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Figure 3 The streamflow simulation performance and the calibration of flow wave celerity at Tongjiezi
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Figure 4 The streamflow simulation performance and the calibration of flow wave celerity at Longtoushi
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Figure 5 Cross-validation of NoahMP-RAPID at Tongjiezi (TJZ) and Longtoushi (LTS). (a) The cross-validation of SIMGM at TJZ; (b) the
cross-validation of NOAH at TJZ; (c) the cross-validation of SIMGM at LTS; (d) the cross-validation of NOAH at LTS. Black lines are observations.

In (a) and (b), the blue lines represented the simulations using the parameters calibrated at TJZ, whereas the red lines are calibrated at LTS. In (c) and
(d), the blue lines are calibrated at LTS, whereas the red lines are calibrated at TIZ
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Table 2 Cross-validation of the performance of NoahMP-RAPID
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Figure 6 Spatial distribution of the CMFD precipitation (a) and the dependency on elevation (b) over the Tongjiezi watershed (white dashed line).
Precipitation gauges are marked as red crosses. The blue line denotes the linear least squares regression
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Figure 7 Estimation of the precipitation over the Tongjiezi upstream
basin based on the relationship between basin-outlet streamflow and
basin- averaged precipitation

WO K B, SR E R A —

FE3kE— A He A T RR ol L £ 2014~201 545
IR K FICMEDR# K 3R sh 5. 78 438 54 i e
CMFD %K 34 . 25 = TR, (B SN, 5
AT 3 38 Ak U AR T A M X, S 3496 A
9298 m(FR3), AR T H ol UK X
%3643 m. M T EEHE, CMEDIRAL T i1

452

FEK & e RT3k G B 2, CMEDFE/K &1 &
WA T M AR X, CMFDR 7K 2 K.

3 4w
A% 3CA# ] CMFD M 1 <4 %5 2 808 4R 3K 3
NoahMP-RAPID#H & # B 12014 F120154F K
TR T 3 7 - Al Sk A 24 DA e T O 1Y H 2
i, PR TR RE J1, JT X RAPIDIL AR
HHE S50, NoahMPJ; i 3o RS = Hp i) 7= 3t el
SR . LA CMFDRFK IR S5, 28T T4
WRERE . FELSIT:

(1) NoahMPH'SIMGMAINOAH i # A [6] (149 77 37
1of AR B T 8 6T R K S B e 1 ok AR S [ A
T3 T TOPMODEL ) SIMGMJ5 %%, #£ T Philip A &
Y B NOAH J7 ZE A 400 1 g T 4, T T KU Vi)
TR S BRI, AERVER T+ . kA2
AT 5, NOAH T ZZ 5440 H 13t i 19 A0 ¢ R AR
T0.85. Hutt REZ4H0.3.

(2) XA R BB o R, AT R ABLER
PR R AT AR ALY, A AR RS



F3 BOKESHGEREAREE. 5 RAER

Table 3 Evaluation of the CMFD precipitation with rain gauge observations and the estimated basin-averaged precipitation
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Evaluation and uncertainty attribution of the simulated
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Accurate hydrological simulations in high-altitude mountainous basins are important for optimizing reservoir operations
in hydropower production and flood control. However, the simulations experience substantial uncertainties from the
sparse precipitation measurements over complex mountainous topography and the imperfect hydrological process repre-
sentations over the heterogeneous surface. At the Daduhe river basin, which is a high-altitude mountainous river basin
located in the eastern slope of the Tibetan Plateau, daily streamflow over the 2-year period of 2014 and 2015 is simulated
using the Noah land surface model with multi-parameterizations (NoahMP) and Routing Application for Parallel compu-
tation of Discharge (RAPID) coupled model driven by the Chinese Meteorological Forcing Dataset (CMFD). Two dif-
ferent runoff parameterization schemes of NoahMP are used for the simulations: SIMGM, which is derived from TOP-
MODEL and parameterizes surface runoff using water table depth, and NOAH, in which surface runoff is parameterized
using soil moisture content based on the Philip infiltration model. The simulated streamflow is evaluated at two main-
stream gauges on the Daduhe river, Tongjiezi and Longtoushi, in terms of Nash-Sutcliffe Efficiency (NSE), correlation
coefficient, bias, and standard deviation. The uncertainty of the simulated streamflow is attributed to different runoff pa-
rameterization in NoahMP, the flow wave celerity parameter of RAPID, and the forcing CMFD precipitation data.

Results show that the NOAH runoff parameterization scheme outperforms the SIMGM scheme. NOAH satisfactorily
reproduced the observed streamflow anomaly and flood timing at the two mainstream gauges, and the correlation coeffi-
cients between the simulated and observed streamflow are above 0.85. The NSE for NOAH is approximately 0.3. The
mathematical decomposition of NSE reveals that the relatively low NSE value is mainly attributed to the significant
streamflow bias. Without the bias, NSE can be improved to approximately 0.7. The bias shows little dependency on the
flow wave celerity parameter of RAPID and the runoff parameterization of NoahMP, whereas it closely corresponds to
the forcing CMFD precipitation data bias. Comparing the estimated precipitation from Budyko’s curve and the observed
streamflow, CMFD significantly underestimates the basin-averaged precipitation, which leads to the significant stream-
flow underestimation in the hydrological simulations. CMFD does not correctly represent the orographic effects on precip-
itation in the Daduhe river basin. Comparing the rain gauge measurements located in low-altitude river valleys, the CMFD
precipitation is significant underestimated, suggesting a significantly underestimation in high-altitude precipitation.

This study shows that streamflow bias can be reduced by densifying rain gauges at high altitudes. Despite the bias, the
NoahMP RAPID coupled model can satisfactorily reproduce streamflow anomalies and flood timing in mountainous
basins. As a dam model is already included, the coupled model can be further used to optimize reservoir operations for
hydropower production and flood control.

hydrological modeling, uncertainty, land surface model, river routing model, streamflow
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