National Report of Great Britain 2016

M. Greaves

Ordnance Survey Lead Consultant — Geodesy,

Ordnance Survey, Adanac Drive, Southampton, Urdieddom, SO16 0AS
mark.greaves@o0s.uk

R. M. Bingley, D. F. Baker & D. N. Hansen

NERC British Isles continuous GNSS Facility (BIGRNpttingham Geospatial Institute, University of
Nottingham, Triumph Road, Nottingham, NG7 2TU, UK.

richard.bingley@nottingham.ac.uk, david.baker@ngtiam.ac.uk, dionne.hansen@nottingham.ac.uk

P. Clarke et al

School of Civil Engineering & Geosciences,

Newcastle University, Newcastle upon Tyne, NE1 7R,
peter.clarke@newcastle.ac.uk

Abstract. Activities of Ordnance Survey, the
national mapping agency of Great Britain. Also |9SNet _ g
activities from NERC British Isles continuous ’
GNSS Facility (BIGF), and Newcastle University.

Keywords. Ordnance Survey, NERC British Isles
continuous GNSS Facility (BIGF), Newcastle
University.

1 Ordnance Survey activities

1.1  National GNSS network

The OS Net network contains 108 stations, runs on
the Trimble Pivot Platform (TPP)™ software and

delivers RTK corrections via GSM and GPRS to

approximately 250 Ordnance Survey surveyors.
Public services are also available via Ordnance
Survey commercial partners.

Commercial partners take the raw GNSS data
streams from OS Net servers via NTRIP and use
them to generate their own correction services.

Current commercial partners offering RTK
service in Great Britain are AXIO-NET, Leica, Soil

Essentials, Topcon and Trimble. Current partner o
details can be found at : 1 EPN data submissions

hitp: //www.or dnancesur vey.co.uk/business-and-gover nment/products/os- Current EPN submissions from GB are hourly

net/indexht. data from HERS, HERT (run by the Natural
Environment Research Council, NERC) and MORP
(run by Newcastle University) and now also files
from DARE, INVR (OS Net stations, previously 24
hour files). Station NEWL (run by University of
Nottingham) contributes 24 hour files.  Soon
additional stations that were part of the ITRF2014
solution will be included in the EPN data

Fig. 1 OS Net GNSS Network



submission : SHOE, SWAS, SNEO, PMTH, CHIO, PMTG, SHEE, SWTG) are included in the IGS
ADAR, ARIS, LERI, STRN, EDIN, SCIL. TIGA Project, and all stations are included in the

RTCM 3.0 data from EPN stations DARE, INVR EUMETNET  (Network  of ~ European
and from OS Net station SHOE are streamed in realMeteorological Services) GNSS water vapour
time via NTRIP. This is in addition to RTK data Programme (E-GVAP).
from HERT.

1.3 Geoid and transformation model
improvement

A collaboration between Ordnance Survey (GB),
Ordnance Survey lIreland and Land & Property
Services Northern Ireland has resulted in an
improved geoid model across the United Kingdom
and Ireland region.

The model raw date format is unchanged and a
new transformation software utility has been
produced. The utility can be downloaded from
https://bitbucket.org/PaulFMichell/gridinquestii.

The utility is open source so the source code @n b
downloaded also.

National CORS ETRS89 coordinates, aligned to
the EUREF IE/UK 2009 campaign will be updated
and the new model will go live at the end of August
2016.

2 BIGF — NERC British Isles
continuous GNSS Facility

BIGF is operated from the University of Fig.2The BIGF Network 2016
Nottingham, and is funded by the UK Natural

Environment Research Council (NERC). BIGF Quality assured RINEX data and derived
archives quality-assured RINEX data and Createsproducts can be requested from www.bigf.ac.uk.

derived products, based on a network of continuousc,mulative demand on the archive from 1998/9 to
GNSS stations sited throughout the British Isles. 5015/16 was approximately 12,173k station-days
This network includes the active stations of OSGB (33 328 station-years), comprising approximately
plus those of Leica Geosystems, Ordnance Surveyg gg7i station-days (18,308 station-years ) of 30
Ireland and Ordnance Survey Northern Ireland. It gocond data, 60k station-days (164 station-yeafs )

also includes a number of ‘scientific’ stations 1, gata and 5,426k station-days (14,856 station-
established by: the UK Met Office; the University years) of derived products, with the 1Hz data and
of Nottingham; the UK Environment Agency the derived products having been available for 5.5
Thames Region; the NERC Space Geodesy Facility,years now and with a broadening of the science

Newcastle University; and the University of 5nny1ly making use of the archive, such as ongoing
Hertfordshire, with the University of Nottingham’s = g ,dies” of land movement and sea level, e.g.
contribution being carried out in collaborationlwit  15misiea et al (2014) and Bradshaw et al. (2016),
the NERC National Oceanography Centre, 4ng atmospheric work in both the ionosphere and
Liverpool and the NERC British Geological Survey. troposphere, e.g. Ahmed et al (2016), facilitatgd b

Figure 2 shows the current network of over 150 poth historic data and ongoing hourly and dailyadat
continuous GNSS stations, which includes three fom this dense network.

stations (HERS, HERT, MORP) that are part of the , . .
IGS, and eleven stations (BELF, CSTB/CASB, B.IGFS der_lved products m_c_lude re—process_ed
DARE, ENIS, FOYL HERS, HERT, INVR, station coqrdlnates and velocmgs, near_real—tlme
MORP, NEWL, TLLG) that are part of the EPN, [n roPOSpheric parameters (15 minute estimates of
addition, ten stations at tide gauges (ABER, DVTG, zenith total delay, zenith wet delay and integrated

LWTG. LIVE. LOWE. NEWL. NSTG/NSLG water vapour) and re-processed tropospheric
’ ’ ' ’ ' parameters, and are aimed at facilitating the




scientific research of non-GNSS specialists. The
most recent BIGF map of current vertical station
velocities is shown in Figure 3.
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Fig. 3 Map of current vertical station velocities at 16&ES
stations in the UK, based on CGPS measurementidor
period from 1997 to 2015:273

This map is based on a re-processing of data from
1997 to 2015:273 with Bernese Software version
5.2, connecting the BIGF network to the IGB08 via

a global network of reference stations, and using
C13 (CODE repro2/repro_2013) re-analysed

satellite orbit and earth orientation parameter
products; mitigation of 1st and higher order (2nd

and 3rd order and ray bending) ionospheric effects;
a-priori modelling of troposphere effects using

VMF1G and mitigation using zenith path delay and

gradient parameters; 108.ATX models for antenna
phase centre variations; and models for Solid Earth
tides, ocean tidal loading and atmospheric tidal
loading that are consistent with IERS (2010)

conventions.

In addition to EPN, IGS TIGA and E-GVAP,
examples of research projects using BIGF quality-
assured data in 2015/16 (UK unless otherwise
stated) are:

Collecte Localisation Satellites (France) -
Study on the effects of solar activity on ECAC
(European Civil Aviation Conference) zone.

Cranfield University - Acoustic Doppler
current profiler positioning near river
engineering structures.

Defra, Rural Payments Agency - Post
processing of farm inspections data by RPA
field surveyors to meet the Common
Agricultural Policy regulations.

ETH Zurich (Switzerland) - Monitoring
surface deformation in Europe.

Finnish  Geospatial Research Institute
(Finland) - 3D spectral reflectance

measurement of forest canopies by UAV
imaging and passive and active terrestrial
measurements for the purposes of improving
the estimation of essential climate variables
(ECVs).

Imperial College London - A novel GNSS-
based positioning system to support railway
operations.

Imperial College London - High accuracy
GNSS processing for a road vehicle.

Lancaster University - Piloting a cost effective
framework for monitoring soil erosion in

England and Wales using terrestrial laser
scanning, close range photography, and UAV
aerial photography.

Los Alamos National Laboratory (USA) -

Understanding atmospheric and ionospheric

response to hypersonic objects in the
atmosphere.
National Institute of Information and

Communications Technology (Japan) -
lonospheric research using total electron
content over Europe.

NERC British  Geological Survey -
Geophysical tomography to monitor landslide
movement.

NERC British Geological Survey - Mapping
landslide movement using a GPS smart rover.

NERC National Oceanography Centre,
Liverpool - Proof of concept: use of GPS
reflection measurements for tide gauge
levelling.

NERC Space Geodesy Facility - South
baseline comparison at the NERC Space
Geodesy Facility, and of other baselines.

Newcastle University - Exploring the potential
for precision nutrient management in China.



Newcastle University - GNSS Wave Glider: A
new tool for sea level and sea state
measurement.

Newcastle University — Multipath mitigation
for GPS and GLONASS with application in
earthquake and tsunami early warning
systems.

Plymouth University - Bathymetric data

processing to assess the impact of extreme
storm conditions in 2013/2014 on the

southwest coast of England.

Royal Observatory of Belgium (Belgium) -
Densification of EUREF Permanent Network
for ionospheric studies.

Universitat Autonoma de Barcelona (Spain) -
Advanced assistance services of high
performance in harsh environments, part of
Marie Curie Initial Training Network MULTI-
POS.

University College London - CARDyAL
(Cooperative Aerodynamics and Radio-based
DYnamic Animal Localisation).

University of Bath - Space weather effects.
University of Birmingham - Geophysical
methods for identifying streambed structural

heterogeneity and implications for
groundwater - surface water exchange flow.

University of California, San Diego (USA) -
GNSS high precision data processing.

University of California, San Diego (USA) -
GNSS seismology: investigate how GNSS can
contribute to an early warning system.

University of Highlands and Islands,
Millenium Institute. Investigation of remote
Viking sites in Shetland for a BBC television
program.

University of Leeds - Strain-rates of crustal
deformation in the Betics-Rif ranges (Gibraltar
arc).

University of Luxembourg (Luxembourg) -
The potential of precipitable water vapour
measurements from GNSS in Luxembourg.

University of Nevada, Reno (USA) - Towards
a global ambiguity resolved precise point
solution and time series.

University of Nottingham - Design, develop

and implement an advanced mobile scanning
system to monitor railway, road and mining

infrastructure.

University of Nottingham - Investigating the
effect of constellation geometry on precise
point positioning.

University of Nottingham - Severn Bridge
deformation project.

University of Oxford - EUROPA?2 - European
Robotic Pedestrian Assistant 2.0.

University of Wales, Bangor - Assessing the
rate of coastal erosion along an exposed,
northwest facing glacially derived cliff-line
using terrestrial laser scanning.

University of Wales, Bangor - Evolution of the
Menai Strait.

University of Wales, Bangor - Monitoring the
effects of storms on a lagoon backed shingle
barrier system using terrestrial laser scanning.

Examples of research projects using BIGF
derived products in 2015/16 (UK unless otherwise
stated) are:

» Environment Agency, Flood and Coastal Risk

Management (FCRM) - Land level change for
the Thames region possible implications for
the Thames Estuary 2100 plan.

Imperial College London - A novel GNSS-
based positioning system to support railway
operations.

Los Alamos National Laboratory (USA) -
Understanding atmospheric and ionospheric

response to hypersonic objects in the
atmosphere.
NERC Space Geodesy Facility - Inter-

technique comparison of coordinate time
series as Herstmonceaux examining thermal
expansion effects.

University of Glasgow/Newcastle University -
Is Glacial Isostatic Adjustment continuing in
Scotland?

University of Hertfordshire - Aerosol and
Clouds Consortium - cirrus climatology from
ground-based remote sensing.

University of Nottingham/University of
Birmingham - Earthquake analysis feasibility
study: analysing long term time series to
identify changes in patterns due to earthquake
events.

University of Nottingham - Investigating the
effect of constellation geometry on precise
point positioning.

University of Nottingham - Monitoring

ground deformation patterns at London and Thames



Estuary area from 2002 to 2009 by using ISBAS 3.2  National and international geodetic

DInSAR results. networks

. University of Nottingham - Validation and Newcastle University has continued to contribute to

implementation of direct tropospheric slant delay the International GNSS Service as an Associate

estimation for precise real-time positioning. Analysis Centre, providing daily and weekly global
coordinate combinations in parallel with the offici
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