How well can we model river

flows across Great Britain?

Learning from the UK Hydro-MIP model intercomparison
project

Rosie Lane, Helen Baron, Emma Robinson —_—
ur planet.
(and many others!) Decoded.
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We need to be able to model river flows

« Water resource assessment
« Flood forecasting

« Short and long-term flow forecasts
(e.g. UK Hydrological Outlook)

« Providing river flow estimates for
ungauged locations / time periods

« Evaluating the impact of climate and
land-use change on flow

» Alsoimproved understanding of
catchment functioning by treating
models as “working hypotheses”
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| There are many different models available

Different types of models for
different purposes

Lumped
hydrological
models

Land-surface
models

Semi-
distributed and
fully distributed

hydrological
models

Machine
learning
models
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« Different types of models for

. Semi-
different purposes Lumped distributed and
hydrological fully distributed

models hydrological
models

Machine
Land-surface .
learning
models
models

Source: Bell et al. (2009) Journal of Hydrology.
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There are many different models available

» Different types of models for

. Semi-
different purposes Lumped distributed and
hydrological fully distributed
reskation | Hest [vaperstion G0, ‘Cil, ioussutiss models hydrological

Radiation \ /////‘ mOdels

Land-surface IIVIach_lne

earning

models
models

Source: https://jules.jchmr.org/about
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| There are many different models available

Different types of models for
different purposes

Lumped
hydrological
models

Land-surface
models

Semi-
distributed and
fully distributed

hydrological
models

Machine

learning
models
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With all these available models, how to choose?

; Semi-
 Model choice often the result L
of “legacy rather than Lumpeq dlstrll:?ute_d and
adequacy™ hydrological fully distributed
models hydrological

models

Land-surface Mach_lne

learning

models
models

1Addor and Melsen (2019) WRR
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| With all these available models, how to choose?

Model choice often the result
of “legacy rather than
adequacy™

Need for rigorous model
evaluation and
Intercomparison to inform
model selection and
understand model
differences

Lumped
hydrological
models

Land-surface
models

Semi-
distributed and
fully distributed

hydrological
models

Machine
learning
models
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" We've carried out a community model
intercomparison project (the UK Hydro-MIP)

Modellers were invited to submit flows

ﬁ{g following our community-agreed
‘ Jag e protocol:
‘o0 %‘iﬁ\ « Consistent meteorology
;;; g N + 1980-2020
f*‘:“i *ﬂg « 673 catchments (628 core)
: : | ‘%; %fij « Daily mean flows (m?3/s)
198I0 2o|oo 2o|20 c<5£"‘w e Other decisions left to expert judgement

of modellers.
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Submissions included a diverse range of model

structures

Machine Lumped 14+ model structures

Learning Hydrological 074 o ormissi

Models o Models 0o separate flow submissions

Collaboration across 14+ different
Distributed research groups
. Land surface

hydrological models Represents a diverse set of models which

models e 9 are widely used for UK hydrology



$E3UKCEH THE UK HYDRO-MIP 13

We evaluated modelled flows against lower
benchmarks

* Arange of performance metrics were first
calculated for each model/catchment

 Lower benchmarks aim to be intuitive
reference points which the models
should be able to beat, setting a lower bar
for each performance metric
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We evaluated modelled flows against lower
benchmarks

* Arange of performance metrics were first
calculated for each model/catchment 200 -

- Lower benchmarks aim to be intuitive w

reference points which the models
should be able to beat, setting a lower bar
for each performance metric

. 5 -
« Here, we will focus on mean flow for each /\/\/\/\

day of the year as a benchmark

b2 _daily_mean_flow

Flow (m3s~1)

0 . . .
Oct Oct Oct Oct Oct
2005 2006 2007 2008 2009
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We evaluated modelled flows against lower
benchmarks

* Arange of performance metrics were first
calculated for each model/catchment 200 -

 Lower benchmarks aim to be intuitive w
reference points which the models . ; .
should be able to beat, setting a lower bar
for each performance metric

. 5 -
« Here, we will focus on mean flow for each /\/\/\/\

day of the year as a benchmark, and the
KGE performance metric

b2 _daily_mean_flow

Flow (m3s~1)

0 . . .
Oct Oct Oct Oct Oct
2005 2006 2007 2008 2009
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mean_flow)

skill vs b2

(daily

Do we beat the daily
mean flow benchmark? -
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| Do we beat the daily
mean flow benchmark?

Models do not always add value
compared to our simple daily mean
flow benchmark

Especially for a band of catchments
across the southeast

KGEmodel - KGEbenchmark
1 - KGEpenchmark

~0.4 1

What properties of these
catchments make them challenging
to model?
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Common ] ] Aquifer
characteristics of 257 o 74

JY - g ,
catchments where % S/ &
models fail to beat the %
benchmark: j’ H
- 1. High baseflow / presence of highly J\;{iﬁv

productive aquifers.
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Com mon Aquifer mloo

characteristics of FET o

18
s 0‘
% “) mm
5 _o‘ [ Magnesian limestone
catchments where
Ing\ N Jurassic limestones
L) \ Permo-Triassic sandstone

models fail to beat the Lot )
benchmark:

T

B o

o o
ntage of models

beating benchmark kge

Perce

* 1. High baseflow / presence of highly ;’W;’)
productive aquifers.

Violin plots show
distributions across

- 100 A catchments:
® 2 All
O
s S
%) g <= 50 - Where models struggle
T O o | (<25% or <50% beat
O« i » benchmark)
235
S 0 VAN - 8 4 Where models do well
" T T (>75% or 100% beat
benchmark)
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Common
characteristics of
catchments where
models fail to beat the
benchmark:

* 1. High baseflow / presence of highly
productive aquifers.

« 2.Drier catchments

Mean annual
rainfall (mm yr?)

L?w: 500 High: 4S|00
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Common ] ] IYI(:aIT annual_1 mloo
CharaCte”StICS of rainfa (m yr)

catchments where
models fail to beat the O -
benchmark:

* 1. High baseflow / presence of highly
productive aquifers.

Violin plots show

° 2 Drier Catchments distributions across

8 - catchments:

All

(@)
]

Where models struggle
(<25% or <50% beat
benchmark)

Wetnhess
Index
N

N
]
i

= & Where models do well
(>75% or 100% beat
benchmark)
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Common
characteristics of
catchments where
models fail to beat the
benchmark:

« 1. High baseflow / presence of highly
productive aquifers.

« 2.Drier catchments

« 3. Low (or very high) runoff ratios.

Runoff Ratio

m 100
- 80

[=)]
o
ntage of models

T
-y
(=]

Perce

beating benchmark kge

Violin plots show
distributions across
catchments:

All

Where models struggle
(<25% or <50% beat
benchmark)

Where models do well
(>75% or 100% beat
benchmark)
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Other issues that make
catchments challenging

We've looked at catchment characteristics
that are challenging to models on a large
scale, but there are also catchment-
specific issues

m 100
- 80

T

B o

o o
ntage of models

beating benchmark kge

Perce
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Other issues that make
catchments challenging

We've looked at catchment characteristics
that are challenging to models on a large
scale, but there are also catchment-
specific issues, e.g.

« Unreliable/ poor quality observations

m 100
- 80

[=)]
o
ntage of models
beating benchmark kge

T
-y
(=]

Electromagnetic (EM)
gauge installed 2002
- step change in the
record. Flow estimates
for both the original
flume and EM are
poor.

Perce

40006
flow (m3/s)
(@)}

LN
1

1985 2000 2015 2C
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Other issues that make
catchments challenging

looked at catchment characteristics that
are challenging to models on a large scale,
but there are also catchment-specific
issues, e.g.

« Unreliable/ poor quality observations

* Processes missing from models (e.g.
reservoirs, abstractions/discharges,
urban drainage)

High flow
measurement
problems, major
abstraction
immediately
upstream, and
reservoir regulates
flows

Percentage of models
beating benchmark kge

Al
2009-01-01 2010-01-01 2011-01

2005 2010 2015
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Other issues that make
catchments challenging

looked at catchment characteristics that
are challenging to models on a large scale,
but there are also catchment-specific
issues, e.g.

« Unreliable/ poor quality observations

* Processes missing from models (e.g.
reservoirs, abstractions/discharges,
urban drainage)

« Scale mismatch

44009
flow (m3/s)

0.0
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1

=
o
1

Catchment area only

7 km?2

100
- 80

T
=]
o

Percentage of models
beating benchmark kge

e P
28 102093,9 ”

UK National River Flow Archive

|
%M |
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1NN "
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2015 2009-01-01 2010-01-01 2011-C
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Summary

 The UK Hydro-MIP compared simulated flows
from machine-learning, hydrological and land
surface models, all following the same protocol

« The highest model performance is seen for
calibrated lumped models (KGE) - but models
have other strengths

 Models add value compared to the daily mean
flow benchmark for the majority of catchments

« Some common challenges: modelling
catchments that were drier, overlaying chalk
aquifers, very high/low runoff ratios, or data
quality issues.
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