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Simulation Study of Power Law TOPMODEL for a Chinese Mountain
Catchment with Inhomogeneous Underlying Surface Condition
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Abstract The Topographic Index Model (TOPMODEL) has been implemented into land surface models (LSMs) to
improve modeling of hydrological process components. In recent years, great effort has been made by many researchers
for adjusting some of the assumptions contained in the classic TOPMODEL, which will broaden its application scope.
For example, the general power law has been used to describe the variation of saturated hydraulic conductivity with
depth as an extension of the classic TOPMODEL. Known as power law TOPMODEL, its derivation is based on the
assumption of spatially uniform land surface. In this paper, the power law TOPMODEL is extended to a spatially
inhomogeneous land surface with spatially non-uniform saturated hydraulic conductivity at the ground surface ( K,),
effective soil depth (m), and water recharge rate to the ground water (R). In addition, numerical experiments with
assumed spatial variable patterns of K, m, and R are conducted to evaluate the hydrological effects of the spatial
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heterogeneity. The main conclusions are as follows: 1) The assumed spatial distributions of X, R, and m affect daily

surface runoff, daily baseflow, and daily total runoff. Among these, the spatial distribution of m significantly increases

daily surface runoff and flood discharge. 2) The assumed spatial distributions of K, R, and m do not significantly affect

the total runoff and evaporation averaged over many years, although they change the partition of total runoff between

surface runoff and baseflow. In particular, the spatial distribution of R, enhances averaged surface runoff of many years

and significantly reduces the averaged baseflow during the same period. The other two variables change surface runoff

and baseflow less than does the assumed spatial distributions of R, .

Keywords Power law profile TOPMODEL, Model verification, Impact of spatial heterogeneity, Sensitivity analysis
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Table 1 Distributions of topographic indices

T 7 Ll
e Ty Ty Ty -
5.00 0.00000  0.00000  0.00000  0.00000  0.00000
4.50 0.00000  0.00070  0.00001  0.00000  0.00000
4.25 0.00000  0.00359  0.00310  0.00000  0.00000
4.00 0.00001  0.01446 0.01480  0.00000  0.00000
3.75 0.01400 0.01285 0.01233  0.00000  0.00108
3.50 0.01359  0.00737 0.00726  0.00000  0.01439
3.25 0.00991 0.01458 0.01579  0.00075 0.01423
3.00 0.01620  0.01148 0.00370  0.01000  0.00819
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1.20 0.00000 .00000 0.00050  0.00428  0.00048
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Fig. 1  Distribution curves of topographic indices for five cases

%2 TOPMODEL /1 2%
Table 2 Values of parameters of TOPMODEL model

WESH WAZRRERE ORI

KRB Qofmm d! FR B m/mm dmm™ JKAE Spmax/mm  Pyax 18 Sp/mm
3.5 (5~9 ) 52,0 (10 AEWRE4 ) 39 (5~9 ) 560 (10 HEWE4 D 0.0015 40 0.8 1.7
TANT Ty s FIFE Ty T Ty I AT T IR AH - Sua D>0 (14)
(ZSQ DR D, t,

3.2 TEFEM SRR B Rk 2 T & #0089 81
R 3
AT AL MK e 7% TOPMODEL #
FORTRAN Fi)¥ TOPT9502.for (TOPMODEL
DEMONSTRATION PROGRAM VERSION 95.02,
revised for distribution 1995 by Keith Beven) JhjF:Ail}
PEAT VR IE g, R i 1% (B 4R 24050 TR S 1)
IR EU A ) TOPMODEL R . 125 ] dEL) 5]
THRMmMPERE DA, BEMR e RED M
TOPMODEL ' D; fil Oy, #3525 B A1 AR %)
K FE455070 i TOPMODEL ' D, Fl Oy, ik =, B
AR (1) ~ (10.3) 2l e fetin
TOPMODEL N AN . FRZ i e FREHA
MWIEIRE T =na,/tan B, WA B AR AT #H 11)
AR AT R AN R R (AT Tiks Tirs
Tiv~ Ticewm 5500 8 T ARG TEARVRURT DO 1R 7K Kb
HOR, MK TSP ek R R ) 1 AR P
(Sun and Deng, 2004), ‘&R R w kB 0T 2114 Hy
AT 1) 3 KR et 25 48 B RN 2 A R s i), 25 8 T Bk
ik 1 R ALBRR T 1SR ¥ %25 (bypassing or
channeling flow) Ty fe X JE0L )2 380 (1) 57
(Sun and Deng, 2004), {£ TOPMODEL i1 75 ]
AEHOAZE R Z AN R W T &5
AFKIHE (Beven, 2000):

Hrp, Sy, ATE ¢ AFMFZINEKE, 4 AR

V) Tia) b 7KV R 2 i 38 A7 7K B e FR) IS (1) 2

o I IR AN S K & T
Bt:BFAt_R—’_th’ (15)

b, D, A Dy 535 A9 I BEACRIN B9 i) 378 58
) R B K &

P FESHO ol /2 1 KA R & Sp A2k
TR I B KNG AR R R N AR AR KR
L Puax, R R JZ B KK Sramaxs far TR
P SRR K BN IR DL R Qo &
Hom, BEIZHH| T3 2 (Sun and Deng, 2004),

NIF 9 3 ) R 35 4 6k K P AL 45 SR 1 5%
W, ARPE LRI n (n=16) (HAI 2 M2 )RR 5
(I ky, ~ ms R SRAFHIRR ST AU A A T Fa 400
AR AL, XA 4 FhAS [7) 2 i) 320 59 P i 9 (1)
HWIEFREL (T~ Tire Tv 1 Tirwm 550 SEATRLRUIE
GU, T A ()3 AT AR A LA, 40 HT 2 1)
RIS X IR AU 25 R 7 A ) 5

HARRAIN A (6.1 — (10.) 1145 D, 3R
JatARER 2 A IS HUE, 4 ML T AR B T i dak
1960~1999 3% H it & o v 55 A 75 %) BEAN AL 4%
TEAREB 0% N 43, 2B m A AT E m, 7F
AN G EME, ARG T E RS B



R /=T N S 7 19 %
740 Climatic and Environmental Research Vol. 19
INAIUR SN A NT Tio BRI HBRATIRIR, Tig P Tim 54U

M40 AFERIBN S RS, B A g
FREL Tio BEAU S5 RAHELAL, VI 4 FhoAS [F] 454
(T~ Tirs Tin A1 Tigpa) BEULIRIZE R AT 22
T, HEEREAME, XU Tik. Tire Tiv
Tikrw FITRE 2% [E) AR 280 59 P 0 328 3t A 5 0 HL
SEMAREE S AR o X HLEL 1992 4 A5 H ARG ] .
Bl 2451 T Tios Tiks Tis Tim A Tikrw BEHULEY 1992
FBH R, TTLVE ) Tir M1 T B AIZEEZ H IR
WAL, HY Ty M Tiem BAURZE H SR AT
—EMZEN . 15 Tio B 1992 “EZ H it EAHEL
B T T FIBHUE R Tio ME5 RZEED BN, H
Ty AT T AEAPA PR R 068 38 55 WY il 1 T T PROASEADME,
Yi B2 5 2% R8N A AR S A P TR SO R
SHRAFME R Ny T 0 T s AR S0
HRARIRAI T ARG A, B3 450 T Tire Tiks
Tim M Tixrw FEHLHT 1992 4E& HIWRBRIE S Tio
B R AR 22, B4 45 T Ties Tixs Tiv
HT Tiern BEALLIRT 1992 4FIE HERIRIR S Tio B0 2
WIRZ ZE o 4 Ti B MU R ARRIRAT IR T

(1) AR TR AR VIR K T Tho FE40L ) M R AT IR
s UEHIANIA] )T B i R A0 MR AR I 5 i
Ao 22T 23 (R AR AT AT 1 7 R 52
5 R AR AT

A AR SRR BOK SR & 8 2
PSS IR . 3K 3 2 PR ST Tiks
Tir~ o A Tieru BEALLAD I 40 4734 AR 28 UK
E . SEMERREQ, « FHREQ, « HRARK
O UL AR P I K B P A i, B N R BN AL
B o P

HEE 3 AL 1D AT 2 B R AT,
Tir IR T Tho MBS B, Tom W& =1 T Tho IASEHU
i3, Tl Tierm ERLEE RS Tho BRI AR
. 2) AT 29 PR, Tk SRS
WART Tor Tom BEURIZEGN ST To W, Tix A
Tixrm BRI S Tio MBS Rgil . 3) X1
LA BRI, BT RAT IR SRR )
AMER, TR ST Tiks Tirs Tiv A1 Tikrm
U S RAHZEA K, ST RN Tio 1

5007 (1)
400+

Observed
....... Simulated

Daily mean runoff/m3s’!

200 300 40
Day in the year
500 (d)

400

Observed

------- Simulated

200

Daily mean runoff/m>s!
W
=y
S

OO 100 200 300 40
Day in the year
Observed
------- Simulated

:m 500'(a) Observed
% 400 L Simulated
§ 300F
g 200f
g
2z 100}
2
@] n . . )
00 100 200 300 400
Day in the year
:m 5007 (¢) Observed
£d00r Simulated
=}
§ 300
g 200
g
2 100 ;
o
a T L . )
00 100 200 300 400
Day in the year

%, 5007 (o)

g L

= 400

Q

5 300

g 200t

g

2z 100}

S -

00 100

200 300 400

Day in the year

2 HE4REL (@) Tiov (B) Tirs (©) Tiks (d) Tims (&) Tixru BEFAMIE Hf R
Fig.2 Simulated daily runoffs for different topographic indices (a) Tio, (b) Tir, (¢) Tix, (d) Tim, and (€) Tikrm



6 1 INBEFEE: NS S R 54 TOPMODEL [RRBUAITT
No. 6 SUN Shufen et al. Simulation Study of Power Law TOPMODEL for a Chinese Mountain Catchment with ... 741
8:0 4r (a) TIK_TIO % ar (b) TIR_TIO
=
=E 21 ﬂ 2E 2f
0 = 0
é § 0 I 1& L_MA . | Q§ § 0 o Mo - |V
2 g 2 2
> & —2r =8 —2r
TG o --'_‘5 o
A —4 . . . ) a —4 L . . )
0 100 200 300 400 0 100 200 300 400
Day in the year Day in the year
Gt r -
E re Ty—To & 4r@d  Tyru—Tio
Se af Se of
3 Ny S Lol gl
£8 0 £g 0 — T
g & 5 2
2 < —2f e —2r
= < T?S =
(=) —4 1 L 1 | A —4 1 I 1 |
0 100 200 300 400 0 100 200 300 400
Day in the year Day in the year
K3 Al R A Mo E M R AR TR 1 5 )
Fig. 3 The impacts of spatial heterogeneity on daily surface runoff simulations
0.6 _ 061 _
= 04 @ Tg=Tp 5 g 04 ®  TRr—Ty
o )
= £ o2} /lk = £ 02}
5 o 33
gg 0 £gg 0
T 5 —oap VA =8 02r Ty TV
FE —04f EE 04t
27 o6t —0.6}
—0.8 L L L | —0.8 I 1 1 1
0 100 200 300 400 0 100 200 300 400
Day in the year Day in the year
061 () 71,,—T
e 04f (© IVERE 0] s =
S g 2 E
L.a > 0.2+ "5 >
220 e Ly
2 & _0af W 28
FE —o04f T £
8 o6l 8=
—0.8 I L I ) —0.8 L 1 L )
100 200 300 400 0 100 200 300 400
Day in the year Day in the year
K4 [FIE 3, (A5FER
Fig. 4 Same as Fig. 3, but for baseflow simulations
3 F15¥ TOPMODEL #&E#lH7iE 40 EFEKETEHELE
Table 3 Each components of water balance from power law TOPMODEL simulation averaged over 40 years
KR P /mm FFERE E /mm EHRBRIR O, /mm SERLHE O, /mm ERBRK Q/mm  REAMmM RN
To 763.6 274.3 80.5 416.2 496.8 =15 19
Tk 763.6 274.9 81.4 4153 496.7 —74 15
Tir 763.6 276.3 108.7 394.1 490.8 —3.5 20
Tim 763.6 274.8 83.1 421.2 504.3 —145 13
Tikrm 763.6 278.6 79.7 412.6 491.8 —6.8 17
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