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Tab. 2 Study data and main sources
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Tab. 3 Parameter selection and initial value
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Tab. 4 The monthly flow simulation evaluation results of SonTay

728 A& L, PRIUE T F BT 6~7 il A station
Bl o AR5 Rl B R F I X 3] RS ol B 101 TEEEE TOME
B0 AN LA, REBAr Pk A SR ol s, R4 Es 0.63
S A B 2 5 ECHRAE AT K 2 I O 1 50 o iy B osl
T2, S7F— 2 B L H| 55 R Y BIRLEE J), (15 Pans 12.10%
B I, T CMADS W Tix—Rje, e e oo
CMADS Byl 8 26 V5 i 1~ FLY 50 4, Mok M4 o sty e 0.63
N RARRARCIN R R €1y ) Rl s ki Pans 21.00%
BT, FE S 5 R B = B RS 0L, CMADS 1T LLH Fu 0.79
YT~ 30T A 3 B 7 AL 4 3 28 T ) AU e M 0.46
- (2009—20114F)
3.2 ARBARMIELS T Poe 0.20%
3.2.1 i BCRAE 35 A7 28 B CMADS Ee 0.82
RBFFER 7T F A VR, 4 X R re om
NGOI HUT, Yen Bai, NAM MUC, Vu Quang. Lai o i
Chau, Son Tay & Hoa Binh 7K 3C W5 0 %, XF 1 i8) F —
o T
12 000 i 4200
i;: 9000 | ‘ , 1400 g
T HEW : IE b=
g@ 6000 | A\ ; , / \‘ 1600 &E
“NNASNSY-
o : 1 , ,
200941 H 20104E1 H 201141 H . 201241 H 20134£1 H 20144£1 H
P — SRR ---- CMADS £l SRR
Son Tay ¥

E1 FHRSFUGHEIEF CMADS 53513851 SWAT =B Son Tay dhiRHILER

Fig. 1 Measured meteorological data and CMADS respectively drive the SWAT model to simulate the results at Son Tay station
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Fig. 2 Spatial distribution of sub-basins
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Tab. 5 Standardization of basin characteristic indexes based on basin characteristics of 123 subbasins

TS MECF TR BTSRRI AR MR R TR ARV IR TR IR R

71 -1.21 —-0.38 —0.44
95 -1.35 —0.84 —-0.31
96 —0.09 0.72 —0.34
102 —-1.62 -1.79 —-0.36
108 0.36 1.01 0.02
115 -1.69 —2.54 -0.37
123 —-0.82 —-0.04 —-0.21

0.58 0.31 —-0.39
—-1.09 0.50 —0.24
0.67 0.13 —0.51
—-1.60 0.53 0.13
0.76 —0.48 —2.07
—-1.88 0.86 1.20
-1.28 1.15 —0.65
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Tab. 6 Eigenvalue, variance and cumulative variance contribution rate

of correlation matrix
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Tab. 8 Calculation results of basin similarity

WOy RER nTokRe BBURE

1 1.990 33.171 33.171
2 1.698 28.293 61.464
3 0.973 16.220 77.684
4 0.797 13.288 90.972
5 0.342 5.694 96.666
6 0.200 3.334 100.000
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Tab. 7 Principal component coefficient matrix

Fhsms 77 95 9 102 108 115 123

71 1.00  0.60 057 051 049 043 0.60
95 060 1.00 045 067 042 055 0.69
96 057 045 1.00 040 0.63 039 045
102 051 067 040 1.00 039 067 050
108 049 042 063 039 1.00 037 035
115 043 055 039 067 037 100 043
123 060 069 045 050 035 043 1.00
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Tab. 9 Evaluation level corresponding to basin similarity

TR IS bR FMS O FEMS2 FR3 FRM4
BT R 0.617  —0.208 0.008  —0.278
BT 0.468 0473  —0.185  —0.130
IR R AL 0.187 0.100 0.946 0.224
AR R 0.444 0286  —0.231 0.645
AEHREK —0.408 0.531 -0.030 0.289
SERBTEZEBOR 0.037  —0.599  —0.128 0.596
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Tab. 10 Parameter value and parameter sensitivity analysis

s y o R
Fhds g ZH wifH  fH PlE
Hey
SOL_AWC.sol 0.047 3934 0 1
SOL_K().sol 31456 —10.77 0 2
108 GW DELAY.gw 126353 -2.78 0.0057 3
GWQMN.gw 0875 0.82 04138 4
SURLAG.bsn 0701 157 05027 5
SOL_AWC(..). 0.059 4179 0 1
SOL_K(..).s0l 30.813  26.77 0 2
115
ALPHA_BF.gw 0251 595 0 3
CH K2.rte 1245 —275 00064 4
GW DELAY.gw 189.871 251 00126 5
SOL_AWC(.)sol  0.045 4041 0 1
SOL_K(..).sol 34361 —5.46 0 2
123
GW _DELAY.gw 125352 -2.53 00121 3
GWQMN.gw 0766 155 0.1220 4
SURLAG.bsn 0.663  0.63 05307 5
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Tab. 11  The results of flow simulation evaluation in the data basin
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Fig. 3 The results of the calibration verification of the monthly flow of the basins with data
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Tab. 12 Parameter transplantation results
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Hydrological simulation based on CMADS dataset and basin similarity
in ungauged areas: A case study of Yuanjiang-Red River basin

WANG Jie', CHEN Yudi’, LIANG Fengming', GE Hui', LIU Miao’, CHEN Jiadong®, WANG Lirong’
(1. School of Hydrology and Water Resources, Nanjing University of Information Science & Technology, Nanjing 210044, China; 2. Guangde
Agricultural and Rural Bureau, Guangde 242200, China; 3. Jiangsu Province Hydrology and Water Resources Investigation Bureau, Nanjing 210044,
China; 4. Nanjing Branch of Jiangsu Province Bureau of Hydrology and Water Resources Survey, Nanjing 210044, China;

5. Hebei Meteorological Disaster Prevention and Environmental Meteorological Center, Shijiazhuang 050021, China )

Abstract: In recent years, extreme weather such as drought and floods have occurred more frequently, and the study
of watershed water cycle under changing environments is of great research significance. However, the construction
of hydrological and meteorological stations in some regions of the world is not perfect enough, and the consistency
of hydrological data in some regions is also disrupted due to changes in underlying surface and climate. These have
led to lack of data in many study areas, posing a great obstacle to watershed hydrological simulation. As a
multinational basin, the research data in the study area is difficult to fully obtain, which leads to similar difficulties
in hydrological simulation of cross-border watersheds as in hydrological simulation of areas lacking data. A set of
hydrological research methods suitable for regions lacking data in cross-border watersheds are aimed to be explored.

The research method was mainly based on hydrological model and watershed similarity theory. Meteorological
data, as an important input data for hydrological simulation, is often difficult to fully obtain in areas without data.
Reanalysis data CMADS as a supplement to meteorological data in the hydrological simulation of the Red River
basin was selected and its applicability in the Red River basin was studied. Based on the SWAT model and
watershed elevation data, the Red River basin was divided into 123 sub watersheds. Then, a series of indicators such
as elevation, slope, shape coefficient, forest coverage, precipitation and evapotranspiration were introduced to
analyze the similarity of 123 sub watersheds by using of principal component analysis. According to existing little
hydrological data and similarity results, four groups of similar watersheds were divided. Model parameters were
well calibrated and validated in the basins with enough data, and then the validated parameters were used to drive
the hydrological model in the data-shortage basins.

The research results were as follows: In the Red River basin, the SWAT model was driven by both traditional
meteorological station data and CMADS. Results showed that the CMADS-driven model performed well in the Son
Tay station in both the calibration and validation periods, with the Ey; <0.50 and Eyg>0.75. Compared with the
results of the CMADS-driven model, the model driven by traditional meteorological station data still satisfied
simulation accuracy requirements, but the Py, was 12.1% in the calibration period and as high as 21% in the
validation period, indicating a large simulation error. This indicated that CMADS could greatly enrich
meteorological data in the Red River basin. Based on the results of basin similarity analysis and parameters

transplantation, hydrological modeling in data-scarce sub-basins were carried out, which improved the simulation
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accuracy in most data-scarce sub-basins. Among them, Eyg increased from 0.69 to 0.75 for sub-basin 77 after
parameter transplantation from sub-basin 123, E\s increased from 0.75 to 0.85 for sub-basin 95 after parameter
transplantation from sub-basin 123, E\g increased from 0.64 to 0.78 for sub-basin 96 after parameter transplantation
from sub-basin 108, and Eg increased from 0.62 to 0.67 for sub-basin 102 after parameter transplantation from sub-
basin 115. This indicated that parameter transplantation based on basin similarity could provide suitable parameters
for hydrological models in data-scarce basins and provide more possibilities for hydrological simulation in data-
scarce areas.

The main conclusions were summarized as follows: Firstly, under the condition of lack of meteorological data,
CMADS could be the alternative data for the SWAT model simulation. Compared with simulation results obtained
by traditional meteorological station data, the results obtained by the CMADS-driven model could reach a very good
standard in both the calibration and validation periods. Secondly, parameter transplantation based on basin similarity
can provide suitable parameters for hydrological models in data-scarce areas, and basin similarity method improved
the simulation results of most data-scarce sub-basins after parameter transplantation between similar basins. Finally,
one research method was put forward successfully, which provide more possibilities for hydrological simulation in

more data-scarce areas.

Key words: ungauged area; CMADS; SWAT model; watershed similarity; parameter transplantation
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