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Flood estimation calculation record 

 

 
 

  
Introduction 
 

This document is a supporting document to the Environment Agency’s flood estimation guidelines. It 
provides a record of the calculations and decisions made during flood estimation. It will often be 
complemented by more general hydrological information given in a project report.  The information given 
here should enable the work to be reproduced in the future.  This version of the record is for studies where 
flood estimates are needed at a multiple locations. 

Note for analysts: This document contains guidance notes shown in hidden text.  If they are not visible, they 
can be revealed by clicking the Show ¶ button on the toolbar. 
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Environment Agency competence levels are covered in Section 2.1 of the flood estimation guidelines: 

 Level 1 – Hydrologist with minimum approved experience in flood estimation 

 Level 2 – Senior Hydrologist 

 Level 3 – Senior Hydrologist with extensive experience of flood estimation 
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ABBREVIATIONS 
 

 
AM  Annual Maximum 
AREA  Catchment area (km

2
) 

BFI  Base Flow Index 
BFIHOST Base Flow Index derived using the HOST soil classification 
CFMP  Catchment Flood Management Plan 
CPRE  Council for the Protection of Rural England 
FARL  FEH index of flood attenuation due to reservoirs and lakes 
FEH  Flood Estimation Handbook 
FSR  Flood Studies Report 
HOST  Hydrology of Soil Types 
NRFA  National River Flow Archive 
POT  Peaks Over a Threshold 
QMED  Median Annual Flood (with return period 2 years) 
ReFH  Revitalised Flood Hydrograph method 
SAAR  Standard Average Annual Rainfall (mm) 
SPR  Standard percentage runoff 
SPRHOST Standard percentage runoff derived using the HOST soil classification 
Tp(0)  Time to peak of the instantaneous unit hydrograph 
URBAN  Flood Studies Report index of fractional urban extent 
URBEXT FEH index of fractional urban extent 
WINFAP-FEH Windows Frequency Analysis Package – used for FEH statistical method
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1 Method statement 
 

 

1.1 Overview of requirements for flood estimates 

Item Comments 

Purpose of study 

Approx. no. of flood 
estimates required 

Peak flows or 
hydrographs?  

Range of return 
periods and locations. 

Approx. time available 

This document provides a calculation record of the hydrology undertaken for the 
Oxford SFRA Level 2 modelling study of the Cherwell covering the proposed 
allocation site of St. Cross College Annex (NGR: 452120 206570). 

 

Hydrographs are required for fluvial flood events with an annual chance of 
occurrence of 1 in 20 (5%), 1 in 100 (1%) and 1 in 1000 (0.1%). These 
hydrographs will be routed through the updated ISIS-TUFLOW linked hydraulic 
model to derive flood hazard maps.   

 

The catchment of interest is the Cherwell catchment to its confluence with the 
River Thames. The whole catchment forms the main inflow into the hydraulic 
model. There is a gauging station on Hiflows within the Upper Cherwell (39021 
Cherwell at Enslow Mill), however this represents only 60% of the catchment to 
the development site which is the point of interest on the River Cherwell. QMED 
for the whole catchment was derived using catchment descriptors and adjusted 
using a nearby donor gauged record. A pooling analysis was undertaken for the 
catchment and an urban adjustment was undertaken. The growth curve factors 
were then combined with the QMED estimates to generate a FFC for the inflow.  

 

This document records the pooling group analysis, as well as the derivation of 
QMED and the resulting FFC for the catchment. The statistical peaks were then 
used to scale the hydrographs obtained using the ReFH methodology.  

 

 

1.2 Overview of catchment 

Item Comments 

Brief description of 
catchment, or 
reference to section in 
accompanying report 

 

The River Cherwell is a tributary of the River Thames and is largely rural with 
Banbury at its centre. It has a total catchment area of approximately 910km

2
. The 

catchment is relatively permeable with a standard percentage runoff (SPR) of 
around 33%. The catchment is relatively flat (DPSBAR of 36) and responds 
slowly to rainfall. The river valley is wide and braided, especially in the vicinity of 
the development site.  

 

 

1.3 Source of flood peak data 

Was the HiFlows UK 
dataset used?  If so, 
which version?  If not, 
why not?  Record any 
changes made 

 

Yes – Version 3.02 with no changes made. 

 

1.4 Gauging stations (flow or level) 

(at the sites of flood estimates or nearby at potential donor sites) 
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Water-
course 

 

Station name Gauging 
authority 
number 

NRFA 
number 
(used in 

FEH) 

Grid 
reference 

Catch-
ment 
area 
(km²) 

Type 
(rated / 

ultrasonic 
/ level…) 

Period of 
record 

Cherwell Enslow Mill 039021 39021 SP482183 

 

555.4 Rated 1965 - 
2008 

Cherwell Banbury 039026 39026 SP458410 

 

199.4 Rated 1966 - 
2008 

 

1.5 Data available at each flow gauging station  

Station 
name 

Period 
of data 

in 
HiFlows

-UK 

Update 
for this 
study? 

Suitable 
for 

QMED? 

Suitable 
for 

pooling? 

Data 
quality 
check 

needed? 

Other comments on station 
and flow data quality 

Enslow Mill 42 No Yes Yes Outside 
study 
scope 

HiFlows states that probably just 
OK for pooling, though 
complicated by bypassing. 
Bypassing has probably varied in 
magnitude through time. Flows 
are contained up to heads of 
around 0.9m, (approx. 16 
cumecs), when spillage into the 
floodplain bypassing the weir 
occurs a few hundred metres 
upstream. Crump weir does not 
normally drown. Some weed 
growth upstream. 

Banbury 41 No Yes No At high flows weir drowns easily 
and cannot estimate flows 
accurately. Rating needs to be 
reviewed 

Give link/reference to any further 
data quality checks carried out 

 

 

1.6 Rating equations  

No rating reviews were undertaken as part of this study. 

 

1.7 Other data available and how it has been obtained 

The Environment Agency undertook a hydrological assessment on the River Cherwell as part of the 
development of the Oxford Strategy model for the River Thames catchment through Oxford. One inflow was 
provided within the hydraulic model at the top of the model at NGR 451350 209890. QMED was calculated 
as 142 m

3
/s and 1% AEP as 278 m

3
/s.  

 
As part of this study, the Environment Agency have provided the peak flow estimates and hydrographs for 
the Cherwell along with the existing ISIS and ISIS-TUFLOW model and the hydrology team have been 
contacted to discuss the approach to the study hydrology. The results from the Environment Agency study 
will be compared with those from this hydrological assessment.  
 

1.8 Initial choice of approach 

Is FEH appropriate? (it may not be for very 
small, heavily urbanised or complex 
catchments)  If not, describe other methods to 
be used.  

FEH is appropriate. The catchment exceeds 0.5km
2
, is 

essentially rural and is not highly permeable. 

Outline the conceptual model.   

Where are the main sites of interest?   

The main site of interest is the proposed development 
site just upstream of the confluence of the Cherwell with 
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What is likely to cause flooding at those 
locations? (peak flows, flood volumes, 
combinations of peaks, groundwater, 
snowmelt, tides…) 

Might those locations flood from runoff 
generated on part of the catchment only, e.g. 
downstream of a reservoir? 

Is there a need to consider temporary debris 
dams that could collapse? 

 

 

the Thames.   

For flood events with a low annual chance (greater than 
the 1 in 100 year event), flood volume is likely to be 
most important. 

 

 

Any unusual catchment features to take into 
account?  

e.g.   

 highly permeable (SPRHOST<20%) – avoid 
ReFH, use permeable catchment adjustment 
for statistical method 

 highly urbanised – prefer FEH statistical, or 
consider alternative methods 

 pumped watercourse  – consider lowland 
catchment version of rainfall-runoff method 

 major reservoir influence (FARL<0.90) – 
consider flood routing 

 extensive floodplain storage – consider choice 
of method carefully 

 

The channel is heavily braided with large floodplain 
areas and hydrographs are required for the 2D model of 
the floodplains. 

The URBEXT value is 0.028 and an urban adjustment 
will be made to QMED  

 

 

Initial choice of method(s) and reasons 

Will the catchment be split into 
subcatchments? If so, how? 

 

 

The main upstream inflow is not split into sub-
catchments as the hydraulic model is concerned only 
with the lower section of the Cherwell at the proposed 
development site. Peasmoor Brook enters the eastern 
loop of the Cherwell in the reach of interest. The 
upstream extent of the model has a catchment of 897 
km

2
 which is 99% of the total catchment to the Thames 

confluence so it was thought unnecessary to provide an 
additional inflow to represent Peasmoor Brook and the 
lateral area between the upstream model extent and the 
confluence with the River Thames. As Peasmoor Brook 
enters the eastern loop of the Cherwell the flow does not 
directly affect the proposed development site which is on 
the western loop of the Cherwell. 

 

This document records the analysis undertaken to obtain 
a pooled growth curve for the catchment. A pooling 
group will be constructed using WINFAP-FEH, from 
which a growth curve will be derived. This will be 
combined with a QMED value to obtain the statistical 
peak flow for a range of return periods. Hydrographs 
derived using the ReFH methodology will then be scaled 
to this statistical peak. 

Software to be used (with version numbers) 

 

FEH CD-ROM version 3 to obtain the catchment outlines 
and characteristics 

WINFAP-FEH version 3 to undertake the pooling group 
analysis. 
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2 Locations where flood estimates required 
 

 
The table below lists the locations of subject sites.  The site codes listed below are used in all subsequent 
tables to save space.   

2.1 Summary of subject sites 

Site code Watercourse Site Easting Northing AREA on 
FEH CD-

ROM 
(km

2
) 

Revised 
AREA if 
altered 

Downstream Cherwell Thames Confluence 452050 

 

205150 

 

908.05 Not 
revised 

Reasons for choosing 
above locations 

The modelling study is assessing the impact of flows from the River 
Cherwell just upstream of the confluence with the River Thames and the 
confluence with the River Thames is the downstream boundary of the 
model. 

 

2.2 Important catchment descriptors at each subject site (incorporating any changes made) 

Site code FARL PROPWET BFIHOST DPLBA
R (km) 

DPSBAR 
(m/km) 

SAAR 
(mm) 

SPRHOST URBEXT  

Downstream 0.98 0.31 0.559 50.2 36.6 65.1 33.23 0.028 

 

2.3 Checking catchment descriptors 

Record how catchment 
boundary was checked 
and describe any changes 
(refer to maps if needed) 

Catchment boundaries were checked using OS mapping. No changes were 
made to the boundaries of the catchment.  
 

Record how other 
catchment descriptors 
(especially soils) were 
checked and describe any 
changes.  Include 
before/after table if 
necessary. 

Catchment descriptors were checked using geology information and OS 
mapping. 

Source of URBEXT URBEXT2000  

Method for updating of 
URBEXT  

URBEXT2000 urban adjustment factor based on Bayliss et al (2007) URBEXT2000 

– A new FEH catchment descriptor. EA/Defra R&D Technical Report 
FD1919/TR 
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3 Statistical method 
 

 

3.1 Overview of estimation of QMED at each subject site 

Site code Method 
(1)

 
 

Initial 
estimate 
of QMED 

(m
3
/s) 

AM or POT Data transfer Final 
estimate 
of QMED 

(m
3
/s) 

Adjust-ment 
for climatic 
variation? 

(2)
 

NRFA numbers for 
donor/analogue sites 

used (see 3.4) and 
reasons for choice

(3)
 

QMED 
adjust
-ment 
factor 

Upstream CD 

54.813 

- - - 54.813 

DT  - 39021 Cherwell @ Enslow 
Mill 

0.97 54.234 

Are the values of QMED consistent, 
for example at confluences? 

Yes  

Notes 
1. Methods: AM – Annual maxima; POT – Peaks over threshold; DT – Data transfer; CD – Catchment descriptors alone. 
2. Give details of any adjustment for climatic variation below. 
3. If more than one donor or analogue has been used, give the weights used in the averaging. 

 

3.2 Search for donor or analogue sites for QMED 

Comment on potential 
donor sites 

Several nearby gauged catchments were identified. One potential donor site 
was subsequently selected on the River Cherwell upstream of the subject site 
and had similar characteristics.  

Method for seeking 
out analogue sites 

Donor sites (term ‘analogue’ discontinued) were identified using WinFAP-FEH 
and the FEH CD-ROM version 3. Information was checked on the Environment 
Agency HiFlows Website.  

 

3.3 Characteristics of potential donor and analogue sites  

Subject sites needing donors or analogues 

Site code AREA FARL BFIHOST SAAR SPRHOST URBEXT 

Upstream 908.05 0.98 0.559 651 33.23 0.028 

 

Potential donors and analogues 

NRFA 
no. 

Watercourse Station AREA FARL BFIHOST SAAR SPRHOST URBEXT 

39021 Cherwell Enslow Mill 55.43 0.976 0.59 664 31.41 0.024 

 

3.4 Decision on choosing or rejecting donor and analogue sites 

NRFA 
no. 

Reasons for choosing or 
rejecting (mention location, 
catchment properties, data 
quality…) 

Method 
(AM or 
POT) 

Adjust-
ment for 
climatic 

variation? 

QMED 
from 

flow data 
(A) 

QMED from 
catchment 
descriptors 

(B) 

Adjust-
ment 
ratio 
(A/B) 
with 

distance 
weight 

39021 Closest catchment to the subject 
site, upstream on the River 
Cherwell and hydrologically similar, 
but smaller area and concerns 
about gauge reliability at high flows 
due to bypassing  

AM No 32.8 33.723 0.97 
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3.5 Derivation of pooling groups  

 

Target return period (years) for all pooling groups 100 

Name of 
group 

Site code 
for which 

group 
derived 

Changes made to default pooling 
group, with reasons 

Note also any sites that were 
investigated but retained in the group. 

Distribution 
and reason 
for choice  

Parameters 
(before urban 
adjustment)  

Note any 
permeable 
catchment 

adjustments 

Cherwell  Downstre
am 

Started with 19 stations and 677 record 
years. The group was heterogeneous 
and a review desirable. 

 

Stations removed from pooling group:  

21806- Short Record 

39016 – Chalk Catchment 

54012 – Negative skewness 

27071 – Negative skewness 

33037 – Negative skewness  

 

Stations investigated but retained: 

39021 – Use for pooling probably ok but 
complicated by bypassing 

 

This left 14 stations and 484 record 
years. The group was possibly 
heterogeneous and a review optional. 

Generalised 
logistic 
distribution 
chosen as 
recommended 
for catchments 
in the UK.  

Parameters: 

LCV: 0.198 

LSKEW: 0.29 

 

Urban adjustment 
made. 

 

 

 

3.6 Derivation of flood growth curves at subject sites 

Site code Method: 
SS – Single site 
P – Pooled 
J – Joint 
analysis 

If P or J, 
name of 
pooling 

group (3.5) 

If SS, distribution used 
and reason for choice 

If J, details of 
averaging 

If SS, parameters 
of distribution 

(location, scale and 
shape) 

Growth 
factor for 
100-year 

return 
period 

Downstre
am 

Downstream Cherwell   
2.518 

 

 

3.7 Flood estimates from the statistical method 

Site Code Flood peak (m
3
/s) for the following return  periods (in years) 

2 5 20 50 100 200 1000 

Upstream 

QMED CD 
  97.9  128.8  185.2 

Upstream  

QMED (station 
39021) 

  92.9  122.1  175.6 

 
 
The flood peaks calculated using QMED estimated from catchment descriptors was taken forward. This is in 
line with a conservative approach, as the donor adjustment results in lower peak flow estimates compared 
with those derived using solely catchment descriptors.  
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4 Revitalised flood hydrograph (REFH) method 
 

 

4.1 Parameters for ReFH model 

Note: If parameters are estimated from catchment descriptors, they are easily reproducible so it is not 
essential to enter them in the table.  

Site code Method: 
FEA : Flood event analysis 
CD:  Catchment descriptors 
DT:  Data transfer (give details) 

Tp (hours) 
Time to 

peak 

Cmax (mm) 
Maximum 
storage 
capacity 

BL (hours) 

Baseflow lag 

BR 
Baseflow 
recharge 

Downstream CD 19.57 455 75.3 1.31 

      

Brief description of any flood event analysis 
carried out (further details should be given below or in 
a project report) 

No flood event analysis was carried out because 
the subject catchment is ungauged. The ReFH 
parameters used were therefore the default ones 
estimated from catchment descriptors.  

4.2 Design events for ReFH method 

Site code Urban or 
rural 

Season of design 
event (summer or 

winter) 

Storm duration 
(hours) 

Storm area for ARF  
(if not catchment area) 

Downstream Rural Winter 33 Catchment Area 

Are the storm durations likely to be changed in the 
next stage of the study, e.g. by optimisation within a 
hydraulic model? 

Optimisation of the critical storm duration will be 
undertaken as part of the hydraulic model 
development  

* In all cases, the winter design event resulted in higher peak flows and total flow volumes. Winter events are 
recommended for rural catchments.  

4.3 Flood estimates from the ReFH method.  

Site Code Flood peak (m
3
/s) for the following return periods (in years) for a 6.5 hour storm 

20 100 1000 

Downstream 125.2 166.7 271.2 
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5 FEH rainfall-runoff method – Not undertaken 
 

 
The FEH rainfall-runoff method was not used. 
 

5.1 Parameters for FEH rainfall-runoff model  

Methods: FEA : Flood event analysis 
LAG : Catchment lag 
DT   : Catchment descriptors with data transfer from donor catchment 
CD   : Catchment descriptors alone 
BFI  : SPR derived from baseflow index calculated from flow data 
 

Site code Rural 
(R) or 
urban 

(U) 

Tp(0): 
method 

Tp(0): 
value 

(hours) 

SPR: 
method 

SPR: 
value 
(%) 

BF: 
method 

BF: 
value 
(m

3
/s) 

If DT, numbers of 
donor sites used 

(see Section 5.2) and 
reasons  

         

         

         

         

 

5.2 Donor sites for FEH rainfall-runoff parameters 

N
o. 

Watercourse Station Tp(0) 
from 

data (A) 

Tp(0) 
from 

CDs (B) 

Adjustment 
ratio for 

Tp(0) (A/B) 

SPR 
from 
data 
(C) 

SPR 
from 
CDs 
(D) 

Adjust-
ment 

ratio for 
SPR 
(C/D) 

1         

2         

 

5.3 Inputs to and outputs from FEH rainfall-runoff model   

Site 
code 

Storm 
duration 
(hours) 

Storm area 
for ARF (if 

not 
catchment 

area) 

Flood peaks (m
3
/s) or volumes (m

3
) for the following return 

periods (in years) 

2        

           

           

           

           

Are the storm durations likely to be changed in the 
next stage of the study, e.g. by optimisation within a 
hydraulic model? 

 



Environment Agency ©  2008 all rights reserved 

Calculation record issue: 2.0 Job/document reference: 197_08_SD01 

 
Filename: 197_08_SD01 Page 11 of 17 

 

 
6 Small catchment methods – Not undertaken 
 

 
This section records any estimates of design flows for small catchments using methods other than the FEH.  
In this case, the Institute of Hydrology Report 124 method has been used as an alternative.  Other methods 
can be added or substituted if needed. 
 
No small catchment methods used. 
 

6.1  Parameters for IH Report 124 method 

Site 
code 

Area 
(km

2
) 

SAAR4170 

(mm) 
URBAN 

(fraction) 

Fraction of catchment covered by WRAP 
class (soil types given on Figure I 4.18 in 

FSR Volume 5) 
Hydrometric 

area  

1 2 3 4 5 

                   

                   

                   

                   

                   

                   

  

6.2 Flood estimates from the IH Report 124 method at each subject site 

Site 
code 

Flood peak (m
3
/s) for the following return periods (in years) 
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7 Discussion and summary of results 
 

 

7.1 Comparison of results from different methods 

This table compares peak flows from various methods with those from the FEH Statistical method at the site 
for two key return periods.   

 

Site 
code 

Ratio of peak flow to FEH Statistical peak 

Return period 20 years Return period 100 years 

ReFH  ReFH  

Upstream 1.28 1.29 

 

7.2 Final choice of method 

Choice of method 
and reasons 

Whilst statistical analyses are held to be more reliable they are not appropriate for a 
1000 year return period due to the length of records available within the UK to derive 
statistical estimates.  

The Environment Agency flows within their Oxford Strategy model are considerably 
larger than both the ReFH and FEH Statistical peak flows although the derivation of 
the Strategy flows is unknown. 

In line with a conservative approach the ReFH flows are preferred as they are higher 
than the statistical method.  

7.3 Assumptions, limitations and uncertainty 

List the main assumptions made 
(specific to this study) 

 

That a single lumped catchment can be used as an inflow into the 
hydraulic model  

Discuss any particular limitations, 
e.g. applying methods outside the 
range of catchment types or return 
periods for which they were 
developed 

The catchments are suitable for FEH hydrological analysis.  

Give what information you can on 
uncertainty in the results, for 
example in the QMED estimates 
using FEH 3 12.5 or 13.8 

Based on the method outlined in FEH 3 13.8, the confidence limits 
for a QMED of 54.8m

3
/s are as follows: 

68% confidence limit: 35.5m
3
/s, 85.0m

3
/s 

95% confidence limit: 22.9m
3
/s, 131.0m

3
/s 

Comment on the suitability of the 
results for future studies, e.g. at 
nearby locations or for different 
purposes. 

The flow estimates are derived specific to their use on the 
OxfordSFRA Level 2 

Give any other comments on the 
study, for example suggestions for 
additional work. 

 

7.4 Checks 

Are the results consistent, for 
example at confluences? 

N/A 

What do the results imply regarding 
the return periods of floods during 
the period of record? 

No historic flood data has been obtained as part of the study.  
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What is the range of 100-year 
growth factors?  Is this realistic? 
(The guidance suggests a typical 
range of 2.1 to 4.0) 

The 100-year growth factor for the Upstream catchment is 2.518. This 
is within the typical range suggested by the guidance.  

If 1000-year flows have been 
derived, what is the range of ratios 
for 1000-year flow over 100-year 
flow? 

The ratio is 1.63 for the catchment.  

What range of specific runoffs 
(l/s/ha) do the results equate to?  
Are there any inconsistencies? 

The results equate to the following specific runoff rates from the 
upstream catchment: 
20 year event: 1.4 l/s/ha 
100 year event: 1.8 l/s/ha 
1000 year event: 3.0 l/s/ha 

How do the results compare with 
those of other studies? 

The existing Environment Agency model for the Oxford Strategy has 
the following flows: 

Q20 = 228 m
3
/s, Q100 = 278 m

3
/s. 

 

These flows are considerably higher than those derived using ReFH 
and FEH Statistical Method although the method as part of this study 
is uncertain. 

Are the results compatible with the 
longer-term flood history? 

 

Describe any other checks on the 
results 

 

 

7.5 Final results 

 

 

 
Flood peak (m

3
/s) or volume (m

3
) for the following return periods (in years) 

20 100 1000 

Downstream 125.2 166.7 271.2 

 

If flood hydrographs are needed for the next stage of the study, 
where are they provided? (e.g. give filename of spreadsheet, 
name of ISIS model, or reference to table below) 
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8 Annex  - supporting information 
 

 

8.1 Pooling group composition 

 
Cherwell Catchment Final Pooling Group 
 

33034 (Little Ouse @ Abbey Heath) 

43007 (Stour @ Throop) 

27087 (Derwent @ Low Marishes) 

31004 (Welland @ Tallington) 

27014 (Rye@ Little Habton) 

43009 (Stour @ Hammoon) 

30921 (Cherwell @ Enslow Mill) 

203010 (Blackwater @ Maydown Bridge) 

53018 (Avon @ Bathford) 

28018 (Dove @ Marston on Dove) 

203093 (Maine @ Shane’s Viaduct) 

54008 (Teme @ Tenbury) 

21031 (Till @ Etal) 

31005 (Welland @ Tixover) 
 
 

8.2 Additional supporting information 

 
Pooling Group Details for the Cherwell Catchment derived using WINFAP-FEH software. 
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Diagnostic Plots for the Cherwell Catchment derived using WINFAP-FEH software. 
 

 
 
 
Growth Curve and FFC Fittings for the Cherwell catchment using QMED based on catchment 
descriptors. 
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Pooling group growth curve for the Cherwell catchment derived using WINFAP-FEH software. 
 

 
 
Flood Frequency Curve for the Cherwell catchment using QMED based on catchment 
descriptors. 
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Growth Curve and FFC Fittings for the Cherwell catchment using QMED with a donor transfer 
 
 

 
 
 
 
Flood Frequency Curve for the Cherwell catchment using QMED with a donor transfer 
 

 


