R 45 (i A 25 75 K B4
J23121.6,2169.3 J7 m’ fl 2063. 8 J7 m’ o MRIBMLIAMI /K X A 257K SR AR , AR UR A Y 00 A BE A3 A7 75 o - 46
KX A RDRH b R TR FUBAS 3 692 hm” ;38 2 UBUR PTG IR & & 1254 AR S8 Ak 82 hm , BE W
TH BRI & BT 5 | AR s B, ST [sl 0 7K BEIR A F &5 & BAR DK A DA, 25 1k st U 3, Jgi
TERFE A 5 TR A R AL 5 R T A B A A B UM TR AR R 2 J
B - P E KR K A2 B 5 e BN SCEER T 4R KA1 35 B IR X A SCE VR 45 T35 Bl 7E 0 — It
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