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Executive Summary
Is any attempt to adequately predict local flooding achievable?

One of the initial long-term hoped for outcomes of the Future Flood Resilience Group (FFRG) was to attempt to
provide a reliable model of flooding that can predict accurately where and when flooding might occur. Was this, and is
this, an achievable goal?

The whole predictability of our local Weather Forecasting and global Climate Change is based on models and their
accuracy or otherwise, although these two operations (Weather Forecasting and Climate Change) are completely
different. If models can be “successfully” used to predict our global climate, surely it’s possible to do this even better on
the small-scale region of the North Wessex Downs and the Vale of the White Horse.

What is achievable by use of our gauges alongside external forcing data (e.g. rainfall and groundwater sources) is to
provide alerting systems when levels approach that which would cause flooding. This can be extended by using very
short term weather forecasts (less than 5 days) to provide very short timescale indicators of near term flooding. As
timescales increase and the accuracy of weather forecasts decrease we need models using both empirical data and
projections of climate change.

This document initially describes the particular climate environment model structures, from simple to complex, that
could be used. Their possible application, together with their advantages and inadequacies, are described.

The interaction of these “natural” models with human induced actions and the unpredictability that this combination
causes is examined.

An overview of established, well-researched models is provided, together with their advantages and disadvantages.

Open-source models are reviewed - these provide the ability to possibly take the underlying code and adapt to our
specific need and conditions.

The possible creation of a linear model analogous to that pertaining to a Motorway Road Traffic Flow scheme is
suggested and it’s likely form examined.



Document overview

This document initially describes what a model is, with reference to large scale climate models, and the level of
complexity, reliability and input data requirements that increase as you go from a zero-Dimensional (0-D) simplistic
model to a three Dimensional complex model (3-D). Below is a summary of this statement using the examples of
rainfall and groundwater.

A 0-D model (single point model), which for a small catchment could be a single rainfall value or groundwater level
observed once, say on 1* January 2020. To expect this value to provide reliable information about future streamflow and
flooding is very highly unlikely, but fortuitously may do just that.

A 1-D model (a simple linear model), which could be the time series between 1* January 2020 - 31* December 2022 of
rainfall or groundwater level at a single location, will increase the ability to predict streamflow and flooding by
indicating when there is likely to be more water available to increase the streamflow and possible create the flooding.
But the model is still probably unreliable for flooding issues.

A 2-D model (a flat area model), which extends the single time series of rainfall or groundwater to contemporary
locations within the small catchment then allows for the areal variability of these factors to be incorporated to provide
information on possible extra inflow to the streams further downstream. This is still just a model on a flat granite table-
top.

A 3-D model (complex whole volume model), which for rainfall or groundwater, would extend, via knowledge about
topography, soil type and geology, the ability to assess how much of the rainfall would actually enter the stream via
overland flow, how much would be intercepted by vegetation or surface soil, how long it takes for rainfall to infiltrate to
the aquifer to raise the groundwater level. Such a model, to be reliable, demands a lot of extra information, many
variables and the combinatorial joining of these variables, many of which may not be available or have to be assumed
(i.e. an informed made-up value).

Why a complex 3-D model is probably not applicable for our small Catchment area

The assumption that a more complex 3-D model would provide better flooding predictions is explored through
understanding that they are still a collection of smaller models created to explain outcomes for situations possibly far
removed from the Letcombe Brook. Also these 3-D models are static in the sense that, while they may include changing
factors such as vegetation growth, they are incapable of dealing with the largely unpredictable nature of human
interventions such as sluice opening, which depend on judgement not physics.

A “Which?” list - What modelling options are available and their applicability.

However, the document does explore the available established models that could serve as flood prediction models and
discuss their Pros and Cons and whether the necessary input data to ensure some level of reliable flood forecasting is
available to the FFRG community. Many of these models are shown to be either too complex in scale or too demanding
in data requirements to be useful or even applicable.

A novel home-grown model possibility?

Returning to a 2-D model structure, the idea of an analogous road traffic-flow model is explored to see if any benefit
could be gained from consideration of this, in terms of data requirements and functionality, much simpler model.



Is any attempt to adequately predict local flooding via Modelling achievable?

Let’s start with what a model is. The image to the right is a cartoon illustration of what
the various dimensional models can be viewed as. Let’s start by observing that even Hiarazchy of Mouse Models
the 3-D model of a mouse as shown is still not a real Mouse, no matter how detailed so e

it can become by increasing the fur detail, the body shape etc. And this is true of all
models. So no matter how detailed a Climate Model becomes - it is not reality.

Zero and One Dimensional Models (0-D & 1-D)

Let’s leave aside the 0-D version (i.e. a single measurement of a variable which tells you
very little about what is happening in reality, other than it being an indication of a local
spatial variable at a point in time, e.g. the domestic thermostat, which tells you what the
temperature is now at the device to control the heating throughout the house but tells
you nothing about the actual temperature in different parts of the house.

In the 1-D model we are dealing with a single spatial dimension, which could be a

horizontal, vertical or time series line. Generally with Climate models, where the exchange between the surface and the
atmosphere is the initially important relationship, this would be a simple vertical description of a variable such as
temperature or atmospheric pressure varying with height. You climb a virtual ladder and record height and variable at
each step to create a series of measurement points from which a model equation describing the overall relationship
between height and the variable can be produced. In a surface model - this could be a model of the time series of a rain
gauge - the model being the trend line equation derived from an ensemble of individual hourly rainfall amounts.
Alternatively, a series of measurements, unrelated to time, across a horizontal domain e.g. elevation data from a line
across a field.

This tells you nothing about what the measurement might be either side of the vertical ladder, between the vertical steps
or what the rainfall is either side of the rain gauge. It will certainly be different, by a smaller or greater extent, even if a
separate ladder experiment right next door recorded data at the same time, your ladder had smaller steps or rain gauges
were right next to each other. The relationship equation is a property of the model and its spatial location, an
approximate, average and narrow collimated description of reality.

The 2-D Model

A 2-D surface model, takes a single height and measures the variable at various positions across an imaginary flat
horizontal sheet, usually at regular positions -imagine measurements at the corners of each square of a chess board -
each individual square defines the grid size of the model. The simplest 2-D model
would have just 4 measurements, one at each corner of a single Chess board
square (as shown in the Chess Board diagram) e.g. a measurement of soil
moisture at each corner of a horizontally flat square field. You could create an
average soil moisture value for that field, but even minimal depressions or
elevations in the otherwise “flat” field would alter the soil moisture values away
from the average.

On a bigger scale, relationships are then developed to incorporate all these
measurements into a map of the variable. Even OS Maps use this approach to
convert a 3 dimensional space onto a 2-D sheet of paper. The variable is height
above mean Sea Level ( also known as mean Above Ordnance Datum - mAOD).
This is fixed as the Ordnance Datum Newlyn (ODN) which is the mean sea level
recorded during the years 1915-1921 at Newlyn harbour. Incidently, this datum
has nothing to do with any change in actual sea level.

The apparently continuous contours on the 2-D map are drawn using the elevation change between point measurements
over the area. The contours are modelled, they are a construct. If you walked along a contour line with a GPS altimeter,
the altitude would not be constant - it would go up and down - but the average altitude would conform to the contour
line. Conditions could change - a landslip might occur - rendering the walk along the contour line a major hazard if you
just depend on the veracity of the 2-D map. This is a problem for all models that take a “snapshot™ of reality - they are
almost instantly “out-of-date”.



The 3-D Model

The 3-D model in it’s simplest form is like the school geography exercise where
cardboard cutouts of the 2-D OS map contour lines are placed on top of each other
to produce a stepped (i.e. like terraced rice fields in east Asia ), but otherwise solid
object.

In 3-D Climate models, the idea of the 2-D model Chess board square is extruded
into a cube. Various parameters are modelled at various, but generally “gridded”
horizontal and vertical positions. The horizontal grids, at their simplest, provide
separation between different surface “patterns” such as Tropical Forest, Grassland,
Temperate Forest, Tundra, Ocean, etc. The vertical grids, often called layers, take
account of the different properties of the Atmosphere as you ascend, e.g. the
change in temperature as one ascends up through the atmosphere. Again, the
simplest separation of layers might be the major layers where temperature is either
decreasing or increasing at an observable rate. Between the Earth’s surface and the
Tropopause in the diagram, this is an average drop of about 6.5 °C for every 1000
metres. But because other variables in the Atmosphere do not follow this
temperature pattern, a common layer separation delimiter is Atmospheric Pressure.
In doing this, the model has already both simplified the overall vertical layering but
complicated the modelling of the vertical temperature change

Currently typical Global Circulation (Climate) Models (GCMs) have a horizontal
grid size of 111 km, with 20 vertical atmospheric layers within which there are 10-
15 variables to define the state of the Atmosphere or Ocean. At the Equator,

these grids are “square” with 111 km vertical and horizontal dimensions. e Y )
While the latitudinal (N-S) dimension remains the same as you go N or S, =
the longitudinal (E-W) dimension becomes narrower. At 55 °N (the UK) - _ i | :
the grid box is now 63.7 km wide and at 89 °N, it’s down to 1.94 km wide. ' st
This creates difficulties for all aspects of Global Climate Modelling. (m = o o e I
&
As can be seen from the 63.7 x 111 km grid “square” centred around our _ : o 1)
local catchment areas, classifying the grid area into a surface type (is it bk 7 '
predominantly grassland or arable?) or modelling the grid area average s,
rainfall creates problems. Describing the grid “square” as either grassland or =
arable means that prescribed descriptions of soil moisture, radiation Z Al td
balance, surface temperature, etc. apply to the whole “grid” square. Other

reality variables such as rainfall, cloud cover pose great problems if applied to the whole
grid square.

At the local scale of the United Kingdom - the 3-D model can be visualised as a Rubik’s
cube where the above map of our local region would be the base of one of the separate
cubes within the Rubik Cube. The analogy can be taken further when each square
represents entirely, for example, a surface terrain vegetation type. A blue square could be
ocean, a green square - tropical forest, a yellow square - desert. GCM modellers have
sought to address this areal problem with sub-grid style “tiling” both for surface terrain and
for the climate factors in those terrain squares, introducing even more factors and
modelling complications.

Now we have vertical 1-D “ladder” measurements at each corner of the base squares of the Rubik’s cube. This means
that a temperature value at the surface, and another at the top of the first atmospheric layer, near to West of Banbury,
close to Salisbury, south-east of Basingstoke and west of Milton Keynes provide an eight point dataset to describe the
temperature field within that local cube (6 of these temperature point positions are shown on the Rubik’s cube).

Coupled to that are horizontal and vertical transport models that link the adjacent cubes in order to provide horizontal
and vertical exchange of energy and other variables e.g. grid square horizontal wind velocity might be different in
adjacent squares and this disparity has to be smoothly dealt with. Other factors such as partial cloudiness within a grid
square forces further approximations and sub-models to be used. An estimate of how much cloud cover there is provides
the data for a sub-grid scale % “Cloud Tile” to be created within the Grid Square. This sub-grid scale approach was
made necessary when errors occurred when applying rainfall interception data from Amazonian rainforest work in the



late 1980’s to a full grid square. The GCM would “smear” rainfall over the entire grid square, oblivious to the
convective and very local rainfall patterns that defined the region. This averaging of rainfall input over the grid square
created very high interception losses compared to the measured reality of very low interception losses of around 10%.

An illustration of the above grid discussion is brought Horizontal grid

together in the diagram to the right. sl Vertial

exchange
batween

Vertical grid layers

So - for all the above reasons, it is apparent that despite their Hoight or pressure
numerical and physical sophistication, GCM’s are too crude
to be of any use for modelling our local flood regime. And

also, in general, while these GCM models may now produce ,,fﬂ"\”sp"e’e .
a better “Mouse” shaped body - they are still deficient in L e
getting the “fur” correct and they are not reality - they are &

still numerical models.

Physical processes in a model

Horizental
exchange
between
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Further Considerations on Models

In any Model using data that is largely without control, meaning outside of the experimental regime (where certain
elements are routinely controlled to enable the element under investigation to be isolated), there are always more
unknowns than defining equations. And these equations are often non-linear, especially where turbulence, either
atmospheric or aquatic, creates further unpredictability because non-linear equations are themselves very difficult to
solve.

When the physics of natural processes then interact with human induced actions - these then create even more
unpredictability, especially at the small scale, where human actions may have more consequential effect on the
underlying natural processes.

In this respect, the complex interactions between these two drivers, natural and human, occur in nonlinear and context-
specific ways, making it difficult to contain in a single framework. The natural drivers for flooding are rainfall, stream
levels, flow volumes, groundwater levels, etc. while the human drivers are for example, sluice operations, urban
drainage systems, land-use changes and agricultural practices.

We also have differences in scale - with the natural processes operating on scales from catchment to continental while
human interventions, such as drainage networks and sewers, operate at very local scales.

There is also the difference that natural processes occur through physical, chemical and biological interactions, which
are capable of being described and relied upon for reasonable length time-frames. Even if the natural processes are
changing, the underlying scientific laws remain the same (e.g. evaporation rates are well described). Whereas the human
interventions tend to depend upon individual judgement, e.g. Dam releases, diversion canals, emergency responses that
require immediate reaction, and with little predictability or consistency. This unpredictability is very difficult to model.

Attempting to couple models that deal with these spatial, temporal and prediction scales is not only difficult, but
introduces error and instability.

Reliable hydrological data (rainfall, stream flow, infiltration, groundwater) is scarce even in the UK at the scales
necessary for dealing with convective and frontal storms, the unknown side additions to major streams, and
groundwater provision to those streams, in our small catchment area.

Even scarcer is data on infrastructure changes, operational rules on sluice action, small scale modifications (informal
embankments, dredging, vegetation encroachments, stream diversions, location of culverts and their condition e.g. open
or silted up). Again this creates difficulties in combining the sub-models to create an overall model of sufficient
reliability to be of any worth.

In our small catchments, we may not have to deal with the computational complexity that large river basins demand
with the need for multi-domain, high resolution dynamically coupled models - but reliable real-time forecasting of
flooding, even of our small catchment containing the Letcombe and Childrey Brooks, will still require a
computationally complex model, but at a smaller scale, that we may be unable to provide.



We have already ascertained that locally, rainfall duration and intensity, number of storms and seasonality of those
storms have changed over the past couple of decades and are presumed to continue to change over the next few decades
- but that is not necessarily a given - we may just be in an upward trend of a cyclical wave. Land use change, due to
political (local or nationwide) decisions, may change the land-use of our region (more trees, less trees, organic/chemical
farming, more urbanisation in areas that alter flow patterns). All these changes affect the balance of water available to
both the groundwater aquifer, the stream load, urban runoff and generally reshapes the runoff and flooding dynamics.

Such unknown and often unpredictable forces, creates major difficulties for even dynamic models, especially if certain
aspects are not even part of the model. Creating a model for current and knowable conditions that could be regarded as
“right” for now, can quickly become obsolete. Even worse is not knowing that it has become obsolete allowing it to be
still erroneously relied upon. This obsolescence is guaranteed if long-term re-adjustments to the model parameters
through experimentation are not continued.

Some aspects of modelling flooding are inherently unpredictable, from blocking of streams by fallen trees during storms
to failure of pond holding structures and unreported releases of water. The attempted coupling of socio-natural systems,
which is not just about physics, does not sit well with deterministic modelling. It’s also the influential balance between
the social and natural interactions in our catchment that is important. While an inadvertent sluice opening may have
little effect on the flow of the River Thames, the effect on our small streams can be a major problem.

So, while partial coupled models exist, fully integrating natural and human-induced flood processes into a single
predictive system is probably not possible at the required level of certainty that flood warnings require, due to inevitable
model uncertainty, data limitations (in our case), scale mismatches (catchment v sluice operation) and the
unpredictability of human behaviour. Confidence in models is very important. A model that remains “quiet” while
flooding is happening is no worse or better than one that shouts “wolf” every time it rains.

Where do we go from here?

While fluvial modelling as a reliable flood warning tool is probably not possible without extensive (long-term studies
over a wide area) and intensive measurements within that area of the controlling factors, nevertheless any attempt to
model our local hydrological situation will advance our appreciation of what aspects are important in flooding and how
much “weight” we give to these aspects.

The Pang Valley Flood Forum created a statistical model that generally fitted the data very well. But this is
“hindsight” modelling - the model and its predictive parameters fits historic climate data. With the climate change
expected, such a model may fail to predict correctly any future flooding in the Pang Valley. But we could mimic the
model for our particular set of parameters.

The Pang model is analogous to Climate Change Models that “tune” (i.e. adjust) their parameters using data over many
decades of past data up to the present. These parameters are then used in the models to predict future climate change
scenarios. There is no way to see if these predictions are true until we get there.

And the models are constantly being “re-tuned” with the latest data. Economic models also predict how economies,
both local and global, will react using knowledge of how past events have affected the economy. Again, the problem is -
we have no way of knowing whether future actions around the world will conform to how they reacted before or in
some new unforeseen way. At least with Climate Models, the inertia in the global climate system is much greater than in
the volatile global economic system.

Other established models

We are looking for deterministic sub-grid scale (< 1km?) fluvial models that have been explicitly designed to capture the
dynamics in small-scale catchments.

There are some 2-D/1-D hydrodynamic models that include sub-grid channel representations meaning that resolving
every channel explicitly is not necessary. Against each model title is whether the model code is available for possible
adaptation to our local conditions.

CaMa-Flood (Catchment-based Macro-scale Floodplain [apsu.b-?:.?.", = ? Bt
model) (code available) s .

Primarily designed for large-scale basins, but the concept can k}-[f_’-_ ’Fl./ )

be adapted for smaller catchments. _*7‘/?47

Flood area raction [%]

Deterministic in design and optimised for efficiency —



LISFLOOD-LP (Bates et al.) (code available) Raster / Image

A Raster-based model with sub-grid representation of channel-floodplain
interaction (the LISFLOOD-FP subgrid scheme). FFRG Report 5 “Simulated
Flooding in Grove” was a crude version of this approach.

It can handle small rivers without requiring extremely fine grids.

Deterministic shallow-water solver, widely applied from small urban catchments Real World
to continental scale.

Small-Catchment-Orientated Models - designed for small-scale fluvial systems
with explicit channel/floodplain interactions

Rain and Snow

MIKE-SHE /MIKE 11 (DHI)

Deterministic process-based (rainfall-runoff + channel routing)

Can resolve very small catchments with appropriate parameterisation
Could be computationally heavy

Commercial and expensive

HEC-RAS 2D (USACE)

Deterministic, shallow water equations with optimal sub-grid channel
storage.

Suitable for catchments down to sub-km? if high-resolution topography
is available.

TELEMAC-2D /TELEMAC-3D (code available)

Deterministic shallow-water solver, can be applied at fine scales with
sub-grid roughness and channel representation.

Pros and Cons of Small-Catchment Orientated Models

.mh
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Pros:

For small catchments, deterministic sub-grid models are useful because they can represent narrow channels and
drainage networks smaller than the Digital Elevation Mapping (DEM) resolution.

They preserve storage and conveyance capacity (i.e. the ability of a river channel (or floodplain) to carry water
downstream - it reflects how much flow a cross-section can transport at a given water level). The Letcombe Brook with
its narrow shallow rough channel has a low conveyance capacity - it fills quickly, overtops and causes flooding.

They reduce computational load while preserving physical realism.



Limitations:

At very small scales ( < 1km?), sub-grid schemes may still break down - requiring explicit channel representation.
Deterministic approaches assume good topographic and hydrologic input - rarely available at the needed resolution.
Human modifications (culverts, drainage pipes, sluices) are often unresolved - which means fluvial-only floods may be
misrepresented.

Do we have the required data to run these models?
There are common core required inputs to run these sub-grid schemes. These are:

1. Topography - describing the elevation map.

2. Boundary Conditions - required to drive the flow.

3. Roughness coefficients - estimating the resistance to flow.
4. [Initial conditions - define the baseline water level.

Roughness coefficients - Manning’s n: These are used to estimate the resistance to flow in open channels and culverts -
essential for hydraulic modelling when calculating flow rates and velocities using Manning’s equation.

For a clean,straight, full natural stream n = 0.030, while a natural stream with stones and weeds n = 0.035 and a very
poor condition natural channel n = 0.060.

For the particular models below, Bold text indicates what data is freely (in both senses) available to the FFRG.
For the LISFLOOD-FP model:

1. Digital Elevation Model (DEM) grid.

2. River Channel geometry (cross-section or bankfull depth + width) - in places such as gauge positions
Boundary inflows (discharge time series at upstream, water level downstream)

3. Manning’s n for floodplain and channel resistances - needs investigation

HEC-RAS 2D:

1. Terrain (elevation raster image) or 2D mesh.
2D Flow Area definition i.e. domain extent - not sure
2. Boundary conditions: inflow hydrograph(s), stage/discharge downstream

3. Manning’s n (per land cover) - again needs investigation

TELEMAC-2D /TELEMAC-3D:
1. Computational mesh (triangular elements with elevations)
2. Discharge, velocity or water level
3. Manning’s n or Strickler Friction law and coefficients - needs investigation
Some Open-source options
Flood simulation tools are essential for predicting and managing flood risks in various environments, including urban,
riverine, and coastal areas. Several open-source options are available, each offering unique features tailored to different

modelling needs. Being open-source, many offer the code for adaptation to specific requirements.

1. Kalypso (code available)

Kalypso is an open-source modeling system designed for numerical simulations in
water management. It assists in developing flood protection concepts and
calculating flood hazard and risk maps, aligning with directives like the EU Floods
Directive 2007/60/EC. Kalypso's capabilities make it suitable for tasks such as
flood forecasting and the design of flood control measures.

Kalypso-Flood module is a post-processing module for determining and
displaying inundated areas and flow depths on the basis of digital terrain model




data and water surface profiles. Kalypso Flood works with ESRI ASCII grid formatted data with arbitrary spatial
resolution.

2. FastFlood

FastFlood is a browser-based flood simulation tool that
employs unique algorithms to achieve over 97% accuracy
compared to traditional modelling methods, operating
approximately 1,500 times faster. It allows users to rapidly
sketch mitigation strategies and can automatically download
relevant data from global datasets or accept user-uploaded
data. Its speed and accessibility make it a valuable resource
for quick flood assessments.

Ompocomooon

3. TRITON (code available)

The Two-dimensional Runoff Inundation Toolkit for
Operational Needs (TRITON) is a 2D open-source flood
simulation tool optimized for high-performance computing.
It features a computationally efficient, physics-based
hydraulic model that solves the full 2D shallow water
equations on a structured grid. TRITON is designed to
handle complex flood simulations, making it suitable for
large-scale and detailed flood modelling projects.

4. ANUGA Hydro (code available)

ANUGA Hydro is a free and open-source software tool for
hydrodynamic modelling, capable of predicting the
consequences of hydrological disasters such as riverine
flooding, storm surges, and tsunamis. Developed by
Geoscience Australia and the Australian National University,
it solves the shallow water wave equations using a finite-
volume method on unstructured triangular meshes, allowing
for detailed representations of complex terrains.

Domain Map

5. SynxFlow (code available) 2500
SynxFlow is an open-source flood modelling suite that includes HiPIMS, a high- ~ **
performance flood modelling system developed and maintained by researchers at
Loughborough University. It offers a Python interface and detailed

1500

documentation, facilitating user-friendly interaction for flood simulations. 1000
SynxFlow is designed to simulate flood, landslide, and debris flow dynamics
using GPU acceleration, enhancing computational efficiency. 500

6. FullSWOTF (code available)

Full Shallow Water equations for Overland Flow) is an open-source
software developed for simulating overland flow on agricultural fields and
other terrains. Written in C++, it uses state-of-the-art numerical methods to
solve the shallow water equations, accounting for factors like infiltration
and friction. FullSWOF has been validated with analytical solutions and
real-world data, demonstrating its capability to simulate overland flow
accurately. @i=0s  @i-0s  @t=200s  (@t=d000s
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7. GeoFlood

GeoFlood is an open-source software package designed for solving shallow
water equations on a quadtree (a tree data structure) hierarchy of mapped,
logically Cartesian grids. It has been validated using standard benchmark
tests and historical flood events, demonstrating its capability to accurately
and efficiently predict flood wave propagation on complex terrain.

15 Topography with exaggerated apect ratio

shyorw th .S depecsssons

These open-source flood simulation tools provide a range of capabilities for : e
researchers, engineers, and policymakers involved in flood risk assessment and management. Their accessibility and
adaptability make them valuable resources for developing effective flood mitigation strategies.

Create our own Model?

There is some similarity between the flow along the Letcombe Brook
(for example) and the flow along a single road subject to occasional
traffic jams. Normally the baseflow is easily modelled by “velocity
physics”. But human interactions, such as roadworks, variable speed
limits, car accidents, etc. can upset the “natural” flow and can narrow the
road causing backups. The impact of these sporadic slowing of traffic begins with the volume of traffic coming onto the
road, increased by any traffic entering from a side road. There may be some decrease in the length of the traffic jam as
traffic seeks to avoid it by leaving at the next junction. This may well cause local problems on these occasionally used
narrow roads, especially if going through urban settlements. Some people, exasperated with the delay, may just stop at a
Motorway Service Station until the traffic density declines.

Juxtapose this traffic jam scenario to the Letcombe Brook. Incoming traffic is the combination of rainfall input and
groundwater supplying and creating the traffic density at the road source (Water level/flow at the Letcombe Bassett
gauge). Side roads consisting of ephemeral side streams in the upper reaches of the Letcombe Brook add to the traffic
flow as do the floodplain additions from streams such as the Humber Ditch or sewage outflow. The various fast/slow
regimes of the traffic jam are the currently unorganised opening and closing of the various sluices along the length of
the Letcombe Brook. Broken down cars or accidents are things like storm damage trees falling into the Brook or silting
of a length of Brook creating a narrower channel (mimicking a lane closed on the motorway). The Motorway service
stations, where traffic density additions are stored for some time, are the various ponds along the length of the Brook
providing a time-limited storage facility.

The Radar Gauges to be installed along both Brooks will continuously monitor the stream water depth, and by
consideration of the geometry of the channel cross-section at their location and measurements of flowrate, volume flow
can then be calculated to create a Rating Curve (see FFRG Report 4). This combination of flowrate (road speed) and
volume (number of cars per length of road) will be variable depending on the operation of sluices and pond
filling/emptying. By comparing the various water levels, it will hopefully become apparent which sluices are open or
closed and at which time.
The diagram illustrates how this might work. In “A”, the Sluice 1 Gr;igzrl Sluice 2 Giigirz
Pond is releasing water below Sluice 1’s opening. Sluice 2 Y I Y
further down stream is completely open. The volume flow
beneath the two Radar gauges should be the same providing _
no additional water enters or leaves from side streams/exit
channels. In “B”, the volume flow exiting the pond

) Radar Radar
controlled by Sluice 1, as measured by Radar Gauge 1 Sluice 1 Gauge 1 Sicez  Gauge2
remains the same, but Sluice 2 is now partially closed. This ® Y
will raise the level upstream between Sluice 1 and Sluice 2,
while lowering the level downstream of Sluice 2 which will _

be registered by Radar Gauge 2.

Interpretation of the various different flow regimes between sluices during different storm regimes, as measured by the
Radar Gauges, will hopefully, lend insight into the proportional effect of each of the restrictions to volume flow.
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Traffic Flow Models
There are many Traffic flow models, some with the complexity to deal with large city traffic flow simulation.

What is required to simulate our local catchment stream scenario is simplicity and the ability to amend or re-code the
model to our particular situation and parameters.

Vehicle RouteChoice Node

Of the models available, the following may be useful. F——

This is a macroscopic traffic simulator, written in Python, and implements
flow/density/velocity relationships. You can directly edit the flux/density [ 2‘11&:}32;‘.‘;3'. H Eﬁﬁ'&;ﬁ:ﬁ }a[ Comgate ode
relationships to represent hydraulic relationships and add storage/ponding '
nodes. This is possibly the closest analogue to our streamflow problem and
indicates minimal re-writing - a first step towards feasibility.

UXSim Start
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SUMO (Simulation of Urban MObility)

This is a mature, full featured open source and widely used model. It’s
microscopic - so mapping to “water parcels” is conceptually possible (e.g. in
the model treat individual vehicles as parcels of water). The model allows
control of vehicle insertion, speeds, links and external controllers. It’s micro-
behaviour analogues (localised constrictions, obstacles, dynamic control (e.g.
sluice gates)) would appear to lend itself to our application.

There are many other models, which may provide solutions once the general idea of using traffic models for modelling
streamflow has been appreciated. Some of these within the Open-Source/Free Mobility Simulator Models are:

MATSim, CityFlow, MovSim, OpenTrafficSim, petervanya/traffic-flow, Q-Traf

At this stage, the above two models , UXSim and SUMO will be considered as possible candidates for transfer to our
particular fluvial application. At this stage, we do not have sufficient Brook sectional flow data to fully implement these
models - it will initially be just a simulation exercise creating a range of scenarios using predetermined source water
volumes, pond levels and sluice operation. This is because, until the Brook water level Radar Gauges are installed, we
do not have the information to go further. If indications are that Flood Modelling might be usefully achievable, we will
still need sufficient Radar Gauge time-series data collected over many months, possibly at least a year, before any
pattern might be discernable within the overall dataset. This is not a quick fix and may not even provide information
that could be relied upon.
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