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ABSTRACT

The Flood Studies Report, published in 1975,

presents a method of design flood estimation based

on a rainfall-runoff model and a statistically-

derived rainfall input. At the heart of the rainfall-
runoff model (the unit hydrograph and losses model)
are equations relating model parameters to physical and
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be abstracted from maps. These parameter estimation
equations have been reviewed in the light of an
expanded data set and experience gained in ten years'
application of the procedure. New equations are
presented that ease application and prove more
robust under extreme conditions.
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INTRODUCTION

The Flood Studies Report (NERC, 1975) presented two methods of design flood
estimation suitable for use at ungauged sites. Oue of these i{s basad on a
rainfall-~runoff model and uses a statistically derived rainfall event as input to
give an estimate of the flood magnitude of required return period. Since
publication of the report more event data have been collected and analysed
enabling a review of the method and in particular its parameter estimation
equacions. Th. collection of new data was partly a regponse to comments made at
the Flood Studies Conference (Institution of Civil Engineers, 1975) and was an
attempt to collect more data on catchments which had provided few events to the
published analyses and also data from extra catchments of types not represented
in the FSR data set. This report contains the background to the development of
Lhe revised set of recommendations summarised in Flood Studies Supplementary

Report Number lé.

At this stage I{n the life of rhe Flood Studiee Report (FSR) it was thought
best tie introduce Improvements whilst maintaining 2s much as possible of the
existing methodology; if changes were to be recommended then they should be
easliy aslotted in to the present framework. This restriction implies a review of
the model parameter estimation equations only and this is what wae undertaken,
The opportunity of such a review has heen taken to consolidate all recommenda-—
tions concerned with the rainfall-runoff method previously published in the FSR
and the Flood Studies Supplementary Reports (FSSR's). 1In addition, the cholce of
dependent and independent variables used in the regression analyses has been
appraised in an attempt to ease the abstraction of catchment characteristics and
gsolve problems encountered in annlfeation under evtreme cand{t{ans.

The analyses presented in this report parallel those given in the FSR and
indeed assume a certain knowledge of the FSR (Volume I, Chapter 6 in particular*)
The model used in analysis, the unit hydrograph and losses model, comprising a
loss rate rainfall separation changing with catchment wetness and unit hydrograph
derivation using matrix inversion with smoothing, is exactly as used previously

in the FSR.

The data required for this study are of two types: catchment characteristics
obtained from maps and event parametetrs obtained from observations and analyses,
For those catchments and events used in the FSR, these data already existed in a
well collated form. For new events, flow, rainfall and soil moisture deficit
data were collected and processed as required before analysis. Each event
ylelded parameters relating to the event, such as rainfall and antecedent flow,
and model paraneters, such as unit hydrograph time to peak and percentage
runof £. Where the new events were from catchments for which event data had not
prteviously been collected then the pertinent catchment characteristics were

abstracted.

*References to the Flood Studies Report will be given in the form Volume, chapter,
gection eg FSR I,6.l




To aid the storage& collation and analysis of these data a computer data
base management system, the Flood Event Data Archive, was developed. This

facility, which i3 desceibed in Appendix B, contained many features not available

at the time of the FSR., To aid abstraction of catchment characteristics, catch-
ment boundaries were digitised and stored, thus enabling the production of
computer constructed maps with precisely located catchmeats. The accuracy of
these maps showed up many discrepancies 1in maps used for the FSR and led to the
checking of all map derived catchment chafécteristics. Similarly, the new event
analyses revealed that the haste with which the original analyses had bheen
performed had allowed many events to pass the data checking stage that had poorly
defined rainfalls o- a possible snowmelt contribution. All event data were
ingpected and coded as being of quality suitable for derivation of a unit
hydrogra; h, only suitable for assessing volumes of rainfall and flow, or of poor
quality and not suitable for use in the current study .

inese reviews, it was hoped, left a well organised and carefully vetted
data set ready for the next stage in the analysis, the generalisation of the
model parameters to the ungauged site.

Two tabies in Appendix A contain the data. Table A.1 lists all the
catchment characteristics abstracted for catchments in this study. Because
previously derived values have been reviewed, values may differ from thoge
published earlier. Table A.2 gives the event Information and contatas both event
detalls and derlved model parameters,

At the start of the second phase of data collection it had been hoped that a
large increase 1in the total number of useful events would result. The outcome

' was somewhat disappointing; although over 900 new events were selected, fewer

events were available for unit hvdrograph analvets than had YLeen used in the
FSR. Tiie tabie below summarises data availability.

H

TABLE 2.1  NUMBER OF EVENTS AND CATCHMENTS FOLLGWING DATA VALIDATION

2564 (1631
1910 (1488)
1306 (1351)

Events Total (including rejects)
Volume analysis
Unit hydrograph

Total (at least one event) 210 (138)

With at least one unit hydrograph event 181

With at least five volume analysis events 174 - 1822 events
With at least five unit hydrograph events 128 - 1159 avents

Catchments

Figures in brackets are for the equivalent FSR data set

A

1

The table shows that only half of all events selected were suitable for unit
hydrograph modelling and that on many catchments only a few events we:'e available
(82 of the 210 catchments were providing less than five events suitab’.e for full
analysig), = The new data set 1s larger in terms of numbers of catchments and

at all having collected so much new data reflects the very much more stringent
checking and acceptability criteria that were applied in the review.

Before deriving the ungauged catchment regressions a small data set was
withdrawn to provide an independent sample for testing., This comprised six
catchments with 59 events, 42 of which were suitable for unit hydrograph

studies. Table 2.2 details the test data set.

TABLE 2.2 THE TEST DATA SET

Catchment unit hvdrogranh Tnaa atrudy
events events
19001 : 5(5) . 5(5)
29001 706) 9(6)
39012 6(8) 11(10) *
40004 11(15) 15(15)
54016 4(12) 7(16)
67010 9(12) 12012)
Total 42(58) 59(64)

Figures in brackets are for the equivalent FSR data set

*Keplaces 29003 withdrawn in FSR

3 UNIT HYDROGRAPH PARAMETER ESTIMATION

The parameters abstracted from the derived unit hydrographs were to
peak in hours (Tp), peak in cumecs per 100 sq km (Qp), and the width £ of
the peak (W), in hours; their definitions are shown graphically in F- - I

Jas

If in analysis a data interval other than one hour was used an adjust.
applied to give equivalent one hour unit hydrograph parameter values (FSR

1,6.4.8).

The FSR showed the strong interdependence of the unit hydrograph parameter.
values and gives expressions for Qp and W in terms of Tp alone. Figures 3,2 and
3.3 show catchment average valuas of Qp and W plotted against Tp with the lines
representing the FSR equations superimposed. As can be seen the equations fit
the data reasonably well and there seems to be no need for change. Table 3.1
glves details of regression equations fitted to the new and the original data
gets but are intended for information only and are not recommended for use.

Users of the FSR will be aware that the loss model recommended for design
use is a percentage one yet a loss rate based model has been used ip apalysis.

)
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TABLE 3.1 REGRESSION OF SECONDARY UNIT HYDROGRAPH PARAMETERS

Dependent variable : QpTp

Independent variable Estimate se t R2 see observations
Catchment averages
Tp 2.809 0.392 7.17 0.229 347 175
Constant 157.1 4.130 38.03 - - -
FSR -
Tp 2.587 0.407 6.35 0.241 334 129
Constant 162.2 4,832 33.6 - - -
Dependznt variable : W/Tp
CuiGliuciii. uv-.;a.r;gﬁa
e - 0.0154 0.00354 4.35 0.10 0.314 175
Conttant 1.483 0.0374 38.6 - - -
FSR
Tp - 0.00834 0.00325 2.57 0.049 0.267 129
Constant 1.399 0.0386 36.2 - - -
Headings in this and subsequent tables contain
the following abbreviations
se standard error of the coefficient 40 =
t t statistic @
2 2]
R coefficient of determination “y//
see standard error of the estimate
sfe standard factorial error of the estimate.
RMS root mean square
30 -
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The interaction between unit hydrograph shape and loss model {is such that an
ad_j ustment must be applied to allow for the change in rainfall separation tech-
nigues FSR I,6.5.9 details the effect this may have. The simplifying asgump-
tion of using a triangular unit hydrograph and modifying the QpTp relation-
ship given in FSR I1,6.5.2 {5 still considered valid as the oririnal equations
rel ating internal parameters are glven support by the new data set.

In the FSR, Tp 1is estimated from a regression equation tXit has streamslope,
urban fraction, mainstream length and RSMD as the independent variables.. The
mearrings of the first three of these are obvious, although ft is importan: that
thex are abstracted in the prescribed manner (FSR I,4.2). KSMD is an effective 5
yeax return perlod 1 day rainfall that 1s laborious to calculate and easy to
mis—calculate, Since it is highly correlated with SAAR, the standard period
aver age annual rainfall, which is much easier to derive, it was decided to
repl ace RSMD with SAAR if this could be achieved without loss of accuracy in

PRt I Sy T R,
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The use of Tp, the !=hour unit hydrograph time to peak, can also cause
proe Lems. in aprlication of tue estimation equation on\fast responding catchments.
in = uch crsen che regqaired data {stervel may he a hal} Oor quarter hour and the
i—hour ip mst be adjusted. As the lower bound of estimated Tp's 1s zero 1% 1is
cleszixly possible for adgjusted Ty 's to be negative, although 1t is more likely
Enat they wiil just te unresscnably smell. This problem can be avoided hv
dos Zoplng 4 regressiou LUarion tor time to peak of the instantaneous unit
hydr ograph. Whereas the i~heszr unit hydrograph represents the response to 10 mm
of x =ainfall oscurring ia une hour, vhe instantaneous unit hydrograph is the
rve:iponge of an equal, hLut instantaaeous, rainfall at the start of the hour. The
tiwme to:peak of the Lngeantanecus unit hydrograph Tp(o) can be estimated From the

l1-howzr tine to peaic, Tp(id, by Tptl) - i/2.

Table 3.2 gives details of vegression equations derived from the new data
set =md incviporating tyese zmencisnts. While the equations based on the new
dats set znd csing Tp(l)=-i/2 as tihe ‘independent variable appear inferior to the
ori=Z sl SR sntuactzon the change f{n 1udependent variable makes the comparison
aimoz T;mcaningless, In term; oi estimating Tp(l) then the RMS errors from using

equac Loit'l and equation 3 (ir Table 3.2) are 4.03 and 4.00 respectively; the

equat Tons perform equally wetl. ‘Replacing RSMD by SAAR has not led to any loss
in ac curacy in estimatiog Tp. Equation 4 in Table 3.2 gives details of a reg-
ressi on ldentical in form to Equation 3 only cn a restricted data set; only
catchirnents averages coming from at least five events were 1ncludea. This con-
slderably reduces the number of observations and the fit of the equation is

-8liglitly better than hefore. The ccaffi*ients differ by less than one standard

uevia - ion between regression equations. ' If catchments with more than 5% urbani-
sat icrx are excluded from the data set than the resulting three variable equation
has ceefficlents very similar to those shown in Table 3.2,

L ¢ has therefore been possible to Incorporate the desired changes in the Tp

esiima tion equation without any loss in accuracy; the recommendation is that

Tp(TJ, where T is the required data intervali, should be estimated from

Tp() = 282.0 5108570:33 (14yrBAN)=2:165AAR=0.56 337 5.23 k9
Tp(l) = Tp(o) + T/2 3.

.

Figure 3.4 shows observed catchment average values of Tp(l) plotted against
values estimated from the above equations.

For situations where stage data are available, but no rating exists to

Estimated Tpi1llhours)

~1

REGRESSION OF Tp ON CATCHMZNT CHARACTERISTICS

TABLE 3.2
Dependent variable : log(Tp(l)) ,
Independent variable Estimate se t R see sfe observations
1. FSR .
Log (S1085) - 0.281 0.066 <77 0.780 0.150 1.41 130
Log (1+URBAN) - 1.995 0.284 7.02 - - - -
Log (RSMD) - 0.417 0.118 3.52 - - - .
Log (MSL) 0.139 0.050 2.77 - - - -
Constant 1.669 0.140 11.91 - - - -
Note: MSL, forced into this four-variable eguation.
Dependent variable : log(Tp(l)-1/2)
2. Catzhment aveoragos )
Log (51085) - 0.288 0.063 4.59 0.742 0.17 1.48 175
Log {1+URBAN) - 2.152 0.298 7.20 - - - -
LOg(RSMD) - 01653 00128 5-09 - - - -
Log (MSL) 0.249 0.047 5.25 - - - -
Constant 1.804 0.159 11.33 - - - -
3. Catchment averages
Log (S1085; - 0.327 0.05%37 5.47 0.736 0.17 1.48 178
Log ( 1+URBAN) - 2.164 0.30J 7.15 - - - -
Log {SAAR) - 0.538 0.115 4.69 - - - -
Log (MSL) 0.228 0.0465 4.89 - - - -
Constant 2.452 0.299 8.21 - - - -
4. Catchments with at least 5 events ‘ N
Togeinuh) - .27 Lok 4.0 C.0CC  C.10 1.l Lo
Log (14URBAN) - 2.156 0.0317 6.80 - - -
Log (SAAR) - 0.619 0.124 4£.99 - - - -
Log (MSL) 0.308 0.053 5.78 - - ~ -
Constant: 2.553 0.318 8.04 - - - -
20- v
10 =
5— .o
s
2- L]
FIGURE 3.4
Estimated against observed
‘ (catchment average) values of
1 T - T " J 1 the 1 hour unit hydrograph time
1 2 5 20 30

Obsaerved Tpl1] ihnu.'lsl

- to peak




obtain flows, the FSR gives an equation which can be used to estimate To
from the catchment lag, as defined in FSR 1,6.4.2, The equation ig

Tp(l) = 0.9 Lag 3.3

Figure 3.5 shows catchment average values of Lag against Tp for the new data set:
also plotted on this figure is the FSR equation, which represents the observed ,
data reasonably well, However, the use of equation 3.3 would he inconsistent
with the earlier recommendation to estimate To(T) via Tp(v) and could lead to the
sawe problems in estimating time to peaks ou quickly responding catcnasents,
Tp(o) may be estimated from the catchment lag using

Tp(o) = 0.604 Lagls144 3.4

which has been derived by regtession analysis using catchment average data.
Table 3.3 gives details of regresecion analyses on the new data set.

40 = FIGURE 3.5

"‘?' ) Catchment average values of
Lag plotted against Tp

30 =

Lag [hours]

'!o L

0 . 10 20 30 . 40 50
Tpitlihours) ' '

TALBLE 3.3 RZGRESSION OF Tp ON LAG

e i S——

Depzndent vairiable : Log(Tp({l})

I'ndependent vaciable Estimate se t R2 see sfe observations
1. FSR
Log (1.ag) 0.9%9 0.174 57.01 0.562 0.061L 1.15 129
Constant - 0.36 - - D -

2. All catchments

L.og (Lag) 1.041 D.0216 48.14 0.930 0.0790 1l.20 175
Constant - 0.085 0.0194 4.39 - - - -
3. All events :
=og (Lag) 0.973 0.0145 67.05 0.78 G.158 1.44 1264
Contant - 0.042 0.0127 3.34 - - - -
Dep«ndent variable Log(Tp(l} ~ 1/2) 7/
4. All catchments
Log(Lag) ~1.144 0.025 46.41 0.926 C.090 1.23 175
Qons’.ant - 0.219 0.0z2 9.91 - - - -
4 PERCENTAGE RUNOFF ESTIMATION

In the FSR the ectimation of percentage rumoff ic seen ac the most important

~and yet most uncertain part of the design flood estimation procedure, The use~

fulness of local data in refining percentage runoff estimates cannot be empha-
s#ized toc strongly. While the equations presented below are applicable in
situations 1in which po data are available they should be considered as a basis

for preliminuar: flood estiration only.

variations in percentage runof: .:n be divided into two components. On a
single catchlment, percentage runoff wiil vary with storm characteristics (depth,
durcetion sad pcofile of rainfall) and with catchment state at the onset of rain-
fa1l (what stores or deficits of water exist in the catchment eg. 801l moisture,
surface storage). Thus we expect a larger percentage response from a large storm
on a wet catchment than from a small storm on a dry one. When percentage runoffs
are compared betwsen catchments then these 'dynamic' variations are superimposed
on physical (constant) differences between the basins (soils, geology, land use
etc). A catchment located on chalk will give very much lower runoff .than one
situated on clay. While it is easy Lo express these intuitive concepts in this
general way, in practice it is difficult to define precise relationships suppor-
ted by real data. This is because of the difficulties in collecting event data
that cover the full range of combinatinns of catchment state, storm variability
and catchment type, and in finding suitable indices for these variables. Diffi-
cuities may also accrue from a poor cheice of rainfall-runcff model or poor model
parameterisation but in the present context these are considersd relatively

unimportant. L o

- The FSR presents an equation that assesses percentage rﬁno;.‘j’::.‘ =S a standard
term, dependent on a soil index and the urban fraction, and a dycini< term that
varies with total storm depth (P) and a catchment wetness jndex (CWid.:

]
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PR = O35, %00+ RBAN + 0.22(CWI-125) + 0.10(P-10.0) 4.1
. starrdard term ' dynamic term
where CW1 == 125 + API - SMDD> ' 4.2
AP 1 —&_s an antecedent preciptration index ‘

SMD =_5 the pre-event Soll moisture deficit.
and  SCGTIL =K s aweighted sveTage of - e atoae in each of flve soil classes
on the WRAP map (FSR I,6.5.7)
SOIL == {.155140,30824-0,4033+0 . 4 554 *.5085 4.3

This re«<—ommendstion wes sapdated In FSSR 5, "Design flood estimation in
catchnent s sz ject to urbanis atiem', *shick split the F3R data into urban and
rural subset ss . Apart frinthe urban term the revisad percentage runoff
equation has The gane general structure as the one presented in the FSR:

Phural = 1024 S0IL + 0,28(CWI~125) + 0.1(P~10) ~ i.9 4,4

An urban - =D x—a=ction can be app lied, when required, such that
R o=  ERp 00 0) UREMN) + 21,0 URBAN - 4.5

Inthhis =x—elationship a di stinction 1s made between those areas mapped as
being urbani s e=d that are actua L1y impervious, and the surfaces within the urban
aread that ac = id fact pervions. Eguation 4.5 represents srban areas as having a
0% parviodaas  «o— omponent which regpends as the natural part of the catchment and a
Wi impecvt ous <omponent which gives 2 constant 70% runoff. These values come not
from the anaX s sis of FSK data EBut from fully sewered catchment data (Packman,
(1977) ldAd a=w<d lwing, (1979) 2. With this form of urban correction the urban
: avident on catcxwents with low 50LL values wheress a constant
addition re2sxie *ed fron the SR equation. The removal of the urban catchments
from the PR = szrcession has led to a larger coefficient for the GWI term (compare

<=and 44), This accords with the expectation that 8011 moisture

equatione. &, 1
deficits at-e =  more importint £ v:dlestor of between event response varlation on

‘Natural cat- chmme=nts than o those that are urbanised.

fewell a== havin an enharaced data base ou which to calibrate a new

~perceniage ruxx«>ff equation thex-@ are other factors chat may affect the derived

equations.  Tiwee= original M map 45 presenced with the FIR left some (mainly
urban) arcas wxmclassified; therve haye subsequently been classified. Other
relatively mira«c=Tr changes yere a Lo -made to the WRAP msp lead!ng to a revised
version of €the  wmap helng publimthed (FSSR 7). Ueing the new map and the

accurately de £ £ med catohnent' bo-»ndaries has led io & set of soit fractions quite
different L1 s come cases ftonth os: {wed previously. Since the SOIL index was

calibrated on €= he orlpiml ¥R Aata set and because 1t ie the most useful

varighle in e2xg» Aaining observiec? differences, it seemed ressonable to review the
form of thie L xmedex so well 4 t.he PRequation itself., At 4 preliminary stage of

‘the anslysism £o>x the currént;iv 1e’s Further modi £ication to the WRAP map was

runoff, It was

indcated. Th4 = s dstaled/in -~ F8SR 17 and. described more fully in Appendix C.
- P;ior rto ref:allibrgt,..{_qn";éf, the soil multipliers, percentage runcffs were

adjusted for uxr— Fin 'effecta by Lrzverting equation 4.5 to yield a rural percentage
thea-hoped to e Cetnine coefficlents for the seil fractions and

dynamic termes L xm ¢ aingle regrese £ 4on, Unfortunately thiy proved unreliable

. because of £he I inited octirrence of large ralnfall avenss, Onitting the dynamic

tern dependennt <=n rainfall gave

N I\ -

Gtural =

a 054,.,‘3"-‘ 2?52”& JIS3 + 4754 + 5285 + 0.25(CHI-i25) . 4.6

v
ot

4 WRAP = Winter Rait ra Acg;'ejp'tgnce_' Potent{ s 1

A

an equation slightly different from, but consistent with, the FSR result. To
assess the urban correction a regression based on observed PR's from nearly rural

(< 5% urbanisation) was carried out and gave

PR = 1151 + 3182 + 3853 + 4854 + 53585 + 0.24 (CWI-125) 4o

a result in close agreement with equation 4.6. Regressions similar to equation
4.7 but based on different urban thresholds yielded comparable results,

Equations 4.6 and 4.7 are therefore seen-as a reasonable basis for a new PR
equation. Details of the regressions are in Table 4.1. Convenient values of the

coefficients were taken giving

PRpyrgl ™ 1051 + 30S2 + 3783 + 4754 + 53585 + 0,25(CWI-125) 4.8

Examination of the resciduals reveals 2 significant correlation with the
event rainfall which was again fitted by regression analysis (see Table 4.2),

TABLE 4.1 PERCENTAGE  RUNOFF *"+iRZ3SIONS

Dependent variable : PR_
rural

Independent wvariable Estimate se t R2 see chservations
1. All events .

SOILl lgc.ci .46 .0 O.40 14.35 1851

SOIL2 28.71 1.11 25.8 '

SOIL3 36,93 1.31 28.2

SOIL4 46.62 Q.73 64.1

SOILS 52.46 0.71 73.6

(CW1-125) 2.253 0.013 19.9

Lzpenden. varidaple : PR

2. &1l events from catchments with urbun £ 5% - ‘
' " 0.37 14.9 1460

SOILL 10.77 1.36 5.8
SOILZ 31.1c 1.22 25.5
S0IL3 38.24 1.59 29.1 '
SOIL4 47.61 0.68 54.3
SOILS 52.53 0.73 72.2
{CWi-125) 0.242 0.02 14.0
TABLE 4.2 PERCENTAGE RUMNOFF RESIDUAYL REGRESSIONS
Dependent variab.:.\.‘ : PRrural residuals |
. , . .
- Independent variable Estimate se . t 1 -see observations
P . 0.129 0.016 8.20 ©0.04  14.6 1851
~ 5.256 0.670 7.84

Constant

o —
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about the arbitrary nature and dubious concepttion of this correction should

The resulting model for PR 1is represented by the three equations X
| remember that estimates of PR using the regression equation have a standard error
SPR = 10S1 + 3052 + 3753 + 47584 + 5385 4.9 of estimate of 15%.
; = TIT = - :
PRrural SPR + 0.25(CWI-125) + 8.13(? - 40) 4.10 The percentage runoff model can therefore be summarised by the equations
PR = PRrural (1-0.3 URBAN) + 21.0 URBAN 4.11
~ PRpyral = SPR + DPRoyp + DPRpaty bel2
These equations represent a slight improvement over the PR formulae given 1n where
the FSR and in FSSR 5, The two main differences between the new equaticns and ‘
- those presented in the FSR are the reduction in response from type 1 soils and SPR = 1081 + 3082 + 3783 + 47S4 + 5385 4.9
the increase in magnitude of the dynamic terms. The first of these is explained 4.13

by looking at the catchments located mainly on type 1 soils, Over half of the DPRoyr = 0.25 (CWI-125)

catchments mainly located on type 1 soils that were analy od in the FSR had

significant urban areas (»10% urbanisstion) and yet no adjustment was made prior 5(p=40)0+7 £ '
= 0,45(P-40)0+ or P > 40 mm 4o 1%

to calibratfon of the SOIL index; the curtreat analysis does have such a ' DERRAIN 0.45(P-40) for P < 40

correction and gives a lower natural response, The increase in the dynamic term =0 or e

coefficlents 18 again seen as a product of the urban adjustment and partly oD oo LI D tppaaTy £ e A T 21l

perhaps because of the combined fitting of sonil and CWY miltinlfarec - B Lusal TTToTTT s mee v

Figure 4,1 shows catchmer;t average values of percentage runoff estimated

The three equations 4.9 - 4,11 give a percentage runoff estimation method
using these equations plotted against the observed values.

based on the current data set and deta from small urban (sewered) catchments.,
While their accuracy 18 1imited (see. of 15%) they are thought Lv provid- a sound
blend of empirical analysis and nydrological theory and could be used w. .4 due
caution in conditions similar to those ugsed to derive the equations. Restriction
on thelr application is warranted on catchments where there 18 a large urban
fraction and especially where thisg is concentrated rather than dicstribuecd 60 - .
throughout the catchment. The dynamic conditions encountered in the data sat . ' ot ot
cover the full range of values for CWI that are likely to be experienced in even
the most extreme design case; the same cannot be said for the event ralnfalls of
which!less than 2% are greater than 100 mm. This introduces reservations over

_ extrap\j?lating equation 4.10 to apply to rainfall totals much greater than

" 100 mmi  Unfortunately thig {e nnawoidable hen seeking to estimate nronshia
maximum tloods (PMF's) for which the design rainfall may be as high as 400 mm.
Cleatly these relationships derived from common events are not easily
extrapolated to extrems situations. In estimating PMF's it ie necessary to

70 ~

e
o
1

Estimate.! PR [%]
F-9
o
|

conslder the general philosophy behind the estimate which in the case of 20 . e - )
the FSR was a reasonable maximisation of all contributary factors. The absolute | ST
maximm for percentage runoff 1s 100% so it seems reasonable to, limit percentage . .
runoff to this value under the most extreme conditions 1likely to occur, say a - 0
rainfall of 400 mm on a catchment with a CWI of 200 mm and. if possible, to 20—
approach this limit asymptotically.
. It 18 therefore recommended that the rainfall term in equation 4.10 bYHe 10-° ' *
' teplaced by .
0 for P< 40 mm .
' ° ' ] ' ‘ ' Io slo 7'0 Jo
‘ ] 10 20 30 40 5
d 0, - 0.7 P > ‘
and 0,45(P-40) for 40 mm. _ Observed PR (%)
This adjustment gives close agreement with the fitted equation (4,10) over
the rainfall range 30 mm ~ 110 mm and yields 99,5% runoff from an event of 400 mm FIGURE 4.1 Catchment average values of estimated PR plotted

oceurring on a sodl type 5 catchment with CWI of 200 mm. This form of

relationship will also alleviate problems of negative percentage runoffs

estimated for small events on catchments with mainly type 1 soils. Although this
18 a most unlikely occurrence in design use 1t could happen in other applications
and {ndeed should be expected in conditions where the percentage runoff 1is less
than the standard error of estimate of the PR equation. Users who are concerned

against observed PR

It is possible to revise the estimates of percentage runoff obtained from
the above equatinons by using data available at the site of interest.
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If event data (fe flow and rainfall data at a short time period) are .
avgilable 1n sufficient quantity then it may be possible to derive a rela ®—1{cnghip
based on these data alone. More normally though 1t is only possible to r e=7place
the value of SPR obtained from the WRAP map. To do this requires the care=fyl
abstraction of the flow hydrograph and corresponding rainfall for at least— flve
big flood events. The hydrograph should be separated as described in FSR 1,6.4,3
and the volume of quick response runoff calculated. PR 1g the ratio of qguwm dck
response runoff to total rainfall expressed as a percentage. If the catctm—ment
contains an urban fraction, adjust PR to give PRrural using equation 4,11

(otherwise PRpyyq7-= PR). The dynamic adjustments are given by equations
and 4,14 and once calculated should be subtracted from PRoyral to give SPT
SPR's calculated from several events should be averaged and the resulting —walue
becomes the new estimate of SPR for use in design flood estimation.

—4,13

Many sites however may just have daily mean flow data; this can be us e=d to
feline & STR coliwale Uy uolug viie basw Liow index \bri) derived rrom thes e daily
flowvs. The BFI is the ratio of base flow to total flow uging a particular form
of flow separation (Low Flow Studies, NERC) and is well correlated with SP E=R,
Table 4,3 details a regression analysis which gives the equation )

SPR = 72,0 - 66,5 BFL 4,15

TABLE 4.3 SPR - BTl REGRESSIONS

Depandent variable l: SPR

Independent variable  Estimate se t R2 see ocbse= zvationsJ
1. all catchments
3301 AN G 12,56 J.Sb 9.4 loo
2. A1l catchments weighted by number of available events
BFI - 66.49 4.28 15.55  0.59 8.97 166
Constant 72.05 2.10 34.38 - - -
- -  FIGURE 4.2
80 SPR estimated from BFI
; plotted against catchment—
z T average values calculateck
E 50 w cu from event data
§ w- RIS
E g
w
20 4
10 =
0 | L L I J | i i

0 10 20 20 40 50 (Y) 70 8o
' Obwsarved 5PA 1%
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This equation should be used in preference to the soil equation {equation 4.9) as
it is based on hydrological data at the site of interest but will yield inferior
estimates to those obtained from event analysis., Figure 4.2 shows SPR's esti-
mated using equation 4.15 plotted against observed values.,

5 RASE FLOW ESTIMATION

The equations given in the previous two sections allow the response
hydrograpsh to be estimated. The final step in the formulation of the design
flood hydrograph is the addition of a certain flow to represent the flow in the
river before the event started and to a lesser extent the start of slow response
runorr rrom the event itself, This flow was labelled average non—separated flow
(ANSF) by the FSR, a term that serves as a reminder that the hydrograph was
separated as an expedient for analysis and does not represent a separation of

flow generated by different runoff processes.

Regression analysis yields an equation for ANSF in terms of the variables
CWI and SAAR

ANSF = (33(CWI-125) + 3.0 SAAR + 5.5) x 10> 5.1

where ANSF is the additional flow in cumecs/km? that should be added to each
ordinate 1n the design flood. Details of the equation can be found in Table 5.1.

TARYIE =¥ TAY ANGP BRERECCSTINY

Dependent wvarisble : ANSF
2

Independent variable Estimate se T R see observations
CWI 0.000328 0.0000216 15.63 0.420 0.025 1851
SAAR 0.0000298 0.0000011 28.10 - - -
Constant - 0.04059 0.002598 15.20 - - -

In the design situation CWI is determined directly from SAAR using Figure
FSR 1.6.62. ANSF is therefore solely dependent on SAAR and the value obtained
from the equation can be checked against the graphed relationship given in Fig.
5.1 which shows ANSF against SAAR.

10 | I_ i

FIGURE 5.1

Graphical representation of ANSF~SAAR
relationship for design use

- ‘J it s

ANSF kumecs/am?’)x107
>

$00 o000 1500 2000 2500 000
SAAR immi
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6 ASSESSMENT OF PROCEDURES

Although a comparison of observed and estimated parameter values for
catchments used 4n the regression studies is not a particularly rigorous

asstssent. £oO2x= the equations given d1n sections 3, 4 and 5, a list of observed
‘aver. =, maxdrmumand minimm values together with their estimates is contained in

Table 6.1,

TABLE 6.1

CATCHMENTY

19002
1 #0935
210014
21030
0t
23005
13004
23010
240013
24005
24007
26003
1en
25926
2501t
3012’
213010
27001
27010
27026
70t
oM
Fiinld
17035
27051
28016
24023
20026
21038
24041
26070
23004
33001
33004
31005
31019
3102t
31023
a0
13014
3IN5
33029
33044
13409
54233
34008
14207
34011
15008
30008
3TN
37033
Lrp Ll
17078

Arx asterisk {n the table indicates that some events on the catchment
have been us< X for volume analysis only,

OEXSERVED AND ESTIMATED PARAMETER VALUES

= maarsatetacunaan B ELCENTASGE

Jp— ‘-*..-.-.-053!RV‘D------’--—-

MEA™

“1.7
£3.01
“5.00
Ix_ v
8. 22
28 &1

YAx

8,87
IAPYLE]
40,39
46,54
50,13
40,07
‘0474
45,12

§0,58 ¢

“,0n
57.93
LR S J
20433
3.9
b, 77
.18
45,20
84,12
34,18
§3,9¢4
g, 9%

- 59,40
75,00 -

8,4
AP
Yo7
LIS §
39,03
1,11
58,14
T390
36 81
i
1,02
9y}

§1,0¢
22002
25.1%
44, 69
10,23
I L]
1.1
zslso
82.97
16448
.0
$3.23
17,09
454158
7.7
61.88
t2.t4
L YS
3708

s
v

QAYNT T z—n-‘n -------- - ——— -
ennfLTINAYEDon=-
[ 3 4] HERN MEAN
(TEym LFRO™
a0 IFI)
MY ] AN 3,27
bS53 49,20 50,01
18.3¢9 19,27 31,65
26.54 35.30 35.32
22,38 50445 62.4%
45,27 $2.40 53.59%
40,74 HY 4 $2.49
31.57 $3.1% 54,98
42.19 S, 46 50.31
13.%0 e n 37.3v
23.%0 46432 30,91
. 1.5 0l
| Fwae LEIR Y v 35
40,34 53,59 £8.29
w5, 77 52.77 ST7.74
59.63 5.2 55.9¢
43.02 47,05
21.70 45, % 38,36
54,18 3,18 21.24
21.32 19.40 43,16
2%. 01 55416 49,27
25.47 41,83 &t.34
45,14 51,72 $1.07
23.30 L4 k2 38.43
1%.77 AT,44 50.1%
22.°03 7.2 26a%.
Y 21.10 25.4b
‘1,48 Lo, 40 319.D08
10.82 $3.93 43.21
27,37 ihite L. 92
20.55 488 3.7
11,43 20443 34,20
17.07 3.4 28,69
5.60 35.8) 19,40
27.46 &3.40
2r.14 &1, N s 00
T.04 30,99 25,14
25.15 30, 53,25
15,91 &6,1%
7,27 22.1 23.51
13,32 9,10 34.0%
3.11 19, % S.02
3.0¢9 335 22.1%9
10.81 TN "89,11
4417 J.91 15.78
18,44 35,90 E9.17
27.07 33.0¢ 15,90
1,58 14,19 18,08
2¥.n6 35,97 43,86
21,32 33.3 &e,2?
10.9% 36,42 45,97
1.0¢4 Tl Jh.is
10.00 34,0 44,00
24,34 21,9 31.51

L
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MEAN

NAX

Febu
. 850
12.00

ba. 40
’.90

9.80
8.20
.00
11.50

2.65
245
10.20

13,50

10.20
5.00
1.70
8.20
1.20

30.00

$2.00

30,40
2.9%

3.55
10.20
24.00
11.60
42.00
14,10

4. %0
.33
25.90
13,20
14.80
22.40
26.80
18,50
2%.10

13.20
16.20
1.00
30.00

17.00

MIN

ESTIVATED
MEMN

be ¥R
b.89
*.72

6. 52
8.65

8.93
A.1m

L

1;.65

3.25
1. 31
13.8

2.50
9.2%
S5e47
.10
B84
31.99
164,28
8.34
16,98
2494

3.43
12.44
18, 31
1.1}
19,32
10.44

5.07
6-02
14,56
18.13
12.05%
9,62
16.0%
13.78
16,51

14,486
10.92
17.18
17.55

12,19

TABLE 6.1

CATCHHENT

OBSERVED AND ESTIMATED PARAMETER VALUES - Contd

metmmaccacuccccansaePERLENTAGE AUNDEE- ===

Ceteen--— er=O03SERVE = rrnmm
HEAN My LML
23.92 33.9¢ 12. 31
1.12 1.5% 0.27
37.57 55,423 1.:8
1.1 2.t2 2.7t
19,34 33.% 12,90
23.15 34,54 12.97
53,006 210. 94 .32
30,45 €5.0% 2f.2?
24450 59.38 7485
34.81 40.02 2. 38
.37 3.37 3.37
gt Y 19,63 Ga.b
P R e " -La JJ
w7, %4 65455 14,26
3%.% $8.01 21.14
“B.5% T1.24 32.06
13.89 19,57 3.73
T4.%7 27.25 .23
56.15 48,64 63.77
Lded) 36,008 Ta22
«S5.18 52474 P
3s.52 54,78 2564
«3.0s 61.01 ) 1£.20
40,03 70.496 10,92
.5-5; 6‘-55 25-11
59,32 80. 93 15.15
7. 2N L Il LY. I ]
117 2.7% O.59
53.13 47,43 39,18
49,10 53,57 L2.74
56.63 64,19 @3.24
49,39 SA, 74 36.30
36,05 Thebs 14.47
Ya,58 51,.1% 3,55
1,17 59,18 17.489
37.47 51.43 9.34
27.94 «0.32 7.78
R S Ll i .
FE IR By, 3e 2tz
30 Th, b £5.17
“9,42 53.92 L4,023
11.67 5T.85 17.54
29,84 57,12 S5.ud
29.9%9 $4.17 10.9%
3,08 51.12 15.31
10.25 23.00 3.77
37.07 50400 27.20
«5.07 Th,34 16.01
15.22 13,8% 2,12
55,09 52.80 . 16.57
34,80 56.68 14,30
Jia1? 49,00Q 18,55
[1.PRE) ?0.73 34,04
8.30 T4. 45 1.84
87,43 2,22 £3.22
15.00 28.57 Ja5a
28,42 49,07 19.04
30.49 58.25 TR,5%
16.51 26,17 T.69
42,68 5%.85 17.52
20.74 27.15% 15.79
41,07 LY Y- 38,61
LYY S 65.12 12.24
LY T 31.65 22.19
1,39 28.89 16,54
42,04 £7.47 19.51
Theb? 66,07 6.56
A, 78 7. 44 13.4%
4%,2% 81,70 31.89
EI Y 59,49 LR, 27
FAFL3 56,95 1584
4%.15 58.18 43,08
30,813 39.90 26,37
4%, 24 42.4% 31,65
558,812 ¥2.88 41.85
24,07 : 28.94 18.15
28,2] 40,65 ?.83
T 39,54 TELL5

~=meESTIVATED~--~

VEAN
(FRO4
SO1L)

4412
7,35
30,48

10.7%
3o, 43

L3 29

33.30
“2.57
&6, 7Y
9,81
42,18
-7 my
‘?.6‘
61,32
L3.s69
18,40
13.70
7,70
2h.d¥
L2548
31. 51
45,59
41.18
L7445
b3 %7
AN R
10.72
43,72
17,79
[ XN 4]
&8.37
40,65
34,90
27.04
39,53
YL.59
TR
Se.dd
57.17
54.00
38.4%
«0.08
I, 68
47,85
27.25%
‘8.29
£3.47
26,87
37.19
3t.22
31,73
38,97
13.92
L2.%8
23.14
32. M1
31.14
23.04
&7.07
2%.50
60,15
30.70
28.79
37.40
56.3%
35,44
54.11
58.52
L2.4%
28e87
31.58
M.
‘1.?3
§7.3¢9
46,05
31. 49
41.0¢

MEAY
(“RO“
BFI)

-1.69
39,97
19,55
30.83
59,04
21,63
37,30
Lhab64

«3.10

LR

LT.78
27,463
Ld 54
14,96
«1.13
52.44
«0.59
h3.70

4,80
[ 1+
eT.78
§7.63%
«3.0&

39.65
3%.14

KR
«?. b
51.70

319,64
46455
38,84
2672
26.00
3é.3e
40,22
29.96
36"‘
22.90
“T.97
41,417
14,9¢
54,97
30.78
38,25
36.10
32.77
3‘.32
21.23
37,01
27.73
18,59
25.38
54,06
55.18%
5‘.‘0
57.0¢
49,69
24498
43.2¢
15.15
52.11
§7.77

54,72
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wecresnscnsancre=TIME T PEAK(H) ~m=mcromenbanax
wmmmcmres e SERVED e raman . ESTIvATED
wEAY MEY niy MEAY
4.5 L.90 L, B0 12.15
l.67 5.75 2.2% ka8
1.7 3.2% e i
3.2 5.85 1.%5 3.33
12,40 146.00 10.10 19,29
9.5 11.39 5.50 2,43
273.5%¢4 312.20 13,59 11,581
15.00 17.%0 12.10 10,78
20.34 28.60 14.10 13,51
5.53 3.60 3.90 7,08
Se 70 1324 Sacu Ve lia
5.39 5.50 470 4,19
1.8% 2.35 1.2% 2. 31
5,55 7.10 .00 .1
5.21 &,.05 2235 2ake
1,48 1.90 1.10 2.65
1¥.15 1e,20 9.0 12
T.19 8.80 4,40 L]
8.77 14,20 5.10 15.57
14,6« 22.99 11,60 14,32
17.32 21,40 14.10 11.76
12.85 15,50 10.50 ?.05
Ta, 0 T, 00 14,57 T
4,10 5.30 2.70 Tact
724 12.90 4,00 8,40
2.53% 1.3 5.30 7.93
3.73 5.60 2.20 2.37
Tob% 5.00 7.00 B.24%
11.68% 15.20 ?.50 8.57
LY%.1 4.10 3.00 b.77
5.59 7.10 6.40 4.67
a, Bt ALY Ca LA
.7z 560 PR 3,17
2ubb 1.%% 1.9% etk
2.08 2445 1.45 1.87
5.25 6.20 4,20 &.60
5.75 7.90 3.90 .07
7.39 .80 4.00 4,06
4,37 8.%0 3.00 Lo29
10.26 11.30 #.50 4.08%
5.41 7.70 3.30 4.12
h.5¢8 6,00 3.00 3.52
8,69 9.00 4.50 7.69
9.73 11.00 3.20 a,30
11,38 1%.00 2.350 T.77
10.73 11.40 10.00 9.09
k.31 6.50 3.00 4,23
3.37 3.70 3.20 4,98
.58 16,10 6.70 9.3%7
10.53% 14,00 4,30 11,20
7.80 .50 5.80 5.92
12.42 15,00 10.30 .25
23.97 25,20 21.00 10.03
21.30 21,30 et.30 17.84
12.92 1¢4.50 11.00 10.16
42.75 L6.50 0,00 17.93
2.35 1.95 1.75 2.0¢
1.39 2.03 Q.88 1.61
2.18 2.75 1.65 2.17
4,12 9.00 4.00 L4
22.40Q 30.50 8,00 1.4
12.50 15.00 7.00 11.33
5.87 6.70 510 8.93
5.50 6.50 5.10 7.08
1.54 2.13 1.08 2.02
6.00 4.00 6.00 5.34
3.53 4.20 1.00 4.29
7.78 .60 S.ul S.23
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TABLE 6.1

CATCHYENT

54008
55006
S8011
57304
57005
37004
52001
53002
58003
34408
58008
5apoe
5JU02
423013
62004
47997
1001
1303
62002
44001
43001
65801
66002
45004
_ 8006
T 0N

47333

47008
62208
4400s
680190
53802
#9004
83011
59012
49013
4901y
LEGT
59027
53031
6034
49802
73006
71003
71004
71008
711832
71304
72302
72006
72818
72826
73005
73007
73008
731803
73804
74001
75008
75907
70008
72008
74011
745014
70335
77362
33002
36002
54003
5,912
84022

OBSERVED AND ESTIMATED PARAMETER VALUES - Contd

------------ S D TIieoPERCENTASE RUNGFEnnsneoeas e
---------- — EQYE)~=~caccnaax o mE CTIMATE =
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(ERow (£ho%
30TL) [13®]
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50.8¢ 7% .30 19.16 45.11 3 S HEH
30.23 %920 23,32 £2.79 13,23 6156
«0.56 S 9.3 25.40 52,92 L2 e 6,32
w6, 51 52032 29.56 53. 60 46,80  a 8.13
43,70 &8, 1 16. 46 53.35 51,48 o« .50
3s, 27 57T .24 20.59 49,87 w?,75 - bk}
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33.2'1 52.52 21.39 16,98 YIS - 5. 18
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3o s <9_ 45 19,53 5501 2.07
81.52 35,22 ‘4.15 53,92 £1.00 5.49
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26.52 ~c. 34 TN 46,39 82,98 5,66
32.10 i3.87 6,59 48, 81 TIT .23
35079 s3.12 19,00 47,63 .21 . 619
;fg: S57.52 25.49 €2.17 . 3,82
. Z5.53 21.59 36,31 41, . .
65.25 77-1~ 51.22 17.73 G 5290
71.15 35, 45 57.62 62,86 . 7,44
65.56 cc_oa .08 51,14 $7.14 !
71,134 da_na7 $4.43 07,17 57.23  » 3,23
$1.23 PO 11,70 1,49 15,18« 3,33
55,37 5S5.37 85,07 52,13 46,87 )
58,82 .30 53,45 $0.42 54,31 4,25
87.42 35 .96 13,93 51,52 62,21 2.59
63.21 ?3_37 - 32097 48,43 $1e66 3,84
$3.10 7S 11 e §3.97 56,82 1.87
55,11 sa.52 18,14 $2.13 $1.44 o 5,40
s8.43 sa’’3 53,43 54,09 6t.16 )
03,57 >2_ 72 56,71 56,07 2.93
39,47 39 _ 03 31,53 49,34 $5.ae . 3.07
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ESTIMATED
MEAN

4,04
.54
4.92
5.47
5.45
L.07
.73
4.00
S.hié
L PY 1)
5.28
8.23
8.217

5.76
9,20
Ja0?

8,97
2060
1.49
3,13
da.19
r.ar
6,19
$.38
4,21
Q.30
7.07
bl
6.54
6,36
4,50
tob?

mag

3.37
5.94
5.54
2.07
1.00
5.73
2.68
7.23
2.18
7.58
J.02
7.2%
8,69
5.74
1.15
5.34
3.28
6.1
o4
4. 21

Y.o%
1.88

.3
3.14
4,79
.48
9.19

2.74
Ja0¢
5.38
7.36

presented in Table 6.Z.
16 (38%) are estimated to within 25% and 27 (64%) to within 50%;

18 are underestimated and 24 overestimated.
tic variations that exigst on individual rarechmentae which are warth Tanking at in

more detail.

TABLE 6.2

A more wmeaningful assessmen.. ig summarised in Table
and estimated Tp's and PR's on an event buzils for the test data set.
also lists estimated and observed peak flows for each evant and a volume ratio
expressing tha volume of the estimated hydrograph as a percentage of the observed
volume over the duration of the estimated response hydrograph.
each catchment the observed and estimated hydrographs are plotted in Figures

6.1(a)-(f).

It 1s difficult to give a concise and meaningful summary of the results
Of the 42 peaks from events classified as good quality,

COMPARISON OF OBSERVED AND ESTIMATED FEATURES ON

6.2 which gives observed
This table

For one event on

of these peaks

These overall figures hide systema-~

S1X TEST CATCHMENTS

1

—

Event

19001

7
8
9

10
11
29001

OV~ u bN

39012

1
1
12

HOWoO-30 U & G

45004

S W N

Unit hydrograph, Tp

WO~ 0O

ED (AN o) BE §

-
N Ut = Un
. - a L ]
O~ 305

=

v W
N O

5 runoii
Obs Est
56.5 50.34
45.3 48.92
54 .8 40 98
51.7 52.59
58.7 48.98
2.7 17.28
2.5 4.75
3.3 18.32
1.7 14.90
2.4 17.50
1.0 3.76
3.3 21.40
1.9 11.59
1.8 0.23
15.7 19.78
23.4 40.52
14.7 38.07
8.7 27.01
11.7 21.86
24.2 39.56
9.7 24.62
21.5 38.02
20.5 333.27
9.8 12.44
12.3 22.51
34.3 29.18
17.3 19.25
43.4 20.23
42.4 27.96

All estimates are based solely on catchment characteristics

Peak Llow
Obs Est
149.4 152.2
106.3 108.7
113.9 7.1
130.3 146.8
169.8 145.8
1.25 7.23
1.47 2.91
2.51 12.61
0.81 6.77
1.13 6.78
1.09 3.69
3.70 20.53
3.96 12,54
1.28 0.15
15.81 17.91
14.66 18.60
11.3 23.39
10.13 19.355
13.11 17.79
12.23 23.45
11.18 '17.80
14.07 21.25
22.70 52.21
9.5 9.42
11.98 14.55
62.95 53.09
42.02 45.54
60.66 30.90
59.60 49.16

5 VOl

102.7
117.0
102.£
103.4
100.8

676.5
183.0
507.4
914.8
605.7
296.6
484.1
610.8
11.0

112.2
145.8
234.9
230.5
136.8
168.2
186.7
167.7
151.3
117.5
150.3

94.3
135.2
52.8
87.8
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5 10.4 50.6 20.75 < 71.61 37.01 56.3
6 10.0 34.9  25.45 44.22 32,82 116.7
7 9.0 39.2 27.76 47.58 35,43 106.4
8 8.0 45.7 29.81 64.65 44.52 80.6
9 - 67.2 32.88 ° 73.00 38.05 63.0
10 5.3 45.3  29.14 71.0L.  45.44 75.1
11 10.8 42,1  29.34 60.59 41.67 81.3
12 7.0 44.1  30.46 78.35 49.66 75.8
13 - 14.4 3.54 73.34 11.18 23.5
14 - 37.9  20.20 217.91 52.01 61.2
15 - 51.8 23.91 89.32 58.56 72.6
54016
1 22.5 19.97 25,2  28.58 10.16 15.52 158.4
2 - 25.2  27.51 7.42  13.97 198.6
3 30.5 24.6 16.52 11.29 17 49 aaD
5 23.5 13.6 17.82 6.98 12.93 169.9
8 - = 27.8 27.24 10.02 16.42 153.8
9 24.5 19.1 17.91 10.27 16.20 119.1
12 - 22.8 " 30.28 11.31  19.08 152.9
67010
1 3.3 3.53 63.7 53.44 11.46 10.65 99.7
2 2.8 45,3 54,83 l2.61 16.96 122.6
3 2.4 46.9 53,75 11.87 11.63 123.8
4 3.8 46.1 56.42 11.16 14.44 2137.8
5 1.7 45.7 57.77 18.02 17.24 129.6
6 3.8 60.0  58.06 11.74 9.40 106.9
7 2.7 46.8 56.71 13.60 17.47 125.0
2 .= 62.6 61.28 12,30 17.34 105.5
- 2.7 30 e 3G, S id.bz 15.27 100.4
11 - 58.7 59,..¢ . 15.01 14.15 120.8
i3 - 45.4  55.9%  10.53 12.87 154.5
14 2.6 64.5 55,83 11.29 11.20 87.0

19001 Almond at Craigie Hall

The model equations have performed remarkably well on this catchment. The

event plotted in Figure 6.1(a) illustrates an event where the peak has been
estimated very closely although there 1is an overestimation of runoff volume by
17%, an ertor partly explained by the shorter duration of the estimated response

hydrograph and an overestimate of ANSF.

29001 Waithe Beck at Brigsley

With the exception of just one event all peaks have been grossly
overestimated. Observed percentage runoffs are in the range 1.0 to 3.3% yet the
catchment located mainly on type 1 soils is assigned a modelled SPR of 19%,
Observed values of Tp are from 5.1 to 12,0 hours with the estimated value at the
top of this range. Event 2 in Figure 6.l(b) shows the overestimation typical of
events on this catchment., 1In trying to improve the estimate by using all the
other events (ie 8 events) as avallable data an 'observed' value of SPR can

- N
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values. A similar procedure could be applied to the estimatiou of ANSF. Figure
en

6.1(b) 1llustrates the estimated hydrographs when these expedients have be
adopted, |

FIGURE 6.1(a)

Observed and estimated

hydrographs for
catchment 19001 event 8
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: . 40312 l{g&gﬂili at Kingetcn-upon~-Thames

45004 Axe at Whitford |

consistently underestimated, Figure 6.1(d) showing one of the poorer examples.
Again, using local data, the SPR from soil of 27% can be replaced by 41% from
event data or 39% using BFI and a dramatic improvement in the example event 1is

seen.» e . o

On this catchmeat, with an urban fraction of about 0.5, peak flows are again
overestimated. The illustrated event (Figure 6.1(c)) 1s one of the worst on the
catchment. Refining the estimate of SPR using the other eveat data gives 19%,
congiderably less than tue 342 from the goil map, and In good agreement with the
valug obtained from using BFI of 17%. The timing of the peak and duration of the
response flow are good. Although catchments with a larger urban fraction are
included in the calibration data set, the method 1s not recommended for
application in such conditions.

- 8- - FIGURE 6.1(c)
E-‘-": 4 - Observed and estimated hydrographs
‘g for catchment 39012 event 7 '
s
R
s 5
VE p — —— Gbsetved
- 2] 33 45 57 wee. atimatedino dats] )
: \ " Hours -=. gftimatediusing Tp, SPR
25--1' : snd ANSF from event data)-
P .
204 P
: F
18 -

™ L LT
‘_!au—.__"‘”'"' [LTT T
-y -

10 -

Fliow

This is the only catchment in the test data set oﬁ which peaks are
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FIGURE 6.1(d)
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The event shown in Figure 6.1(e) shows th-t the problems encountered on this
catchment are rather different. Percentage runoff is estimated quite well (SPR
28% from soil, 31% from BFI and 277 using event data) but there is a considerable
baseflow error and the response hydrograph shape is rather symmetrical and hence
of shorter duratiun than that observed., With only three other events for which a
unit hydrogrash was derivable it is not possible in this case to replace the
triangulgr unit kyarograph with one derived from local data. Boorman and Reed
(1981) asseas met:'sxl; of deriving an average unit hydrograph suitable for use in
this context.. . Tiw nhgerved @SF's ¢au be averaged to give a value to replace the
one obtained Jrur “i.ziejuation., The efiect this has on event 2 is shown in the

figure.

67010 Gelyn at Cynefail

On this catchment the 'no data' equations have performed reasonably well with
an equal number of events over and under estimated. In the example of Figure
6.1(f) the response flow is seen to start too early, to be too great early in the
event, and to end more quickly than is observed. On this event the constant
proportional loss model is not working well although the main peak is estimated

reasonably.
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Sumrary

The results procented in Table 6.2 represent a severe test of the flocd
estimation procedure as they are based solely on catchment charactecristics. The
use of local data to replace regression equatinn estimates of model parimeters
has been dcuwonstrated to give a great improvement in the accuracy of the
estimations on the six test catchments. A typical application in the United.
—— oberved Kingdom will be able to draw on some 1ncal data either at the site of interest or
_______ ostimated ino detaj from a nearby gauging station. Several rypes of data can prove beneficial in
. —=- estimatedL To. SPR reducing errors; event data of the type cullected for this study are ohvi{.aufﬂy of
R S ' and ANSFl‘“ﬁmﬁm ' most use as they can yield both timing and volume of runoff informatiaj. 'Daily‘
' - “ - i : ovent data mean flcws assist in estimating response volumes. The applications giten idc the
: . L rest data have revealed wmany of the problems that may be expected in genuios
ot Tk 2 1 ' . applicatfions. However, whilc thece problems are revealed in the examples), 'thay

P will normally remain hidden. The hydrologist or engineer making a flood ‘estimzte

‘ must remember the uncertainties involwved and take steps appropriate to the
| application %o improve the estimate. Applications where errors are likely to be
greater include catchments containing significant urbanisation or a large

proportion of highly permeable colils.
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7 CORCLUSION AND SUMMARY OF RECOMMENDED EQUATIONS
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FPICUREL €. 1(c) Qbscrved and esitimated hydrographs ifog :
Since the pubiication of the FSR a considerable amount of new event data has

’ . catchment 54016 event 1 : o
| | R been collected and analysed in line with the procedures of the FSR. The whole k)
data sat has been reviewed applying criferia that were more rigorous than those
used originally. In addition to the event data review, catchment characteristics

were also checked and updated where new maj+ ‘cefining relevant variables hzd been
‘ase svstem, Lie fiood Lvent caca

i - FIGURE 6.1(%) ‘ prodtveds  Will Lie ald of 2 lew ompuael wuu

‘ Archive, these data, aund key parameters c«.coived from event analyses, are stored
Observed and estimated hydrograii~« for in a well organised and easily accessibie form. The data set is generally larger
catchmont 67010 event 13 than the one available to the Flood Studies team containing many more events from
more catchments; it does however have slightly fewer events for which unit

hydrographs could be derived.

mm /he
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Catchment Average

Raintall
Q
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v : - observed .
° 7 B3 s 87 09 pyoun - gstimated Ino data] In the derivation of new gmodel parameter estimation equations consideration
14 5 . has beea given to easing problems encountered in characteristic abstraction and
o application under extreme conditions. The new equations, presented in summary
form in the following section, do not represent a major improvement in the /e
standard of flood estimation procedures for ungauged sites. They do however
vifer a consolidated set of guidelines based on material previously published in
a variety of sources (eg FSR, FSSR's). The relatively minor changes that have
been inrroduced are recommended on the basis of an enhanced (and better '
validated) data set and because of the reviewed choice of dependent and
independent variables to assist application. That the FSR parameter estimation
equations are not found seriously deficient is a particularly pleasing, and, for

all FSR users, a reassuring aspect of this review.

- Rt e b r— 10 oy

Flow cumaecs
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Looking to the future, the most needed enhancement in rainfall-runoff
modelling for flood estimation is bettar definition of runoff volumes. A new
solil map containing more classes and at a larger scale is on the horizon and
promises the most significant improvement within the framework of the current

design package.
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SUMARYX OF RECOMMENDED MODEL PARAMETER ESTIMATION EQUATIONS

Sumaxy of Recommended Model Parameter Estimation Equations

Unit FEyrdrograph Parameters
CTp() = 283 510857033 (14+yrBAN)=2+2 5AAR™0.54 M5L0+23 (heyurs)
Tp(l) = Tp(o) + T/2 (hours)
Qo = 220/Tp (cumecs per 100 gq km)
Percen®age Runoff
PRyyral = SPR#DPReyp + DPRgarN(%)

where

SPR = 10S1 + 30S2 + 3783 + 47S4 + 5385 (%)

DPRoy = 0.25 (CWI~125) (X)

DPRpaTN = 0;45 (P"40)0°7 (%) for P> 40 mm
= 0 for P ¢ 40 mm

I£f mean daily flow'data savailable to calculate BFI
SPR = 72.0 - 66,5 BFI (%)

Base FALOW

ANSF = (33(CWL - 125) + 3.0 SAAR + 5,5) x 10~° (cumecs/sq km)
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APPENDIX C
A LOCALISED REINTERPRETATION OF THE WRAP MAP

During the preliminary analysis of the percentage runoff data a group
of catchments stood out ae having very much Jarger percentage runoffs than

would be expected trom their SOIL classification.

One catcliment, located

entirely on type.l soil was giving percentage runoffs well over 50% (the
highest being 75%). The catchments all fell partly or wholly on a single

soll association.

While this soil is correctly classed as type 1 by the

scheme given in FSR I1.4.2.3 (see also Farquharson et al, 1978), there is
evidence from the curvent study and elsewhere (Gustard, 1981) that {its

nyJdrologival respunse is as expected from a type > soil.
the nine catchments occurring on this soil association and gives two
measureB of their hydrological response;
Reinterpreting this soil as type 5 gives a consistent improvement

index.

Table C.l1 1l1lists

percentage runoff and base flow

across all the catchments and 8o it 18 recommended that the soil map should

be amended accordingly.

for this area.

TABLE C.1

Catchument

76014
71802
72006
76805
27034
27027
76005
27035

73008 .

Figure C.1 shows the newly interpreted WRAP map

5 . °
PERCENTAGE RUNOFF, BFI AND SOIL VALUES FOR ANOMALOUS CATCHMENTS

Percentage

Runof

30-80
60-80
50-80
50-70
50~70
30-9C
65
23-50
20-~50

f .

BFI1

Soili

type 1
(FSR)

0.51
0.09
().;!l
1.00
0.03
C.16
.48
0.12
- (.08

SOIL
{FSR)

29.9
45.8
40,7
15.0

- 45 .4

40.1
30.3
41.5

" 27'35

" (now)

52.0
53.0
53.0
53.0
49.8
52.7
51.2
49.8
31 .8

SPR from SPR from soils
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FIGURE C.1 Ax-eas of Soil 1 reinterpreted as Soil 5

It is impoxtant to appreciate that such an interpretation of the WRAP map
requires careful consideration of the distribution of the soil association under
examination, and the veracity and extent of relevant hydrelogical data. Users of
the estimation jpoxocedures .are advised against making such a reassessment themcelves
but should use 1ocal data to refine FSR estimates as described in Section 4.
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