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Abstract

An event-based, kinematic, infiltration-excess, and distributed rainfall-runoff model using
weather radar and Geographic Information System(GIS) was developed to acknowledge and
account for the spatial variability and uncertainty of several parameters relevant to storm
surface runoff and surface flow. The developed model is compatible with raster GIS and
spatially and temporally varied rainfall data. To calibrate the model, Monte Carlo simulation
and a likelihood measure are utilized; allowing for a range of possible system responses from
the calibrated model. Using rain gauge adjusted radar-rainfall estimates, the developed model
was applied and evaluated to a limited number of historical events for the Ralston Creek and
Goldsmith Gulch basins within the Denver Urban Drainage and Flood Control District
(UDFCD) that contain mixed land use classifications. While based on a limited number of
Monte Carlo simulations and considered flood events, Nash and Sutcliffe efficiency score ranges
of -0.19~0.95 / -0.75~0.81 were obtained from the calibrated models for the Ralston Creek
and Goldsmith Gulch basins, based on a comparison of observed and simulated hydrographs.
For the Ralston Creek and Goldsmith Gulch basins, Nash and Sutcliffe efficiency scores of
0.88/0.10, 0.14/0.71, and 0.99/0.95 for runoff volume, peak discharge, and time to peak,
respectively, were obtained from the model.
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Table 1. Classification of Urban Land Use (Level Il Anderson Classification).

Code Urban Land
11 Low density residential
12 Medium density residential
13 High density residential
14 Commercial
15 Industrial
16 Institutional
17 Extractive
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Table 2. Bias Correction Factors Computed for Each Storm Event.

Basin Storm Number Storm Date Bias Correction
1 1, June, 1991 0.46
2 26, May, 1996 0.73
3 4, August, 1997 0.92
Ralston 4 21, June, 1991 0.64
Creek 5 22, July, 1991 0.64
6 26, August, 1996 0.65
7 18, September, 1996 0.49
8 30, July, 1997 2.63
1 28, July, 1997 0.89
2 20, July, 1991 0.64
Goldsmith 3 12, July, 1996 0.40
Gulch 4 27, July, 1997 0.90
5 18, August, 1995 0.65
6 30, July, 1997 0.50

Table 3. Computed Likelihood Measure Values for Each Individual Event

(Ralston Creek Basin).

Storm Likelihood Measure
Storm Date T -

Number Minimum Maximum Average
1 1, June, 1991 0.25 0.95 0.79
2 26, May, 1996 0.56 0.95 0.87
3 4, August, 1997 -0.29 0.76 0.31
4 21, June, 1991 0.40 0.85 0.70
5 22, July, 1991 -0.12 0.89 0.51
6 26, August, 1996 -0.19 0.88 0.44
7 18, September, 1996 0.44 0.94 0.76
8 30, July, 1997 -0.04 0.95 0.52

Table 4. Computed Likelihood Measure Values for Each Individual Event
{Goldsmith Gulch Basin).
Storm Likelihood Measure
Storm Date - -

Number Minimum Maximum Average
1 28, July, 1997 0.56 0.83 0.71
2 20, July, 1991 0.36 0.81 057
3 12, July, 1996 0.32 0.67 0.45
4 27, July, 1997 0.28 0.83 052
5 18, August, 1995 0.22 0.91 0.65
6 30, July, 1997 0.11 0.90 0.52
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Table 5. Updated Computed Likelihood Measure Values During Model Calibration

(Ralston Creek Basin).

Storm Updated Likelihood Measure
Storm Date
Number Minimum Maximum Average
1 1, June, 1991 0.25 0.95 0.79
2 26, May, 1996 0.59 0.95 0.88
3 4, August, 1997 0.59 0.95 0.88
4 21, June, 1991 0.70 0.95 0.88

Table 6. Updated Computed Likelihood Measure Values During Model Calibration

(Goldsmith Guich Basin).

Storm Updated Likelihood Measure
Storm Date — -
Number Minimum Maximum Average
1 28, July, 1997 0.56 0.83 0.71
2 20, July, 1991 0.30 0.61 043
3 12, July, 1996 0.30 0.38 0.33

Table 7. Nash and Sutcliffe Efficiency Scores Obtained for the Validation Events
on the Goldsmith Guich Basin.

Storm Nash and Sutcliffe Efficiency
Storm Date — -
Number Minimum Maximum Average
4 27, July, 1997 -0.02 0.81 0.44
5 18, August, 1995 -0.29 0.80 0.51
6 30, July, 1997 -0.75 0.69 0.13

Table 8. Model Calibration and Validation Nash & Sutcliffe Efficiency Scores for
Runoff Volume, Peak Discharge, and Time to Peak(Ralston Creek Basin).

Runoff Volume

Peak Discharge

Time to Peak

Calibration

0.55

0.95

0.93

Validation

0.88

0.14

0.99

Table 9. Model Calibration and Validation Nash & Sutcliffe Efficiency Scores for

Runoff Volume, Peak Discharge, and Time to Peak(Goldsmith Gulch Basin).

Runoff Volume

Peak Discharge

Time to Peak

Calibration

-0.13

-0.38

0.96

Validation

0.10

0.71

0.95
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Obtained from the Model for the (a) 1,

June, 1991, (b) 21, June, 1991, and (c)
22, July, 1991 Storms on the Ralston
Creek Basin.
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