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How do we map landscape changes to
effective model parameter changes to . =
reflect distributed catchment measures?




Large Scale and Paired Catchments

K Primary focus 3 large
- Cumbrian
™ catchments
* Kent 212 km2
* . Derwent 663 km?
Eden 2286 km?

Up to 30 years of EA data

Baseline modelling

(e e )

interventions

High resolution in space and time necessary
Complex processes must be represented

4 N

\° Baseline modelling of micro-catchments to ensure the model representing processes effectively

modelling the effects of NFM changes /

____
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Understanding the processes:
* Core catchments extremely complex >200 km? to >2000 km?
*  Micro catchments <1 km? help us to represent processes
*  With partner help - paired catchments help us understand possible effects of NFM interventions

J

Y & X Baseline / NFM modelling
B

Commercial / \
\ Channel re-alignment

Woody dams forest
2 = commercial afforestation in planning After intervention:

‘horse jumps’, ‘KerPlunk’
& debris dams

management

e Can we quantify
change?

* How do we represent
change in model

- Tree (scrub) planting parameter values?

N 4

. Woody dams

‘tree stems’

Peatland restoration,
tree (scrub) planting &

woody dams
‘tree stems’ & ‘plank walls’

IRISH SEA ‘Hydrohedges’

' Woody dams
(being installed) - 1

small debris dams

wy

‘Whiskey barrel dams’ i o
(in planning)

HHHH



~a NATURAL FLOOD
P MANAGEMENT
—

RESEARCH PROGRAMME

Distributed modelling framework
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Distributed rainfall-runoff + 2D & / i
Hydrodynamic Model // AL

| Cleator. % Q% b. 3 /‘
P e QCWM%% weird
;;\ « Egremont, & J/ A (',/, '}‘-'ro

Parsimonious hillslope hydrology using
interacting Hydrological Response Units

Additional
storage

Capture different processes influenced
by NFM

Surface / sub-surface interactions

Efficiency allows time undertake

uncertainty analysis e =
drol N
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Scaling-up

....same technique applied to the Kent (EGU2019)

¥

Finding that whilst the large-scale model
useful, focussing in on smaller domains
with faster runtimes also helps




Lowther stream diversion

Stream diversion over
meadows from Back
Greenriggs micro-flume

Bessy
Gill  pa f

; ,;.[ Back

]

- Greenriggs

;
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Ponding near
the road after
Dec 2019 event

rust
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Stock Beck East (...if all those gaps blocked)

NFM designed to enhance
floodplain storage can improve
climate change resilience using

the landscape as a natural

adaptation pathway

Observed and Modelled outflow at Bessy Gill Q-NFM flume 10-12 Dec 2019.

HEC-RAS 2D model driven by inflow at Greenriggs and net rainfall.
0.45

0.4

Observed Flow Bessy Gill
0.35

HEC-RASRun 1; n=0.035

03 Observed Flow Greenriggs (inflow)

= rainfall @ Greenriggs

o
P
5}

Flow (m3/s)

Lowther Bessy Gill - ’ Y
With newly captured data for Nov/Dec we
calibrated a direct runoff and losses model
We drove the model with Greenriggs flows
and direct rainfall on the catchment between
the gauges...\We have to deal with bypass flow
and sub-surface losses
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Micro-catchment modelling: Hydro-hedges

* NFM Modelling:
Hydro-Hedges

 Thanks to Peter
Bullard and Dave
Kennedy
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 Thanks to the
Cumbria
Wildlife Trust

Tebay Gill: Peat restoration
and Letterbox leaky barriers

Plan: LB_1_8 SA Connecti

n: lb_Ilh_8

Letter box means level is receding slowly at thisjarrier

1800
03Feb2019
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Penny Gill above community at risk Flimby

4 Floodplain
Modelling so far | & Th- Modelling Issues
e With 8 of 10 Leaky Barriers _, channel
) = . q " | Esnaes cactment g::!'t‘:’-sNFM -7 Leaky B .
river logs) we initially = problem gaining an
. o I — accurate DTM here.
estimated 5% change el 0o L
. 9 e Our next step is to include
downstream at Flimby - g :
= all features and calibrate
(larger change at flume) HEC-RAS 2D model for the 100 year Return Period (1% AEP) for Penny once there is a big
° 1% AEP design event Gill comparing ReFH design hydrograph with baseline and NFM scenario calibration event

for 7 leaky barriers at tidal outflow location in Flimby

2.5

 We also collaborated to
investigate performance
and provide guidance on
siting leaky barriers in a
larger system

5.0 6.0 @
- Landowner

West Cumbria Rivers Trust

Caring for our Lakes and Rivers

Flow (m3s-1)

-0.5

time (hours)

= = ReFH Direct runoff estimate e RP100 N0 NFM ~—=RP100 7 Leaky barriers



NATURAL FLOOD
Pl MANAGEMENT

sl RESEARCH PROGRAMME

Understanding performance

We teamed up with Maths Foresees network and highlighted some useful rules:

* Avoid siting of leaky-barriers on main stem unless mitigations such as
engineered log jams

* Seek areas of lower slope and wide channel rather than putting in lots of
barriers in

JBA
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Applying the network model
to Penny Gill

Simulations

Time t [h]

Current dam positions Bos| f
245m3 Stored, 4% o 05 1 15 szzst[hls a5 4 45 5

reduction

- if/j: e ——
o ~ —— == == ||
0 0.5 1 1.5 2 25 3 35 4 —: 5
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20 dams
457m3 stored 3%
reduction

Time t (]

U

A lot more work,

[} 0.5 1 1.5 2 25 3 35 4
Time t [h]

more storage but JE. L —

not necessarily as ol / Av\
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With
thanks to
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University
of Oxford
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e DB2
MSSQL
@ orade
@ rostais
/ Spatialite
& ArcGisFeatureServer
@ ArcGisMapServer
© ows
& Tile Server (XY2)
@ wes
@ wrs
@ wms

Layers Panel
¢ §l & 7 &3 & 0O
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Comparing with a surrogate for satellite Flood
Foresight* flood event footprint

Add constraints based on spatial evidence

* Key modes used

>Y Y o i to drive HEC-RAS
. 2D model and
....... s pattern of
- flooding
i assessed
Red footprint comes from ) Accept or rejeCt
clusters of

a key mode (MC 541) . A
where peaks on all simulations

~ tributaries are high — but based on
k th t ob d
S [EUNEL 2 GRS remotely sensed

- we could reject 27 ;
simulations or 10% spatlal patterns

LowerKentSedgwick

T
500 1000 1500

Index

Ensemble predictions

Presented at EGU 2019
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#QNFM

NERC_QNFM

@NERC_QNFM I
We are a team of Lancaster University scientists who are leading one of three T H A N KS °

major new NERC-funded projects into the effectiveness of Natural Flood
Management

© Lancaster, England &’ lancaster.ac.uk Joined January 2018
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