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Abstract

The runoff generating processes and water fluxes exchange are essential simulating the physical nonlinear rainfall-runoff relations
in hydrological models. However, current runoff generation representation in hydrological models is constraint due to both
vertical and horizontal heterogeneity of meteorological factors and underlying surface condition, hampering the streamflow
simulation performances. To address this concern, by integrating a hybrid runoff generation mechanism in the upper layer
and baseflow curve in the lower layer, this work develops a modified Variable Infiltration Capacity (VIC) hydrological model.
With consideration of both vertical and horizontal heterogeneity runoff, the modified VIC model can simulate Horton and
Dunne runoff through the hybrid mechanism and lateral runoff based on three soil-layer structure. The upper reach of Hanjiang
River basin with substantial climate variations is selected as a case study to validate the performance of the modified model.
Results show that the modified VIC model can produce a better performance of streamflow simulation in terms of Nash-Sutcliffe
Efficiency, at around 0.8 on average, especially for semi-humid and mountainous catchments. In addition, parameters related
to the hybrid mechanism are sensitive to the hydrological performance, indicating that the improved performance should be
attributed to the hybrid mechanism.

Hosted file

Main_text.docx available at https://authorea.com/users/309948/articles/440807-integrating-hybrid-
runoff-generation-mechanism-into-variable-infiltration-capacity-model-to-facilitate-hydrological-
simulation


https://authorea.com/users/309948/articles/440807-integrating-hybrid-runoff-generation-mechanism-into-variable-infiltration-capacity-model-to-facilitate-hydrological-simulation
https://authorea.com/users/309948/articles/440807-integrating-hybrid-runoff-generation-mechanism-into-variable-infiltration-capacity-model-to-facilitate-hydrological-simulation
https://authorea.com/users/309948/articles/440807-integrating-hybrid-runoff-generation-mechanism-into-variable-infiltration-capacity-model-to-facilitate-hydrological-simulation

limina

p

ed. Data may

reprint and has not been eview

158644980.08188095 It

10.22541

TE

0i.C

CC BY 4.0

9 Apr 2020

e

osted on Auth

P

Precipitation, Ty,
Tinax, Wind

Climate forcing data

Baseflow Curve

ws.w3 W3

Catchment discl‘éﬁ;ation

Geographic information

Network to Outlet

Fn '( mm)

Routed Through River

[T Sub-catchment D[] Sub-catchment F

[] Sub-catchment E

L(w")

(b)

10




Data may be prelimina

eviewed

T

en pec

1as 1ot be

s a preprint and

14980.08188095

au.1586:

22541

https://doi.org/10

CC BY 4.0

2020

Posted on Authorea 9 Apr

w' (mm)
Fat'(mm)

Lw) //’//L/(r ')
/\/ - ;

—¥—— ¥’ (mm)

(d)

107°E

Lov)

w' (mm)

108°E 109°E 110°E 111°E

(b) UHRB

Legend

— River line

* Precipitation stations
* Metorological stations
¢ Streaflow stations

50 100
e KilOmeters I 1600 - 3600

Elevatiqn (m)
186 - 500
[ 500 - 1000
I 1000 - 1600

Legend

[ IRegionI

[ |Region IT
[ |Region III
[ |Region IV

(c) Catchment discretization

[ ] Sub-catchments

¢ Streamflow stations
~— River line

02040 80 120 160
e —w Kilometers

34°N

33°N

32°N

31°N



® C®

© @
(e) ®

NSE Increment
v -0.02--0.01
v -0.01-0.00
4 0.00-0.01 NSE RE
4 0.01-0.02 * 0.59-0.73 ¢ -30.0--20.0
A 0.02-0.03 ® 0.73-0.76 ¢ -20.0--10.0
A 0.03-0.04 ® 0.76-0.79 ¢ -10.0-0.0
A 0.04-0.05 ® (0.79-0.82 + 0.0-10.0
A 0.05-0.06 ® (0.82-0.85 ¢ 10.0-20.0
A 0.06-0.07 ® (0.85-0.88 ¢ 20.0-30.0
A 0.07-0.08 ® 0.88-0091
4 x10*
T T T T T T T T T T T
(a) calibration modified VIC mm benchmark model
3 =
% | L L L L
| L L L L
o
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
4
3 X 10
T T T T T T T T T T T T
(b) validation modified VIC =8 benchmark model
o [
< L
Al | |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19




x10*

3.5 T T T T T T T T T
Calibration Validation
3+ . E
251 -
> ® observation
o . . —modified VIC
g 2r- —benchmark model |
E3
=}
=
E1sk |
£
170}
e 4
0.5 -
._h‘
0 . . ot roud i
01/1980  01/1981 01/1982  01/1983  01/1984 01/1985 01/1986 01/1987  01/1988  01/1989  01/1990  12/1990
15,000 1 15,000 1 20,000 1
(a) ShiquamI (b) Ankang' (c) Baihe' "
N +
. £ 15,000 o,
10,000 10,000 . oL i B e
Lt s AT w I, *
A i et b 10,000 e AT
o . 4? 1*1*; PP T
¥ A . N
50001 T so0 o B ¥ .
K e o LS 5,000 {4 +4 B
* benchmark * benchmark * * benchmark
+ modified VIC + modified VIC + modified VIC
0 0 0
0 5,000 10,000 15000 0 5,000 10,000 15000 0 5000 10,000 15000 20,000
10,000 1 —— 10,000 1 2 15,000 1
(d) Shlquanl (¢) Ankang® (f) Baihe?
; N
x * + o+
[ | 10,00 ¥
N iie 0 * ¥ 8
5,000 ” " g Lo 5,000 . L + . v Lt
Iy PR N I, d *
P N + i
s A B b 5,000 P
. /;* *; E 5 wE +‘f§4 4 kfﬁ A ﬁ' Yoy
T * benchmark ¥ * benchmark e ‘f‘ * * benchmark
kil + modified VIC * + modified VIC * + modified VIC
0 0
0 5,000 10000 0 5,000 10,000 0 5,000 10,000 15,000
(b) Shiquan®

Ml Evapotranspiration

[ Upper layer runoff
Base flow

-=-Precipitation

300

Il Soil moisture change
Il Evapotranspiration
[0 Upper layer runoff
Base flow
-=-Precipitation

200

100

Jan Feb Mar Apr May Jun Jul

Oct Nov Dec Jan Feb Mar

Apr May Jun Jul

Aug Sep Oct Nov Dec



300 Il Soil moisture change
[l Evapotranspiration
W8 Upper layer runoff
Base flow

200 [-=-T

100

(d) Ankang®
130 Il Soil moisture change|
Evapotranspiration
(W Upper layer runoff »

Base flow

200 |-=-p

100

0 0
L L L L L L L L L L L L L L L L L L L L L L L
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
T T T T T — T T T T T T T T T T T T T
(e) Baihe ) Baihe?
300 | IS il moisture change 7°% (Il soil moisture change] ]
Evapotranspiration Evapotranspiration
[0 Upper layer runoff [ Upper layer runoff
Base flow Base flow
200 |-=--Precipitation - 200 |-=-Precipitati 1

L s L L L L L L s L

L L L L L L L s L s

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
T T T T T T T T T T T T T T T T T T
(g) Danjiangkou (h) Danjiangkou®
300 Ml Soil moisture change 7300 I Soil moisture change 1
Evapotranspiration Evapotranspiration
W Upper layer runoff (I8 Upper layer runoff
Base flow Base flow
200 Precipitati 7 200 |-=-Precipitation 1
e

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(a) Shiquan
130
30 —
——Base flow (medified VIC) -1 60
- = Upper layer runoff (benchmark)
- - Base flow (benchmark)
~——Upper layer runoff (modified VIC)
Il Precipitation
20 - -
10— -
'
A
° I A_a I 2 Y JME_ |
0 50 100 150 200 250 300 350
Time (Days)



(b) Ankang Unit: mnvday
130
160
~ Upper layer runoff (modified VIC)
——Base flow (modified VIC)
~ - Base flow (benchmark)
- - Upper layer runoff (benchmark)
Il Precipitation
30— -
20— —
al L A» L&AL L AA\ ]
. j ‘ N A4 e .
0 50 100 150 200 250 300 350
Time (Days)
. 1 .T e 0
(c) Baihe 1 mmv/day
—130
—160
30 |— Upper layer runoff (modified VIC) T
—Base flow (modified VIC)
- - Upper layer runoff (benchmark)
- - Base flow (benchmark)
20 -Preclpltatmn B
10— —
0 | A L L i —
0 50 100 150 200 350

(d) Danjiangkou

—— Upper layer runoff (modified VIC)
—Base flow (modified VIC)

- - Base flow (benchmark)

- - Upper layer runoff (benchmark)
Il Precipitation

Time (Days)

Time (Days)

Unit: mm/day




(a) Shiquan Unit: mm/day
130
30 T
---Upper layer runoff |0
— Surface flow
— Interflow i
— Base flow 4
20~ |EMPrecipitation B
Time (Days)
T N R T ”. L 0
(b) Ankang Unit: mm/day
-130
-160
-=-Upper layer runoff|
— Surface flow
— Interflow
— Base flow
Il Precipitation
30 T
20— —
0 I A;.»ik A 1
0 50 250 300 350
Time (Days)
- T .T —— v LA T 0
(c) Baihe Unit: mm/day
-130
-160
30 [~ |---Upper layer runoff] 7
— Surface flow
— Interflow
— Base flow
20 - I Precipitation
10~
1
Lo
i 1
0 I A i
0 50 100 150 200
Time (Days)



(d) Danjiangkou Unit: mm/day
130
30+ -
-160
---Upper layer runoff
— Surface flow
— Interflow
20|~ |—Base flow b
Il Precipitation
10~
0 I ghe
0 50 100
Time (Days)
Region [

NSE

A - 0 " _
0 0.2 0.4 0.2 04 06 08 1 2 3
m k

fo  (mm/h) Je (mm/h) dz (m)



Region I1

2
Jo (mm/h) Je (mm/h) dz (m)

Region 111

100 200 300

jo (mm/h) Je (mm/h) dz fm)

10



Region IV

0 B | e
0.2 04 06 08
m

Jo (mm/h) Je (mm/h) dz (m)

11



