B4 1
2012 4E 2 A

L= G SN S S g 14
JOURNAL OF GEO-INFORMATION SCIENCE

Vol. 14,No. 1
Feb. , 2012

= L KA AR E SR REN

RXELHER L F

LEEE

(1. FRUITE R B 7 Be . B AU 2100465 2. Fp R B S X IX PR T 5 TARRBFFE AT . 22 M 730000)

FEZE YT R 1 YA I 18] 5 10 B2

CH AR BRI, W SWAT 2005 I Arc-

View GIS 3. 2 4£ i AVSWAT FERL, xSRI —30 E Ui L0 DU Jsksg vl th L A= i e A TR A0L L e B33 0 it 31
PWRATAERIUR I » BEMIR M BRI R . )P U e A 8 A0 8~ B3 38 B R S S R A S [l A 0 e 3045 10
SIS B e AVSWAT T A& BE L 7E R B S RO MO0 - BEBLA H AR 4 T R BN 0. 60 2
P2 0. 75 SRR R SRR . BURIE T A R AR T M 2B (CN2) B 70 B e ()2 30 E 1 s B3 KRB IE
BB RATYE . BRSSO E 6 AVSWAT BOR ) HAB S B CN2 S5 AT Ak B0 H AR A 28 A1 &
BGXF 0. 81, FIAA SR B WIT- B35 T7 002 T AR, A B S B 1 52 DX SR I O R A AL OR

R4 BT B s SWAT s Utk o b

DOI. 10.3724/SP. J. 1047. 2012. 00041
1 HiE

SWATM (Soil and Water Assessment Tool),
K P T H AR R 36 B A0k FR I & 1 2 AT 4y 3
ST ) P SR A A S K SRR R L R AR
TR SRR SR, AVSWAT FI
ArcSWAT & SWAT iR D)L ArcView GIS Fll Arc-
GIS V- E W EDEAL A,y SWAT BRI T %
P AT WAk F0 25 TR] o b F T RE. AR TR T
SWAT2005 Fl ArcView 3. 2 £ [1) AVSWAT %
PRI U L X3 I AL AT

H AT, SWAT LA [ Py Z ek i 7K S A
U5 A )92 8 S USSR A B i AR
1M SWAT #ERY7E B #2152 55 5870 1) b DX B & 30
TR B Z AL, B an, Rl SWAT X #b R 7K
BB A, Luo er al. ¥ SWAT iR A
MODFLOW RS G, 2 7 SWAT #8047k
P AL B B AR A s Eckhardt ez al. KT
FER L X s n ] SWATO9. 2 48 b 37t £t 34 fR I 1)

WFEEER: 2011 -04-20; {EEIHHEA:2011 - 11 - 04.

[, & T A FAR L X ) SWAT-G R
Ahl et al. 78 Rocky 111 X S H & B0 72 3
FASEALA ) L, i 1 38 3 Z 05 FT DU SWAT #5
RIS il 25 A2 AR A 3 — e $ ™. SWAT
PR AE VI 55 X LT 37 a2 9 9 3 A A S Y
N, F MR A 45 SWAT R LRl | 3647

PR Sk b i AR A B RSE T SWAT
R A ST 0 3 AN ) 4 ) P A S kA7 R S TR TS
D R S W ST B e sz LVl D RS E | SR SR A
RN HE AR R Ak U7 B e SR X S8R
SWAT SR T 11 4F A9 A R s, A 48
TR R ECH 0. 88, TN SWAT KB T] L4
A EE M ARLADL S 1 DX Sk A AR R A 7R X
AR AL AR IR S BURNE T SWAT FL48L Y 5¢
SR AR TR 1L DX S B AR S T AVSWAT
ANREHERR TR R T S 3, N TTSE R T A% 3 A A
PLFEVT T IR N DEM 578 v 2 B0 358 F 35 3 4
58 LAY AVSWAT 18 1 JESE 34 0 K 4

ESWAE: BB 8637 IR (2008AA12Z205) s [ 58 A AR B} 2 2 4 T 3 T H (40730527) 5 v Bk e 52 22 77 1) i H

(KZCX2-YW-Q10-1),

EF R : RICE (1987 - 2 WAL LW . 2 SWAT #ERIE N HWFSE . E-mail: yuwenjun8899(@

163. com

* BIAEE : B (1977 ) I3 WHUARTE A T b T B . T BERT S0 M - S X XK SO L SRS e R G A

PEHE &S5, E-mail: nztong@lzb. ac. cn



42 U N R S WS

2012 4F

— T LA ] I %% B ) 43 B 5 s A DEM H 4 B
T A2 b 55 AR AT PO 15T o) 2% 8 AT A5 81 9 3
SERIPE K 28 TR RS T A 50 0 i i SR BOT
AVSWAT 7 &0 i 1L DX 38 1 v A7 72 R A
A A T3 ) 8, E SR FH B ) 5 1) O v T A
(IR RSE B K AE 1000 m Zedy . IRIEE R &8, R
P56 B L X AR S PR B
ASC LA R B Ll XA A 4 R AVSWAT

REHUREALIES 50 H 11 1 1990 — 2009 4F H 4283 & 1R
PIT AVSWAT AR5 i it 30 343 AT
SEBRE IR, HEAT T AEIE  FRm i ae /T - B0 7%
A8 1 7 A JRT Ly DXt sl FH e el R

2 R IXBEOL A T A

2.1 MAREX#HR

ST AL IR PG 5 JER v B 2 3R G b i X
5 R PR T A T AL 96742 ~102°00'E,
Jbsi 37°41" ~42°42"N Z Jal ., A AL PR R 1
S PO DA 0 e 1) R L A DA E BB
FOM e LUy 23 7K 08 LGB B 9 B N A e A T
(PSRN BE) . PR TRt Sk 2 1 7 P b 55 5 0+ 4
fief B, K SCHb B K 7K SCHb BT 25 14T SR 4%

A SO 5 Y L Ay ST 3 L DX 900 3 A0 3V
QT P s S 1 R T Y e K Sty i e AR
2974 10 000km”, ]38 K 303km, Pk ok, L
Wik 2 600 ~3 200m Ay i X AF S 2 Sk 2. 0~
1. 5°C , AE R K BHE 200mm LA F &3k 700mm, AH
X 2 60%6, 7K % 24 700mm; ¥k 1 600 ~ 2
300m (1871l XA A5 ¥4 s S AR M 1) B0l 2ok I b o
T DX R K B ER A 1) V3 D, 5 2R B BB AR 1] P
W T e s KSR F2 R YR T AR 3% LU DX B K K
Al . b Ll DR R Ll AR AR R, R
T2 e A el s e LA R
N = B = 0

2.2 HESWALE

A DEM SR IET 90m 73 ] 43 HE 1) SRTM
(Shuttle Radar Topography Mission) Z(#§. 7K 3.
G » 30 A RO R I8 T b [ P AR PR
AR 2F B H 0 Chttp: // westde. westgis. ac.
en) o K SCHE A FL A v AR % T TR Ik 3 Sl A
(B 1), R 1990 4 1 - 2009 45 12 A ) H WL

4 AN
soon{ A kA A TR [39°ON
o KICH
" # » =
$ebh Ot — IR
[Ttk 4
38°30'M B8°30'N
5} "Nm F38°0'N

38°0'NA

98°30'E  99°0'E  99°30°E  100°0'E 100°30°E  101°0°E

B 1 BER] i L DX S A T R R G K Sk e A AT
Fig. 1 Location map and distribution of meteorological and
hydrological stations in the mountainous upper-stream

area of the Heihe River basin (HRB)
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Fig. 2 Thiessen weighing scheme for the flow restoration

at the Yingluoxia outlet
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Fig. 3 Subbasin delineation of the study basin
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Fig. 4 Soil type map (a) and landuse map

(b) of the study basin
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Fig. 5 Measured and simulated monthly streamflow of the
Yingluoxia station in 1990 — 2009, the outlet of the study

basin using default parameters coming with the SWAT model
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Tab. 1 Originally calculated average slope lengths and

corrected ones for comparison (m)

T o IRy AVSW IR
O I e
KPR K WK
1 0. 0500 10. 0000 23 0. 0500 10. 0000
2 24. 3902 35. 6330 24 0. 0500 11. 0433
3 36. 5854 37.5676 25 0. 0500 10. 0000
4 15. 2439 17. 0267 26 0. 0500 10. 0000
5 24. 3902 37.1311 27 0. 0500 10. 0000
6 0. 0500 10. 0000 28 18.2927  20.2120
7 0. 0500 10. 0000 29 0. 0500 10. 0000
8 91. 4634 80. 6562 30 0. 0500 10. 0000
9 18. 2927 18. 0589 31 0. 0500 10. 0000
10 0. 0500 10. 0000 32 0. 0500 15. 0030
11 0. 0500 10. 0000 33 0. 0500 10. 0000
12 0. 0500 10. 0000 34 0. 0500 10. 0000
13 0. 0500 10. 2305 35 0. 0500 10. 0000
14 0. 0500 10. 0000 36 0. 0500 10. 0000
15 0. 0500 10. 0000 37 0. 0500 10. 0000
16 15. 2439 10. 8358 38 0. 0500 11. 1128
17 0. 0500 10. 6256 39 15,2439  12. 8489
18 0. 0500 10. 0000 40 0. 0500 10. 0000
19 0. 0500 10. 0000 41 0. 0500 10. 0000
20 0. 0500 10. 0000 42 18.2927  23. 4560
21 0. 0500 10. 0000 43 0. 0500 10. 0000
22 0. 0500 10. 0000
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Tab. 2 Algorithm used to calculate average slope length in the
AVSWAT model, sourced from the AVSWAT source codes
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0<Zslope<2. 0 SL. = 400/3. 28 m
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8. 0=Islope<10. 0 SL=200/3. 28m
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Fig. 6 Measured and simulated monthly streamflow of the
Yingluoxia station in 1990 — 2009 with corrected average
slope lengths and with other parameters default by the
SWAT model
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Tab.3 Partial parameters ranking before and after slope

length correction by the sensitivity analysis
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CN2 1 1
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Fig. 7 Measured and simulated monthly streamflow of the
Yingluoxia station in the calibration period of 1990 - 1999

using optimized parameters
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Yingluoxia station in the validation period of

2000 — 2009 using optimized parameters
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Average Slope Length Calculation and Runoff Simulation

YU Wenjun ', NAN Zhuotong ?,LI Shuo ' and LI Chenggang '
(1. School of Geography Science, Nanjing Normal University, Nanjing 210046, China;

2. Cold and Arid Regions Environmental and Engineering Research Institute , CAS, Lanzhou 730000, China)

Abstract: Watershed average slope length (ASL) is defined as the average distance measured along the

main channel from the watershed outlet to the basin divide. It is an important parameter in a hydrologic
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model. Theoretically ASL is related to the calculation of lateral flow and routing timing, which eventually
impacts simulation of the total surface runoff. SWAT (Soil and Water Assessment Tools) is a river basin
scale model developed to predict the effects of management decisions on water, sediment, nutrient and
pesticide yields with reasonable accuracy on lager, and ungauged river basins. The AVSWAT model, an
integration of SWAT2005 and ArcView GIS 3. 2, was applied in this paper to simulate monthly stream
flow (1990 - 2009) of the Yingluoxia outlet of the 10 000 km* upstream basin of the Heihe River basin
(HRB). The simulation showed that ASLs calculated by the AVSWAT model were not consistent with
the actual cases in the upstream basin of HRB. As a result, it led to an inaccurate simulation. To address
this problem, a new approach has been adopted to correct ASL of each sub-basin. A regression equation,
which reflects the relationship between average slope and average length, was established by measuring
average slope of each sub-basin. Using the corrected slope lengths and the default parameter set of SWAT
together with meteorological and hydrologic data from 1990 to 2009, Nash-Sutcliffe coefficient (NSE) of
monthly runoff simulation is obviously improved to 0. 75 in contrast with 0. 60 with uncorrected slope
lengths and same parameter set. Sensitivity analysis and an examination of CN2 parameter were also con-
ducted to prove the applicability of this correcting method. The results showed that corrected slope
lengths were more suitable for the studied mountainous basin and also verified its applicability of the a-
dopted correction approach. Using the corrected ASLs, an error-trial optimization was used to optimize
other parameters. The validation with daily runoff from 2000 - 2009 showed an NSE of up to 0. 81, which
suggested an acceptable simulation for the study basin. We concluded on basis of corrected slope lengths
quite good simulation can be achieved by parameter optimization. Therefore, the approach to correct ASL
is feasible in mountainous basin, and the corrected slope lengths have made the stream flow simulation

better.
Key words: Heihe River basin (HRB) ;average slope length; SWAT; sensitivity analysis
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soil moisture and demonstrated even quicker response to shallow surface drought severity than that of
VCI. Finally, the spatio-temporal distribution of drought in southwest China in 2010 was reoccurred with
NDDI index, and also land area with different drought severity was derived. The result showed that the
period that suffered from most severe drought conditions lasted from January to April in 2010 in Guizhou
Province, the maximum drought-stricken area was 132257 km® and it occupied more than 75% of the total
area of Guizhou Province. Meanwhile, the maximum area suffered from “heavy drought” was 88246 km?

and it occupied more than 50% of the total area of Guizhou Province.

Key words: soil moisture; normalized difference drought index; spatio-temporal characteristics; drought;
MODIS



