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Rivers serve as a fundamental component of the hydrological cycle, exhibiting
continuous and stable flow. However, river flow modeling is inherently associated
with uncertainties in input data and geometric parameters, which make sensitivity
analysis and the assessment of error sources a complex and challenging task.
Among the most significant sources of uncertainty are measurement errors and
inaccuracies in defining river cross-sections, which can directly influence the
outcomes of hydrodynamic models. In this study, a Monte Carlo simulation
framework was employed to investigate the propagation of uncertainty in
hydraulic flow modeling. The uncertainties were analyzed through three case
studies, including two real rivers and one hypothetical river. Simulation scenarios
were constructed based on normal and uniform probability distributions,
incorporating random errors of 10% and 20%, as well as systematic errors of 0%
and £3% in the cross-sectional data. The results demonstrated that random errors
following a uniform distribution introduced the greatest variability in flow
predictions, and an increase in the magnitude of geometric data errors directly led
to higher variance in the model outputs. In contrast, the influence of systematic
errors on the results was comparatively smaller, indicating the model’s greater
sensitivity to stochastic variations in geometric input data. The findings of this
study can contribute to enhancing the accuracy of hydrodynamic models and
improving the interpretation of their results. Moreover, the outcomes provide
practical implications for water resources management, hydraulic structure design,
and risk-informed decision-making in the field of river engineering.
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(a)Random points (normal distribution) (b)Random points (uniform distribution)
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Figure 2. Cross-Sectional riverbed profiles illustrating uncertainty bands (), generated from randomly sampled elevation
points based on (a) normal and (b) uniform probability distributions

(a) Cross-section (b) Longitudinal river profile
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Negative systematic error, Negative systematic error

Elevation (m)
Elevation (m)

Width (m) Distance (normalized)

Figure 3. Morphological variability and systematic uncertainty in (a) cross-sectional and (b) longitudinal river Profile
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Figure 4. General flowchart of the problem-solving procedure
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Table 1. Study Areas

Case River Length of the Number Study obiectives
study type ridge (km) of sections y obJ
1 Hypothetical river o8 12 Imtlall' evaluathn of the method under controlled
conditions and simple geometry
5 Real river (Kootnai river) 45 45 Investigation pf the methods pe;rformance under
natural and variable hydraulic conditions
3 Real river (Qarasoo river) 30 10 Final validation of the method's performance at an

applied scale
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Figure 5. Study area of the kootenay river
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Table 2. Statistical indicators

Row Index Formula
1 Range of variation AXmax = X = X 5)
n
2 Mean squared error MSE = %Z(Xi —X)? 6)
i=1
3 Percent absolute error PAE; = W * 100 7)
i
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Table 3. Velocity uncertainty analysis indices in the river mode (Hypothetical River)

Distribution- Index -3% 0 +3%
Velocity Normal Uniform Normal Uniform Normal Uniform
Mean square error(m)* 0.00031 0.0005 0.00013 0.00029 0.00016 0.00034
10%  Range of variation(m)? 0.33 0.45 0.3 0.44 0.3 0.43
Percent absolute error 2.76 3.01 1.78 2.58 1.94 2.76
Mean square error(m)* 0.00127 0.00134 0.00039 0.0011 0.00045 0.00127
20%  Range of variation(m)>? 0.34 0.61 0.35 0.63 0.35 0.63
Percent absolute error 4.26 5.31 3.04 5.11 3.83 5.26

Table 4. Area uncertainty analysis indices in the river mode (Hypothetical River)

Distribution- Index -3% 0 +3%
area Normal Uniform Normal Uniform Normal Uniform

Mean square error(m)* 66.23 69.17 26.82 55.46 47.32 66.23
10% Range of variation(m)> 139.37 150.03 133.89 150.61 133.85 149.37

Percent absolute error 2.81 2.75 1.76 2.6 1.96 2.81

Mean square error(m)* 247.7 294 73.75 217.24 166.81 247.7
20% Range of variation(m)> 188.85 191.35 155.87 188.04 156.46 188.85

Percent absolute error 4.43 5.32 3.01 5.2 4.84 5.43
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(a) Range of cross-sectional velocity(Hypothetical River)
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Figure 7. Range of cross-sectional (a) velocity and (b) area in a hypothetical river
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Table 5. Velocity uncertainty analysis indices in the river mode (Kootenai River)

Distribution- Index -3% 0 +3%
Velocity Normal Uniform Normal Uniform Normal Uniform
Mean square error(m)* 0.00047 0.00108 0.00019 0.00085 0.000809 0.0014
10% Range of variation(m)? 0.52 0.54 0.51 0.54 0.51 0.54
Percent absolute error 2.64 3.79 247 3.24 2.59 3.78
Mean square error(m)* 0.0013 0.005 0.0011 0.01 0.0016 0.0056
20% Range of variation(m)? 0.55 0.58 0.54 0.58 0.54 0.57

Percent absolute error 4.18 8.45 3.67 8.17 4.13 8.30
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Table 6. Area uncertainty analysis indices in the river mode (Kootenai River)

Distribution- Index -3% 0 +3%
Area Normal Uniform Normal Uniform Normal Uniform
Mean square error(m)* 123.00 316.66 43.83 211.78 111.20 247.24
10% Range of variation(m)? 343.18 370.47 34491 372.43 346.81 371.86
Percent absolute error 2.48 4.28 2.35 3.63 2.57 4.03
Mean square error(m)* 384.40 1638.95 274.88 1483.42 302.15 1467.33
20% Range of variation(m)? 379.75 439.03 381.48 441.31 382.89 437.30
Percent absolute error 4.78 10.54 4.16 10.11 4.48 10.13
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Figure 8. (a) Frequency distribution of velocity in a cross-section generated by a normal distribution with an error of
10%; (b) Frequency distribution of velocity in a cross-section generated by a normal
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Figure 9. (a) Frequency distribution of cross-sectional area in a cross-section generated by a normal distribution with
an error of 10%; (b) Frequency distribution of cross-sectional area in a cross-section generated by a normal
distribution with an error of 20%
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Figure 10. (a) Range of cross-sectional area (b) Percentage error in cross-sectional area
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Table 7. Velocity uncertainty analysis indices in the river mode (Gharasoo River)

Distribution- Index -3% 0 +3%
Velocity Normal Uniform Normal Uniform Normal Uniform
Mean square error(m)* 0.00131 0.00046 0.00125 0.00035 0.00129 0.00044
10%  Range of variation(m)? 0.36 0.55 0.37 0.55 0.36 0.54
Percent absolute error 3.67 4.92 3.61 4.17 3.64 4.51
Mean square error(m)* 0.00447 0.00057 0.0041 0.00044 0.00044 0.00049
20%  Range of variation(m)> 0.53 0.71 0.52 0.71 0.52 0.71
Percent absolute error 6.96 7.34 6.73 7.05 6.8 7.2
Table 8. Area uncertainty analysis indices in the river mode (Gharasoo River)
Distribution- Index -3% 0 +3%
Area Normal Uniform Normal Uniform Normal Uniform
Mean square error(m)* 7.14 7.5 6.71 7.23 6.9 7.4
10%  Range of variation(m)? 62.81 90.05 62.91 89.63 62.95 89.9
Percent absolute error 39 4.9 3.61 4.68 3.7 4.84
Mean square error(m)* 29.13 39.4 25.42 36.91 28.8 37.8
20%  Range of variation(m)’ 79.81 100.01 80.06 100.33 80.01 100.31
Percent absolute error 7.02 7.49 6.8 7.35 6.99 7.41
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(a) Range of cross-sectional area (Gharasoo River)
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Figure 11. (a) Range of cross-sectional area (b) Percentage error in cross-sectional area
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Loy 0
1. Monte Carlo
2. Po River
3. Severn River
4. Preissmann scheme
5. Snake River
6. Bathymetry
7. Danube River
8. Cockermouth
9. Quasi-Newton + Covariance Matrix
10. Generalized Likelihood Uncertainty Estimation
11. Sequential Uncertainty Fitting Ver-2
12. Kootenai
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