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The applicability research of TVGM model in arid and semiarid watersheds of Liaoning Province
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Abstract: N atural w atershed is a typical complex open system, and the tempo spatial variation of hydrological elements is highly
nonlinear especially in arid and semiarid w atersheds. Therefore, focusing on the nonlinear relationship bet ween rainfall and rur
off in arid and semiarid watersheds, this paper applied the T ime Variant Gain Model (TVGM ), GR4J, Total Linear Response
Model( TLR), and Linear Perturbation Model( LPM) to simulate the daily streamflow in Liaoning Province, China. We compared
the application effects of the four models in terms of two accuracy measures to investigate the applicability of these four models
in the simulation of rainfall and runoff in arid and semiarid w atersheds. The results show ed that the TVGM model was the best
choice, followed by the GR4J model, whereas the two linear models performed poorly in the hydrological simulation of arid and
semrt arid watersheds in Liaoning Province. The TVGM model introduced the time variant gain factor and considered the key
factors (e.g.,watershed wetness and rainfall intensity) of runoff generation. It presented much more satisfying results than the
other models during the calibration and validation periods. T his is the characteristic and application value of T VGM model.
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1.1 BE¥EEZHEA (Time Variant Gain
Model, TVGM)
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Fig. 1 The structure of TVGM model
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Fig.2 The structure of GR4J model
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Tab.1 The description and range for parameters of GR4J model
ZH P W S EE X ) (80% B X Ial)
X1/ mm P K 8 A 350 [ 100, 1200]
Xo/mm MR /KA R 0 [-5,3]
Xa/mm LUK B 90 [ 20, 300]
Xofd  PPLLZRICAAE 1.7 [1.1,2.9]
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Fig.3 The distribution of rainfall stations in the
Dongbaichengzi catchment

4
Fig.4 The distribution of rainfall stations in the

Y ebaishou catchment
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Tab.2 The hydrological data of the catchments
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5 i) il 2
/km /a /a /a
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HAE 192
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3 TVGM.GR4J.TLR LPM
Tab.3 The simulation results in calibration and validation

periods of TVGM, GR4J, TLR, and LPM models

HRE W] 4 U
NSE R*> NSE R

Uiwities R

TVGM 0.85 0.85 0.87 0. 87

, GR4J 0.68 0.71 0.71 0.71
RKEWT

TLR 0.53  0.54 0.36 0.44

LPM 0.53 0.55 0.36 0.4l

TVGM 0.65 0.65 0.8  0.86

GR4J 0.63  0.63 0.06 0.34

A 77

TLR 0.46  0.47 -0.15 0.31

LPM 0.47  0.48 -0.06 0.31

Fig.5 The simulated runoff results in (a) Dongbaichengzi( 1979/ 1/ 1- 1979/ 12/ 31) and (b) Y ebaishou( 1990/ 1/ 1- 1990/ 12/ 31) by 4 models
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Bee Y A0 S AL o BV, AR MR U 3, DRI
TR TR DX 3 R RO %

(3) TVGM AL, GR4J #i BB A2 It 72 5
SEMARIR I RE BN — B, A8 IR 45 SR A b
FEELR, PRI Rt FRAR S Rl VER AU 47, Horp
T VGM 8 RS I F2 7E 73 Vg 525 0 R0 H 30 BNk (7] B 4%
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