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Abstract

Dongting Lake possesses an important regulation capability in the Yangtze River basin. Because there
are no flow-gauged stations in the area below the three inlets and four tributaries, the intervening runoff
derived from precipitation cannot be observed directly. The quantitative related analysis is still scarce.
To address this issue, the SWAT and Xin’anjiang models are established with various objective functions,
respectively, to simulate the runoff from 1991 to 2009, which is verified by the annual total intervening
runoff calculated by the water balance equation. The results show that: 1) The deterministic coefficient
(DC) incorporated with the total relative errors (RE) provides better performance in the SWAT model; 2)
A positive intervening runoff constraint considered with the sum of squares for residuals can improve
the simulation accuracy for the Xin’anjiang model; and 3) It can be inferred that the relationship be-
tween rainfall and runoff may change around 1995 and 1996, based on runoff coefficients during 1991 to
2009 and simulated results of the hydrological models. Therefore, split-sample calibration is used and
produces more accurate simulation during calibration and validation periods for both SWAT and
Xin’anjiang models. The proposed method can relieve the water balance problem and provide a basis for
water balance analysis in uncontrolled areas of Dongting Lake basin.
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T EEMAL T b B A B, KDL B CARE T BE AR U T AR 26.22 75 km?®, B KV I 8 E
MR E WY, HAARKMERGEI] (2], B TREBM. 5. Do 98P /K A I = D45 sk LR B IX 1))
R, KREIR3], TE1Z XK GRS, FRAARIEX ] = F1PU K ik DT A X 8] I B2 0 ~F R
XA 5.26 J5 km?®, o5 I RIS 8 T AR ) 20%.. B 35 K 2030 K20 1 35 TR0 70 5 R, 3R % e 1%
X [ AR AR (4], — M SO A AL 22, X B RS FE B2 M 0K o 8 = 11 DY 7K DA 3l B i A 428 IX [R) AR i A
T, X B IR BRI T A YT K A BT R A B, AT A B S VR A S K YTV BRI T R A oy
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KL T AR X AR S 2 R I K AP () R, AR AR S R PR ZE R X R R AR W
PAAERFFE R B, A B A 428 X ) ) 701 3 B o /K P 7 A8 1E[5], T B R i K A i S 4 56 i 7861, %
PROK A J7 V= 7] F1 8 2. TOPMODEL [8]H1 SWAT 2540 A7 s A (9] [10]. 7KL ey TV H Dk &
PORERA 1], ARFEDX [A] B MY AR IR 0% RN — B A RRR N FCRIER T 09 1) . H A ORI FOAR A S R T &
T2 R B b DX AR I 52 2%, oAt 7 vETGvE B Re F o BB, IR B I A 42 X IR 1) % AR AR I R A AR K,
BRI R E S, FEATRRESEOE R Z[12] [13]. Pk, AR SCHE I BRI A S5 X (8] 43 5l S T
SWAT LRSI 22 TAR AL, B FU AR X ) (7K &1 1) R
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DEM $#i R M1 90 m 7373 SRTM % s -3t Fi FH B R T B SR R SR A 50T 65 72 98F 8 1 km,
HEm B0 2010 4 RIREGRE YR R IR AT IR 1:100 7R, BRIy 2009 45, LEBRSKR RGN
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Figure 1. Location map of the uncontrolled area of Dongting Lake basin

E 1. SAEAREXERS E R EE

AHEFT AL 1990 SEBERIFEATHAL “ T, FELL 1991~2000 4R EW, 2001~2009 AR, I
IR L 7K ST oty e AHE AL BB A X A8 I AT RS HE AN G

53 U SRR BE WA A I X ) A AR IR R A, W 1 TR, TR 1990~2009 AR 3L T 20 RSP IR R AL
9047, BRMEN 0.84, KAELE 1998 4 H/PNERMARECN 0.27, KAAE 2007 4F, FHZEFRK. Fik,
] B IS I R TE K B AP LS, & B8 S 80T FAR B BL X R A2 9 A 52 (10 7K &= 5 SE AR
ZIRK.
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Table 1. Annual runoff coefficient of uncontrolled area in Dongting Lake basin

= 1. RESREREXEFERARER

E0 X 18] 4F [ Y #/mm X (8] SE AL/ mm FAT A
1990 1416 470 0.33
1991 1386 689 0.50
1992 1242 439 0.35
1993 1654 706 0.43
1994 1484 457 0.31
1995 1638 787 0.48
1996 1490 804 0.54
1997 1431 644 0.45
1998 1886 1577 0.84
1999 1698 975 0.57
2000 1349 501 0.37
2001 1232 603 0.49
2002 1997 1141 0.57
2003 1314 740 0.56
2004 1372 637 0.46
2005 1350 543 0.40
2006 1270 527 0.42
2007 1063 282 0.27
2008 1279 446 0.35
2009 1200 404 0.39
T 1438 672 0.47

3. fiRG=E
3.1. SWAT {&&Y

SWAT (Soil and Water Assessment Tool)f5 2 2 p 3% [E < |l #8(USDA, United States Department of Agricul-
ture) JF & 1) 40 A UK SCIE AL [14]. SWAT BEAY A WA I B L M, X — 45 mU08b 1 BN BRI R, 2
T85> 8T B SR I LB O R 43 A SOK SCRERL, W T T8 BERHI - S5 K I b X AR SR, 000 . SWAT
BT T 4 v A AR (DEM) B BUAUIUAT i /K & K IR 40 Bt A TRk 15] [16], R TR —NF iR, R
P Forp SR | MR R RS I AL S L, 1 2B R g v 2 AN K SCE B B 5T (HRU, Hydrological
Response Unit).

SWAT # S ¥R H H 5% 52 (SWAT Calibration and Uncertainty Programs, SWAT-CUP) #4347, 2 F - 5%
AN TE 5 (SUFL-2) AR AZ B THI A 72 SEBRit i R0, JUR R EME R 3 DC AR AP JE/K M it
SWAT R S H 35 (1) B bR k3, X [AKEXELLA BT, ik, JEHUfE I 2% DC MU EAIX 1R % RE I
[F1E N H R EE AR AR AL R 1 H b R

DOI: 10.12677/jwrr.2019.81005 47 TK YR 5T


https://doi.org/10.12677/jwrr.2019.81005

7] B2 T A A X [ 7K1 o

i(QH“,i - Q{H,i )2

maxDCzl—":ln— (1

—\2

>(0:-0)

i=l1

Z O ~ Z le Il i
min|RE| == = x100% ©)

n

ZQIZI‘rﬂ,i
i=1

Arf: Oy, NTER D B R, Q,, AV SIS, 02 SIS R, n HFRF S
KB, Qs Oy 9K LTI S HE R AL .

3.2. FiRiITHER
BT RN 17198 2 N R AR R E B VR iE AR X, HN SR R, WAREWE 2 Fis. R bl

B RN AT AEZE ORI, R =R 2R, BB AON B Wi 18]. & iieds, JuHEKE
ARIEBHE RN, Frg RS ERRlG B EKERBINRRKEE, ATFa . =KEH%
TSRO SAR TR 7 SR AR . S M R ARVR = A 0 = AR ) A AN R B 7 iR AT, ek
AT A 2ik,  H3BKRI R ACR MK eV . Bm, IR IR, S e AR R /K H I AT B
SR T PR

it TN
A A A B l WM lIMP
FEK R AF K HE R
AT 7 73 RIM
B | B : }
Mk 4| | Mok AR

y

1-FR | FR
MO AEVRRS || i N > Vit
{ 1 gu [ IERRS [

WS kw 24
iU Je— 2 bRy | AWK it
EL wLm FEWL " i i
s 0
_L C - Cl
ED HZWD HErh R | PR || e R
KI' | RSS ANRTRSS | 7| HORSS
KG
A4
MoK £ e MRV || MR
WRG BNRIRG ORG

Figure 2. Flow chart of Xin’anjiang model
E 2. =KEHRIIERITERRERE

KRB LIS 15 N S8, ARWEFT LA 5005 (Genetic) [19]0 45 RAE MRS EIVIE, 25 R
F %' %A1 B 50 (Rosenbrock) [20] 7775315, )5 KA B 4L (Simplex) [21]77VEA3 B (e S 2. 0 11 Je )
WA, B 2SR ) H A ek B — OB ZE T MI(SSR) -
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3.3. WhiERR

W FER A DL R FR bR AT K SO TH B 45 SR AT VP58 20 AT

1) #2500 DC [22].

2) fFUIX (A4 S A R % RE.
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4. GERFHE
4.1. SWAT #HEEI X EFRE

T BESA T = 1 DU K B )3l AR, R HE 1 DA R P X ) 27 SWAT #E%Y,  DUHfE M R DC 1N
Hbread, HREREEMNERER, 153 EHEERE DC N 90%, 1IN 88%, 1iHH 1% A6 xUfst
BRI 1) S SR BE R B B M AR IR DG R o AR, B4 = DY/ SRR IR 7K B o 3 L L 11 7K B ) B A gt il
80%, MRAIESEBEX L . HOHE B 24 R0 ) DX AR SR A7 AE 25 /K B AN T4 o 8

W FE 53 AT 1991~2009 4 S FIAS AU R 38 587 51 A 47 (1) X TR K S AT T, 22 2 DI T 4548 SWAT AR AU
A 1991~2009 FFRFEH X HFELAKERZE. HAHE 1 TTUES, REH 10 FRXEKREESEN 3640.5 14
m’, X AR AR RN 37852 14 m®, MEAHNTIRZE MK 3.9%; KEIGHH 9 AE X A K R4 B RN 2585.2
12 m®, B X A K AR R RN 2657.3 12 m®, BEEMXHEE MK 2.7%, 11 HAERH R EMZE R K.
SEW] 1992, 1993, 1994 F1 1995 4, i 2005, 2007 1 2008 FEAHXHRZ LT T 20%. PLEGEREH, f£
4t SWAT FEA 45 B X [A] K B AT, 78 3R WG B8 3 2 I B0l K B R 1) . DRIk, OB e ok R 8
DC 1ERF J5 /K W32 03 1 B AR R, X Ta) 7K & M DA 3P4

ik, EEUH E T R A DC MU EAEN R ZE RE SLEIVEN B RIS R R A B R4, 7% 2
ATUVE LA BT RS R, REW 10 FRIXFKEF S BN 3640.5 12 m®, BRLE X AKEAFE S BN
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3352212 m’, BEANXHRZERN 7.9%, (EARERFNHREZEAZRIRE K. 1991, 1993 451 2000 4F i AR L
U, FIRHRZELE 10%LAF; 1994, 1995, 1997, 1998 Al 1999 £EMXF IR ZEAE 10%E 30%Z [8]; 1] 1992 £EF1 1996
SRR B R IR ZEHB T T 30% . RS0 1 9 4F ) IX 1] /K B AR N 2585.2 42 m, BREABLAY X TR) 7K B4 A R 2519.2
fom?, BEANHREERD 2.6%, (AEFEMHRZRE FRFREHMK. 2003 5. 2004 £, 2006 EF1 2009 EH]
SHRZETE 10% LA 52001 A1 2008 4EFIFHAT R ZETE 10%4E 20% AP 5 T 2002 451 2007 £E7E 20% 248 30% LA o
DL 5 SRR, oodt H AR R SWAT B8 25 BL7E A 50 A X 1) 7K B~ i 25 S — M, 25 A IX (] 7K B~ 7E 1995
F1 1996 1 5 Z MR K.

Table 2. Simulation results of annual total intervening water volume in SWAT model

= 2. SWAT BRAX[E7k B F B EBEMLER

J% 1 (LA DC AN HFFR) J5% 2 (UL DC #1 RE A H#7)
Ay SEX 7] 7K E (12 m®)
B X ) 7K 2= (12 m®) ERKEIRE B X ] 7K 2= (12 m®) ERKEIRE
1991 331.0 355.7 ~7.4% 330.5 0.2%
1992 210.9 300.6 -42.8% 279.3 —32.4%
1993 3392 4263 —25.4% 356.0 -5.0%
1994 219.3 334.8 —52.6% 276.3 -26.0%
E’E 1995 377.9 472.3 —-25.3% 468.1 —23.8%
;; 1996 386.3 271.4 29.9% 225.1 41.7%
1997 309.2 293.5 5.6% 234.3 24.2%
1998 757.6 594.9 21.3% 553.3 27.0%
1999 468.5 4513 3.7% 381.9 18.5%
2000 240.6 284.5 -18.1% 247.5 -2.9%
Mt 3640.5 3785.2 -3.9% 3352.2 7.9%
2001 289.7 264.9 8.6% 250.8 13.5%
2002 547.9 444.0 19.0% 4254 22.4%
2003 355.4 370.0 —4.1% 357.1 —0.5%
g 2004 305.9 287.8 5.9% 272.8 10.8%
3 2005 260.6 322.4 -23.8% 305.2 -17.1%
" 2006 253.2 257.4 -1.4% 243.1 4.0%
2007 135.4 186.8 -38.2% 172.7 -27.5%
2008 214.2 268.2 —24.9% 252.8 -18.0%
2009 222.9 255.8 -15.1% 239.3 ~7.4%
it 2585.2 2657.3 -2.7% 2519.2 2.6%

4.2. IRITERENRXERE

A AR 22707 0N H A R 0 (A 20(1)) s 8 2 VAR AL 2 58 BT e M R AN 96.72%, R ELAHX R Z WK
6.30%, TSI ENERECN 96.59%, SEAHXRZEM/DN 1.56%. A1, B 2 TLBAY REAR i 1A S L I
HOE. EEFRRETIIA RE F(ARQ)), FEHMIHEHERECN 96.21%, SEMAMNIRZEMK 0.32%,
6 W 58 1 R BON 96.03%, MEAIXHEZE /N 9.3%. KN T RE, et /s T, ReMMriHRzET
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B, ARUR IS HAE N IR 2238 K. FER 221 07 FI B R B ] N IX AN 2 IEE M AW G (A RQ3)), ZE R e v
RN 96.73%, SEAXTRZEIK 6.81%, i HIMHE M RECH 96.60%, SEFIHRZEM/DN 0.71%. ITIAZ)
WG, et RS AR, HARR AN R ZE 2 =A T Z RN X 1991~2009 S0 A1# 7 2B E) I
P RAFE XK EIAT IR, 3 FIH T 1991~2009 FZ 4 [ X H4E SR B 2.

Table 3. Simulation results of annual total intervening water volume in Xin’anjiang model

+#® 3. MIRIIREAESXEVKEF D EBRIER

o J% 1 (B SSR A J7% 2 (WL SSR W RE WHBR) 775 3 (1F SSR 3 15| AZy3H)
SRR R(IZ m) : ‘ ‘ o o
B 1A (12, ) 4F 880K RS2 HELIK 1K R (2 ) 4R AR R B DK RO m') 6 KR i 2%
1991 331.0 358.0 —8.2% 376.1 -13.7% 389.0 -17.5%
1992 210.9 271.9 —28.9% 278.8 -32.2% 297.1 —40.9%
1993 339.2 381.4 —12.4% 396.4 -16.9% 416.4 —22.8%
1994 2193 359.5 —63.9% 302.8 -38.1% 3413 —55.6%
% . . —30.3% 465.3 -23.1% 481.3 —27.3%
€ 1996 386.3 349.8 9.4% 313.7 18.8% 3423 11.4%
B
. 1997 309.2 299.3 3.2% 253.8 17.9% 285.2 7.8%
1998 757.6 5734 24.3% 575 24.1% 585.5 22.7%
1999 468.5 468.6 0.0% 436.6 6.8% 461 1.6%
2000 240.6 3155 -31.2% 253.7 —5.5% 289.3 -20.2%
Bt 3640.5 3869.8 —6.3% 3652.2 —0.3% 3888.4 —6.8%
2001 289.7 271.6 6.3% 2295 20.8% 266.5 8.0%
2002 547.9 525.1 4.2% 526.4 3.9% 535.5 2.3%
2003 3554 379.2 —6.7% 344.8 3.0% 374.8 —5.5%
2004 305.9 269 12.1% 244.8 20.0% 280.3 8.4%
ﬁ 2005 260.6 276.9 —6.3% 280.3 —7.6% 292.1 -12.1%
#2006 253.2 242.8 4.1% 218.7 13.6% 248.9 1.7%
2007 135.4 158.8 -17.3% 127.5 5.8% 158.6 -17.1%
2008 2142 197.3 7.9% 158.7 25.9% 190.1 11.3%
2009 2229 2242 —0.6% 214.1 3.9% 220.1 1.2%
Bt 2585.2 2544.9 1.6% 2344.8 9.3% 2566.9 0.7%

7% 1 R LA, AL DR ZE T 07 FA B bR RN, 2658 11 10 20K EAX IR 210 -6.29%, (R
AR IR ZER K. A 1991, 1996, 1997 1 1999 FAHX 1R Z /N T 10%, 1992, 1994, 1995, 1998 F1 2000 4
FHXTR ZE KT 20%, Hodt 1994 G AR RAR 22 o A6 56 JA IR0 45 AR T R e BB IT 15 £, (X 2004 A1 2007
FEAXRZERT 10%, 3+ HIBNT 20%.

TIFE 2T LSS RATHL I RE J5, @ R AR 2 57 NI T, B34, 1992, 1994,
1995, 1998 FFAHXT IR ZEII KT 20%, 1H 1994 FHIAHRHRZ B /NT SWAT BIBYZE AL, 1998 4 HIFH XS 1R 2 g
B, H2 1991, 1992, 1993, 1996, 1997 Fl 1999 £E AT iR Z# A AN FEFEEH B, fERRHE, 2002,
2003+ 2007 F12009 4F HFIAHXT R ZE /DN, AR S EREIAA TR 1 4R
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LA X AR N IEE ARG, 775 3 MEERPR, DR EBREZREMN A 7IEMSGE, w1994
FEAT 2000 AF o {H 1991~1995 4 BRSNS EL 22 H 2 I35 )ity o e 50 3R UL A0AN DABR 227 07 F0 B A R E 77
FHEAK. SR F T W27 1 5% 2.

RGN, Stk B b R R 2 LA A AE AN [R] 7 S v i 4 2R S e S X R] K ST E 1995 AT 1996 AR
Ja ZEMAR K, TERTIS B X (] 7K B P AT 45 SR — M. 1991 4F3 1995 Bl 1) X [A] K & 8 B Bl =, 1T 1996 4F
F] 2000 F 17K B2 BAR L IURAT o AF 97 A 2B (R0 HE AT 0 0l AR A DL 22 1) iR AL AT R 8 A R A AN
HIEMZ

43. PEREE

SWAT AN Hr VTSR R 2R B, 1991 FE3) 1995 AEA I X (8] 45 B /K EAH XS 1R 2 RE 4R W=, 1M 1996
3 2000 FE R K EEAR 2B, K 3 B,

80% |
|
60% r |
|
40% | —— SWATHR 7K1
| N
0% | | —— SWATHEM 7752
- | } FEITHA 7K
0 T
1990 994 ( — & — BT 5%
20% | G : ;
S : FETR 7R3
-40% \‘/ |
-60% | :
|
-80% *“

Figure 3. Comparison of annual total water volume error among different schemes

E 3. EHRXEFRKEIREXTLL

FGEAX [AZK & T FE 1995 A1 1996 4ERTfE Z MR K, R HT 1995 42 1996 4 (A1t 8 4 A2 8 & Al e
KA T, SRS HAEH T8 e . X 1991 45 1995 FFiX— B fE SWAT-CUP #5417 5
MEE, TRFEEHIRT B ET 4.1 R 4.2 FEEER, SWAT BALF R LA DC F1 RE £y H ARk 5L,
BT TR YAE DL SSR  H bR R AL I, 5l AN IX R &N IEE AR Z e 280, 707 LL 1991~1995 45—
B, 1996~2009 N5 —BedeE i, RIS IIE L AE BN S . B it — AN Boi B T AR R S
T SRR I X B B (0 A S K R 2 AT T 5. 2% 4 B T 2 BER E AR B1K 1991~2009 4R B 4E 1) [X [ 47K o

h# 4 LA I, REPXE/KEESEN 3640.5 12 m®, B X FKEESE N 3578.1 12 m’, 94 M
FEAIRHRZEACN 1.7%, BEMMXFIRZERE /N, 1993, 1994, 1995, 1999 1 2000 4F & BRI L, HHXFiR
ZEAE 10%LA R 5 1991, 1992, 1996 Fl 1998 4F ({4 S S AH X IR ZEAE 10%~20% 8] A F4 I 20%. fER
W, 9 FEIX KR AR RN 2585.2 14 m, B X (/K RA4E A 2512.2 42 m?s 9 AR B RHIFRZEIUN 2.7%,
FRHEMN IR ZE AR R E AR, 2003, 2006 A1 2009 fEAIXHREZLE 10%LAA; 2001, 2002, 2004, 2005 Al
2009 FHIAHFHRZELE 10%Z 20% LA A 2007 FF1Z4E HEX AR R RN, AHRZEN 26.5%. # i
R, REM 10 EAMTRZE N 3.1%, B§ET SWAT FE, MK 10 FEHXHRZE N 0.8%, WK T SWAT
7% FEWIR 1992 F1 1998 HIAHKHRZ T 20%, 2000 408 KT 10%, HAFEM BB R, MRz
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Table 4. Simulation results of annual total intervening water volume using sectional calibration

T4 TEREEXEKEFLERMUER

SWAT #5#] AR
o= SR S X [ 7K (12 m®)
BELLX 177K 2 (12 m®) FERKBIRE B X A 7K 2 (12, m) ERKRRZE
1991 331.0 2815 14.9% 3274 1.1%
= 1992 2109 234.8 -11.3% 2523 -19.6%
g 1993 3392 3126 8.0% 3422 -0.9%
- 1994 219.3 237.5 —8.6% 2286 —4.2%
1995 377.9 387.1 —2.4% 394.2 —4.3%
1996 386.3 3439 10.8% 370.6 4.1%
% 1997 309.2 374.5 -153% 282.1 8.8%
E 1998 757.6 6542 11.7% 594.5 21.5%
= 1999 468.5 503.7 ~7.1% 462.6 1.3%
2000 240.6 2483 -1.8% 273.4 -13.6%
it 3640.5 3578.1 1.7% 35279 3.1%
2001 289.7 249.1 14.0% 260.8 10.0%
2002 547.9 4282 21.9% 550.0 —0.4%
2003 355.4 3542 0.4% 3779 —6.3%
2004 305.9 272.1 11.0% 283.1 7.4%
i 2005 260.6 306.6 -17.8% 292.4 -12.2%
12% 2006 2532 241.6 4.8% 250.4 1.1%
2007 135.4 171.0 —26.5% 154.5 -14.1%
2008 2142 252.4 -17.6% 2022 5.6%
2009 2229 240.1 -8.0% 2337 —4.9%
st 2585.2 25122 2.7% 2605.1 -0.8%

10%; TIZEREMA, 2001, 2002, 2003. 2004. 2006. 2008 I 2009 FEIHGRANEHTF . M2, A3 X A KK &4
IF] RAE 53 B8 JE A9 31 1 AR R B 1) et
5. 4578

R SR VI B ) A 4% X (R AR TRk, 40 ol 2 S B A R 4% X (R K] SWAT J3 A USSR RN 37 22 VAR . 7
SWAT R 7 R, JEELT WAh B AR % 1) AU A e R2DC; 2) R EE DC AL &A% 2 RE.
MAEFT VTR 7 S8rh, BT =M EHPRREL: 1) (USSR 2770 SSR; 2) #£ SSR HyZEAL A RE; 3)
£ SSR E N H AR LA b, SIAX R ENIEERLA R RJE4E 1990~2009 FA420 RE AL, S AR H
P BRECTS (R JEEA IX 1) /K A RO R 45 2R, R I8 S W IR 3 o W AR R R AT RE R A T &84k, f e SR
SBEREMTTN, BRI R, BrRg T

1) LA SWAT 43 AR ARSI 2 3 [X [ 42 i), [RIA %5 FE DC A RE BEHE i BLUURS JiE 5

2) DU AR RUSALLI B2 1 X TR AR, 72 SSR Ay H AR R 25 A _E 51 DX 18] & 4 AR 1) 29 3R] DA 5
E
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