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Improvement of snowmelt implementation in the SWAT hydrologic model
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Abstract; SWAT is a physically explicit distributed hydrologic model, which could simulate hydrological processes such as
surface runoff, snowmelt runoff and infiltration with geographic information system( GIS).The surface runoff component in
SWAT is implemented by using the SCS curve number and snowmelt is calculated by a relatively simple, empirical degree-
day method. Those approaches work well in humid and semi-humid areas where precipitation dominantly controls runoff. In
cold and arid regions, for example, in a case study in the Heihe river basin ( HRB) of northwest China, however, it
revealed those implementations cannot represent the effects of snowmelt in springs and thus impact surface runoff
simulations. At large, snowmelt in such areas is underestimated and more discrepancies are consequently introduced to the
overall simulation accuracy. The FASST model is a surface process model with explicit physical base, including a snowmelt
runoff component that makes use of mass and energy balance equations. There is a snowmelt implementation in FASST,
which takes topography, vegetation, soil type, and snow physical properties into account. Existing applications of FASST
show good simulations of snowmelt in terrain-complex mountainous watershed and its applicability is also confirmed by an
application to the Tangula site of northwest China located in a similar cold and alpine area. This paper proposes a coupling

approach to improve the simulation of snowmelt by integrating FASST snowmelt to SWAT. In this approach, when the
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snowmelt begins to be calculated in SWAT, it will call FASST snowmelt to calculate, return its value to the SWAT
corresponding variable and continue remainder SWAT logics. The technical implementation is presented in detail. An
application to the upper mountainous HRB is set up to test its performance. There are abundant snow falls in Upper HRB in
winters and snowmelt is the primary water source to river in springs that cannot be simulated well by original SWAT. The
improvements in comparison to the original were examined from three aspects, namely, streamflow, snowmelt runoff and
surface runoff contribution to streamflow. Both snowmelt and surface runoff estimates with the coupled model were increased
so that streamflow estimate was more close to that observed. An improvement of monthly streamflow estimation by 0.11 in
Nash-Sutcliffe coefficient (NSE) can be achieved. Examination of surface runoff contribution to streamflow also supports its
feasibility in estimating snowmelt by the coupled approach. Moreover, by using optimized parameter sets, the monthly
streamflow simulation accuracy in the validation period of 2000—2009 can be up to 0.83 in NSE. The results confirm the
applicability of the SWAT-FASST coupled approach in cold and alpine watersheds where snowmelt should be taken into

account and suggest its significance in improving the simulations in such areas.

Key Words: SWAT ( Soil and Water Assessment Tool ) ; FASST; model integration; snowmelt runoff; Heihe River Basin
(HRB)

IK LPEHY T HARRI (SWAT, Soil and Water Assessment Tool ) RS B b B TE ( SWRRB ) # R KLl F & 1Y
BAYREHLHE AR iR R B oA AR SO | a] DIASEHDURT T s A8 0 |l =5 2 it 55 2 A B A

SWAT HERIYIRESR A, 72 R ANAR A2 172 I BLAIAT ST, HL Al Pradhanang 2. 0 HH SWAT BERIASEY T
£ [E Cannonsville M 2525 (L FTAE 2 3 &1 s van Liew F1 Grabrecht %F 3% [E Little Washita Ji 38 A~ 6] < 4%
S N REAT K SO A T H b AR ) (U SWAT BT (4 Ty g AN S B0 A1 A TR | TR 8 5
PRI SBR E 1 , E EAth JE U, FH B, A5 78 7 2 AR A b, DX 194 98 87K SCARRAE 6 A 7385 4 %) R B FEC i, 1 4n Al 4.
TE Rocky L1 X sl i F A i 1o 28500 1 il DA SWAT BERUSHNLAY fl B A AR S 2 — e ft w1l ik
DIMSAEI T T4 & SWAT AFE4RUK SCaL B A MATSALU 7K S5 A #2514 5 35 FF & 1w RUEE 434 X (SWIM, - Soil
and Water Integrated Model ) BRI s Luo Al Sophocleous 5 SWAT ##1 fil MODFLOW B G | o3 T SWAT
B 1R 7K R 2238 T3 AR AU Eckhardt 257 SWAT99.2 ARG SRR [ 2yt T /9 A8 I v i i 8
Tk RETIEAFARILIX A SWAT-G BRI [ P A 5 X SWAT A5 1 A VR W FE /K it b S e 5 el
ST DR R DX T s BRAS T R AL 5 Bk O SEAR R [ AR AE X SWAT A ALK AR Hetb A7 1
Bt | H AR TS AR 5 R BORIRCR 250885 0.8 LY,

A7 T3 P AL A4 TR L DB — A B ) 5 - 5 DX B KRR 20 3 TR [ ol =5 A2 2 L b
Z5okUR VISR DT B AR L XN T SWAT BEALHEAT T 11a By H AL, AN 7RI DX Rl =5 A2 3 F
RS BOERE T SWAT BLBLAY SCHE ) Ml SWAT FEHY 4 Bl =5 bR 1 A T ARG B2 H I 5 kT
RS R, N SWAT BERIAE ST 1L X A T B 2 Bz i B il =5 1 BN B AR AR 4 AU, J™ E 5
M L el ) A A ALIRG 2, RLH RS 2% SWAT AR () il 5 B e i A7 Stk DA B w8 SWAT A5 (1 B AR ASEADURG B
FASST( Fast All-season Soil Strength model ) 157 —ANJE T4y B o A2 AN | R FH RE -4 i) e T B 5 4%
T, REAE T g 1Y) S ORI AL SR TT 1L DX 3 7K S B DRI AR SR RS AR 4 1 7 508 FASST A5 A8 £ 1l 51
SWAT 544 LASGHE SWAT FEAL I RURCER
1 B E
1.1 SWAT HERL Rl =5 57

SWAT HEALE— A A IALS] DL H S i a] 25K AT DL 2K I [R] BSTPL Y 3 A OK SCREAS 2] LA
AR B R KE A | HAOREIE | H ARG R XU, ASE 400U dak P b e AR A L Rl S5 AR ) ) T 98 A K St
PG AC AR, AT T8 Rl 5 A28 O o 3 ok, 3R A58 U T R 4 YR T S T S e A A ) R AR T A DRSS

http ; //www.ecologica.cn



6994 A R 3%
SWAT #R YK AG IR LA /K P 5
SW1=SW0 + Z(Rday _qurf_Ea _wstfep _ng) (1)
i=1

2 SW o A5 K& (mm H,0) ,SW o5 i RIGWIIR 58K E ¢ BRI (R) (R, NE @ RIGFEK
it (mm H,0) ,Q,, N4 i REYHERLTE (mm H,0) E, 5 i RIVFEEURK (mm H,0) ,w,,, A5 0 Kiid 15
F T HE AL 7K B (mm H,0) ,Q,, 58 @ KA /K EIH A (mm H,0) .

5 A R 5 1 0 L R A R S AR O A TR L, e — R P AP R OB RIR B H A7
AT R R AR L, MIBOE — D R AR (R, R TR 1 °C R TR S B (YRS e xRl il
Ja AR K UK 2 B3 LR D)y — e B, T s i Al 2t R Fan T

SNO SNO SNO

-1
= . + > - * 2
S0, =230 " (SNO " exp (cov, —cov, SNO,, ) j (2)

K, sno,, & HRU |35 35 AL A F 40850 SNO 2 57 B A 25 7K 24 5 (mm H,0) ;SNO, o & 100% 55 T3 i 1 %5
K25 (mm H,0) 5cov, Fl cov, & R AN, FH 35 35 il 21 05 (95% 7 35 F1 50% 7 55 ) 1148, RS AR
THE R .

Tsnnw + me
SNOmlI = bmlt : Snocuv : : 2 _Tmll ( 3)

A, SNO,, 2 A B ] PY B Al S5 & (mm H,0) 56, 2@ S B (mm H,0 d™' C™") ;sno,,, & HRU |35 35 1H 1
ME T, E R (C) s T, MR E SR (C) 5 T, FRAL R EE(C) .
1.2 SRR ok

SWAT AR B AR T3 22 s SR g, B A PRy dsd P £ E | e i F
JE i DX T 7 ST L DX e b AR TRV RN A (R S, il S AR AN A2 T B R ) e, MU R AR
AT B S o) il 5 A2 R A AR R B , 2 3 SWAT KRB IR 19 7 VA0 A i 5 AR RS B A iR, AR
SR AR B T ok B Wy BRI AR Y FASST AR B3] SWAT B, DI4E =5 SWAT BER7E &5 i 4k T 52 M X (1)
REARBIUR R
1.2.1 FASST ARl 50

FASST A5 A & — AN 5L -7 5 6 121 1 ol T el AR 78 FASST BSR4y i A B G4 H S-S5 R80K | H -3
TR R AF X Y8 R K PR SR 5 | e S5 (B B RN i) )

FASST A5 (1) il 5 A B LA Tl 25 110 2 Bl A O it | Y 0 TR 25 ko L TR VKR &5 1 AT B /K & AR
BERTREK B AL T i PR R S R M Re A A i M S 20, B8 T H Pk A K FH
W PR KRN T XS R % 185 SWAT F R Gl 554 B A A X ) (X(5) F(6)),
Frankenstein 2554 FASST F155 — A il AR SNTHERM 52 (0 il 35 #2 S R A7 % Lo, BF9E 45 SR L AR 1L
X ik FASST #5570 tt SNTHERM B RIAE FRAS Bl A 45 S 4t DR AR SC e 86 FASST A5 45 1 3] SWAT 45
R DA SWAT MR A Al 25 A b | 3 e SWAT #4237 A RS F0URG 18 . FASST A5 il 25 4% 3 S AR 1143 05 7%
mrEt,

U _Pukg S, = Su”

" 5 _Sm) (4)

Kb, USRI (m’/s) ;p, Je/KEE (kg/m?) sk RABER(m’/s) ;g 2T IMEE (m/s”) s, JE KR
(N« s/m?) ;S EMFIEKE (%) S, R EEEFIKE (%) jn B EE, B 2.16—4.59, 801 3.3, % R
ARGy B R A TR

FASST B85 JEF pK fhi b, 5 AR

http ; //www.ecologica.cn



21 1 RICE 5 SWAT B gl T A e () et 6995

V(ie)y =V, +V's
i ! i 3 (5)
V=V, + VL
A, V() & ¢ BEZIA UK EIARFR (mm? ) 5 VBRI IR BRI R (mm® ) 50 EBFE] (s) 5 V7 J2 UK SR AR B s (] AR b
(mm’/s) 5 V' HEEM,1.25%10 7 mm?*/s; V', HEEE,4.22%10 ' mm’/s; L ERSK A EE(%) .
FASST #8125 B E HALER R B sm, r R~ .
k =0.077d*exp( - 7.8p,)

3

3
d=2 [-—V 6
411_ av ( )

K, d SERUKFRIEAR (m) 5o RHEEE (kg/m’) 5V, AR TFIE (m?) .
1.2.2  FASST B35 M 25 -

JUE FASST MR 75 [ 4147 B 2 1 R, 92 0 4 -
Ay B 5 A RUIORE R, SR 0T A 200 ST Ly X3 3B A v
FEX WA AR N, BB 7E 4 FASST 48 1% 3
SWAT HI, 5 B X HAE 1= € 1 X (1938 M EA 7 36 AR 11 46
TE, SR L DX R AR 1 A 1A RS 0 3, (H
R 2 B, 20 o 1) 35 RS I e A, PR e R S
B) 7o FE L DX ER BT 114 78 vy 7 ity st 0B T 5 AL, AL 5L
B BE Sk 2008 45 1 H 1 H—2008 4= 12 A 31 H , if[a] 4 M/LM
KowE R, s i e e o UL Ll R
T, O A A B8 8 3T Google Earth | H F4i Date
ARG . BUSS A 1 FR, 1 FASST 7578 75 /B o o L 0 45 5 SR AR SO0 A O R0 b I

M1 BT LU FASST S RUAE 75 9805 SR R bl ok @aE
*ﬁ%ﬂ E@%%]ﬂ"éﬁ% Exﬂm“ ﬁ(?}%ﬁ [:[: , E\ ?ﬁ%ﬁiﬁﬁ , ,fg/—f’jz Fig.l Measured snowmelt runoff at the Tanggula site on Tibet
ﬁ*ﬂ J:% ZIK {% }#—ﬁo % é *% Ty\ E/‘] ,335 {%Eﬁ E ’f}ﬁ] j( IE: Plateau ale the ‘si.mufated snowr.nelt by the FASST model,
L L S S %ﬁﬁﬂ%mﬁ%ﬁ, together with precipitation records in 2008
& HBRZ RGN R PR 5
TRAEA /DN X P R G2t Bl B3 N B3 UE S T AR SR FH A 2 H S35 G, B i A 178 7 2 XU B S i s,
BRI T IR B AWK, TERKA =TT FASST X 358 B BN, R B T FASST Fill =5 A H e F€¥8 g L3 IXC
) — 3 M AL i 22 1] At A Y0 0 25 S AR 2R 00 14358 25 BV O 504 58 25 1 T IR [ i A S -
WSS BN BUE T RE AR e fE . SRRV 5, TA R FASST A5 AU 7E 75 78 = J5 5 ol oLl (A 400 225 SR R 15
WA 5T X AR G L
1.2.3  ERAFEHARLH

AR ArcView 3.2 fER SWAT B AT AL F- &5, BD AVSWAT A, Sl SWAT #5278 i 45 1 4b B AR AU
i A S o AVSWAT 5 04 3 3 B K A7 e d R A i 22, W AR I i A0 B 3 i AR
SCRHMEIE 22 J B9 Sk 34 35 K HEA AL

SWAT 70 (1) B A B A5 b T 0T 308 K04l (B0 R AR AR ( DEM) Nl ) ) A5 K SOOI £icdl ( H 34
T e/ B AR KR PR S AU R O B ) | 49885 A+ R s . SWAT AU FH DEM $5dis | 85T
W | - SR A= b R TSRS SR SR 3t 387K SO B BT ( HRU ) (945 8] B 0k i, FASST #55AL fif ]
I SWAT 7 AH ] (1 SERB AR (181 2) 1M i A B , 46 48 |+ iR R AR A4 K OB ;s SWAT A5
B4~ HRU A %0 ) Ja PR , A6 25 R 0T AR R B Al ) H ) oKk | R ag

S}
(=}
T

Wy

—
W
T

FHYR Snow depth/cm
=
T

http ; //www.ecologica.cn



6996 JAE = 33 %

R A5 0% S Jag PR SR 15 2] FASST XJ j (19 S50 (18] 2) VB4 FASST A8 (1) S A B

SWAT H57 4 B I ] -2 [6] ( HRU ) AHFF, FASST B 76 8 o5 b A7 I [ A 35 ; Jed9 FASST %78 (i A i) 47
N, B SWAT BE7 A sl ] i PR 456 5 2 SWAT A2 17 84—~ HRU B, I8 FASST B84 D FASST BLAdif
AL R R4 SWAT BLAY  FiAR LR Wk 2 FiR .,

G3-fif FASST BHY [ I [RIHE BR K FL Rl 5 A b A A H A - A e A5 A2 0 T B 0o R 4 128 L — A s A i 42
FER AR SWAT BRL /N 23 (R LB SWAT BRI ARl 5 e . SWAT AR T35 21 fil &5 A B i), o SWAT
REA T3 1) £ HER B AR B W 25 FASST B SR J5 8 ] FASST #5AL, vk 8 ] FASST A5 Y i | 7 22 % A5 A4
PEATHILR AL , SR J5 B R ] FASST A5 A0 At 48 2 A A ek Ry (4 RS PR PR 285725 o Rl 25 A8 o (i, 75 B0 5 B AR i [
R VR — U E A A i A B, 5 FLR R 5 A0 e (B 4 SWAT AR A il 5 AR 1

e

EPARRSS || MEEE || BORRL

g BEE BEIE
~ & N

MBS W1 || R b || SO0 | KSORM
ERE || AR Bl || %R

B vnibie
TP K B IE SWAT I 437 iigi d )
WA
\|/ Fasstfi £
Ll
R 437K SCH L L6 (HRU) IM PRt
X B HRU [iE %@j}%ﬂ
z% REA 5L
s =x
- Fasst LR
Ly R — .
[ swaram |
| SWATZLf% D | s BB
: ﬁ g i ﬁ é T g Aocktsdr || | Fassdl L
! N 2 w N N :
i ﬁ :?;f ﬁ 2@3 ig‘ Eﬁi E ‘ [ilifE3L 2 (Subbasin.f) | :
i & Bl K pit ‘ HFARH (Surface ) ‘ ' % Et
I 1% 7 e T E‘u
i ﬁ * = ‘ FE BB (snom. ) | EFH #ﬁnmﬁ%‘éﬁ
i R I [ B B
l i B SWATHY
_______________________________________________________ ! BEAS B (snomelt)
i R
B2 #HAEE

Fig.2 Technical implementation schema

1.3 B IX 5%
1.3.1 P XA

AT XA TR 4 98°34'—101°09'E k45 39°06'—37°43'N Z [A], H 1L 1 3k 2 P e 7K Sk |
WIEFRZ 2R 10 000 km? , F[E K 303 km , JE3K A oK), 3RS B A 1674—5076 m, 338 PN 50003 B2 A B 42,
K SCHb TR K 7K SCHI T S 2 . ERIER 4 500 m LB Rk A KN FR S AR A0 3—T °C L K 24
£ 300—700 mm; K 2 600—4 500 m A H X AR SR 2.0—1.5 °C A FEK & 7E 200 mm LA F | f &k 700
mm , 78 K& T2 700 mm,, 1ZH DX RE K R AR ) P38, 5 4k B ER AR I S AR, K B TR SR R R T AR L
DX A R AR R K Rl i 1 DX i et L e R AR D v SRR R o3 A - v LU ARCRAT B e L R ) A
G YN R e o e b v S ST ol = A K e = A T N N e S = A T i = A L T T i =
N o

http ; //www.ecologica.cn



21 1 RICE 5 SWAT B gl T A e () et 6997

1.3.2 BoEEs
DEM B I5 T 90 m 25 M43 ¥R (® 3) . BT

R B, 1510 TT0IB I 14K R T TRCE B oo | A g
3) 0 KOG R | - R TR o T v 7 3 A w11
W5 A B B2 B8 o0 (hitp 2/ westde. westgis. ac. +8030 ! E‘;‘:SOIO
en) o K SCBAE R I AT 58 KB3E 950k 3 A3 45 10 fic1o8
1990 4 1 H—2009 4 12 H ) H W42 it AR 2 4

P 3) s G AR ok B A48 A#R3E KA 38700 .

85 vl 3) BY 1990 4F 1 H—2000 4 12 A H

LI ECHR: A0 3R ( 85 7o/ B AR AR ) A B PO 900 BITOTI00T00T 10030 0100
KGEFFHXHREE . A T $25 SWAT B 5 4 A de b E3 50K DEM FS ok ok AR E

M%TE,EWE@&W%B%%TKEJ% J}fﬁﬁ.ﬁ\ jﬁ:}ﬁ% %%ﬂ] Fig. 3  Study area, the upper HRB, and the locations of
Jjn—:J jﬂ Fﬁ%ﬁﬂj @(Tﬁj ﬁﬁﬁ ﬁﬁ fﬁﬂ“%‘ [15] , ﬁﬁ% %Hﬁ? E/‘J ﬂi%ﬁﬂj meteorological and hydrological stations within this area
ALK 3) . HUR AR SE 2000 454 [ -+ 3 F) FH 14 5 3
3 IR BT T4 R A TR LR A A 1:100 J7 HIEK, BIERUY Ak R AE AR SOK R
SRR R PR 2010 4F 8—9 H it BFANR SRS A2 N M 3RAS . A SCIEMAFIAR 5 s A AR B (7K ST |
G0 MR T Ei- v B EGY R4,

P UL X 2000 AR JE 24EEK R 5 3508 il sl o 3 YA Wl () ORI B3 A2 7K PR K SR R F s, R AR
T A IRARI AR SCR B FH 28 Gk SORERITST A T 125 38 U5 % 2 3 9 2000—2009 4F A& B AR A2 I i
VA4 T I A
1.3.3 HEARSHEE

HRAE 256, A SORFFE /K X i AR B (R 3% R 1000 hm® | 3E50 43 T 43 A~ 3 38 ; 4 Hi R A o BB (i 8 A
5% , T KA E A EE S N 10% , %148 T 256 4~ HRU, #5751 3t 5 9 e s > W 310 a1y 10, A SRy sk il 2
K B A I ] B 1990—2009 4F, Hidt 1990—1999 4F 35 1], 2001—2009 4 Ky 461F 1] .

FASST A5 7 f SRl Ao S B BR T SWAT #5180 FL AL LA, K FH A 5 FN 2= )2 08 i FASST AR [
WML BB BN B T AR S R 6 B SRR AISEA R G B E T158 ;  50H0 ] fh FASST A5 HU 4R () ik

SRR AT T HARYE SWAT Y 358 )@ P BUR fE #i5.3)
2 #£R5F ——WME <« BRBIEMN . WKREER

SWAT HORBUSL 08 66 i S s e o |
VSRR TR, TR A R e E :
U B L 34 7 B 38 AR £ s :
21 EE LTI A R0 A = 1004 bl
TERIE IR 33K 2% sSWAT € s Li H 4
B BRI S IS0, I SWAT A 78 7F BE ] 11 [X. Ph001992 1994 1996.1995 2000 2002 2004 3006 2008
HEATRELL, AA R A 0.61, 45 RN 4 FF7s, MR e

LB L, TR BT S B 3—5 B B4 SKEREE 19902009 £ERE LE (LB SECY
I AR/ LT 0 BEIBCT MR o T o SVAT PURITAED
7](%@ E@ﬁé{)ﬁﬁﬂ%?ﬁ ﬂlﬁ[ , ﬁﬁ;ﬁ‘ Eﬂq%ﬁﬂﬁ% ‘{}ﬁ {Qﬁ’ff 'fﬁj ?ﬁ ﬂ[ﬁ ’ Fig.4 Measured and SWAT simulated monthly streamflow of the
}J\ﬁ!ﬁﬂF%T?}ﬁﬁ%i@ﬁﬁ E,:J ,fl%IEﬁHi Xﬁ%ﬁiﬁ SWAT average slope lengths inputs, and those with triangular marks are with
*ﬁﬂ%ﬁ%*ﬁﬁ% 0] ?ﬁw\%% 52 [lrﬁj o SWAT originally computed average slope lengths)

$ FASST #5504 i 1] SWAT B8 )5 | 5% JH SWAT

period of 1990—2009 ( Simulations with cross marks are with corrected

http ; //www.ecologica.cn



6998 JAE = 33 %

F FASST # RV ERINSHCA X BE T L DX St A 7 A2 ASEAEL  AE4DL I 1990—1999 4F  Z5 L 4nKl 5 FlEl 6 s,
AT LUE HY 45 A FASST J5 (9 SWAT #5AL, @25 1) 3—5 H ABUEAE BT in, B AR Wy n 1, 4
FERECH 0.72, 82 T 0.11, FRIERBIG A SWAT R CE T /25 B i 1153 5 2 U RS 38 T4
MR, SWAT AR AL IURE B R AS AR 2, 75 2% SWAT BAY (14 Hofih S 450 ( - e f@ vE2E ) b1k .
AR S A B A SWAT AR A A0 (EL R A T AU PR 3 M7, N2 (AR IR E) L Alpha_Bf (3 F /K42 R 50) \Esco
(LR RAMERED Gwamn (FRJZH T /K I EI(E) \Revapmn (RJZHL T /K T B BIME) (Sol _Z ( T3EREE) 55
h FEWBURS R X LS T BE M N K AR DSB8 BT 1L X sl KRt R K B IR IR Rt AR S
HRSBIAT 111 DX S B X 3 B SR AT AR S AL, AL 5 B Hh B0 A 068 (1 R 35 3t O /) , 3R A B IR I, A1 ik 1
Jil CN2 . Gwqmn ,Revapmn , J8i/]N Alpha_Bf ESCO, 1990—1999 4FAYRLIILE Fan[&l 7 s, 4 250 0.86, 4%
1014 A SO AR BUS (1) SWAT AL R i S 406 2000—2009 4F AR A TS0, an &l 8 Jra , 4 ft
FECH 0.83, XX LS HA AL LL B FASST B3] SWAT BRI DLk SWAT SR gl =5 1 F 38 7 e &

Y,
300
—— WA 140 -
S i
yso L r M _ = W
= - BEUE 120 - —— ST
- % .
£ 200 Q —— RRE
=
: “E |
2 150 i»;%’%
p=!
I : : Y £ 80
%2 100 ) L 1 bl
« / ] ”‘: E 60
50 ) = E
o Q&\ %1)
0 e = A, X ok ¥ D £ § 40 +
1990 1992 1996 1998 2000 2002 2004 2006 2008 2010 <
H# Date 20
B 5 SEMATE 1990—1999 & R 25 BT b B (i ik i ik 0
PR AU ALIRIA SR o2 46 810
H 4y Month
Fig.5 Monthly streamflow simulations of the period of 1990—
2009 with original SWAT and coupled FASST-SWAT with the E6 EREETE 1990—2009 £ B EHZRHEX L E
default parameter set coming with SWAT and corrected average Fig.6 Monthly average streamflow simulations of the period of
slope lengths, together with measured streamflow for evaluation 1990—2009 with original SWAT and coupled FASST-SWAT
purpose
; —— WM
250 +Xﬂyﬂll]{§ 200 - —— BERRT
—— SR — B
—— R >
Z 200 % 150
& £
S~ S
g 150 ¢ S
5 g 100 b
o 100 ﬂg
N~ 50 r
50 -
0 0
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
Ay Year H 1 Date
B7 SIS SWAT 5 1990—1999 £ 2 FASMIER t E8 SHAMMLE SWAT HE 2000—2009 FE2FAIUES b

Fig.7 Simulated monthly streamflow in the calibration period of Fig.8 Simulated monthly streamflow in the validation period of

1990—1999 using optimized parameters versus measured 2000—2009 using optimized parameters versus measured

streamflow streamflow

http ; //www.ecologica.cn



21 1 RICE 5 SWAT B gl T A e () et 6999

22 FhERF

TE SWAT #ER R SHORARE LT (BRIASE0) B4 A FASST #E R F 5 A SWAT B RYAR LAY 2R 30T 1L X3
1 1990—2009 4F LS AR M HEA TS L, WL 9 JT7 1P %) 251y ST L) DX 300 S8 400 s [ B2 P AS (] o 1) 4
TP A R E (A R, B AT LUE 8RR 9 SWAT A58 YA HL Y il =5 428 A T 384 o, il =5 14
3—5 A MBHUER — & 3G, Xt Ui B T2 BUS 9 SWAT A5 B E A5 78 15 FE€ 1L X HEF AL

B SWAT FEARIEE B Aiy J AE48L A0 o) 38 3 i i R AT 22 (1380, P 10 o, B AT LA Y 5 A FASST
FEFY ) SWAT BEAUAD AT TE AR O 38 0 . ARFEIE 11 B AR B A4R78 87K Ik FL S AF 5 7E 1993 11994
1998 1999 2003 F1 2008 4R Fy £ 1 I AH 5 (AR, BB A 8, S OB S5 388 i, () ) 32 R sg ), il 55 428
TR, ANIE AR . SERUS A SWAT R RUASLILL 4 a] T8 A2 4 it t B0 T WA, aniEl 10 R, T al S
W EL 25— B ] A R A REAR BN | 285 T B MIZRBUR SEVE Rl 35 58 U A 2138 0T 38 Wi FE i
K, FUE A S AR R E R XA RN . BRI, RIS 1) SWAT BRI REE — e Fe i L4t
TR

200 L FHUE 80 L

g

= EZ 60|

= 150 H g )

g E

=] ﬂ* T.)

& = g 40

100 o5 .

5 g2 | 1

A7 =}

Q 5 201 1. k . 1 l

tm 50 ﬂ a\laﬂ\ﬁul b

o[ PN T TN Y
0 1 1 1 1 1 1
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 1990 1994 1998 2002 2006
H 1 Date H #i Date

B9 EHMETE SWAT REMEHAT 1990—2009 F KRt T Z R Xt B 10 £MEI/E SWAT BRI 1990—2009 FREREEE (L
P B (LS HAAL) ZHAAL)
Fig.9 Comparison of snowmelt runoff simulated by original Fig.10 Difference of yearly streamflow simulations by original
SWAT and coupled SWAT with default parameters in 1990—2009 and coupled SWAT model with default parameters in 1990—2009

2.3 B ERAR GO A BTk

SWAT A5 75 1) 1y A% 2 ) FH et 1) 5 ) el 3 8 3t i R 50 1T BIVAR Al 5 W i S5 48 T G R I 42506
NIRRT (CN) B T 38K S, = MR FH 2SR + 38 5 /K i, J& SWAT BRI EE 22K SCSHL,
h SWAT HE RIS ) i =5 428 it A 53t B v IR AS 2 B DTk 45 Tl TE AR U, 11 20 o 52 ) b R A U, AT 5%
WAl S AR e, K FASST BEAUAR B S| SWAT REAY | FUR S T SWAT B il 35 42 St 9 1158 5 1, IR A5 i)
SWAT A5 TR 3t A% SR I A0 0 2 AT T8 3, R) abb 3 420 3 Ko 8 A 7 R A1 ) 22 52 okl =5 4 ¥ 38 4 3
AYSZIA , NI AEUESE T FASST #ERYAE i3 SWAT BRI XS0 BE A48 5

ARSCHG FASST BEAUAL R3] SWAT A7 17 J5 153 1) b 3R 428 7 % Tl 3 428 3 2 1) SRR AT 20 BT, A&l 12
N MIEITAT LUE U] iR A% X e 0 Bk RSO G 0 N 2 SO TR O B AORAR, S
PREEGENS | Bl AR AT et R AR B AR A TR =5 58 R0 438 o R TR K AT R 5 T B FE s RO
1o, B 2 SRR B S Rl Ak T M 2 A XTI DR ek P G, X B ORI S | XS e A Y
M 25— VB T 48 B 1 SWAT BEAY R T 4 A B BT LU X 7K SOt e
3 Hik

SWAT A7 (14 il 35 455 B R FH 1) 2 25 AT BE ) et R B0 T3 AR B A 35 PR 7 1 O i Sl =5 o 76 1
TR oK R RD ML, DR R R KR AR R R A SR IR L v AR TR [ il S AR R R AR

http ; //www.ecologica.cn



7000 JAE = 33 %

600 - X 650

LR

550 600

550

500
500

450 450
400 400
350

300

300 250 |

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

90 1992 1994 1996 1998 2000 2002 2004 2006 2008 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

280 650
BEk . Lo R

600 -

Bk B Precipitation/mm
)

550 -

| |
500 - /\' /
\ : ;
450 L | \/-
400 + »
1 1 1 1 1 1 1 1 1 350 1 1 1 1 1 1 1 1 1
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

445 Years

B 11 &= 1990—2009 £k E
Fig.11 Measured yearly precipitation of stations in 1990—2009

YR, T SWAT BUBFESCSEM A TR, 35 -

AT 0 S MR S K S R B TR | o o

HOEL, A SCER XY % ) B, A A BT AL

FASST BB HCE] SWAT U, Beif SWAT BUMAT BT

A, TR B SWAT R [ RS B ) ;
ARSI ST L RIS I AT T3 RT & 15|

JFi SWAT BOR OB (R0 A TR LR B | H ﬂ

VDM TR UMKt MO BEIAE S, B T I T FASST

BRI SWAT BUBRE T AP0 R BB JE 1L X AR 630, | m l

Zi{ﬁ*ﬁTu%E&ﬁ%iLlT%%’ B&ﬁ%Tﬁﬁ% E"J*ﬁ?ﬂ%%, (1)990 1992 1994 1996 1998 2000 2002 2004 2006 2008

MTTEGIE T A< SC A3 306 FASST A5 78U 4E p 3] SWAT £ H ) Date
R BB OSBRI AT, E I TAEA A m 12 EMEIE SWAT EEIE 1990—2009 4 i 5 2 FxdaiE
R ) SWAT AR TR HR T 43, T 4R A B A A PR g, MOk

Ej{ﬂ/‘] Ziﬁ SWAT ?Fﬁiﬂ E,(J ’fj[:j%"‘o Fig.12 Surface runoff contributions to streamflow simulated by
original and coupled SWAT model in 1990—2009

References :

[ 1] Gassman P W, Reyes M R, Green C H, Arnold J G. The soil and water assessment tool ; historical development, applications, and future research
directions. Transactions of the ASABE, 2007, 50(4) . 1211-1250.
[ 2] Pradhanang S M, Anandhi A, Mukundan R, Zion M S, Pierson D C, Schneiderman E M, Matonse A, Frei A. Application of SWAT model to

http ; //www.ecologica.cn



21 1 RFE G SWAT MR E 25 AR B A ol gt 7001

assess snowpack development and streamflow in the Cannonsville watershed, New York, USA. Hydrological Processes, 2011, 25(21) . 3268-3277.

[ 3] van Liew M W, Garbrecht J. Hydrologic simulation of the Little Washita river experimental watershed using SWAT. Journal of the American Water
Resources Association, 2003, 39(2) : 413-426.

[4] AhlR S, Woods S W, Zuuring H R. Hydrologic calibration and validation of SWAT in a snow-dominated Rocky Mountain Watershed, Montana, U.
S. A. Journal of the American Water Resources Association, 2008, 44(6) : 1411-1430.

[ 5] Krysanova V, Miiller-Wohlfeil D I, Becker A. Development and test of a spatially distributed hydrological/water quality model for mesoscale
watersheds. Ecological Modelling, 1998, 106(2/3) : 261-289.

[ 6] LuoY, Sophocleous M. Two-way coupling of unsaturated-saturated flow by integrating the SWAT and MODFLOW models with application in an
irrigation district in arid region of West China. Journal of Arid Land, 2011, 3(3): 164-173.

[ 7] Eckhardt K, Haverkamp S, Fohrer N, Frede H G. SWAT-G, a version of SWAT99. 2 modified for application to low mountain range catchments.
Physics and Chemistry of the Earth, 2002, 27(9/10) : 614-644.

[ 8] Zheng], Li G Y, Han Z Z, Meng G X. Application of modified SWAT model in plain irrigation district. Journal of Hydraulic Engineering, 2011,
42(1): 88-97.

[9] ZhangYY, WangZ G, Yu L, Xia J, Chen X D. Extended water quality module of SWAT Model and its application to Hai River Basin. Resources
Science, 2009, 31(1): 94-100.

[10] Huang Q H, Zhang W C. Improvement and application of GIS-based distributed SWAT hydrological modeling on high altitude, cold, semi-arid
catchment of Heihe River Basin, China. Journal of Nanjing Forestry University: Natural Sciences Edition, 2004, 28(2) . 22-26.

[11] Frankenstein S, Sawyer A, Koeberle J. Comparison of FASST and SNTHERM in three snow accumulation regimes. Journal of Hydrometeorology,
2008, 9(6) : 1443-1463.

[12] Frankenstein S, Koenig G. Fast All-season Soil Strength ( FASST). Washington; U. S. Army Corps of Engineers Washington, 2004, 58-69.

[13] You Q, Kang S, Fliigel W A, Pepin N, Yan Y, Huang J. Decreasing wind speed and weakening latitudinal surface pressure gradients in the
Tibetan Plateau. Climate Research, 2010, 42(1) : 57-64.

[14] YaW]J,NanZT, Li S, Li C G. Average slope length calculation and runoff simulation. Journal of Geo-Information Science, 2012, 14(1) : 41-48.

[15] LiS, SunB, Zeng Z 'Y, Zhao Q G. Study on spatial discretization in basin simulation aided by RS and GIS. Acta Pedologica Sinica, 2004, 41
(2). 183-189.

[16] Hu X L, Chang J J, Yao Z Z, Jia H S. Study and application of hydrology forecast model in the arid and semi-arid regions. Journal of Glaciology
and Geocryology, 2003, 25(4) . 409-413.

B E K

[ 8] ME, 4wk, #ikh, TEE. KHER SWAT BRI SEX AT KR4, 2011, 42(1) : 88-97.

[9] k5, EHR, T, %, BRinR. SWAT KBTS Y i K IAEMR SR X B R BEIRF:, 2009, 31(1) : 94-100.

[10]  ZEiHAE, 5KITE. SWAT SpAi 2K SCBUR 7 SR T L DX S B Rt K . B Aol K240 . FUAARRENR, 2004, 28(2) ; 22-26.

[14]  AROCH, RS, 2200, 222 B KR B K Bt 3T SR AR, HBR(5 B R, 2012, 14(1) ; 41-48.

[15] Z=m, #hD, WakiE, B, BBIR% GIS B N it as [B] By A Ak Jr i B oY, 383, 2004, 41(2) : 183-189.

[16] XAk, WA, WG5S, SUMAR. T 5T R OK SO BRI 5 B I —— LA PRI o 4. o)1 VR, 2003, 25(4) : 409-413.

http ; //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.33,No.21 Nov.,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review

Gross ecosystem product: theory framework and case study «-------- OUYANG Zhiyun,ZHU Chunquan, YANG Guangbin,et al (6747)
Advances in impacts of climate change on infectious diseases outbreak ------ LI Guodong,ZHANG Junhua,JIAO Gengjun,et al (6762)
Ecology of aerobic methane oxidizing bacteria ( methanotrophs) — «+eceeeveeeeees YUN Juanli, WANG Yanfen, ZHANG Hongxun (6774 )

Nitrogen deposition and Leymus chinensis leaf chlorophyll content in Inner Mongolian grassland = ««+-eseeeereeeemieimiiniii ..
........................................................................... ZHANG Yunhai, HE Nianpeng, ZHANG Guangming, et al (6786)

Worldwide distribution and multivariate similarity clustering analysis of spiders «««-seeeerereeerimeriiiiiiii

.............................................................................. SHEN Xiaocheng,ZHANG Baoshi, ZHANG Feng, et al (6795)
The influence of wind direction on pollen-mediated gene flow in transgenic insect-resistant COMON — «++esererrrresererineniieeiiii..
............................................................................................. ZHU Jialin, HE Juan, NIU Jianqun, et al (6803)

Autecology & Fundamentals
Ecological characteristics of benthic diatoms, protozoa and meiobenthos in the sediments of the Changjiang Estuary and East China
Sea I SPEIIE  ++vereresssssrssmmmtetmrtrt ittt it MENG Zhaocui, XU Kuidong (6813)
Macrobenthic functional groups at the reclamation and natural tidal flats of Hengsha East Shoal, the Estuary of Changjiang River ------
................................................................................................ LV Weiwei, MA Chang’an, YU Ji, et al (6825)
Enrichment and ecological risk of heavy metal in soils and dominant plants in the riparian of the Fenghe River -«-teeeeeeeeeieeeieennne.
........................................................................... YANG Yang, ZHOU Zhengchao, WANG Huanhuan, et al (6834)
Effects of salinity and exogenous substrates on the decomposition and transformation of soil organic carbon in the Yellow River
DIElEa +evevvemenenenenanenetreneneten ettt ettt et ettt ettt ea et eeaes LI Ling, QIU Shaojun, TAN Feifei, et al (6844)
Effects of short-term dark chilling on leaves carbon and nitrogen metabolism and involved activities of enzymes in mangrove Kandelia
obovata seedling ++--rrreerereeeeen ZHENG Chunfang, LIU Weicheng, CHEN Shaobo, et al (6853)
Preliminary evaluation on tolerance to phosphorous deficiency of 32 cultivars of cut chrysanthemum — ++eeeeeeereeereeieniiiiii...
....................................................................................... LIU Peng, CHEN Sumei, FANG Weimin, et al (6863)
Effects of age and environmental conditions on accumulation of heavy-metals Cd and Cu in Tegillarca granosa —«--«=--=+=eseeeeeeeeeennes
.................................................................................... WANG Zhaogen, WU Hongxi, CHEN Xiaoxiao, et al (6869)
Effects of Chinese gallnut on photosynthetic characteristics and total nitrogen content of Rhus chinensis —«-«++ssseeeeseeeseaeeaeaaann.
....................................................................................... LI Yang, YANG Zixiang, CHEN Xiaoming, et al (6876)
The characterization of glyphosate degradation by Burkholderia multivorans WS-FJ9 ------ LI Guanxi, WU Xiaoqin, YE Jianren (6885)
Electroantennographic and behavioural responses of scarab beetles to Ricinus communis leaf volatiles «+eererereeerereeaiiiiiiiiii...
....................................................................................... LI Weizheng, YANG Lei, SHEN Xiaowei, et al (6895)

Population, Community and Ecosystem

Ecosystem health assessment in Baiyangdian Lake «--e-ceeeeeeeeeecaniiiiiia. XU Fei, ZHAO Yanwei, YANG Zhifeng, et al (6904)
Characteristics of macrobenthic communities in mangrove wetlands along the waterways of North Hezhou, Zhuhai, South China  ------
....................................................................................... WANG Hui, ZHONG Shan, FANG Zhangiang (6913)

The interaction between components of ecosystem respiration in typical forest and grassland ecosystems «+-e-eeeeeeeeeemeeieiiii...
.................................................................................... ZHU Xianjin, YU Guirui, WANG Qiufeng, et al (6925)
Effects of thinning on macro fungi and their relationship with litter decomposition in Pinus tabulaeformis plantations «+«seseseeerereeeeees

............................................................................................. CHEN Xiao, BAI Shulan, LIU Yong, et al (6935)



7046 A % R 334

Beta diversity of plant communities in Baishanzu Nature Reserve «----------- TAN Shanshan, YE Zhenlin, YUAN Liubin, et al (6944)
Effect of Oxytetraeyeline (OTC) on the activities of enzyme and microbial community metabolic profiles in composting «««««+«ceeveeeee
................................................................................................ CHEN Zhixue, GU Jie, GAO Hua, et al (6957)

Landscape, Regional and Global Ecology
Variations in leaf anatomy of Larix gmelinii reflect adaptation of its photosynthetic capacity to climate changes —+++weeeeeeeeereeeeieennne.
.......................................................................................... JI Zijing, QUAN Xiankui, WANG Chuankuan (6967)
The studying of key ecological factors and threshold of landscape evolution in Yancheng Coastal wetland =~ «-e-eeeereeeemeeeeeeieniein.e.
....................................................................................... ZHANG Huabing, LIU Hongyu, LI Yufeng, et al (6975)
Eco-physiological response of Phragmites communis to water table changes in the Horgin Sand Land = -e-eeeeeeeemneeenniiiinn.
.......................................................................................... MA Yunhua,ZHANG Tonghui, LIU Xinping (6984 )
Improvement of snowmelt implementation in the SWAT hydrologic model -+ YU Wenjun,NAN Zhuotong,ZHAO Yanbo,et al (6992)
Responses of lake fluctuation to climate change in Horgin Sandy Land ««---seeeeeeemmmmmeeiimiii i
................................................................................. CHANG Xueli, ZHAO Xueyong, WANG Wei, et al (7002)
Water ecology and fractal characteristics of soil particle size distribution of three typical vegetations in Shell Island —++eeeeereeeeeeeenes
........................................................................... XIA Jiangbao, ZHANG Shuyong, WANG Rongrong, et al (7013)
Spatio-temporal distribution of epilithic algal chlorophyll a in relation to the physico-chemical factors of Gufu River in Three Gor-
ges RESEIVOIr  «vvverereesssrssnmniiiiiiiiii i WU Shuyuan, GE Jiwen, MIAO Wenjie, et al (7023)
Resource and Industrial Ecology
Graphic analysis of spatio-temporal effect for vegetation disturbance caused by coal mining: a case of Datong Coal Mine Area -+-------

....................................................................................... HUANG Yi, WANG Yunjia, LI Xiaoshun, et al (7035)



(EBZFR)2014 F£FITEE

CERZAM) T EREE ORI £, P E AR 22 o P E R AR SR s b0 F R AR
AR WIT], BITT 1981 4F | il A A F SU HT T S AU IR QBT PERF ST R . IR A 65T, ﬁ%

S (T AL RER RN GE T R A S 2B TAE S IR R A SR AL, A A Rl B Eﬁm&@wﬁ”
PEFEA AR R RA K, 3R B 5 R i g A A 2R I A A F R BT IR 55 o R & ﬁwx%n?;z%ﬂﬁ%o

CHERAR) FEMRE AR %é&%/\ﬁzsaﬂB’@%ﬁtﬁm%fﬁﬂﬁmﬁﬁE’JJ?!Z‘*@IJ%J?@ﬂﬁﬁﬁi% TR
W RE S e A AR 28 e O ) B AR 75 £ P SO s BRSO T 5 AR RSP B B ik OB EOR A4 B B N
LR BHIF S RO = A R

2D M2 A T, K 16 FF4%,280 1T, B N E M 90 Jo/ M, & 4F 4 2160 T,

[ IR A AR . 82-7, E SRR & A5 . M670

FRAETFIS . ISSN 1000-0933  CN 11-2031/0Q

4 [ A M R SRy AT T ) AR PT B S T R WS U T R R TR R | SRR AR B AR
TEAETTT

Eiflithk . 100085 LRI IEX BUEH 18 5 B 1. (010)62941099; 62843362

E-mail ; shengtaixuebao@ rcees.ac.cn %] HE: www.ecologica.cn

AEIRERIER R WEFEME LM HATHRE XIKE B ¥

£ & % W ACTA ECOLOGICA SINICA

(SHENGTAI XUEBAO) ] _

CEAT 1981 4 3 A EIF)) (Semimonthly , Started in 1981)
H33E 20 (2013411 H) Vol. 33 No. 21 (November, 2013)
/=) L= <<$ ?T&>,ﬁiﬂiﬁ Edited by Editorial board of

Mtk b st i XN I 18 5 ACTA ECOLOGICA SINICA
ML 2% - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
Fi% : (010) 62941099 Tel; (010) 62941099

www.ecologica.cn .
. www. ecologica.cn
shengtaixuebao@ rcees.ac.cn .

shengtaixuebao@ rcees.ac.cn

; gj i‘[%]%\‘ B | Editor-in-chief WANG Rusong
* ; [ ﬁii,_%z,,_%z, £ Supervised by China Association for Science and Technology
R 22 o A 2SR 0 Sponsored by Ecological Society of China
Hidl b ST IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
M L 4 A - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
H R 4% 4 & K ik Published by Science Press
Mol . b R EWARAL T 16 5 Add ;16 Donghuangchenggen North Street,
MRS A . 100717 Beijing 100717, China
R dbstduARENRIT Printed by Beijing Bei Lin Printing House,
2 1T 4 4 & )G Beijing 100083, China A
bk AR E AR 16 5 Distributed by Science Press m ;=
MR B S - 100717 Add ;16 Donghuangchenggen North o
L : (010) 64034563 Street, Beijing 100717, China 7 N
) E-mail : journal @ cspg.net Tel: (010) 64034563 (=
1T 1 AR L e o
ESNEAT ol R 55 1A Bomail:journal® copgnet © ==°
Mok AL ET 399 {24 Domestic All Local Post Offices in China = g
ik B 25T < 100044 Foreign China International Book Trading 3 E
gz o Corporation M~
;“EII g TR 8013 Add;P.0.Box 399 Beijing 100044, China - E:
IS5 1000-0933 RSMATF 17 RERE RS 82.7 EShE1TRE M6TO0 Rt 90.00

CN 11-20317Q



	1.pdf
	fm.pdf
	中ml.pdf

	stxb201207110977.pdf
	3.pdf
	英ml.pdf
	FD.pdf




