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ABSTRACT

For Southern California watersheds, as is the case for most watersheds in the United States,
rainfall-runoff data are relatively sparse such that the calibration of a hydrologic model is un-~

certain.
the "best" hydrologic model to use is not clear.

model must be simple in order to validate parameter values and submodel algorithms.

With the large number and types of hydrologic models currently available, the choice of
Because of the limited data, the hydrelogic

Due to the

uncertainty in stream gage data frequency analysis, a level of confidence {e.g., 85%) should be
chosen to provide a level of protection against a specified flood return frequency (e.g., l100=-year}.
Due to the calipbrated model range and distribution of possible cutcomes causad by uncertainty in
modelling parameter values, the use of a regionally calibrated model at an ungaged catchment needs
to address the probability that the hydrologic model estimate of flood guantities le.g., peak flow

rates) achieves the level of protection for a specified flood lavel.

In this paper, a design storm

unit hydrograph model is developed and calibrated with respect to model parameter values and with

respect to runoff freguency tendencies {design storm)

INTRODUCTION

Although more than 130 hydrologic models have been
reported in the literature, each developing a runcff hydrograpkh,
the design storm unit hydrograph method continues to be the most
widely used modeling technique. In this paper, a design storm unit
hydrograph model is regionalized for use in Southern California.
Calibration and verification of model parameters is performed
using rainfall-runcff data frem fully urbanized catchments in the
Los Angeles basin, California.

RUNOFF HYDROGRAPH MODEL PARAMETERS

The design storm unit hydrograph model ("model") is based
upen several parameters: namely, two Joss rate parameters (a phi
index coupled with a fixed percentage), an S5-graph, catchment
lag, storm pattern (shape, location of peak rainfalls, duration),
depth-area (or depth-area-duration) adjustment, and the return
frequency of rainfall.

Loss Function

The Joss function, i(t}, used in the "model" is defined by

YI(t), for FI(t) < Fm
flt) = {1}

Fm, otherwise

where Y 1s the low loss fraction and FM is a maximum loss rate
defined by

fm = 7 ap. Fp.
m= L apg FpJ (2)

where apy is the actual pervious area fraction with 2 correspond-
Ing maximurn loss rate of Fp;; the infiltration rate for impervious
area Is set at zero; and [t} is the design storm rainfall intensity at
starm time t.

The use of a constani percentage loss rate Y in Eq. ) is
reported in Scully and Bender (1969), Williams et al. (1980}, and
Schilling and Fuchs [1936). The use of a phi index (¢ index)
method in effective rainiall calculations is also well-known,
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in order t¢ address each of these issues.

The low loss rate fraction is estimated from the U.S. Soil
Conservation Service (SCS) loss rate equation (U.S. Dept. of
Agric., 1972) by

¥o= 1oy (3}

where Y is the catchiment yield computed by
Y = LY.
Lajy; (4)

In Eq. 4, ¥; is the yield corresponding to the caichment area
fraction a; and is estimated using the 5CS curve number (CN} by

{Pyy - Ta)*
yee—E (5}
(Ppy - 12 + 8} Py,

where Py = the 24-hour T-year precipitation depth; la is the
initial abstraction of 1a = 0.25; and S = {1000/CN)-10.

From the above relationships, the low loss fraction, v , ACts
as a fixed loss rate percentage, whereas Fm serves as an upper
bound to the possible values of 1(t) = ¥ 1t}

Values for Fm are based on the aciual pervious area cover
percentage {ay} and a maximum loss rate for the pervious area,
Fp- Values far F, are developed from rainfall-runoff calibration
studies of severa! significant storm events Jor severa} watersheds
within the region under study. Further discussions regarding the
estimation of parameter values are contamned in a subseqguent
section.

A distinct advantage aliorded by the ioss function of Eq. 1
over loss functions such as Green-Ampt or Horton js that the
efiect of the location of the peak rainfall intensities in the design
storm pattern on the model peak flow rate {Q) becomes negligivle.
That is, froni-loaded, middle-loaded, and rear-loaded storm pat-
terns all result in nearly equal peak flow estimates. Con-~
sequently, the shape (but not magnitude) of the design storm
pattern is essentiajly eliminated from the tist of parameters 1¢ be
calibrated in the runoff hydrograph "model” {although the time
distribution of runoff velumes are affected by the location of the
peak rainfalls in the storm pattern which is a consideration in
detention basin design}).

Paper received on Sepl. 16, 1986, and in final form on Jan. 29, 1987.

Referee: Prof. Giuseppe Gambolati

60 Environmental Software, 1987, Vol. 2, No. 2.



Hydrologic Model: T.V. Hromadka il

5-¢araph

The S-Graph representation of the unit hydragraph le.g.,
McCuen and Bondelid (1983), Chow and Kulandaiswamy (1932,
Mays and Celes (1980)} can be used to develop unit hydrographs
corresponding to various watershed lag estimates. The S-graph
was developed by rainfall-runof{ calibration studies of several
storms for several watersheds. By averaging the S5-graphs for
each watershed study, a representative S-graph is developed for
each watershed. By comparing the representative S-graphs,
regional S-graphs were derived to represent the average of
watershed-averaged S-graphs.

Lag

Fundamental to any hydrologic model is a ¢catchment timing
parameter. For the "model," watershed lag is defined as the timne
from the beginning of effective rainfall to that tiine correspond-
ing to 50% of the S-graph’s ultimate discharge. To estimate
catchment lag, it is assumed that lag s related-to the catchment
time of concentration {Tc) as calcuiated by a sum of normal depth
flow calculated travel times; i.e., a mixed velocity method {e.g.,
Beard and Chang {1979), McCuen, et al. (1984)). To correlate lag
to Tc estimates, lag values measured from watershed calibratea
S-graphs were ptotted against Tc estimates. A least-squares best
fit line gives the estimator

lag = 0.807c (6}

Design Storm Pattern

A 24-hour duration design storm composed of nested
S-minute unit intervals {with each principal duration nested
within the next longer duration) was adopted as part of the policy.
The sterm pattern provides equal return Irequency rainfalls for
any storm duration; i.e., the peak 5-minute, 30-minute, 1-hour,
3-hour, 6-hour, 12-hour, and 24-hour duration rainfalls are all of
the selected T-year return frequency. Such a storm pattern
construction is found in the Hydrologic Engineering Center {HEC)
Training Document No. 15 (1982) which uses a nested central-
loaded design storm pattern.

Runoff Hydrograph Model

The "model" produces a time distribution of runoff Q1)
given by the standard convolution integral representation of

[t
Q{t) = JF els) u{t-s) ds {7)
a

where Q{t) is the catchment flow rate at the point of concentra-
tiony e(s) is the effective rainfall intensity; and u(x} is the unit
hydrograph developed from the particular S-graph. In Eq. 7, e(s)
represents the time distribution of the 2%-hour duration design
storm pattern modified according to depth-area effects and then
further modified according to the loss function definition of Eq. L.

In the use of £q. 7 for a particular watershed, an estimate
of catchment lag is used to construct a unit hydrograph u{x).
Then, based on the catchment area {depth-area adjustment) and
loss rate characteristics, e(s) is determined. Because the peak
flow rate Qp = max Q(t) shows a negligible variation due to a
change in storm pattern shape {except for a severe f{ront-loaded,
near monotonically decreasing pattern or a rear-loaded, near-
monotonically ingreasing pattern}, the model parameters that
affect Q, are loss rates (Y and Fp), S-graphs, lag estimates,
depth-area adjustment curve set, and design storm rainfall return

frequency. Note that Fm is not a calibration parameter as
Fm = apFy, where ap is the actual measured pervious area
fraction.

PARAMETER CALIBRATION

Considerable rainfall-runoff calibration data has been pre-
pared by the Corps of Engineers {COE) for use in their flood
control design and planning studies, Much of this information has

veen prepared during the course of routine fleod control studies in
Orange County and Los Angeles County, but additional informa-
tion has been coinpiled in preliminary form for ongoing COC
studies for the massive Santa Ana River project {Los Angeles
County Drainage Area, or LACDA), The watershed infermation
available includes rainfall-runoff calibration results for three or
more significant storms for each watershed, developing optimized
estimates for the S-graph, lag. and loss rate at the peak rainfall
intensities, Although the COE used a inore raticnal Horton-type
lass function which decreases with time, only the loss rate that
occurred during the peak storm rainfalls was used in the calibra-
tion eflort reported herein.

A total of twelve watersheds were considered in detail for
our study. Seven of the watersheds are located in Los Angeles
County while the other five catchments are in Orange County
(Figure 1). Several other local watersheds were also considered in
light of previous CCE studies that resulted in additional estiinates
2f loss rates, S-graphs, and lag values. Table | provides an
itemization of data obtained from the COE studies, and watershed
data assumed [or catchments considered hydrologicaily similar to
the COE study catchments.
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Catchment Descriptions

The key catchments utilized for the calibration of the
"model" design storm are Althambra, Arcadia, Comptenl (at 120th
Street), Compton2 (at Greenleaf), Dominguez, Eaton, and Rubio
Washes. Although other watersheds were considered in the study
(see Table 1) for the population of the parameter value distribu-
tions, the seven key catchments were considered similar 1o the
region where the "model" is intended for use (the valley area of
Orange County) and were used to develop flood frequency
estimates.

Four of the seven catchrnents have been fully urbanized for
20 to 30 years, with efficient interior storm drain systems drain-
ing into a rnajor concrete channel. Additionally, all of the major
storm events have occurred during the gage record of full
urbanization; hence, the gage record can be assumed to be
essentially homogeneous (nevertheless, adjustments were made in
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thls study to account for the urbanizatien effects). Storm drain
system maps for the entire catchment were obtained from the Los
Angeles County Flood Control District,

The Arcadia and Rubio Washes were also fully urbanized and
drained, except for the foothill areas which account for 14% and
3% of the total catchment area, respectively. In both cases,
debris dams {five in Arcadia, one in Rubio) intercept the foothili
(inost upstrea:n area of the catchment) runoff. The seasitivity of
the "model" results to including the foothill area without debris
dams versus excluding the foothill area entirely are minor. Due
ta the increased loss rates and overall catchment lag, inclusion or
exclusion of the foothill areas results in less than a X5% variation
in runoif estimates from the "model™ Hence, the foothiil area
was excluded from each of the catchment analyses.

Eaton Wash is also fully urbanized and drained, except for
57% of the total catchment area which is upstream of the Caton
Wash dam and water conservation spreading grounds. A review of
the dam operation records indicated that the Eaton Wash stream
gage record was impacted by outflows from the Eaton Wash dam
by only three storms of the 27-year record (1969, 1930 and 1983
storms). The stream gage record was, therefore, modified
according to the dam outflow hydrographs for these three storms.
Hence, only the fully urbanized portion of Eaton Wash was used
far the "model” calibration purposes.

Although all seven catchments are within a close vicinity ot
each other, they are located in two distinct groupings, Comptonl,
Compton2 and Dominguez are all neighboring catchments;
whereas Arcadia, Alhambra, Eaten and Rubic Washes are all
located side-by-side with the same exposure to the incoming
coastal storms. Because of the close similarities of the catch-
ments in each of the two groupings, correlations between stream
gage records are possible, which can then be used to supply any
missing data points in the gage records or to check on the
appropriateness of any adjustments made to the gage records due
to dams, debris dams, or due to the efiects of urbanization,

Peak Loss Rate, Fp

From Table I, several peak rainfall loss rates are tabulated
which include, when appropriate, two loss rates for double-peak
storms, The range of values for all Fj, estimates lies between
0,20 and Q.65 inch/hour with the higIEest value occurcing in
Verdugo Wash, which has substantial open space in foothill areas.
Except for Verdugo Wash, 0.205F,=<0.60 which is a variation in
values of the order noted for Athambra Wash alone. Figure 2
shaws a histogram of F, values for the several watersheds. It is
evident from the figure that 88% of F, values are between 0.20
and 0.45 inch/hour, with 77% of the values falling between 0.20
and 0.40 inchfhour. (Consequently, a regional mean value of F
equal to 0.30 inch/hour is proposed; this value contains nearly 80‘32
of the F, values, for all watersheds, for al)l storms, within
0.10 inch{ﬁour.
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fach of the watersheds listed in Table | has $S-graphs
develaped for each of the storms where peak loss rate values were
developed. For example, Figure 3 shows the several S-graphs
developed for Alhambra Wash. By averaging the several S-graph
ordinates (developed [rom rainfall-runcff data), an average
S-graph was obtained. By combining the several watershed
average S-graphs (Figure 4) into a single plot, an average of
averaged S-graphs is obtained. This regionalized S-graph (Urban
S-graph in Figure 4) can be proposed as a regionalized S-graph for
the several watersheds. Indeed, the variation in S-graphs for a
single watershed for different storms (see Figure 3} is of the order
of magnitude of variation seen between the several catchment

averaged S-grap_hs. Such a regionalized $-graph can be developed
for general regions c¢lassified as Valley, Foothill, Mountain and
Desert when the runoff data indicates similar tendencies. In this
study, however, only the Valley region runoff data was considered.

In order to quantify the effects of variations in the S-graph
due to variations in storins and in watersheds (i.e., for ungaged
watersheds not included in the calibration data set), the scaling of
Figure 5 was used where the variable "X" signifies the average
value of an arbitrary S-graph as a linear combination of the
steepest and flattest S-graphs abtained. That is, all the $-graphs
(a1l storms, ajl catchments) lie between the February 1978 storm
Alhainbra S-graph (X = 1) and San Jose S-graph (X =0). To
approximate a particular S-graph of the sample set,

S(X) = X 5, + {(1-X) s

1 2

where S(X} is the S-graph as a furction of X, and 3| and 5 are
the Alhambra (Feb. 1973 storm) and San Jose S-graphs,
respectively, Figure 6 shows the population distribution of X
»yhere each watershed is weighted equally in the total distribution
(1.e.,_ each watershed is represented by an equal number af X
entr}es). Table 2 lists the X values obtained {rom the Figure 5
scalings of each catchment S-graph. in the table, an "upper" and
“lower® X-value that corresponds to the X coordinate at
30 percent and 20 percent of ultimate discharge values,
respectively, s listed. An average of the upper and lower
X values is used in the population distribution of Figure 6.

In the table, the numbers in parenthesis indicate a weighting of
the average X value. That is, due to only the average S-graph
(previously derived by the COE} being available, it is weighted to
be equally represented in the sample set with respect to the other
catchiments, All the catchments listed in the table are considered
to be "Valley"-type watersheds that are fully developed with only
minar (if any) eifects due 1o foothiil terrain.

Catchment Lag

_ In Table 2, the Urban S-graph, which represents a region-
alized S-graph for wurbanized watersheds in valley-type
topography, has an associated X value of 0.85. When the Urban
S-graph is compared to the standard SCS S-graph, a striking
similarity is seen {Figure 7). Because the new Urban S-graph is a
near duplicate of the SCS S-graph, it was assumed that catchment
lag (COE definition) is related to the catchment time of Con-
centration, T¢, as is typically assumed in the SCS approach.

TABLE 2. CATCHMENT S-GRAPH X-VALUES

WATERSHED
NAME STORM %[UPPER}) X(LOWER) K{AVG)
AThambra Feb. 78 i.00 .00 1.00
Feb. 80 0.95 .60 0.78
Har., 78 Q.70 .80 0.75
Limekiln Feb. 78 0.5 0.80 0.65
Fen. 80 .80 1.00 0.901(2)
Supulveds BYG. 0.90 0.80 0.85(3)
Compton AVG. .90 1.00 0.95(3})
Westminster AVG. 0.60 C.60 0.60(3)
Santa Ana
Delhi AVG. 0.80 1.00 0.80(3}
Urban AVG. 0.90 0.80 0.8%
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TABLE 1.

WATERSHED CHARACTERISTICS

Wwatershed Geometry

Calibration Results

Length of Percent
Watershed Area Length  Centroid Slope  Impervious Te Storm Peak F, Lag Basin
Name tinid) {mi) {mi) (f1/eni) (26) {Hrs) (Date) (inch/hr) hrs) {factor)
Alhambra Wash! 13.67 3.62 417 82.4 45 0.39 Feb.78  0.59,0.24 0.62 0.015
Mar.78 0.35,0.29
Feb, 80 n.24
Compton2! 24.66 12.69 6.63 13.8 55 2.22 Feb.78 0.36 .94 2.015
Mar.78 0.29
Feb. 80 0.4
Verdugo Wash!l 26.80 16.98 5.4% 316.9 20 I Feb,78 0.65 0.64 0.016
Limekilnl 10.30 7.77 3.41 295.7 25 . Feb.73 0.27 0.73 0.026
Feb.30 0.27
San Jose? 33.40 23.00 5.50 50.0 18 Feb.73 0.20 1.66 9.020
Feb.30 0.39
SepulvedaZ 152.00 19.00 9.00 143.0 24 Feb.78  0.22,0.21 1.12 5.017
Mar.78 0.32
Feb.20 0.42
Eaton Washl 11.02 8.14 3.41 90.9 49 1.5 —-eem e - 2.015 7
(579%)
Rubio Washl 12.20 9.47 5.5 125.7 40 0.68  w--om eneen - 0.015 7
{3%)
Arcadia Wash! 7.70 5.37 1.03 156.7 45 0.60 —--oe aeee- -—-- 0.015 §
(15%)
Comptonl ! 15.08 9.47 1.79 14.3 55 192 —eeeo L 2.015 3
Dominguez] 37.30 11.36 4.92 7.9 60 2,08 ameee eeen —e-- o.015 8
Santa Ana Delhi3 17.60 .71 417 16.0 40 173 ceeee eeeen —-- 0.053 2
0.g40 10
Westminster? 6.70 5.65 1.39 13.0 0o s . -—--- 6.079 ?
o.040 10
E! Modena-lrvine3 11.90 6.34 2.69 52.0 40 0.78 ———me e S .028 7
Carden Grove- 20.8 1E.74 4.73 10.6 64 1.8 - e mEms ==
Wintersbergl
San Diego Creek! 16.80 14.20 8.52 95.0 20 .39 —meee s mmem e

Notes

el g b e

Watershed Geometry based on review of quadrangle maps and LACFCO storm drain maps.
Watershed Geometry based on COE LACDA Study.
Watershed Geometry based on COE Reconstitution Study for Santa Ana Delhi and Westminster Channels (June, 1982).
Area reduced 57% due to several debris basins and Eaten Wash Dam Reservoir, and groundwater recharye ponds.
Area reduced 3% due to debris basin.

Area reduced 14% due to several debris basins,
0.013 basin factor reported by COE {(subarea characteristics, June, 1984
0.015 basin factor assumed due to similar watershed values of 3.015.
Average basin factor commputed from reconstitution studies.
COE recommended basin factor for flood flows.
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Catchment Tc values are estimated by subdividing the
watershed into subareas with the initial subarea less than 10 acres
and a flow-length of less than 1000 feet. Using a Kirpich formula,
an initial subarea Tc is estimated, and a Q is calculated. By
subsequent routing downstream of the peak flowrate (Q) through
the various conveyances {using normal depth flow velocities) and
adding estimated successive subarea contributions, a catchment
Te is estimated as the sum of travel time analogous to a rixed
velocity method.

Lag values are developed directly from available COE
calibration data, or by using "basin factor" calibrated from
neighboring catchments (see Figure 1), The COE standard lag
farmula is:

ca

lag {hours) =24 n [ -5 {9)

LL 0.38
s

where L is the watershed length in miles; L5 is the length 10 the
centroid along the watercourse in miles; s is the slope in ft/mite;
and n is the basin factor.

Because Eaton Wash, Rublo Wash, Arcadia Wash and
Alhambra Wash are all continguous (see Fig 1), have similar shape,
slopes, development patterns, and drainage systems, the basin
factor of n = G015 developed for Athambra Wash was also used
for the other three neighboring watersheds. Then the lag was
estimated using £q. 9.

Compton Creek has two gages, and the n = 0.015 developed
for ComptonZ was also used for the Comnptonl gage. The
Dominguez catchment, which is centinguous to Compton Creek, is
also assumed to have a lag calculated from Eq. 9 using n = 0.01(5,
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Fig. 7. Comparison ¢f SCE and Urban S-Graphs.

The Santa Ana-Delhi and Westminster catchment systems of
Orange County have lag values developed fron prior COE calibra~
tion studies. Figure 3 provides a summary of the local lag versus
Tc data. A least-squares best [it results in

Tag = 0.72Tc {10}

McCuen et al. (1984) provide additional measured lag values and
mixed velocity Tc estimates which, when lag is modified accord-
ing to the COE definitions, can be plotted with the local data such
as shown in Figure 9. A least-squares best fit results in:

lag = 0.80Tc (11}

In comparison, McCuen (1982) gives standard 5CS refatjonships
between lag, Tc, and time-to-peak (Tp) which, when modified to
the COE lag definition, results in:

lag = 0.77Tc (12)

Adopting a lag of 0.830Tc as the estimator, the distribution of
(lag/Tc) values with respect to Eq. {1 is shown in Figure 10.

PARAMETER VERIFICATION

The three parameter distributions of loss rate F, values,
S-graph, and lag were used to simulate a severe storm of March 1,
1983, which was not included in the calibration set of storms, The
march 1, 1983 storm was a multi-peaked storm event and the
resulting model results for each cof the Los Angeles watershers
are shown in Table 3.

The values for parameters used in the modeling resulis of
Table 3 are Fp = 0.30 inch/bour; pervious cover = actual value;
Urban S-graph; measured gage rainfall and storm pattern; and
computed lag values from Eq. 11. Two sets of values for the low
loss fraction, ¥ were used; namely (i) ¥ estimated from Eq. 3,
and (i) ¥ calibrated by taking ¥ equal te ! - {measured storm
runofi velume)}/(measured storm rainfall). This second value of Y
was calibrated (rather than using Eq. 3 due to the obvious
variation in rainfall intensities over the watershed for the
March | storm. Figure kla provides a comparison between
measured and modeled runoff hydrographs using two sets of _luss
rates. Figure 1lb shows the point rainfalls recorded at various
gage locations. A compatison of Table 31 modeling results with
other modeling results reported by Loague and Freeze (1985),
HEC Research Note No. 6 (1979), and the HEC Technical Paper
No. 59 shows that the subject modeling verification results are

promising.
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PARAMETER UNCERTAINTY AND MODEL RESPONSE

The design storm/funit hydrograph model is to be used in
Orange County for {loed control study purposes. Due to the rapid
urbanjzation of OQrange County reflected in the local gage
records, considerable uncertainty would result in modifying
Orange County gage records for the effects of urbanization. In
contrast, the Los Angeles gage records reflect nearly stable, fully
developed conditions for over 30 years of record. Another
Imporiant factor jn the use of gage data is that the Orange
County catchments typically have significant constrictions which
severely impact the calibration of 5-graphs and lag values but
would be removed ultimately with further development.

In comparison, the Los Angeles gage records have nearly
honogeneous gage recerds with ifree flowing, fully developed
dralnage systems. Additionally, the Los Angeles gages are within
L0 miles of Orange County and are all subject to similar coastal
influence. Consequently, the Orange County hydrology model is
calibrated to the Los Angeles gage data, so that it can be
transferred for use in Orange County watersheds. As a result, all
parameter estimates from a standardized hydrology manual con-
tain uncertainty. However, it is inportant to recognize that
parameter estirmates at a gage site are also uncertain, but the
level of uncertainty would be much less than what occurs at an
ungaged site.

Each of the "model" pacrameters {lag, £, , and S-graph)} for
the Orange County watersheds are assumed to have the probabil-
ity distribution functions (pdf} shown in a discrete histogram form
in Figures 2, & and 10 for Fp» S(X), and lag = 0.8Tc, respectively.
For example, if the "model” is applied at a gaged site, say
Alhambra Wash, then the variability in the S-graph is not given by
Figure & for 5(X}, where 0.60<Xg [, but for G.75< X £l (see
Table 2). Similarly, the estimate for lag is much more certain for
Alhambra Wash than shown in Figure {0. Consequently, the
uncertainty in the "model" output for a gaged site will show a
significantly smaller range in possible putcomes than if the total
range of parameter values of Figures 6 and 10 are assumed {as is
done for the ungaged sites, or sites where an inadequate length of
data exist for a constant level of watershed development).
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In Crange County, it is assumed that any of the parameter
values can take the values shown in Figures 2, 6 and 10 with the
indicated frequencies. That is, a particular watershed may
respond equally likely as Alhambra Wash or Comptonl, or any of
the catchments used in the calibration effort, Because the
several catchment parameter values vary and overlap, the overal}
frequency of parameter value occurrences are assumed given by
the distributions shown,

To evaluate the “model” uncertainty, a simulation that
exhausts all combinatiens of parameter values shown in the pdf
distribution was prepared, Because the lag/Tc plot is a function
of Tc, several Tc values were assumed and lag values varied
{reely, according to Figure 10. The resulting Q/Qm distribution is
shown in Figure [2 for the case of Tc equal to { hour and a
watershed area of | square mile (hence, depth-area adjustments
are not involved). In the Tigure, O is a possible model peak flow
rate ouicome, and Qm is the peak flow rate obtained from the
"model" assuming lag equal 10 0.8 Tc, Fj, equal to 0.30 inchfhour,
and X equal to 0.85 {urban S-graph). The Q/Qm plots were all
very close 1o Figure 12 as a function of Tc; therefore, Figure 12 is
taken to represent the overall Q/Qm distribution for watershed
areas less than | mi4.

The results of Figure 12 show that a flood contral hydrology
manual which stipulates a procedure for estimating peak flow
rates has an associated Q/Qm distribution that represents the
variation in possible frue values of G (if the parameters were
known exactly) from the design value Qm used for ilood control
design purposes, This modeling uncertainty must be coupled to
flocd frequency estimate uncertainty in order to achieve a
specilied leve!l of confidence that Qm provides a given level of
flood protection.

Not reflected in Figure 12 is the additional uncertainty due
to the cheice of depth-area adjustments. One frequently used set
{e.g., HEC TD#15, 1982) is the NOAA Atlas 2 data, which provide
adjustments for 30D-minute, 1-, 3-, 6~ and 24-hour durations.
Another candidate set of curves are the COE-developed Sierra-
Madre storm depth-area adjustments for use in Southern
California.  The variation in adjustrnent factors is shown in
Figure {3. With only two data puints for & pdf disteibution, a
statistical evaluation is impossible, However, it is assumed that
the COC adjustment factors are more appropriate for the
Southern California region than the NOAA Atlas 2 curves, which
are “regionalized” for the entire United States. Conseguently,
depth-area effects are being considered "exactly known" in a
probabilistic sense, which implies (incorrectly} that there is no
significant uncertainty in the adjustment factors used.

The efiects on model certainty due to the choice of either
set of depth-area relationships is reflected in Figures 14-16. The
figures show the distribution of Q/Qm for watershed areas of 5,
50 and 100 mi%, respectively, and for an intermediate design
storm frequency of 25 years. In Figure 15, it is seen that the COE
depth-area curves result in such a significant adjustment of point
rainfall values in the design storm that the Q/Qm range of
outcomes is considerably less than when using the NOAA Atlas 2
set. That is, the ecrar distribution oi the "model" Q/Qm has a
smaller range of values when using the COE depth-area curves
than when using the NOAA Atlas 2 curves.

An important question arises as to whether of not the
distribution of outcomes from the calibrated model can be
reduced (i.e., the model made mare certain) by iatroducing
additional parameters. 1t is not clear in the current literature
whether such a claim has validity. However, some pointed
rernarks can be taken from Klemes and Bulu (1979) who evaluate
the “limited confidence in confidence limits derived by
operational stochastic hydrolegic models.” They note that
advocates of modeling "sidestep the real problem of modeling --
the problem of how well a model is likely to reflect the future
events - and divert the user to a inore tractable, though less
useful, problem of how best to <enstruct a model that will
reproduce the past events." In this fashion, "by the tine the
prospective modeler has dug himsell out of the heaps of techni-
calities, he either will have forgotten what the true purpose of
modeling is or will have invested so much effort into the modeling
game that he would prefer to avoid questions about its relevance.”
Of special interest is their conclusion that "Confidence bands
derived by more sophisticated medels are likely to be wider than

68

Environmental Software, 1987, Vol. 2, No. 2.



L 4

Hydrologic Model: T.V. Hromadka 1}

S
&
c
B
3
-4
-
=t
u
L]
2
g
]
x

Fig.

L T

RAIN GAGE 735

——— waletshed Hounnary
[UUS | ar

P " “ | i }
e e e e e = soream gage
WAIN GRGE 210 B & . ade
BIO. N m’cibﬁj\

WASH

2

[ ;- o A\

| ‘ \

i ! \

g / 3
/ / 3
/ - v
- / — - .| RAIN GAGE 303 B
! pomiNGuEz | - X

i CHANNE

—

04

Q3

azf

QiF

T‘ —
|
|
=
;:_:'_44
:%,:

\
S T MARCH i, 1363 RAINFALLS

Fig. 1llb. March 1, OVER LOS ANGELES,CALIFORMIA

1983 Storm Rainfail Patterns.

1-MilaZ
25-yaar Frequaney Storm those derived by simple models.” That is, "the quality of the
Pl 17 madel increases with its simplicity.”

In a reply by Nash and Sutcliffe (1971} to comments by
Fleming (1971), the simple model structure used by Nash and
Sutciiffe (1971} js defended as to modeling completeness in
comparisen to the Stanford Watershed Model variant, HSP. Nash
and Sutcliffe write that "... We believe that a simple model
structure is not only desirable in itself but is essential if the
parameter values of the component parts are to be determined
reiiably through an optimization procedure One must
remember that the data always constitute a limited sample and
the optimized values are "statistics" derived from this sample
and, therefore, subject to sampling variance. The more complex
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the model structure, the greater is the difficulty in obtaining
optimum parameter values with low sampling variance. This
difficulty becomes particularly acute ... when two or more
model components are similar in their operation . . .."

Q/Qm Distributicn for Toc» l-hour, hrea= 1~m1-2.
and COE or HNOaM Depeh-Area Adjustments.
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CONCLUSION

A four-parameter unil hydrograph model (using a design

approach) is callbrated to Los Angeles rainfall-runoff data and
verified using a recent severe storm which accurred on March |,
1983 over the Los Angeles basin. Modeling certainty is evaluated
by solving the model with respect to the parameter space
frequency-distribution which correlates all storm rainfali-runoif

data by the model,

The calibration and verification results

indicate that the lack of precise knowledge of the rainfali
distribution is a dominant factor in the success of any hydrologic
madef, and an increase in modeling complexity by introducing
additional soil-budget parameters or hydraulics does not serve as
a substitute for rainfall data.

lag
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