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Executive Summary

The objectives of Project FD2120 are:

To develop methods for analysing rainfall-runoff and land data
to quantify flooding effects caused by historic changes in rural
land used and management practices

To assemble data sets

To apply analysis methods to these catchments

To distinguish effects of land-use and land management from
changes in downstream flood plain & channel management,
other catchment changes and climatic variability

To set out limitations of methods

To recommend how results could be used to support policy
decisions

These objectives have been organised into 4 work packages. The
report outlines the content and methods of each work package and
provides a work plan for achieving the objectives. As a result of initial
discussions about the project, two practitioners’ workshops will be
held, one as soon as possible at the beginning of the project, and one
to present the results and policy implications to the relevant
stakeholders at the end of the project.
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1. INTRODUCTION AND BACKGROUND TO THE PROJECT

FD2120 arises out the previous FD2114 review of impacts of land use and
management on floods and flooding (O’Connell et &005a,b). The relevant
conclusions of the FD2114 review may be summarseibllows:
The last 50 years have seen a significant intexagifin of agriculture, with
anecdotal evidence that this has had an effedbod peaks
There is evidence from small scale manipulation eexpents that land
use/management has a significant effect on ruridéfcal scales
There is very limited evidence that effects of lamse/management can be
distinguished at catchment scales in the faceiwfateé variability
There is evidence that surface runoff can be retlbgelocal land management,
but effects on flood peaks may depend on spatidl tamporal integration to
catchment scales
It is not possible (at least yet) to rely on rallfanoff modelling to predict
impacts of land use/management changes

In recommending a research programme in this &@3a114 noted that there was a need
to test more sophisticated methods for searchingVaence of the impacts of land use
and management change on flood runoff generatidrydnological data sets. FD2120 is
the result of this recommendation. The objectivkthe project, as set out in the tender
documents, are:

To develop methods for analysing rainfall-runoffdatand data to quantify
flooding effects caused by historic changes inlrlaad use and management
practices

To assemble data sets

To apply analysis methods to these catchments

To distinguish effects of land use and land managgnfrom changes in
downstream flood plain & channel management, ottachment changes and
climatic variability

To set out limitations of methods

To recommend how results could be used to suppidypdecisions

These have been incorporated into four Work Packagaund which the project research
will be developed. WP1 to assemble historical dats will be led by Cranfield and
JBA. WP2 to develop and apply methods for idecdiiobn of change will be led by
Lancaster. WP3 to develop methods of testing tfeege detection methodology will be
led by Newcastle. All the partners will contrieub WP4 to provide a report on how the
results from the project might be used to suppaticp decisions for Flood Risk
Management.



It is worth noting at the outset that, as notedhia review of FD2114, there can be no
guarantee that the impacts of land use and managewi# be identifiable in the
historical records. Certainly past studies hawabit difficult to identify such impacts.
Robinson (1990) reviewed a number of studies ohghaat the catchment scale and
presents a number of studies of catchment data, (Ratghwater, Llanbrynmaier) using
an approach based on deriving the unit hydrograplifferent periods in the available
records. Robinson demonstrates changes (incr@asles peak) in the unit hydrograph
with increasing drainage, using the Flood Studiepd® methodology to separate the
storm runoff for individual storms. It is not cleahether the magnitude of the changes
will be within the limits of uncertainty of the adgais. At larger scales, a similar unit
hydrograph analysis of the response of the Rivee®ewas used by Gilman (2002).

Hiscock et al. (2001) examined the hydrologicabrds of the Wensum (536 KjnBure
(313 knf) and Nar 152 kA) catchments in East Anglia in relation to docurednt
changes in land use over the period 1930-1992ibi@#dhg a rainfall-runoff model for
the Wensum for the period 1964-1974, they looked tfend in the residuals from
observed discharges in the post-1974 period. Againuncertainty in either model
predictions or discharge observations was takemastount but they found no obvious
trends in time.

There may be many reasons for this difficulty ientfying the impacts of change at the
catchment scale when there is extensive small sealdence suggesting that such
impacts can be significant. These include the dargy in estimates of inputs to a

catchment, the uncertainty in measurements of digehoutputs, the uncertainty in

characterising land use / management patternsaicespnd time, and the context of large
year to year climate variability (and possible an It is therefore necessary that any
methodology should take account of the uncertantiethe data and the identification

process. We also, in WP3, intend to evaluate hawhchange might be necessary
before it can be identified in a data set.



2. WP1: ASSEMBLY OF HISTORICAL DATA SETS

Ideally, datasets for analysis in the project wdimprise both long and reliable rainfall
and river flow records and relevant information @ibland use, for catchments where the
nature of changes has been documented or candestaated. There are, exceptionally,
some long term small catchment experimental dataveieere data has been collected for
the analysis of specific issues (such as at Coaland Plynlimon for forest management,
Robinson, 1990). However, for agricultural crogpiand land management effects,
virtually no data has been collated (see FD211#értegummary) and initial work has
therefore focussed on identifying the factors thia likely to give rise to the greatest
impacts and the data sources and methods thaeémalle changes in these factors to be
guantified.

The main factors that are likely to give rise tgngficant impacts are:

Land Drainage practices that alter the natural soilwater regime.

Such practices affect forest systems; arable systemd grassland systems on slowly
permeable seasonally waterlogged soils and saksoselly waterlogged by rising
groundwater.

Practices which keep bare soil surfaces on inherdgtweakly structured sandy

and silty soils that are susceptible to crusting athcompaction.

Such practices apply to autumn sown crops; latedséed crops (Maize, sugar beet);
orchards; winter vegetables.

Practices which require access to land when the $biydrological cycle is at or
approaching its wettest period cause compaction, gacially on soils with

impeded drainage.

Such practices apply to autumn sown crops; latedséed crops (Maize, sugar beet);
livestock rearing (especially sheep); winter veplets.

Based on these factors the following list of patdht vulnerable cropping/stock systems
has been compiled:

Maize; sugar beet, potatoes?, autumn sown ceréal®©i(seed Rape?), managed
grassland (with sheep?), orchards (& hops?), wivegetables, early potatoes and bulb
flowers

Distribution of these systems, particularly whdreyt occur on vulnerable soil types, will
form the initial basis for catchment selection. Twramples of such combinations
identified using the Spatial Environmental InforroatSystem for Modelling the Impact
of Chemicals (SEISMIC) land use scenario mappimd developed by the National Soill
Resources Institute at Cranfield University arevaman Figures 1 and 2 below.
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Two further criteria will be used to identify catoknts:

1.

Identification of significant land use changes releed to critical crops and
stock

Four such changes have been identified: The coioveos permanent pasture to
cereals; the introduction of Oilseed Rape (OSR)aalsreak crop in arable
rotations; the conversion of cereal rotations whictiuded ley grassland to
continuous winter cereal & OSR cropping systems; itliroduction of fodder
maize for stock feed and subsequent annual ingems¢he area of maize
grown; the increase in stocking density, partidylarelated to sheep.
Information on changes in land use, cropping aratkstdensities will be
evaluated from agricultural census data, probablybkan x 5km level for
consistency with the SEISMIC datasets. Cranfiehiversity also has access to
the EDINA Agricultural Census data service at Edigh University and will
compile data from as far back as possible (196%)dntify areas where change
in the critical crops has been greatestEDINA, based atEdinburgh
University Data Library , is a Joint Information Systems Committee (JISC)
funded national data centre. It offers the UKi&eyt education and research
community networked access to a library of datéigrmation and research
resources.]A preliminary example of the changergaa of maize in England
and Wales between 1988 and 2000 is shown in Figjtedow.
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Figure 3. Change in Area of Maize as a fraction edch 5 km grid square, 1988-2000.

2. ldentification of changes in land management p@ctices associated with
critical crops in identified catchments

A series of changes in land management practicesakan place over the last
30 years and these are likely to have had the ggeahpact where large areas
of critical crops occur on vulnerable soil typd$ie changes are listed below:

The increasing use of larger machinery, larged§ednd contracting out of
land work.
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The trend to creation of finer seedbeds.

The use of grass-free strips in orchards.

An extension of the in-field period for stock, whicemain in the field later
in the Autumn and are put out earlier in spring.

Increase in stocking density

Decreased maintenance of field drainage systems.

Such changes cannot be systematically quantifiednattional level because of lack
of data and therefore cannot be used as a diretar fior identifying catchments for
the study. In view of the limited resources avdaafor this project, it is proposed
that we only attempt to identify changes relatedhtese practices at the national
level through a literature review and policy analys This will confirm general
trends in the practices over time which can therexteapolated to specific crop
areas in the study catchments, once they have $s&ented. If resources allow,
confirmation of these ‘national’ trends will there kxarried out using targeted
surveys of key informants: farmers, advisors, @mttrs, others, within some
catchments. This work will be integrated with daniEPRSC work already taking
place in six catchments.

Two final criteria for catchment selection are #nailability of data on soil structural
conditions under critical cropping/stock systemd aails and the availability of long and
reliable rainfall and flow records.

Quantitative data on soil structural condition arew available from a range of
catchments, cropping/stock systems and soil typeEngland and Wales and will be
useful in confirming the impact of cropping and ragement on soil structural condition
and potential for increased runoff. The data amd are listed below:

SW England: 11 Catchments in Cornwall, Devon, Seeteaind Hampshire (2002
- 06).

SE England: 2 catchments (Uck & Bourne). (2000/02/03. South Downs
(Boardman).

Severn (2000/01). Pontbren catchment (2005).

Yorks. Ouse (2000/01).

Wensum (Feb 2006).

Catchment rainfall and flow record data will bentéed and collated by JBA staff using
data derived during development of the Environm&géency HiFlows-UK database.
These data include the longest continuous flowmdscthat the Environment Agency can
provide for rivers and watercourses throughout &mgland Wales. In addition it
includes the records from all the Environment Agemaingauges (continuous and
storage gauges) up to the end of 2003.

The process of catchment identification and datdvaéon can be summarised as
follows:
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1. Compilation of long time-series of agricultural ees data for England and Wales
at the (county or 5km x 5km?) level.

2. ldentification of potentially suitable catchmentstthwcombinations of critical
crops, significant land use/cropping changes atadevable soils.

3. Focus catchment selection on those potentiallyablat catchments which have
the best/most suitable hydrological data and, wipessible, quantitative data on
soil structural conditions.

A preliminary ‘screening’ list of possible catchntenvith critical crops vulnerable soils,
flow records and soil structural data is givenha table below.

Catchment |Problem crops [Problem soildSoil  structureFlow records
data available?
South Autumn Cereals Silty soils No but papergbigital -1981
[Downs [Boardmaret al [Full record —
1960’s
[Parrett, YedCereals, maize, Silty soils; X3 Digital Early -
Isle pots.?; blackcurrant$sP. Seas. wdt 1960’s
|Full record — samg
Axe Cereals, maize, pot$SP. Seas. wet Digital -1964
Full record — 1964
Uck & Orchards, grass, |[Silty solils; X2 Digital -1981; 1992
Bourne maize, cereals SP. Seas. wdt |Full record —
1964/5
[Upper Grass SP. Seas. wet ?
Severn
(Pont Bren;
Arddleen)
Golden MilgEarly potatoes, wint{Loamy soils ?
(Cornwall) fveg., bulbs on slopes
Camel Grassland Loamy & wt Digital -1964
upland soils Full record — 1964
on slopes
Wensum Cereals, sugar beefSP. Seas. ?
(potatoes) Wet;
SL

Some of these catchments are likely to be includethe final set but this cannot be
confirmed until a full systematic catchment ideoéftion is carried out.

Finally, two questions will need to be resolvedthy project partnership:

How many catchments are needed to demonstrategacith
Are ‘paired’ catchments required: one where we kispecific problems exist and
one where the problem crops/soils are similar loyproblems are known?

13



3. WP2: APPLICATION OF METHODS OF ANALYSIS

It has been argued that more sophisticated waysletécting change in historical
hydrological records may be required. Detectingngeacan mean either detecting a
change in thenagnitude of the flows over time, or detecting a changeh@dynamics
between input and outputs of a catchment. If si@nges can be identified, then there
will be additional issues associated with the asstign of causes for those changes.
Changes in flow magnitude, for example, could be résult of a change in the input
rainfalls to the catchment, or a result of a chaimgie actual evapotranspiration losses
from the catchment, or a result of changes in lasel or management in the catchment,
or a result of measurement errors in the data.FI#&120 project is most concerned with
the magnitude of flood discharges. This (a) reduttes storm data set since, by
definition, we are examining the extreme eventsth&f record and (b) concentrates
attention on those events for which the error i ticords (for both measured rainfalls
and discharges) is likely to be greatest.

3.1 Detecting Change in Long Term Records: The Unobseed Component
Method for Stochastic Trend Extraction

A fairly general Unobserved compone(itC) model (e.g. Young, 1999), can be written
in the form,

yszk+Ck+Sl<+f(uk)+ N, +& %~N{0'52} (1)

where Y, is the observed time series at tk& sampling instant (i.e. aftekDt time
units, whereDt is the uniform sampling interval (e.g. 1 houf), is a trend or low
frequency component;, is a damped cyclical componer§; is a seasonal component
(e.g. annual seasonality)t (Uk) captures the influence of exogenous variablesovect
u., if necessary including dynamic and nonlinear treteships; N, is an stochastic
perturbation model (coloured noise); and, as sho@n,is a normally distributed
Gaussian sequence with zero mean value and variaric§i.e. discrete-time white
noise).

In general, we would expect to find stochastic,-stationary (time-variable) behaviour
in environmental data series. In order to allowrfon-stationarity in the time series, the
various components in the UC model are characteige Time Variable Parameters
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(TVPs) defined as non-stationary stochastic vaeslé.g. an appropriate form of random
walk).

The seasonal/cyclicad components are modelled in the followihigne Variable
Parameter(TVP), trigonometric form:

R

S = {a,cosirk)+b sinwk)} )

wherew;, i=1,..,R are the fundamental and harmonic freqesnassociated with the
seasonality/cycles in the series; amg,b , are the parameters that are allowed to vary in

time over the observation interval if this is inatied by the analysis and optimization of
the model hyperparameters (variance parametersiatsb with the stochastic models of
the parameters that identify the presence andfatkange of the parameters) model.

Equation (1) allows for the identification of a nstationary trend after the other
components have been identified. Using the Dynah@gemonic Regression (DHR)
routines in the Matlab CAPTAIN toolbox developedLancaster University (see Young
et al, 1999), the non-stationary cyclic components candentified (Figure 4, 5). The
estimated AR(12) model spectrum identified for Riidnames at Kingston for annual
flows is shown in Figure 4. The corresponding atnpgks of the periodic component for
the 10 year cycle and its 5 year harmonic compoaenshown in Figure 5. These results
show how the amplitude associated with differemtgfrency components in the data
varies over time.

Figure 4: River Thames at Kingston: AR(12) spectnuand DHR estimated spectrum
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Figure 5: River Thames at Kingston: amplitudes d® year and 5 year extracted
components estimated by DHR

Similar analyses can be carried out for individegdson of the year. In this example,
cumulative flows for three month periods in winggan-Mar), spring (Apr-Jun), summer
(Jul-Sep) and autumn (Oct-Dec) have been calcukatddsubjected to a DHR analysis.

In Figures 4 and 5, the cyclic components are shiowane of the seasons. In Figure 6,
the identified trends are shown for each of thsses. The derivative of this trend is
easily calculated to reveal more clearly the appgperiods of positive and negative
trends (Figure 7). Confidence limits on thesenestes can be used to test whether the
trend is significantly different from zero, or shiogy significant change from one part of
the record to another. In the case of the Riveniiés at Kingston, there do not appear to
be statistically significant trends in the histaticecords analysed.

16



Figure 6: River Thames at Kingston: Trends in ssmal flows estimated using DHR.
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Figure 7: River Thames at Kingston: Derivative tfend in seasonal flows estimated
using DHR

3.2 Detecting Change in Catchment Dynamics

It is possible to take a similar time variable paeser approach to the identification of
change in catchment dynamics using recursive estmaf the parameters of a data-
based mechanistic (DBM) model of the catchment dyos. We would expect that
factors such as land-use change can induce chamgke dynamic characteristics of a
catchment although, as noted above, such changes bwadifficult to identify
unequivocally. If the recursive identification appch can show that the DBM
parameters have changed significantly over timenth will be possible to evaluate
whether these changes are associated with any ebandand use or management. In
DBM modelling, rainfall and level/flow data are dsé¢o very quickly identify and
estimate a parametrically efficient (parsimoniouspdel of the nonlinear dynamic
characteristics of the associated catchment (sackirpony is extremely important in
estimating parametric change, since anomalous esacen be estimated if the model is
over-parameterized). The DBM model consists of iaput ‘effective rainfall’
nonlinearity that uses level or flow as a surrogatexy) measure of catchment storage
(soil moisture); and a transfer function that deposes into a parallel connection of

18



‘quick’ and ‘slow’ first order transfer function8oth components are capable of physical
interpretation.

A simple demonstration of the methodology is preddby the following artificial
example. A simulation is based on the measuredalapover 2000 hourly samples using
a DBM model, previously identified for the River\@&en at Abermule (Figure 8; see
Romanowicz et al., 2006, where the model explaits% of the measured flow
variations).

The DBM model is identified and estimated from Riger Severn data in the following

single transfer function form:

__ b+hz"
Y= 1+az'+az?

U s+ X (3)

where u, is the effective rainfall input at thk™ sampling instant. One of the decomposed

model parameters is doubled after 1300 samplesrghau order to simulate a sudden
change in the quick level dynamics. In practiceshsa rapid change would not be
expected but it is used here to show that quicleafiein of change is possible. The
parameters in this model are estimated in real fim@ the simulated data with added
noise, based on the noise identified and estimited the Severn data, using the DTF
algorithm from the Lancaster CAPTAIN Toolbox for N&b. The change in the single
parameter induces changes in both of the numepat@meters (b, and b, ) of the

above model, as shown in Figure 9. It is cleat tha changes in the parameters are
estimated well, although it should be noted that ihan illustrative, ideal case in which
errors in input rainfall data and in the model esgntation of the system do not play a
role.

These methods have not been widely tested in theexbof catchment change detection
but they have been used successfully for faultdtiet® in the process industries. Past
analyses, identifying the DBM nonlinearity and s#ar functions on a year to year basis,
have shown that there are year to year differemtdbe identified model caused by
stochastic variations, rather than any systemdtange attributable to changes in the
catchment dynamics. Consequently, it is possiée thanges in catchment dynamics
might be more detectable under certain hydrologicaiditions than others. It may be
necessary, therefore, to classify the hydrologicalditions before application of the non-
stationary DBM analysis. In addition, work to beread out in WP3 will provide test
data sets to evaluate detectability for cases afeited change.

19



Figure 8: River Severn at Abermule: DBM analysi$ @mposed) change in levels.

Figure 9: River Severn at Abermule: Recursive iddication of DBM parameters,
showing identification of change.

20



4. WP3: TESTING OF METHODS OF ANALYSIS

The aim in WP3 is to generate synthetic hydrogrdapascan be used to test the change-
detection methods developed in WP2. These syothgtrographs must account for the
effects of hypothetical changes in land use andag@ament. It is proposed to use
existing discharge records, which will be modified reflect the effects of the
hypothetical changes. This modification has todoee in such a way that the error
structure for the records is not obliterated, s the testing of the methods developed in
WP?2 is as strong as possible.

What is required is a modified hydrograph M(t), éch®n an observed hydrograph O(t).
It may be unavoidable that the modification willveato be based on synthetic
hydrographs, created using existing rainfall-rumofidels. It is known that these models
are inadequate for this task (FD2114) and ways afing with this fact are being
explored. One approach involving distributed mbadglwas described in the proposal
for this work, and another based on lumped modglMas described at the Project Start
Up Meeting. These will be discussed briefly. Ttarting point, though, has to be an
investigation of the mechanics of modifying a hyghaph, because this is an unusual
thing to do, especially if the error structure I tobserved hydrograph is to be carried
through into the modified hydrograph.

4.1 Modification Methods

Consider what is involved in generating a modifigdrograph using an existing rainfall-
runoff model. Say that the observed hydrograph(i$, and a model gives an unchanged
synthetic hydrograph U(t) [i.e. a simulation of Ypénd a changed synthetic hydrograph
C(t). One practical approach to generate the redqumodified hydrograph, M(t), is
simply:

M(t) = C(t) (Method 1)

Even if C(t) was created after calibrating U(t) imga O(t), this approach is clearly not
very effective in carrying through the error stuuret

A better approach is to use:
M(t) = O(t) + [C(1)-U(D)] (Method 2)

where the term in square brackets is the syntlotange. This is clearly better than
Method 1, because it carries through some of tr structure.
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The frequency spectrum for a hydrograph can beequidle and complicated, because it
reflects the effects of the excitation by rainfafid evaporation, and the dynamics of
various storage and flow processes occurring oaeows spatial scales. Consider, for
the sake of argument, the gross simplification that hydrographs comprise only one
fast and one slow signal, plus errors, where teedmnal strongly reflects the excitation

by rainfall. In Method 2, all the hydrographs anealuated at the same time, t, so the
method conserves the timings. The fast signalhénhydrographs will, therefore, be

aligned. This is important for the change-detectitethods in WP2, because misaligned
fast signals could cause problems.

Say, now, that the interesting effects of changdand use and management are related
to the slow signal (which means that fast is vexst,fand the main information in the
slow signal is not about baseflow but is about atfase stormflow, routed saturation
excess runoff, etc.)

Figure 10 shows an exaggerated cartoon versionpoblalem that can arise when slow
signals of this kind in O(t) and U(t) are not akgh or have different shapes, as is often
the case in rainfall-runoff modelling. Systematitferences in time and shape between
the observations and the simulation leads in Figréo a “false” peak appearing in the
modified hydrograph. Note that the modified hydeqh has a double peak, yet there is
no indication that a double peak is expected, kmxaihe observed and synthetic
hydrographs all have single peaks.

Figure 10. Example of timing and shape problem,ing Method 2: U (solid), C (dots),
O (dash), and M (dot dot dash).
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Provided the fast signal is not present in thetstit hydrographs or is filtered out, then
a third method is possible. Using methods forgrattmatching, of the type used in voice
and gene sequence recognition, a “morph” equatios fame made up) can be written:

O() = U(t+ (1)) + €(t)

wheret(t) is the time warp (i.e. a time-varying time shi&nde(t) a gain € could be
modified to appear as a multiplication factor).

The required modified hydrograph is then createdguhe time warp:
M(t) = O(t) + [C(t+ (1))-U(t+t (1))] (Method 3)

This is clearly unsuitable if there are fast signal U or C, as these will end up being
misaligned to the rainfall.

A very simple and efficient method suitable for pluing hydrographs has been
developed for this project. It uses dynamic prograng to find the time warp which
minimise the variance in the difference betweer) &t U(t+ (t)).

Figure 11 shows the outcome for the same data Bgyure 10. Note that the modified
hydrograph now has a single peak.
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Figure 11. After time warp: U (solid), C (dots] (dash), and M (dot dot dash).

Data from the Slapton Wood catchment and a verylsimainfall-runoff model (see
Ewen et al., 2006) has been used to examine aretimxgnt with Method 3. Figure 12
shows the effect of time warping. Note that thepds of O(t) and U(t) are quite
different, but the shapes of O(t) and the warpedtdgraph U(t+(t)) are very similar. In

fact, for much of the time, the warped hydrographk bn the observed hydrograph.

Figure 13 shows the resulting modified hydrographSiapton Wood.
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Figure 12. Slapton Wood hydrograph: U(dash), C{dint dash), O(dot), and U(#t))
(solid).

Figure 13. Slapton Wood hydrograph: O (dot), M(sa)i
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The value and limitations of Method 3 will haveli® assessed once the data sets for the
project are available. The approach taken willehvreflect the nature of the signals
present.

It was noted earlier that distributed and lumpedletilng approaches are being explored,
to try and cope with the known inadequacies of gigristing rainfall-runoff models to
predict change effects. There are two elementkiso The first element (the second is
described in the Modelling section) involves tryitgy simplify the method equations.
Two such simplifications are described below, whach generalisations of Method 3.

The term in square brackets in the Method 3 eguasiohe synthetic change hydrograph,
so:

M() = O(t) + D(t) or M(t) = O(t) + D(t(t)) (Method 4)

where D(t) is the synthetic change hydrograph satedl directly using a rainfall-runoff-
change model. Nothing will be gained here if thsdel is simply a rainfall-runoff

model held in some sort of harness, and run twgoeng U, then C, then D=C-U). If it

is an independent model, though, something willgaéned, especially if it takes the
observed hydrograph as part of its input.

If a “model” can be made to simulate the observwattdgraph perfectly, another possible
simplification is:

M(t) = C(t)  provided U(t)=0(t) (Method 5)

Clearly, any existing rainfall-runoff model needshto give a perfect simulation. Help,
for example, of the kind given in the “morph” eqoat which converts an imperfect
simulation produced by an imperfect model into geue simulation.

4.2 Modelling

There are well established data sets and modelsiier flow which can be used to
represent the effect of changes in channel sizepeshand condition. For runoff
production, though, there is no known combinatibdata types and model structure that
reliably represents the effects of land use andagement, especially if the ultimate aim
is accurate prediction of change effects. The s#@adement of the work on trying to
cope with the known inadequacies of using existiaigfall-runoff models to predict
change effects involves trying to circumvent timsidation.

Two possibilities for circumventing (partly or fyjlthis limitation are:
1. Don’t use a rainfall-runoff model. For examplegudethod 4 with proxy data:
estimate D(t) using hydrographs from another cataitnor from another time in
the same catchment.
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2. Use a rainfall-runoff model in Methods 3-5, butfas as possible avoid explicit
detailed representation of land use and managenfemt.example, modify only
spatial patterns or lumped abstract quantities wieave a simple physical
interpretation.

The two approaches described below are for thenskeabthe above possibilities.

In the proposal for this project, a distributed reidg approach using a topographic
index was described (see quotation below), whiobs usn existing hydraulic routing
model (see Figure 14). In theory, Methods 4 am@r® be applied using this modelling,
but the practical details have still to be investigl.

A topographic index will be calculated for each gdjxthen the pixels will be
ranked by index. This ranking can be represent&@dgua monotonic scale, P,
such that any point on the scale is associated wité pixel, and all the pixels
with a lower value are assumed to be more susdeptibgenerating runoff. In
effect, then, the P scale is a scale for suscéiyilbd producing runoff, and each
value on the P scale maps to a unique spatial patté runoff generation, for
which a value can be calculated for the instantarseminfall-runoff ratio (e.g.

based on the number of pixels generating runoffjhen the hydraulic model is
running, the spatial distribution of runoff genamt is controlled by the P value,
and the temporal variation is controlled by the nfall rate. As a first

approximation, by assuming a relationship betweentributing area defined in
this way and catchment storage, and a constantinmgutelerity (Beven, 1979,
2001), it will be possible to back-calculate a fibses runoff generation pattern
preciselyfrom any observed discharge record for the cataftme

The ... [modified hydrographs] ... will be creatég rerunning the hydraulic
model with the same P(t) time series, but with gleanhydraulics to mimic
channel management and/or with the runoff genematioapping altered to
represent changes in land use and management.
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Figure 14. Runoff generation for Eden Catchment Kirkby Stephen (69 k)
calculated for an event in November 2000 using awerk with 26,000 channel
links and using 4.8 million water packets. Map shkie runoff depth for the brief
period when the discharge exceeds 9&sr(i.e. it shows the source of the
volume of water for the grey area under the hydragh).

A lumped modelling approach was described at tlogeBt Start-up Meeting. This uses
Method 4. In its simplest form, it involves usiagdownward” approach to determine a
runoff production curve (Figure 15), and then thigve is used to create a rainfall-
runoff-change model. The curve describes theiogighip between the area contributing
discharge and the total catchment storage. Thasiorship controls the dynamics of the

catchment in quite a loose way, because there >aargons away from the curve
associated with both inertia and fast signals.
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Figure 15. Changed and unchanged runoff producti@urves.

As a starting point, it will be assumed that changeland use and management affect
only the runoff production curve, and not the dyiof the excursions. What is yet

unknown is whether a rainfall-runoff-change modah be successfully created from this
theory, that is any way special in its treatmentesfpponses and errors.

5. WP4: USE OF RESULTS FOR POLICY DECISIONS

How the results of this project get used will depp@ery heavily on how far it is possible
to determine and interpret any changes in the téstodata. We intend to organise a
workshop of interested parties to discuss the ssaised by the preliminary analyses
(whether we find that change is detectable or not).

As the first stage in this process we have set Wpeh site to invite contributions from
any source, suggesting quantitative or anecdotaleage for change in hydrology
resulting from land use and management changeriicplar catchments. This will be
advertised as widely as possible within Defra, Algency, British Hydrological Society,
hydrological consultants etc. It is hoped thas tbvidence will also feed into both the
choice of catchments to be analysed and into @&wewf how the results of this project
might be used to frame Defra policy in the futur&he site is available atd be advised
shortlyj
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6. LINKS WITH OTHER PROJECTS

This project is the first to address the reseas#ds identified in the outcomes of
FD2114,Review of impacts of rural land use and managemeiitood generation.

There are also links to the UK Flood Risk Managenirasearch Consortium, funded by
EPSRC, Defra, EA and others, particularly ReseBrabrity Areas 2 (Land Use Change)
7 (Stakeholders and Policy) and 9 (Risk and Unoega RPAZ2, led by Prof. Howard
Wheater of Imperial College, is intended to improwelerstanding of the role of land use
in flood runoff generation through both fieldwokt Pontbren in Wales) and modelling
work. Prof. Keith Beven and Edward Evans both sen the Advisory Group to this
project. RPA9, led by Prof. Keith Beven, is inteddo develop and encourage methods
of uncertainty estimation in hydrological analyarsl modelling. Prof. Morris is
contributing directly both RPA2 and RPA7, lookirtgstakeholder analysis and flood
management, focussing on rural dimensions.

SEISMIC (Spatial Environmental Information SysteimsMonitoring the Impact of
Chemicals) is the result of a research programndeniaken jointly by the National Soll
Resources Institute (NSRI), the Pesticides Safatycibrate (PSD) and the Crop
Protection Association. The project embodies ayear research and development
programmes for the actual software product. Howeaher NSRI environmental data
incorporated into the system is derived from thadl§ (Land Information System),
which has been developed by NSRI over the lastd®aades, itself derived from the
work of NSRI during 50 years of mapping and sangptime nation's soils.
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7. PROJECT STAFF

Name

Affiliation

Contribution

Prof. Keith Beven

Lancaster University

Project LexadHydrological
Modelling, WP2,3,4

Prof. Peter Young

Lancaster University

Time seaieslysis, WP2

Dr Renata Romanowicz

Lancaster Universit

y  Timeeseanalysis, WP2

Steve Rose JBA Consulting Hydrological data, WP1
Dr Rob Lamb JBA Consulting Hydrological data anddeis, WP1
Dave Archer JBA Consulting Hydrological responsekanhd use

change, WP1

Dr John Hollis

Cranfield University

Land use impaon runoff
generation, WP1, retired Sep. 06

Dr lan Holman

Cranfield University

Mapping land useange, WP1

Prof. Joe Morris

Cranfield University

Change in HaWlanagement, WP1

Prof. Sue White

Cranfield University

Land use imggamn runoff
generation, WP1

Prof. Enda O’'Connell

Newcastle University

Distriedthydrological modelling,
WP3

Dr John Ewen

Newcastle University

Distributed hydgical modelling,
WP3

Greg O’'Donnell

Newcastle University

Distributed hgtbgical modelling
WP3

31



8. PROGRAMME OF WORK

The milestones and programme of work presentedriefiext discussions at the first two
project meetingsIn particular, it was requested that two practitisi workshops should
be held: one as soon as possible at the staregdrtiect, and one at the end to present
the results and policy implications to relevankstelders.

Time | 2006 2007 2008

Task / Milestone JJASOND JFMAMJJASOND JF

0.1 Inception Report

0.2 Interim Technical Report

0.3 Annual Project Report

0.4 Draft Final Report

0.5 First practitioner’s workshop

WP1 Assembly of Historical
Datasets

1.1 Internal Report on Catchment
Choice

WP2 Application of methods of
analysis

2.1 Internal report on DHR and
SDP methods

WP3 Testing of Methods of
Analysis

3.1 Internal report on method for
testing identification of change

WP4 Use of results for policy
decisions

4.1 User guide for analysis
methods

4.2 Final Practitioners Workshop
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