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ABSTRACT

The single area unit hydrograph mode! i3 used to develop a distribution
model which accommodates the uncertainty in rainfall over the
catchment. By ecategorizing the available rainfall data into storm
elasses, the model is then calibrated to the rainfall-runoff data to
derive a distribution of unit hydrograph correlations on a storm class
basiz. The unit hydrograph distributions refleet the unknown variations
in the effective rainfall over the ecatchment, among other factors. The
resulting ecalibrated distribution model is then applied to verification
data (not ineluded in the calibration set) to demonstrate the model's
utility. For ungauged catchments, a regionalized model distribution is
used which implicitly assumes that the distribution of correlation
distributions (represented by the variation in the unit hydrograph) is
transferable,

INTREODUCTION

The previous papers (Hromadkals2) develap the baekground leading to
the development, calibration, and use of a single area unit hydrograph
UH distribution model, [Ql(t)j where

t
[0, ()] = | eg() [n(s)] ds )

s=0
where eg(t) is the effective rainfall distribution measured at the rain
gauge site; and [n(s)] is the distribution of correlations between
measured rainfall and runoff data. In the problem setting, only one rain
gauge and stream gauge is aveailable for data synthesis purposes.

Additionally, the catchment R is assumed to drain freely to the stream
gauge, with negligible backwater effects,
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The mathematical underpinnings in the use of Equation (1} is given
in detail in the cited papers, and are summarized by the following
equation for nl{s) for storm event i,

1
Mns
VU T T i
n (s} = J_Zl kzl Mg o5 (8- 75 - 83;) (2)

where Ayl are coefficients; 9j(s) are subarea UH's for an m-subarea
link node model; Tj' is the travel time for flow to travel from subarea
Rj to the stream gauge; Ojk! are timesteps; njl is an index number; and
aﬁ parameters are evaluated on a storm by storm basis.

Because the rainfall distribution over the catchment R is
unknown, any hydrologic model output must necessarily be a function of
at least the random varisbles [Aji), [6jx Jused in the effective rainfall
distribution in Rj given by (for the linear assumption in storm rainfall)

s m . :
el (1) = T 2y egft-eg) )

Thus in Rj, the unknown effective rainfall is the random variable

{nji] i
fes(t)] = kzl Dyl g (e-E0 D) @

where_brackets are notation for random variables. In Equations (3) and
(4), eji(t) is said to be linear in egl(t).

Model Application

To apply LQ1(1)], an effective rainfall model is needed to modify the
rain gauge data, Pgl(t). Such a model by F(Pgl(t), {Xi}) where the {xi
are parameters {0 be selected. To proceed, the Pglt) record is
categorized into storm classes, < §>’ which are cgnsidered to result in

nearly identical effective rainfall distributions, egl(t), at the rain gauge
site.

Given a specific class, <£€o>, there are several associated data

pairs {e,0{t), Q1)) where the Qg'(t} may differ even though the eg®(t)
are nea:gly idenfical. This is due &3 the unknown rainfalls over R.
The Qﬂ(t) model is now cast in terms of the UH, w"(s), by

t

——

o () = |t e Tir-0) WTs) as ®)

5=0
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where ¢i(s) = ni(s)/Wi, and Wi = ratio of measured stream gauge runoff
to effective rainfalls. Because the ¥1(s) is unknown for storm i, as is Wi,
each storm i has the associated correlation vector nl = <lagj, p¥s), Wi>,

_For each assumed X;j used to estimate egi(t), a different family
of {nitare developed.

If the effective rainfall over R is linear in ey(t), and linear routing
applies in R, then each set of parameters used in Q1 (t} gives the same
resuif.

The model now is
t

0,811 = [ Feeg(e), 1) DOO(s)T as Q
s=0

where the correlations WO (0(s} correspond to the fixed {X;®L It is
assumed that the eji(t) are linear in F(Pgl(t), {X;%}), and the tw"wo(s)]
and Pgl(t) are in the appropriate <£q>. If not enough data, the <E,q>
are grouped together to get the singlé global distribution, [Wis)].

A Regionalized Distribution Model

As a case study, a regionalized distribution model is developed for the
Los Angeles and Orange County area in California. A total of 12
urbanized catchments are considered directly, supplemented by
additional data prepared by U.S. Army Corps of Engineers (COE)} flood
eontrol studies (e.g., the ongoing Los Angeles County Drainage Area
study, or LACDA},

Table 1 lsts the various data guantities used in the regionalized
effort. Specific catchment data and storm drain information is
available from the Los Angeles Flood Control Distriet (LACFCD) and
the Orange County Environmental Management Agency (QCEMA).

In developing correlation distributions for each catchment, only
severe storms were used for the derivation of the parameters in
Equation [3). This satisfies, as muech as possible, in developing
statistical correlations on a storm class basis,

Peak Loss Rate, Fp

In this application, the loss funection structure used in Equation (6) is a
simple phi-index which is calibrated on a storm basis with the unit
hydrograph. TFrom Table 1, sevesl peak rainfall loss rates, Fp, are
tabulated which inelude two loss rates for double-peak storms. The
range of F, estimates lie between 0.30 and 0.65 inch/hour with the
highest vale ocecurring in Verdugo Wash which has substantial cpen
space in foothill areas. Except for Verdugo Wash, 0.20 < Fp < 0.60
which is a variation in values of the order noted for Alhambra Wash
along. Figure 1 shows a frequency-distribution of Fp for the several
watersheds combined. It is evident from the figure tgat 92-percent of
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Fp values are between 0.20 and 0.45 inch/hour, with 80-percent of the
values falling between 0.20 and 0.40 inch/hour. Consequently, a
regional mean value of Fy, equal to 0.30 inch/hour contains 80-percent
of the Fp values, for all watersheds, for all storms, within 0.10
ineh/hour.

S-Graph

ach of the watersheds listed in Table 1 has S-graphs developed for
each of the storms where peak loss rate values were developed. For
example, Fig, 2 shows the several S-graphs developed for Alhambra
Wash., By averaging the several S-graph ordinates (developed from
rainfall-runoff data), an average S-graph is obtained. By ecombining the
several watershed average S-graphs (Fig. 3) into a single plot, and
weighting the ordinates by the associated number of storm events, an
average of averaged S—graphs is obtained. This regionalized S-graph
(Urban S-graph in Fig. 3) is an estimate of the expected S-graph for the
region. It is noted that the variation in S-—graphs for a single watershed
for different storms (see Fig. 2) is of the order of magnitude of
variation seen between the several catehment averaged S—graphs.

In order to quantify the effects of variations in the S—graph due to
the variations in storms and in watersheds (i.e., for ungauged
watersheds not ineluded in the ecalibration data set), a secaling is 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
obtained. That is, all the S-graphs (all storms, all catchments} lie
between the February 1978 storm Alhambra S—graph (X = 1) and the San
Jose S-graphs (X =10). To approximate a particular S-—graph of the
sample set,

5(X) = X 81 + (1-X) Sy ()

where 3(X) is the S-graph as a function of X, and 3; and Sy are the
Alhambra (February 1978 storm) and San Jose S-graphs, respectively.
Figure 4 shows the frequency distribution of X where each watershed is
weighted equally in the total distribution (i.e., each watershed is
represented by an equal number of X entries).

Catehment La
In"Table I, the Urban S-graph, which represents a regionalized expected

S-graph for urbanized watersheds in valley type topography, has an
associated X velue of 0.85. Because the Urban S-graph is a near
duplicate of the SCS S—graph, it was assumed that eatchment lag (COE
definition) is related to the catchment time of concentration, Te, as is
typically assumed in the SCS approach,

Catehment Te 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 Kirpich formula, an initial subarea
Te is estimated, and a @ is caleulated. By subsequent routing
downstream of the peak flowrate (@) through the various conveyances
(using normal depth flow velocities) and adding estimated suceessive
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subarea contributions, a catchment Te is estimated as the sum of trave}
times analogous to a mixed veloeity method.

Lag values are developed directly from available COE rainfall-
runoff calibration data, or by using a calibrated lag formula (COE):

L1 D.38
lag(hours)= 24 n [ _"D(.:—%

S

(8

where L is the watershed length in miles; Loy is the length of the
centroid along the watercourse in miles; s is the slope in ft/mile; and n
is the basin factor,

Beeause Eaton Wash, Arcadia Wash and Alhambra Wash are all
contiguous, have simjilar shape, slopes, development patterns, and
drainage systems, the basin factor of n=0.015 ecalibrated from
Equation (8) for Alhambra Wash was also used for the other three
neighboring watersheds, Then the lag was estimated using Equation (8).

Compton Creek has two gauges, and the n = 0.015 developed for
Compton2 was also used for the Comptonl gauge. The Dominguez
catchment, which is contiguous to Compton Creek, is also assumed to
have a lag celeulated using n = 0.015.

MeCuen et al.3 provides additional measured lag values and mixed
velocity Te estimates which, when lag is modified aceording to the COE
definition, can be plotted with the local data such as shown in Fig. 5. A
least-square best fit results in:

Lag = 0.80 Te (9)

The Regionalized Distribution Model, {Q1{t)]

Each of the model parameters are assumed to have the probability
distribution funetions (pdf) shown in a frequency distribution form in
Figs. 1, 4, and 6 for Fp, S(X), and lag = 0.8 Tec, respectively. For
example, if the model distribution is applied at a gauged site, say
Alhambra Wash, then the variability in the S-graph is not given by Fig.
4 for S(X), where 0.60 <Xz 1, but for 0.75 < X < 1. Similarly, the
estimate for lag is much more certain for Alhambra Wash than shown in
Fig. 6. Consequently, the model distribution [Qy{t)] for a gauged site
will show a significantly smaller range in possible outcomes than if the
total range of parameter values of Fig, 1 and 4 are assumed {as is done
when using a regionalized model distribution for the ungauged sites, or
sites where an inadequate length of data exist for a constant level of
watershed development).
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To evaluate the model distribution, [Qq(t)], a simlulation that
exhausts gll combinations of parameter values shown in the pdf
distribution is prepared. Because the lag/Te piot is a funetion of Te,
several Tc values must. be assumed and lag values varied freely
according to Fig. 6. An important hydrologie output is the peak flow
rate, Q. The distribution of {Q1/ELQ1is shown in Fig. 7 for the case of
Te equal to 1 hour and a watershed area of 1 square mile (hence, depth-
area adjustments are not involved). In the figure, [Q] is the distribution
of possible model peak flow rate estimates, and E [ Q] is the peak flow
rate obtained from the model using the expected parameters of lag
equal to 0.8 Te, Fy equal to 0.30 inch/hour, and X egual to 3.85 (Urban
S~graph). The [Q1/E[Qiplots ware all very close to Fig. 7 as a function
of Te; therefore, Fig. 7 is taken to represent the overall [Q1/E[qQ]
distribution for watershed areas less than 1 square mile,

CONCLUSIONS

The single area unit hydrograph model is used to develop a distribution
model which accommodates the uncerteainty in rainfall over the
eatchment. By categorizing the available rainfall data into storm
classes, the model is then calibrated to the rainfall-runoff data te
derive a distribution of @init hydrograph correlations on a storm class
basis. The unit hydrograph distributions refieet the unknown variations
in the effective rainfall over the catchment, among other factors. The
resulting calibrated distribution model is ther applied to verification
data (not included in the calibration set) to demonstrate the model's
utility. The hydrologic model distribution spproach ean be reginalized
for use on yngauged eatchments.
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TABLE 1. WATERSHED CHARACTERISTICS

W trahed Geometry Calibration Resuits
wngin of Froent -

Watarshes Arws  Length {entrgid Slope  Imp#rwous T Starm Puae £, g Basin
Hime {mil) (mi} {mi)  {ferm}) 5 aia V1 Date inchshr) hrs) factor
Alhamore wash! 12,87 8.6 417 B2 .5 0.88  Feb.7B  0.59,0.24 0.62 0.015
Mar.78  0.35,0.29
Fen. 40 oz
Comotonz* .66 1269 6.63 158 55 2,22 Feb.7k 0.3 0.94 0.01%
Mar. 18 0.29
Feb 80 0.4
Verougo wash' 26.8 10.98 543 116.9 20 = Feb.78 0,65 0.64 0.018
Limensing 10.3 701 14l 2957 25 — Fab.8 .27 an 0.026
Feb.80 0.7
San Jose? 83.4 2.0 a5 £0.0 18 Fen,78 2,20 1.66 0,020
Feb. B0 ¢
Sepuireca’ 152.0 9.0 9.0 430 I - FenJB  0.22,0.21 L1z o017
Har.78 0.32
Fen. 80 0,42
Eaton Wsh” 1,02 a1 L4l 0.8 ) 108 e . — o.0187
(573)
fubie wAsh* 12.20° .47 501 1257 w 0.68 - - - o.018°
n)
Arcadra mash: 7705 587 2.03 1567 45 0.60  --- - — 0.015%
{143)
Comptom] 15.08 5.4 179 143 55 192 - - . 0.015%
Domiapaez * X ] 1.9 ) 208 - . — 0.015°
Sants Ana Detni®  17.5 & 417 160 w W - — - 0.053°
294010
[P 6.7 5.65 1.9 1 ) - - - o.m,’n
0.040%
£ MQI-IN"!GJ 1.9 5.4 2.69 52 4G 9.78 a— - ——— 0.0189
Garden Groves 0.8 U4 43 84 198 -e- -—
Wintersoerg
San Diege Creex ' 35,8 9.2 8.52 950 20 .99 - - .-

Hotes i: wateraned Geometry bazed on review of guadrangie maps and LACFLD strom crain maps,
2: Watersheo Geometry based on COE LACDA Study.
31 Wetarshed Geometry based on COE Reconstitution Study for Sants Ans Delhi ang westminster Charnels {June, 1983),
4: Area recuced 57 due 0 several debris pasIng and E4Con Wash Dim reservoir, ARd groundwiier rechirge ponds.
Area reduced JI due to deobrrs basIn,
Ares reduced l4% due to severs) depris Ga3IN3.
0.013 paswn factor reported by COE (subares characteristics, June, L984),
0,015 basin factor assumed due to s1m1lar watersaed values of 0.015.
Avarsge basin facior comouted from reconstitution studies
COE recommended Basin factor for f1o0d flaws.

Gt oo

-
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Q VI O N
A 8

Fplinch/ hour)

Iigure 1, Frequency-distribution for Fp.
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PERCENT OF ULTIMATE DISCHARGE -
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Figure 2. Alhambra Wash S-Graphs.
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Figure 4. Frequency-distribution for S-Graphs Parameter, X,
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TOTAL WATERSHED LAG (HRS)
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Figure 7. [Q]/E[Q] Distribution for Te = 1-hour,
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