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Overview - Introduction

1) COSMOS-UK national soil moisture monitoring ‘ COSMOS-UK ‘ ‘ UK Centre for
network. Ecology & Hydrology

2) Brief look at UKCEH Greenhouse Gas (GHG)
Flux Network.

3) What's coming: Floods and Droughts Research
Infrastructure (FDRI)

AR g D1
¢ FDRI
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1)

2)

3)

COSMOS-UK: Introduction

Aim: Delivering UK wide soil moisture and weather
data using cosmic-ray neutron sensors (CRNS)

CRNS technology enables an
Integrated measure of field-
scale soil moisture (up to 200 m
footprint radius), averaging out soil
heterogeneity.

CRNS bridges the scale gap
between point and satellite
measurements.

CRNS enabled the deployment of
a low-maintenance near real-
time telemetered network.

UK Centre for
Ecology & Hydrology



Applications for COSMOS-UK Data

Soil Moisture

Hydrological Outlooks Process understanding |

,\_
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Met Office

Weather Forecasts

Weather prediction >*Wildfiremitigation

Water services

gl e Flood Risk Estimation PR T Groundwater recharge |

Hill slope stability

90 CMIPS Climate Models vs. Observations

Drought monitoring N W e o s B _

. WY e Irrigation scheduling
Climate studies e g
Climate models Input to land-
atmosphere models

Greenhouse gas
O UK Centre for controls )

Ecology & Hydrology




COSMOS-UK: Site Instrumentation

"A'typicallCOSMOS-UK
monitoring site )

3D sonic anemometer

pree

.....

......

Sub-surface - soil heat flux
plates, soil sensors (TDT),
soil temperature profiler /
and soil moisture profiler

. eighing ram gauge

X - - Datalogger g -

. From: Cooper, H. M., et. al.(2021) "COSMOS-UK: national soil moisture

K t f . . 1"
gcofsgyrg Hc;frdrology and hydrometeorology data for environmental science research". Earth

Syst. Sci. Data, 13, 1737-1757, doi: 10.5194/essd-13-1737-2021



http://doi.org/10.5194/essd-13-1737-2021
http://doi.org/10.5194/essd-13-1737-2021

v

Acclima Time Domain
Transmissometry (TDT)
point soil moisture
sensor (bottom left) &
Soil heat flux plate
(top right)

UK Centre for
Ecology & Hydrology

Cosmic Ray
Neutron soil
moisture Sensor
(CRNS) or
‘COSMOS’ Probe —
field scale
measurement

Above: Phenocam photo from
Berambadi Eddy Covariance flux
tower & COSMOS site, Karnataka,
India

Shows approximate COSMOS

‘footprint’ or measurement area




COSMOS-UK website
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COSMOS-UK: Hydrological Applications

» Several studies (e.g. Peng et.al.
2021) have compared JULES
model and EO soll moisture with
COSMOS-UK data.

» Data Assimilation (DA)

* Full model driving data available

e Evaporation (PE & ETa,) for water
balance studies.

* Land cover changes

e Show Water Equivalent Fincham COSMOS-UK PhenoCam, East Anglia.
Snow February 2018, rapeseed oil crop

2021. Wallbank, J.R. et.al., 2021 July 2018, bare field in September 2018. From

Hydrological Processes, 35, 14048, Cooper et. al. 2021, Earth Syst. Sci. Data, 13,
DOI: 10.1002/hyp.14048 17371757

UK Centre for o _ _ _ _ _
Ecology & Hydrology Peng J. et. al. 2021, Estimation an_d evalua_tlon of hlqh-res_oll_Jtlon soil moisture from
merged model and Earth observation data in the Great Britain. Remote Sensing of

Coryvrivrivivva~sittE DA



https://doi.org/10.1016/j.rse.2021.112610
https://doi.org/10.1016/j.rse.2021.112610
https://doi.org/10.1016/j.rse.2021.112610

Improved Pedo-transfer Functions via DA
Combining JULES with observations to
iImprove soil moisture estimates

https://www.youtube.com/watch?v=mxD0enCHQ6E

0.45 |

-~ Prior

E. Cooper,! E. Pinnington?, g o j? posterior
0.35

— 0.30
H. Cooper! 5 0.5
1 UKCEH, Wallingford, UK
2 University of Reading, UK

R. Ellis, E. Blyth!, S. Dadson’, E V

S 0.20 J\
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email: elicoo@ceh.ac.uk
o

2021. Cooper, E., Blyth, E., Cooper, H., Ellis, R., Pinnington, E., and Dadson, S.
COSM OS_U K‘ J., "Using data assimilation to optimize pedotransfer functions using field-scale in situ

soil moisture observations". Hydrol. Earth Syst. Sci., 25, 2445-2458, doi:
10.5194/hess-25-2445-2021

UK Centre for British National Centre for

NATURAL ENYIRONMENT RESEARCH COUNCIL NATURAL ENVIRONMENT RESEARCH COUNCIL

;ﬂ Hydro-JULES ‘



https://www.youtube.com/watch?v=mxD0enCHq6E
https://doi.org/10.5194/hess-25-2445-2021
https://doi.org/10.5194/hess-25-2445-2021

Key
® COSMOS-UK sites

Scalable Information

« UK wide coverage

Varying spatial density o
 Sampling wide range S s o

of climate, land cover, solls, geology and .. A ™

topography i iyl

0

« Co-located with existing research / monitoring & ) B

where possible S e
 Calibration, validation, data assimilation & .Mw' ..xm%m;.;,m..m

machine learning are keys tools to leverage ﬁ;‘i{t:.m .%m:“:;

COSMOS-UK data to improve gridded products. o o e

UK Centre for o
Ecology & Hydrology ceh.ac.uk | 10



Achieving Impact in Water, Climate, Space Weather...

* NeW mSIQhFS and ] Future increases in soil moisture drought frequency at UK
actionable information monitoring sites: merging the JULES land model with

from observations observations and convection-permitting UK climate
' projections

Magdalena Szczykulska™ (2}, Chris Huntingford (2}, Elizabeth Cooper (2} and Jonathan G Evans

° Pohcy & pracuuoner I;’ub.lished 5tsT;::emberth0;:1 . ©V2|024 T:n: .:utht;r(s].12ublished by 0P Publishing Ltd
relevant operational soll
moisture products.

Land-Atmosphere Interactions Exacerbated the Drought and
Heatwave Over Northern Europe During Summer 2018

Paul A. Dirmeyer g4 Gianpaoclo Balsamao, Eleanaor M. Blyth, Ross Marrison, Hollie M. Cooper

. Attracts Sustalned First published: 15 April 2021 | https://doi.org/10.1029/2020AV000283 | Citations: 52
fundlng Supportlng Iong_ Detecting Ground Level Enhancements Using Soil Moisture
term networks. Sensor Networks

A. D. P. Hands g& F. Baird. K. A. Ryden. C. 5. Dyer, F. Lei, ]. G. Evans. . R. Wallbank, M. Szczykulska,
D. Rylett, R. Rosolem, S. Fowler, D. Power, E. M. Henley

) In turn dnves |nnovat|on First published: 14 July 2021 | https://doi.org/10.1029/2021SW002800 | Citations: 4

In water science & Comparison of Met Office regional model soil moisture with
measurement techno|ogy COSMOS-UK field-scale in situ observations

Elizabeth Cooper B Cristina Charlton-Perez, Rich Ellis

UK Centre for First published: 11 April 2024 | https://doi.org/10.1002/asl.1236
Ecology & Hydrology ceh.ac.uk 11




Daily 1 km Soil Moisture: 2018 Drought

Machine Learning Daily |
Soil Moisture Map

Using many data inputs
Including COSMOS-UK :

UK centre for 0 100000 200000 _30(}000 mogop 500000 600000
easting - OSGB36 grid
Ecology & Hydrology reference [m]



COSMOS-UK — Exemplary Accessible Data

1. COSMOS-UK website — view live data now: COSMOS-UK ‘ ‘
https://cosmos.ceh.ac.uk/data & Use API

2. Download complete datasets from EIDC (data available from 2013 to
end of 2023): https://doi.org/10.5285/5060cc27-0b5b-471b-86eb-
71f96da0c80f

UK Centre for
Ecology & Hydrology

3. International Soil Moisture Network

Data is fully described and can be referenced via: "COSMOS-UK: national soll
moisture and hydrometeorology data for environmental science research". Earth Syst.
Sci. Data, 13, 1737-1757

UK Centre for NATIONAL CAPABILITY
O UK Centre for Ecology & Hydrology  FZe]=R0) Qe 2 V-\ N N = N[e] S
Ecology & Hydrology 13



https://cosmos.ceh.ac.uk/data
https://doi.org/10.5285/5060cc27-0b5b-471b-86eb-71f96da0c80f
https://doi.org/10.5285/5060cc27-0b5b-471b-86eb-71f96da0c80f
http://doi.org/10.5194/essd-13-1737-2021
http://doi.org/10.5194/essd-13-1737-2021

UKCEH GHG Flux Network (it

48 active sites 250 site-years
m Mi l
Urban i inera _
W Peat
soonorey [N -
e [ C
Saltmarsh - .
Pristine /
restorsd peatland _ _
0 5 10 15 0 20 40 60 80 100
Number of active sites Number of site-years

+ four sites in the Falkland Islands

UK Centre for
Ecology & Hydrology




What is the Floods and Droughts
Research Infrastructure (FDRI)?

The NERC-funded FDRI facility will provide open
access to field- and digital-infrastructure for
floods and droughts research.

An innovative whole system approach to
catchment monitoring & landscape-scale

investigations.

UKRI announce intent to
fund (£38M over 5 years)

Reports published

l

PHASE |
2020-2022

PHASE 2
2022-2024

SCOPING

UK Centre for
Ecology & Hydrology

PLAN & DESIGN

Funding secured

|

Infrastructure installed

A

@

PHASE 4
2029
onwards

{ PHASE 3
| 2024-2029
\ /

OPERATION

QMPLENTATIOW

AT FDRI

Request for more observations
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Three catchments
representative of the UK
Open access data streams
Open-air labs & testbeds
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New tools for flood flow

measurements
—"To measure flood flows . | Drone-readable
with a drone.... gauge-boards in
| sy »} * i field?

o — e £

Bl oot pIa topogrzﬁl‘ Z\Rwer bathymetry

mapped with drone- mapped with ADCP

mounted’LiDAR

UK Centre for
Ecology & Hydrology




The FDRI Vision

The FDRI facility will address contemporary issues in the water i
environment, such as: =
= Solutions to mitigate the effects of climate change
on flooding & water shortage.
= Water pollution problems and viable solutions.

» Valuing Blue-Green infrastructure.

* Improving flood forecasts.

= Water solutions for food, energy and nature.

= Maximising digital systems to manage water.

UK Centre for
Ecology & Hydrology



FDRI Digital Objectives

Delivering new FDRI monitoring data
o Exemplar of gold standard sensor data management
Enhancing access to existing hydrological data

o  Exemplar of community data commons, providing new
research opportunities

Providing platforms for data-driven hydrological
research

o Infrastructure to change the way data-driven
research is undertaken

Supporting the community

o Creating the next generation of digital-first
hydrologists

O ILEJKICentrS.'fliilorCI | FDRI — e
coogy & yaroogy POWO® - ()
‘\__/’5

5
I |“L |

o ek by

Jine 2022

HW’ University of
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Thank You

Any questions?

UK Centre for
Ecology & Hydrology

S e R | 7 pe
¥ -Z ;; : '.v"*..‘ . e 2 X / o *

i ; 20 Pk
K o N R N o
TN o
. ! ) € MERR A
an s .“"' S B A
» "'h'y';""?' X v_"l‘.lg 'rl-,‘«‘,
' [ R o 'y )
MO ALY 2 :
DU T g O
"h'ﬁ“ ,‘(‘ "1 3 Y\*\
RS MU RS




Site Types for FDRI

Research gauging
Station

Scintillometers:
line of sight >
2km

Risk & Time

A'typical'€OSMOS-UK -
‘monitoring site , . y sl
Single e S s

wireless Qf ,

sewr

-

Forest Flux
Towers
(Evaporation)

Complexity

UK Centre for
@ i, AR TR

EA Permits
Env RA
Soil/ground
Engineering
survey (towers
etc.)

Utility Supply
Radio Licence
(radar & Scinty)
Planning
Visual Impact
Design/location
for best
performance



ISMN COSMOS-UK Download Statistics
for July to December 2024

COSMOS-UK download requests for the last 6 months = 1,478
Download requests for all time (beginning 2023) = 4,547

Percentages of download requests by area of GEO societal benefit (July 01, 2024 -
December 31, 2024)

Agriculture (33.2 %)
gricuiture \ lCWRGC

Water (29‘1 %} International Centre
Climate (19.4 %) fc?lg \é\gtg;‘:s;zurces and
Ecosystems (9.0 %)

Disasters (4.8 %)
Weather (2.6 %)
Biodiversity (1.4 %)
Energy (0.3 %)
Health (0.1 %)

BfG Federal Institute
of Hydrology

UK Centre for
Ecology & Hydrology 29




EO & Gridded Model Applications

Triple co-location to evaluate and merge soil moisture
products. SeeN

Essentially operating in comparison mode, for example:
Validation of Spaceborne and Modelled Surface Soil
Moisture Products with Cosmic-Ray Neutron Probes

52°N

Carsten Montzka, Heye Bogena, Marek Zreda, Alessandra
Monerris, Ross Morrison, Sekhar Muddu and Harry Vereecken
Remote Sensing. 2017, 9(2), 103; doi:10.3390/rs9020103 L g*

[ — N — ]
0 0.2 0.4 0.6
“the Rur catchment in Germany, the COSMOS sites in Arizona and SM (m* /m")
California (USA), and Kenya, one CosmOz site in New South Wales _ S
(Australia), and a site in Karnataka (India).” Fig. 1. Distributions of 38 COSMOS-

' : : UK stati d in this study. Th
Peng J. et. al. 2021, Estimation and evaluation of stations used in this study. The
base map is the spatial pattern of

high-resolution 50|I_m0|sture_ from merged model simulated soil moisture from JULES.
and Earth observation data in the Great CHESS on 2015.04.22.
6 UK Centre for Britain. Remote Sensing of Environment, 264

Ecology & Hydrology ceh.ac.uk | 30



https://doi.org/10.1016/j.rse.2021.112610
https://doi.org/10.1016/j.rse.2021.112610
https://doi.org/10.1016/j.rse.2021.112610
https://doi.org/10.1016/j.rse.2021.112610
http://dx.doi.org/10.3390/rs9020103

he Scale Matching Issue

Need for measurement standards and traceability in soil moisture
observations: Euramet Project Soil Moisture Metrology (SoMMet)

https://www.sommet-project.eu/home

Harmonisation of measurement scales both spatial and temporal.

For EO shallow satellite observations can be better matched via

modelling — Beale et al. 2021 Acclima Time Domain
Transmissometry (TDT)

Modelling top 2 to 5cm of soil moisture gives faster response time and boint soil moisture

appropriate depth matching for EO comparison. sensor (bottom left) &
- Current research on horizontal scale matching / harmonisation in Soil heat flux plate
SoMMet. (top right)

J. Beale, T. Waine, J. Evans and R. Corstanje, "A Method to Assess the

Performance of SAR-Derived Surface Soil Moisture Products," in IEEE Journal

of Selected Topics in Applied Earth Observations and Remote Sensing, vol. 14,
O UK Centre for pp. 4504-4516, 2021, doi: 10.1109/JSTARS.2021.3071380

Ecology & Hydrology ceh.ac.uk 31
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