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Optimization of vegetation covers in Qilian Mountains Based on hydrological
responses by SWAT model: a case study of Zamu River Basin in Upper

Shiyang River Basin
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Abstract: The research studied the Zamu River basin in Qilian Mountains in the arid region in NW China with the use of
the distributed hydrological model SWAT ( the Soil and Water Assessment Tool that can simulate soil water sediment and
nutrient). This paper discussed hydrological response for different vegetation covers at basin and sub-basin scales. The
model was able to represent the hydrological cycle even though some discrepancies were observed, probably due to a lack of
sufficient rainfall data. This research investigated seven combined cases: forest-deciduous( FRSD) , grassland ( SPAS) ,rang-
brush( RNGB) ,FRSD + SPAS,FRSD + RNGB,SPAS + RNGB, and SPAS + URLD ( in short for Residential-Low Density ) .
The hydrological responses vary at various spatial scale as well as at various vegetation combinations. At the basin scales, a
single vegetation cover would substantially increase the total evapotranspiration amount and basin storage, decrease the
runoff, and cause the temporal variations of sustainable water supply. A combination of various vegetation covers would
improve the water budget, moderately decrease the total evapotranspiration, increase runoff, ensure the sustainable water
supply and decrease the temporal variation of water in the local region. FRSD would increase the soil water capacity and

decrease the change of soil water capacity. SPAS would decrease the soil water capacity due to high density roots. Human
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activity play a negative role in hydrological response in Qilian Mountain and they can reduce the total evapstranspiration and
soil water capacity. At the sub-basin scale, the changes of hydrological responses of different vegetation covers showed the
same trend as the altitude changes. With the altitude increasing, the depth of runoff decreased and evapotranspiration
increased. At one altitude, a change in vegetation would result in different hydrological responses on different slopes, and a
slope of 40 degrees is the inflection point where the hydrological responses would change diversely. Based on these
analyses, optimized vegetation covers with the best hydrological responses were obtained. FRSD and FRSD + RNGB have
very good hydrological response in different terrain in Qilian Mountains. RNGB and RNGB + SPAS also have good
hydrological response between 2601 and 3000 m above sea level. FRSD + SPAS performs the good hydrological response
between 3000 and 3800 m above sea level. The cold region is above 3800 m above sea level and it’s best to keep the
current vegetation in the region. According to similar studies that compared the hydrological response for different plants and
for different land use, we would suggest that Picea crassifolia and Sabina przewlskii are dominant plants for FRSD, Cupular
willow , Potentilla fruticosa and Spiraea salicifolia L. are dominant plants for RNGB, and that Kobresia pygmaea is dominant
plant for SPAS.

Key Words: Qilian Mountains ;optimization of hydrological response ;optimal vegetation covers ; SWAT model
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FET PG ARG X AR E 1L R, HEBEAEL T 2 RN RIS AL A R T K SO R BB, B 1852 B A g L &
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Fig.1 River system of Zamu river basin
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SWAT MR F 25 ABHRA LGB KT R AR (DEM) B8 | 350 | 0] FH s 5 R e v
g IE SR FH SE I B AR B OB , SR B 2 AT 4 N R <5 B ST B H WU BERE . LA GIS HR 52
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Table 1 Datas and their format for SWAT

Btk BT H B #e HIR
Data Data types Accuracy Format Source
ZREdE B R gl (DEM) 1:10 7 GRID HR AAR LG O P VUM 5 SR
+ 3t F A+ b7 55 A8k (LUCC) 1:10 5  GRID/shape %3 pil»”
TR 1:100 J7
B SRR DBF CH AR (CH 380 BRI B L3R
R
[RGB ok mmm R RS R R H DBF FESEEHRERLR
AXCHER W H. A DBF H KR
2.2 A R

BT R AE R B AR AR e Z 51 T E PG 5 A SR A 5E 07 1 1986 48 1:10 J7 3
B, -t M FZEBSR AR E - H BEIR 6 KK 25 WK /32K T4k, SWAT AL RRRE IR Y £ b Fl 2R T 32
B B A R 228, L 4 D IESCFRE it , 75 BOR AR T A FREURE B 2, et S B AL RE B - sl
TR , 15 AR BT TS X A - 3 PSS B AR Y R A 9 A BRSO AR L A8 B0 P TR R R o
(B2.%2),
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Table 2 Code of land use types of Zamu River basin in SWAT

(% IR SWAT {5 R R

Code Land use type SWAT Code Land use type in SWAT

122 B R BARL Barley

123 TR AGRC Agricultural land-close

21 K Hy FRSD Forest-deciduous

22 VAR RNGB Range-brush

23 Bk FRST Forest-mixed

31 TR i P E SPAS Summer pasture

32 v 55 BF B b SPAS Summer pasture

33 (R 5B B SPAS Summer pasture

52 Teh R A URML Residential-Med/Low Density
53 HoAbg 1% i URML Residential-Med/Low Density
67 HoAd AR A FH L3t URLD Residential-Low Density
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Fig.2 Land use maps of Zamu river basin
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FRIBEIITR . I I EE RIS BN BURBE AT S B BHE I LA BB E AT o

H TR AR A R B S SRR LIRS, RS R U S Bo i B A A5 R v MR AT S, 18
SCHSERUBNE T RAEX AR E TR P A RE Z G, RS EEE I BT X RS (42
Vil XA P E B 6 DN EESHHTRURIER K 7 4R A LH-OAT, K i fi tHE o & AR &
552 MEHSSR, LU E 12t X S U SR TR IR 3

*3 HBESHERAKEE
Table 3 Sensitive analysis and calibration value for SWAT

RS HASCHE BHESH BHE X SR
Sensitive level Input files Calibration factor Factor meaning Factor value
1 # . MGT CN2 AR R R 65—75
2 % . SOL SOL_AWC ( mm/mm) T AT F AR 0.25
3 *. GW CWQMN(mm) Fe/NEETR R A 0.12—0.24
4 % . GW Rehrg_dp WREHTKTBR 0.15—0.20
5 % . HRU ESCO T RAMERE 0.06—0.30
6 « . HRU CANMX (mm) Ui BTN Y S e 0.80—1.8

HESHBURBE TR b, 32 S A R REHE, R SCE-UA J5 ik TR B RS B A v Bl e
YW, LRI X RS BE AT IR E . 2 8 B TR R I R SR LA B 7K SR A % A AR B , R 5 328
1972 A HER BT B, 1975—1979 AR MR AL IE 5, 1981—1982 F1 1985—1986 -4 iR fy 3iE 1 , i
B R BRI A TSR . S ARSI AR RIE 55 NEY & , BRI E S ST (B AR iR 2
BE/NFSLIE R 10% , A BERZLERIT RS R >0.8, H Ens >0.7(F£4)

F4 RERNENSERTH
Table 4 Evaluation for output of Swat model

N3 HrBe Nash % 24 KRB R
Scale Period Nash efficency Correlation efficency
A Month B IEW 0.7105 0.8610
Wi 0.7560 0. 8965

2.5 FLT SWAT 7K SCA AR B 43 BT A = Sr

TR R R MK SO FERERZ — AR LA A E A RSO, MU H 8 55
A%, T H 5 T3t FIZE WA 7S (8] 0 AR RRE ARG , A T A A S B s R RIAER R . 456
FE{E B HARHTE 737 F02S 8] AT 7 K 2 AT T2 B B IS A A A BE AT B 18 B 7 AR TRl 1 £ b 1
HEBR(FRS) o PRI I SWAT 7K SCERIEAIA [] - A F 4 T B7K STHEBLAFE , 2037 AN [ 373
ZRAFTT 7K 3T o 4 7S T8 3 AR ARFALE o
3 GRAW
3.1 PR EHE A SRR SO

FIFHZ2ATAT 3 4 A 2 SWAT BEAY 43 5l A7 i 3K 2 WSO 0, [R] B %) B 43 #1986 48 BUIR 45 (4 0
A L Hh + BEHL A SO R KK BIRCZ (R 6) o

(1) ZEBR BT R BK BFIRIHFERN EZE X, HREK B R1 55.82%—56.57% , RAFAHEBREEASM
T, MR B TS T IR AR AR RISOK 2R VR Rl T 28 R B 58, M IR B R 2R UK R B . AKTEBIXS T
B SRAE A F IR R B S e 55 TR M 2R B R R

(2) 4 &P AR B B B0 I 3 A 7K 3 W SR OE , B ) T I 3K 5 IR SR 30 BE 4R T, ARt + B3
PR + FE AR b BEAE A RO D SRS B ZE BUR B R , B N ™ T, 3% T o R i XK BRI R 4n re g 4R
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Table 5 The assumption for land use combination
Number use mode SWAT Code whole busin Dominant land use
1 it FRSD 100 AERTE B LG
2 HEA PR RNGB 100 FREE H IR | LA £ BR i
3 Eih SPAS 100 INEEE
4 Hb FRSD 54.8 AR R H GBS A E
T SPAS 45.2 INE L
5 o FRSD 54.8 AREEM EE A LS
WA RNGB 45.2 SR HIEFLES R LA & R A
6 H#AR RNGB 45.2 GELREE T ALY L R LD £ R A
i SPAS 54.8 INEE
7 - %: ) SPAS 54.8 N
AR 4 URLD 45.2 A A Rt
*6 AREEHEAXTKEFESH/mm
Table 6 Water balance for different land use mode/mm
AL Wk MR IR HHOK AR Bt
Land cover Precipitation Whole evaporation Runoff Soil moinsture Infiltration
IR 432.90 243.48 184.78 2.82 2.01
FRSD 432.90 243.51 183.79 3.92 2.09
RNGB 432.90 244.50 183.63 3.05 2.08
SPAS 432.90 244.88 183.51 2.83 2.00
URLD 432.90 239.15 188.92 2.64 1.52
F+S 432.90 244.12 183.68 3.43 2.03
F+R 432.90 243.96 183.78 3.49 2.08
R+S 432.90 244.66 183.66 2.91 2.05
U+S 432.90 241.65 186.49 2.72 1.82

F: BAHR: BEAMHL;S: FEHL, FR: 5 AkHL + Fo3b, FS: MM + B, RS: YEAMML + Fih;SU: FoHh + RAIFH L1

(3) AR HAR A TR L IR & B TR R o B AR g =X b - ot A 9 BE 05 A 00 i o - 4
IKIT IR /N RUOK S B AR R R T AR R AR AE R AR Y B 1955 2K R A LK 4
s,

(4) NZEHE 3% T B ARAEBRIBIR , BN T3t gk Bl P45 2 B R AL R /N s e 28 /U B A L 4R
KRN T P AR AREUK R . MOKSCIES B 51 A, A F T i & i i JR 30K 16
B, RO R IR A RS R R E

(5) B FAHISE L0 P AL AR A A B B T GIS BEHAE AR TR F , Ak JE bR 1 B st Yy 1 11 42
TRBERD , SR TR B8 AN KB R, Rl , RS MO N Z A 22 578 9. 6% Z 1), BH I 2 S s i
H IR = AR R AR, IR E S T 6. R, U +S Eagil 8 UE
WA Ny I 5 AR 54. 8% , R LA Z& BIUA B TR R 2R R 28 U TS AR
3.2 BT GIS MRUMIE R B & AT BRIk ST R ARFAIE 7 B

AR SWAT BRI, e B 7 J iR 4380 (B 400hm” 547 Z AT IR F sk 43 (P& 3) , 43 BEOR IR A B 4 5
RPTRIMAZEBAE . BT GIS ML /AT BRI [ 70 Ar F-B, Ge v+ A R T 26 4 T 7K SCROBL B
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Table 7 The relation between terrain and water response of different land use mode

ﬁ ;ﬁi /m LR I;;)rslff‘glfal Y Slope degree gratitude/ ( °) P
titade  Landuse @ io/mm  19.37—25 2530 3035 3540 40—45  45—67.9 Average
2220—2600 X ET — — — — 229.28 231.85 230.56
WYLD - - = = 199.71 196. 62 198. 16

F ET - - - - 228.06  230.69 229.38

WYLD - - = = 199.88 196.18 198.03

R ET - - - - 29.14  231.95 230.54

WYLD - - = = 199.83 196.12 197.98

s ET - - - - 229.67 232.51 231.00

WYLD - - = = 199. 66 195.94 197.80

FS ET - - - - 229.11 231.77 230.44

WYLD - - = - 199. 69 196.03 197.86

FR ET - - - - 228.73 231.44 230.08

WYLD - - - - 199.85 196. 14 198.00

RS ET - - - = 29.34  232.16 230.75

WYLD - - - - 199.76 196.06 197.91

sU ET - - = = 225.93 228.69 227.31

WYLD - - - - 203.21 199.48 201.34

2601—3000 X ET - 229.28  233.83 238.99 23326 233.40 233.75
WYLD - 199. 69 195.45 190.39 196.00 195.10 195.33

F ET - 228.13 232.01 238.30  231.88 232.02 232.47

WYLD - 199.81 196. 12 190. 13 196.24 195.15 195.49

R ET - 22920  233.01 239.18 232.88 233.27 233.51

WYLD - 199.76 196.06 190. 04 196.17 195.08 195.42

s ET - 229.75 233.52  239.66  233.40  233.82 234.03

WYLD - 199.58 195.85 189.78 195.97 194.87 195.21

FS ET - 229.19  233.31 239.24  232.86  232.99 233.52

WYLD - 199.35 195. 64 189.91 196.04 194.91 195.17

FR ET - 208.58 23296 238.76  232.50  232.51 233.06

WYLD - 199.79 195.79 190.23 196.20 195.22 195.44

RS ET - 29.52 23349 239.18 233.08 233.45 233.74

WYLD - 199.66 195.68 190.09 196. 08 195.07 195.32

sU ET - 227.23 229.88  235.26  229.73 230.76 230.57

WYLD - 201.84 199.17 193.83 199.36 197.70 198.38

3001—3500 X ET - 246.43 244.58 24284 243.90 24492 244.53
WYLD - 183.02 184.80 186.43 185.49 184.49 184.84

F ET - 245.51 243.40  241.69  243.15 244.01 243.55

WYLD - 183.27 185.28 186.75 185.52 184.69 185.10

R ET - 246.26 24419 242,53 243.04  244.79 244.34

WYLD - 183. 14 185.15 186. 64 185.39 184.57 184.98

s ET - 246.69  244.64 242,97 244.40 24524 244.79

WYLD - 182.82 184.84 186.37 185.08 184.25 184.67

3001—3500  FS ET - 245.97 24376 242.06  243.27 244.39 243.89
WYLD - 183.10 185.33 186.76 185.68 184.60 185.00
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iﬁ ?(Zi m L };}J;illoﬂglfal i Slope degree gratitude/ ( °) T
twde  Landuse p mm  19.37—25 2530  30—35 35—40  40—45  45—67.9 Average
FR ET — 245.80  243.93 242.00 24319 244.29 243.84
WYLD ~ 183.22 185.10 186.74 185.71 184.65 185.08
RS ET ~ 246.52 24452 24279 244.00 24508 244,58
WYLD ~ 182.94 184.89 186.47 185.42 184.36 184.82
SU ET ~ 244.04 24126 240.55 241.86  242.88 242.12
WYLD ~ 185.22 187.85 188. 54 187.42 186. 41 187.00
3501—3800 X ET ~ 246.65 246.69  245.26  245.58 244.73 245.78
WYLD ~ 182.80 182.77 183.68 182.99 184.16 183.28
F ET ~ 245.65 245.68  245.77 245.84  45.77 245.74
WYLD - 183.12 182.94 182.49 182.06 182.34 182.59
R ET ~ 246.40  246.45 246.59  246.72  246.62 246.56
WYLD - 182.99 182.80 182.36 181.93 182.21 182. 46
s ET ~ 246.86  246.88  246.98 247.06  246.98 246.95
WYLD - 182. 64 182.49 182.11 181.75 181.99 182.19
FS ET ~ 246.28 246,40 246.43 246.60  246.25 246.39
WYLD - 182.87 182.66 182.21 181.86 182.17 182.35
FR ET ~ 246.04  246.11 246.17 246.38 246.09 246.16
WYLD - 183.05 182.95 182.52 181.98 182.37 182.57
RS ET ~ 246.62  246.59  246.73 246.84  246.83 246.72
WYLD - 182.82 182.77 182.36 181.87 182. 14 182.39
SU ET - 243.08 242,60 243.03 242,59  244.24 243.11
WYLD - 186.11 186. 52 185.79 185.88 184.57 185.77
3801—4389 X ET 291.67  246.21 213.74  244.25 243.85 243.03 252.12
WYLD 125.07 183.08 183. 14 182.67 183.00 183.63 173.45
F ET 289.56  245.84  246.33 246.34  246.33 246.36 253.46
WYLD 126.03 182.31 179. 54 179. 44 179. 51 179.34 171.03
R ET 290.81 246.68  247.50 24752 247.50  247.55 254.59
WYLD 125.72 182.17 179. 44 179.34 179. 41 179.25 170.89
s ET 291.76  247.07 24760 247.61 247.60  247.63 254.88
WYLD 125.00 181.93 179. 60 179.53 179.59 179. 44 170.85
FS ET 291.09 24671 246.87  246.84  246.80  246.73 254.17
WYLD 125.31 181.90 179. 48 179. 54 179. 49 179.28 170. 84
FR ET 290.43 246.35 246.77  246.78 246.71 246. 65 253.95
WYLD 125.82 182.41 179.49 179.55 179. 54 179.31 171.02
RS ET 29110 246.70  247.50  247.53 247.51 247.55 254.65
WYLD 125.50 182.36 179. 61 179. 61 179.65 179.47 171.03
SU ET 280.36 24179 244.54 24466 244.89  245.47 251.78
WYLD 127.93 186.78 182.39 182.45 182.18 181.43 173.86

WYLD: Jdfy= /Kt ET: WA ARURZ X2, WMBUR A R T A R BEAMM;S: %, FR: B Ak + K, FS.
+H, RS BEAMM + RiHL;SU: FHE + RAF 3

A AR

GrHT R, A S IS BY FR) 7K SCRR L BE A T A s B AR AL RS — B, AR W TR B A Y AT B PO T ik ) , 2
B BE A T4 R0 BE A3 A T3 fin o #3-9% 2600m DLF AR b + 5 i A 98 AR ARt + e b 5 L 445 44 R A8 T R 2
Do MFRRREMT  BER KR RN, b — bt + FEAPRH — ARt + B — ARt — Sl + 503 ) e
B R Y SO EEH HAR IR A BRI S 2R — 2, 7T LA AR R BUA K TR IR 4 1F T iR B A S 3R
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B3 FAMFRESE
Fig.3 Subbasin division for Zamu river basin
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3.3 AR L X K R SRR B A B SR

FRFE L X R K PRI SR8 R PR e B R B R

(1) 7K RT3 ) 7K Y TR A8 3 1 5 R fERAR P 2 A B D 7K 2 4 K R R A RE A B R bR AR R
AR . B, AT F 2 A FSL AR T FEA SRR R BEVNRE LT BRI R 2
TRAE AR S A B B A B A B

(2) KUREFAA B VEN AT . T S RPARIE LK IR SRR s P I T FE40 OB 3R T
VATE W = AZPRAE Dy S BN ol AR 4 B 7 P 2 A LR , 4 99 2200—3500m 54 B8 3 [l A A7 FE TE AR 75
BN BERFRENR SEERTECIEMN,

(3) FEKIRIRFFARIGK SCERL TG R . 378 S A ZEt ™ 4 )O3 1L K VB R SRR 9 7K Sk
BRI EGER , T2 ARE B e B 55458 /N B0 T4 Dbt | FE A A0 e ) e R /K TR R AR 0
HEDFH

RRIEAIE LI X R AR R R § AR, B X EE AT R 7 AR AR T A RS &
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*8 AREMHMHFHTREKEEFEHRASEN
Table 8 The optimal land use mode with best hydrology in different terrain

Widk/m HE Slope/ (°)

Altitude 19,3725 25—30 30—35 35—40 40—45 45—67.9
2220—2600 — — — — F.F+R PR
2601—3000 — F.F+R F.R.F+R PR F.R.F+R.R+S F.F+R
3001—3500 — F.R.F+R F.F+S.F+R F.F+S.F+R F+S.F+R F.F+R
3501—3800 F.F+S.F+R F+R AR AR AR BVIN
3801—4389 F.R.F+S.F+R.R+$S BAR AR AR BUEIN B

F: BHAHR: BEAMHL;S: FEHL,F + R: A AkHL + B3, F +S: ZhkH + 58, R +S: BEAMHL + Fisth

4 ZiRitie %9 BEKEARFERAS

4.1 éﬁi/t\. Table 9 The optimal land use mode with hydrology
(1)7E GIS HIRKSCR &AL T ORI EERE e s e

25 ] ;,& % J:f: R M ;,g[ % J:f“ ’ % W ﬁ:}’?ﬁ iﬁﬂ( S ﬁ 7 Land use combination Domin—ant vegetation

SWAT XH 6 P4 B DX K A 0 (AR RE LR N R e i1, MBI

KRR AT WA + SRR +S)  FSLID, &S, A0 N
K SO RSB ST , RS B AT 52, ; B
‘ ’ R e L EER T

(2) 3T SWAT BB LSRN B B AR 2 A
IKSCHREA T A5 AR A L (X 2 — bt gk AR PRl Si8eA, 2800
) o bt + EEH (F +S) BUGEAS , RSB /N

SIS 4543 P RS I AT OB B R, W
VBRI AR VR, AR ok 2 B R, ok YRR
BT 5 S A A eI )7 5 s 41 AR 2 0 B3 Bk SN L, 38 B 55 e i B, e R 1 72
3 H 7K VB T 2 0 40 L B TR E , DS SR K VR B2 SR

(3) 3T SWAT B A ROTE R BE A0 B K SRS AM B4 e, 45 R WL T8 0 7K S8R B
FUEIR S B P A — B, PRV UM YR 0 O T/ , 76 0 26 i A 0 B A I T o R
BEAY G MR AR R R BB R R 4 P Tk S22 R B
4.2 g

(1) By TSR MR R T B 4, 3540 S HOR I DB A B 7005 , X LM 55 50 (RS 1
M

(2) X TR K RS A R BRI RS, ORI 2% T ARl K2R L R BOWR B RO
IR SCHR B RBIFST , T8 7 35— 2 1 5T RG22 (R BOVL B R K SRS B W 526

(3) #EAT FEAK SRR TR B T AT , OIS b 3B T LR 4L M, 4 T 3
BN BT, W TR B ek IS L
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