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Introduction 

 
Following on from the debut of IEOS in 2007 and the success of all its series all through to the 
most recent one in 2019 (ICHEC at the National University of Galway), the 14th Irish Earth 
Observation Symposium, IEOS2022 returns in 2022 as a face-to-face event hosted by 
Technological University Dublin (TU Dublin) on the 3rd and 4th November 2022 in Bolton 
Street, TU Dublin, Dublin, D01 K822, Ireland. 
IEOS2022 is supported by TU Dublin’s Faculty of Engineering & Built Environment, School of 
Surveying & Construction Innovation. Additional sponsors will shortly be announced on this site 
and via the @TU834GeoSurv Twitter feed. 
 
The Symposium will commence on Thursday 3rd November 2022, with a mix of plenary 
sessions, parallel sessions, flash talks, poster sessions (35 speakers in total), EO Tech Expo 
networking and social event in the evening. The Symposium will continue through the 
morning of Friday 4th November with workshops. 
The chosen theme reflects the wicked nature of the challenges faced locally and globally by our 
communities. The Symposium will explore the contributions of our sector to addressing these 
issues, including through the use of new and advancing EO and geospatial technologies. 
Applications are also welcome in respect of the following EO/RS/Geospatial areas: 

• Specific fields of application 

• New and emerging technologies 

• Outreach and engagement with communities 

• Contributions to STEM 

• Irish and global contexts/collaborations/differentiators 

• UN SDGs 
We can group topics by the 3 M’s streams: Measurement, Modelling/Mapping and 
Management …of geospatial data. Some examples of EO & Geospatial technologies in STEM 
research: water remote sensing, wetland, marine & coastal applications, Land applications: 
agriculture and agri-food, forestry, peatland etc, Air quality, Carbon Footprint, SDGs, Digital 
built environment, Digital Twins, Smart cities, Housing, Big data, UAS, AI for Built Environment, 
Agriculture (precision farming etc), EO Research funds hunting, …but not limited to these. 
 

MDPI Proceedings Series Journals agreed to publish IEOS2022 
proceedings and a Special Issue Remote Sensing MDPI with 
full-length research articles arising from the conference will be 

arranged with Remote Sensing MDPI. There are also special discounts, up to 100% for PhD 
students and early career researchers and fee waivers. 
 
Enjoy the conference, we are looking forward to the many discussions and networking! 
 
Dr Gabriela Mihaela Afrasinei, IOES2022 Chair 
Asst Lect Geomatics, Faculty of Engineering & Built Environment, School of Surveying & 
Construction Innovation, TU Dublin, Bolton Street 
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Sponsors 

The organising committee are indebted to several organisations that have generously 
supported the hosting of this symposium. Thanks to them, the registration is free, as with all 
the past IEOS symposia, early career researchers (PhD students) can win prizes for best 
talk/poster and attendees can network over coffee breaks, lunch and social events at no cost 
for registration. 
We sincerely thank them for their commitment, without their support, the event would be 
incomplete! 
 

 
Gold Sponsor 
 

 
 
Premium Sponsors 
 

                       
 
 

 
 
 

                        
 
 
 
 



 

iii 
IEOS2022  Technological University Dublin TU Dublin 

EO & Geospatial Tech Expo (3rd November 2022) 

IEOS2022 is delighted to welcome the following organisations to the symposium. We thank 
them for their support and commitment:  
 

 
 
 

• Mallon Technology Ltd. 

• NGIS Ltd. 

• Society of Chartered Surveyors Ireland (SCSI) 

• Copernicus Relays & Academy, National Centre for Geocomputation, Maynooth 
University 

• Compass Informatics Ltd. 

• Unmanned Aircraft Association of Ireland (UAAI). 
 
Workshops (4th November 2022) 

IEOS2022 is delighted to provide technical workshops on a diverse range of topics that are 
highly sought after in commercial and research fields. We thank the following individuals and 
organisations for their time and expertise in providing these workshops. 
 
 
Jennifer McConnel (TU Dublin) “Career planning and the value of a PhD". 

Oswaldo Andres Sequera (TU Dublin) "Photogrammetry processing”. 

Ciaran Kirk & Garrett Cronin (IMGS Ltd) “Introduction to FME Desktop". 

Aidan Magee (Maynooth University) “Land cover classification using Sentinel 2 and Random 

Forests”. 
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Schedule 

3rd November 2022     Speaker/Chair 

8:00-8:55 Registration & Coffee       

9:00-9:15 Symposium Welcome: Geospatial Surveying Christchurch Project - Michael O’Donnell Theatre room 259 
Dr Barry Mcauley & Dr 
Gabriela M Afrasinei 

Session 1 Plenary - Michael O’Donnell Theatre room 259    TBC 

9:15-9:30 
CAMEO: Creating an Architecture for Manipulating Earth Observation Data 

Dr Gavin McArdle, UCD 

Gavin McArdle 

9:30-9:45 

Common Operational Picture Artificial Intelligence (COPilot-AI) 

Prof Tim McCarthy, MU Tim McCarthy, John McDonald, Charles Markham, Daire Walsh, Aidan Magee, Pramit Dutta, Mohsen Nurisa, Gourav Mistra, 
Rowan Fealy, Jay O’Reilly, Oisin McGrath, Fearghus Foyle , Aidan Dempsey, Enda Mullen, Daniel McInerney , Conor Hackett and 
Stephanie Keogh 

9:45-10:00  
NGIS Earth observation and sustainability 

Shawna Sanfey, NGIS 

Shawna Sanfey, NGIS 

10:00-10:15 
EO Platforms & the Growth of Capability Robert O’Loughlin, 

Compass Informatics 
Robert O’Loughlin 

3-min  
FLASH TALKS 

Session 1 
10:15-10:25 

Performance assessment of GPM IMERG satellite products in representing seasonal rainfall over Ireland Safa Mohammed, TU 
Dublin 

Safa Mohammed, Ahmed Nasr & Mohammed Mahmoud 

Improving the positional accuracy of drones with low-cost GNSS and IMU for mapping over featureless terrain using 
analytical photogrammetry Bernard Essel, MU 

Bernard Essel, John McDonald, Michael Bolger, Stephen Brown & Conor Cahalane. 

Initial Investigations into Mapping Artisanal and Small-Scale Mines by Integrating LiDAR and Sentinel-1 dense time series to 
approximate ALOS-2 PALSAR in Tropical sub-Saharan Africa.  Isaac Mensah, MU 

Isaac Mensah, Brian Barrett & Conor Cahalane 

10:40-11:00 Break ❖ Poster Session ❖ EO & Geospatial Tech Expo 
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Session 2 Plenary  - Michael O’Donnell Theatre room 259  
Dr Gabriela Mihaela 

Afrasinei, TU Dublin 

11:10-11:40 
Keynote: The National Landcover Map of Ireland 2018 Rachel Kelly, OSi  

& Kevin Lydon, EPA Rachel Kelly & Kevin Lydon 

11:45-12:00  

Meter-scale urban land cover for EnviroAtlas ecosystem goods and services at the United States Environmental Protection 
Agency 

Dr Andrew (Drew) Pilant, 
US EPA 

Andrew Pilant, Keith Endres, Anne Neale 

12:00-12:15 
Production of a national Irish paddock map for intensive grasslands 

Dr Stuart Green, Teagasc 
Rob O’Hara, Jesko Zimmermann & Stuart Green 

12:15-12:30 
Gravity Project 

Katy Fitzpatrick, OSi 
Katy Fitzpatrick  

12:30-12:45 

Mapping wildfire burn scars and quantifying the vegetation burned in Ireland from Landsat-8 and Sentinel-2 

Dr Fiona Cawkwell, UCC 
Fiona Cawkwell, Emma Chalençon, Ned Dwyer & Guy Serbin 

3-min FLASH 

TALKS Session 

2 

12:45-12:55  

ESA Blue Economy: Charting a course to enhance connecting Earth Observation in the Atlantic Blue Economy 

Dr Rory Scarrott, UCC 

Rory Scarrott, J. Giannoumis, F. Fleming, F. Brandão, C. Sams, S. Aparacio, & S. Ferretti  

Assessing the spatio-temporal dynamics of newly-born sand dunes of lake 
Urmia using remote sensing and field data 

EPA Research no 422: Soil Organic carbon 
and Land Use Mapping (SOLUM) project  

Dr Gabriela Mihaela 
Afrasinei, TU Dublin Hesam Ahmady-Birgani, Parisa Ravan, Zhengyi Yao, and Gabriela Mihaela 

Afrasinei 

Matthew Saunders, Gabriela Mihaela 
Afrasinei, Jesko Zimmerman, Alina Premrov, 
Kevin Black and Stuart Green 

13:00-14:15 
Lunch ❖ Poster Session - Student Common Area ❖  EO & Geospatial Tech Expo - idem ❖ 5*S Lunch workshop 

  

The app works on Android or iPhone - it is free, you can search for it in playstore/appstore.    

  

Generic Project Overview: Welcome to 5*S: Space, Satellites & 

Students - YouTube   https://youtu.be/9A6dFhSagck    

The Satellite Skill 5 App - YouTube  https://youtu.be/vlvxObrLlMY 

  

https://youtu.be/vlvxObrLlMY
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Breakout session 1 room 259* Speaker/Chair Breakout session 2 room 281* Speaker/Chair 

Land, vegetation & habitats TBC Inland and marine waters 
Dave O’Leary, 

NUIG 

14:15-14:30 

Machine learning classification for African 
savannah monitoring 

Prof Paul Aplin, MIC UL  

Spatio-temporal variability of chlorophyll-a 
in surface waters of North-East Atlantic 
using remote sensing 

Dr Indiana Olbert, NUIG 

Paul Aplin, Kwame Awuah 
Mir Talas Mahammad Diganta, Md. Galal 
Uddin, Tiit Kutser, Agnieszka I. Olberta 

14:30-14:45 

Assessment of the Potential of Gum and Resin-
Bearing Tree Species in Ethiopia Michael Foley, Mallon 

Technology 

A Characterisation of Benthic Currents from 
Seabed Bathymetry: An Object-Based Image 
Analysis of Cold-Water Coral Mounds Gerard Summers, UCC 

Michael Foley 
Gerard Summers, Aaron Lim & Andrew 
Wheeler 

14:45-15:00 

Challenges of the use of EO and machine 
learning in the monitoring of natural habitats 

Dr Jerome O'Connell, 
ProvEye 

Insights into fronts and waters around 
Ireland using the Ocean-surface 
Heterogeneity Mapping Algorithm (OHMA) 

Dr Rory Scarrott, UCC 
Jerome O’Connell, Chaitanya Chavan, 
Charmaine Cruz, John Connolly, Kevin 
McGuinness, Jim Martin, Philip Perrin 

Rory Scarrott, Caroline Cusack, Catherine 
Jordan, Mark Jessopp & Fiona Cawkwell 

15:00-15:15 

An Earth Observation approach for monitoring 
and mapping the spatial distribution of bird 
habitats around the Irish Sea Dr Walther Camaro 

Garcia, UCC/MaREI 

Remote Sensing of Irish Surface Waters 
(INFER): Using Google Earth Engine to 
construct data sets of lake observations 

Dr Conor Delaney, NUIG 

Walther Camaro Garcia & Fiona Cawkwell 
Conor Delaney, Aaron Golden, Valerie 
McCarthy, Kevin French, Eleanor Jennings, 
Sita Karki, Jenny Hanafin & Alastair McKinstry 

FLASH TALKS 

Session 3 

15:15-15:20 

Optimizing Landsat Next and Sentinel-2 Next 
Generation Shortwave Infrared Bands for 
Senescent Vegetation Detection 

Dr Guy Serbin, Mallon 
Technology 

Regional Mapping of Peatland Boundaries 
using Airborne Radiometric Data and 
Supervised Machine Learning 

Dave O’Leary, NUIG 
Brian Lamb, Philip Dennison, W. Dean Hively, 
Raymond Kokaly, Guy Serbin, Zhuoting Wu, 
Philip Dabney, Jeffery Masek, Michael Campbell 
& Craig Daughtry 

Dave O’Leary 

15.30-15.45 Comfort break & move between sessions    

* Michael O’Donnell Theatre is room 259; John D Barry Theatre is room 281  



 

vii 
IEOS 2022       Technological University Dublin  

Breakout session 3 room 259* Speaker/Chair Breakout session 4 room 281* Speaker/Chair 

Urban & Built environment  TBC Wetlands 
Dr Alan Gilmer, TU 

Dublin 

15:45-16:00 

Multi-Sensor Multi-Modal Decision-level Fusion 
in Earth Observation 

Dr Aidan Magee, MU 

Application of Sentinel-1 Imagery for Flood 
Mapping and Hydrometric Data 
Reconstruction Ted McCormack, GSI 

Aidan Magee, John McDonald & Tim McCarthy 
Ted McCormack, Joan Campanya & Owen 
Naughton 

16:00-16:15 

Modelling Night-time Lighting from Urban 
Areas 

Prof Brian Espey, TCD 

Deep learning extraction of symbology from 
Ordnance Survey maps to define historic 
wetland extents 

Dr Richa Marwaha, TCD 

Brian Espey 
Richa Marwaha, Rob O’Hara, Jesko 
Zimmermann, Matthew Saunders & Stuart 
Green 

16:15-16:30 

Detecting Urban Driveways using Earth 
Observation data 

Dr Gourav Misra, MU 

Extracting information from the historical 
Bog Commission maps with image 
classification tools 

Dr Louis Gilet, TCD 

Gourav Misra, Shubham Sonarghare, Rowan 
Fealy, Tim McCarthy 

Louis Gilet 

16:30-16:45 

Identifying associations between urban nature 
and population health using Sentinel-2 .... The 
normalized vegetation index and COVID-19 in 
Ireland.  

Dr Martin Boudou, TU 
Dublin 

Estimating high resolution surface soil 
moisture in Ireland using Sentinel 2 and a 
modified OPTRAM model Rumia Basu, NUIG 

Martin Boudou 
Rumia Basu, Colin Brown, Patrick Tuohy & Eve 
Daly 

17:15-17:45 Prizes & closing remarks 

17:45-19:30 EO & Geospatial Tech Expo & Networking event on-site Bolton St 

19:00 … Social event off-site Bolton St 

* Michael O’Donnell Theatre is room 259; John D Barry Theatre is room 281 
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3rd November 2022   Posters – Student Common Area 

  
   

1 
Mapping Irish gorse patches at a national scale using Sentinel-2 images.  

  

Fiona Cawkwell, Emma Chalençon, Ned Dwyer & Guy Serbin.   

2 
Developing a novel methodology to quality assess EO products and verify their suitability and sustainability for coastal applications 

Yeray Castillo Campo, Xavier Monteys & Conor Cahalane     

3 
Monitoring ectocarpoid seaweed tides in Dollymount Strand from Sentinel-2 imagery   

Sara Haro, Ricardo Bermejo, Camille Keller, Michéal MacMonagail & Liam Morrison   

4 
Drones and Machine Learning for accurate and fine-grained mapping of Irish habitat types   

Charmaine Cruz, Jerome O’Connell, Kevin McGuinness, James Martin, Philip Perrin & John Connolly   

5 
3D shape analysis for photogrammetrically-derived data.    

Dr Aaron Lim, UCC & Mohit Tunwal       

6 
The Unmanned Aircraft Association of Ireland (UAAI).      

Julie Garland & Dr Guy Serbin       

7 
Mapping vegetation communities across a drainage gradient in Irish raised bogs using PlanetScope imagery.  

Wahaj Habib, Ruchita Ingle, Matthew Saunders & John Connolly   

8 
Is the Apple Ripe? An Artificial Intelligence based Decision Making Device using Infrared LEDs.   

Ayesha Zeb, Syed Irfan Shah, Waqar Shahid Qureshi, Mohsin Tiwana, Hamid Jabbar, Amanullah Malik & Abdul Ghafoor. 

9 
Efficient Classification of Weeds in Sugar beet Crop for Autonomous Spray Application.    

Syed Imran Moazzam, Umar Shahbaz Khan, Waqar Shahid Qureshi, Tahir Nawaz & Mohsin Islam Tiwana 

10 
Mapping Peatland Boundaries and Intra-Peat variation using Airborne Geophysical Data and Machine Learning. 

Dave O’Leary, Colin Brown, Eve Daly 

11 
Shadow Detection and Correction using a Combined 3D GIS and Image Processing Approach.   

 Safa Ridene       
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4th November 2022       

9:00-9:30 Registration & Coffee (vouchers distribution)  

Workshops     Instructor 

09:30-

11:00 

Introduction to Photogrammetry (10 places max) Asst. Lect. 
Oswaldo Andres 
Sequera, TU 
Dublin 

Brief introduction to Reality Capture.  
Key concepts related to photogrammetry and data processing. 
QA/QC methods. 
Data visualisation and sharing. 
Merging Terrestrial Laser Scanning and handheld imagery 

11:00-

12:00 

Career Planning and the value of a PhD (30 places max) Career Coach 
Jennifer 
McConnell, TU 
Dublin  

 

12:00-

13:00  

FME session 1 (12 places max) Ciaran Kirk & 
Garrett Cronin, 
IMGS 

• Presentation – What is FME & Use Cases from Industry  
• Training – Introduction to FME Desktop 

13:00-

14:00 
Lunch break       

14:00-

15:30  

FME session 2 (12 places max)  Ciaran Kirk & 
Garrett Cronin, 
IMGS 

• Training – FME & Earth Observation  
• Wrap Up – Q&A with the Students  

15:30-

15:45 
Break     

  

15:45-

17:45 

Land cover classification using Sentinel 2 and Random Forests Dr Aidan 
Magee, MU   
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AGN  Absolute Gravity Network 
B2B  Business to Business 
B2G  Business to Government 
CART  Classification and Regression Trees 
CNN  Convolutional Neural Networks 
CWC  Cold Water Corals 
DEM/DSM Digital Elevation Model/Digital Surface Model 
EFFIS  European Forest Fire Information System 
ESA  European Space Agency 
EO  Earth observation 
EPA  Environmental Protection Agency 
EU  European Union 
FIRMS  Fire Information for Resource Management System 
fNPV  Fractional Non-Photosynthetic Vegetation 
GBT  Gradient Booted Trees 
GCP  Ground Control Point(s) 
GEE  Google Earth Engine 
GEO  Group on Earth Observations 
GHG  Greenhouse gas 
GIS   Geographical Information System 
GNSS  Global Navigation Satellite System  
GRVI  Green Red Vegetation Index 
GSI  Geological Survey Ireland 
ICESAT  Ice, Cloud, and Elevation Satellite 
IMU  Inertial Measurement Unit 
IRC  Irish Research Council  
KNN  K-Nearest Neighbours 
MAE  Mean Absolute Error 
NBR  Normalised Burn Ratio 
NDVI  Normalised Difference Vegetation Index 
NDWI  Normalized Difference Water Index  
NDYI  Normalised Difference Yellow Index 
NPWS  National Parks & Wildlife Service 
ML  Machine learning 
MLP  Multi-layer Perceptron 
MSL  Mean Sea Level 
MULC  Meter-scale Urban Land Cover 
OBIA  Object-based Image Analysis  
OHMA  Ocean-surface Heterogeneity Mapping 
OPTRAM Optical Trapezoid Model 
OSI  Ordnance Survey Ireland 
OSNI  Ordnance Survey Northern Ireland 
RF  Random Forest 
RS  Remote sensing 
SAR  Synthetic Aperture RADAR 
SDG  Sustainable Development Goals 
SFI  Science Foundation Ireland 
SFM  Structure from Motion (photogrammetry) 
SSB  Seabed Sedimentary Bedform(s) 
SVM  Support Vector Machine 
SWIR  Shortwave Infrared 
S-1  Sentinel 1 
S-2  Sentinel 2 
UAV  Unoccupied Aerial Vehicle(s)/ Unmanned Aerial Vehicle(s) 
UN  United Nations 
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POSTERS 

Mapping Irish gorse patches at a national scale using Sentinel-2 images. 

Fiona Cawkwell1, Emma Chalençon1, Ned Dwyer2 & Guy Serbin3 

1. Department of Geography, University College Cork; 2. Randbee Consultants; 3. Mallon Technology Ltd.  

Yellow gorse (Ulex europaeus) is a prolific native plant in Irish landscapes and mythologies, and provides nesting and 
food sources for wildlife, including birds and invertebrates. However, gorse is also one of the top 100 invasive plants 
listed by the International Union for Conservation of Nature. Gorse is also considered a fire hazard, particularly 
flammable in dry conditions due to the high concentration of oil within its branches. While gorse burning is 
widespread, no Irish habitat maps focus on this species as a specific class, and in Ireland “gorse” is often used 
generically to describe any scrubland, even when no gorse is present. Species mapping at a national scale can be 
costly and time-consuming; RS can play a useful role in discriminating and mapping the coverage of some species 
that have distinctive reflectance properties. The bright yellow flowers of gorse in April and May support 
discrimination of this shrub from other land covers in high spatial resolution optical satellite images. S-2 imagery 
was used to create a national gorse map for Ireland based on cloud-free imagery acquired in 2018-2021. A multi-
index method was developed relying on thresholds for NDVI, the NDYI and for the GRVI. The yellow flowers of gorse 
are distinguished by high NDYI and low NDVI and GRVI values. All gorse polygons which appeared in multiple images 
within the defined period were merged to constitute a national gorse map. The validation showed that 71% of gorse 
patches above 0.06 ha (six S-2 10m pixels) were detected. Additionally, only 7% of the patches identified were found 
to be areas that contained no gorse, indicating that this approach is a very reliable indication of the presence of 
gorse in Ireland. In total, the automated approach identified 180 km2 of gorse in Ireland. 

 

Developing a novel methodology to quality assess EO products and verify 
their suitability and sustainability for coastal applications. 

Yeray Castillo Campo1,2, Xavier Monteys2, Conor Cahalane1 

1. Department of Geography, Maynooth University; 2. Geological Survey Ireland.  

Accurate measurements of coastal zone change have critical environmental and socio- economic implications 
today due to climate change and the risk associated with rising sea levels. EO products have been used to monitor 
this coastal zone change by satellite since the 1970’s with the Landsat program. The recent appearance of the EU 
Copernicus Sentinels in 2014 has enabled measurement of waterlines and land cover coastal information to 
unprecedented spatial and temporal resolutions, supporting coastal change research and facilitating management 
of the associated risk (e.g., erosion and accretion). GSI, as part of the international ESA-funded        Coastal Change 
from Space project (2019-2022), has created a large database of satellite datasets (both optical and SAR) linked to 
coastal change for the period spanning between 1995-2022. However, a robust and innovative validation strategy 
is deemed essential to ensure applicability, forecasting and encourage further development. Quality controls, 
uncertainty models and verification workflows must also improve to confidently employ satellite derived products 
for monitoring coastal change. This presentation will introduce an IRC Enterprise partnership between Maynooth 
University and GSI. Its aim is to develop a novel methodology to assess the (i) quality, (ii) accuracy and (iii) 
applicability of the existing satellite products to monitor coastal      change in Ireland and abroad. The project seeks 
to develop an innovative validation strategy via several objectives: (a) assess internal quality indicators (b) geo-
accuracy, metric, shape integrity of products and quantify the budget error, and (c) verify the applicability of EO 
products. The methodology will also incorporate advanced spatial statistical analysis, thus ensuring the variability 
of coastal environment is factored in. This new validation methodology is expected to be the first to fully assess the 
adequacy of selected EO products to describe coastal evolution in key coastal environments. 
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Monitoring ectocarpoid seaweed tides in Dollymount Strand from Sentinel-2 
imagery. 

Sara Haro1, Ricardo Bermejo2, Camille Keller1, Michéal Macmonagail1, Liam Morrison1  

1. School of Natural Sciences, University of Galway; 2. Department of Ecology & Geology, University of Malaga 
(Spain) 

Golden seaweed tides (e.g., Ectocarpus spp.) are an environmental and social problem worldwide. Ectocarpoid 
blooms have occurred along Ireland’s eastern coastline since the 1990s. EO technologies offer enormous advantages 
for monitoring macroalgal blooms with a higher spatiotemporal resolution and minimum costs. The proliferation of 
macroalgae is associated with eutrophication and deteriorating water quality. In addition, blooms are associated 
with abiotic parameters, including temperature, wind, rainfall and/or irradiance, or a combination of these factors. 
Over three decades ago, the presence of nuisance golden tides in Ireland were associated with eutrophication. No 
present-day assessment of the spatiotemporal dynamics of golden tides in Dublin Bay and their relationship to 
natural or anthropogenic drivers have been conducted. This study analysed the spatiotemporal variability of the 
ectocarpoid coverage in Dollymount Strand between 2016 and 2022 using 70 Level 2A S-2 images, and the 
relationship with meteorological parameters. The reflected light spectrum of Ectocarpoids and sand (without algal 
coverage) were determined at low tide. This revealed a NDVI of 0.08 for sand. Therefore, the NDVI values filtered 
between 0.1 and 1 were used to identify the coverage of golden seaweeds. The intensity of the NDVI per pixel was 
used as a proxy of Ectocarpoid biomass. The golden seaweed coverage extended up to 99% of the study area (~60 
ha) in June 2020 with an average NDVI of 0.25. A temporal pattern of seaweed coverage was observed from May to 
October. Approximately 28% of Ectocarpoid coverage was associated with radiation and the highest wind speed, 
and 44% of the biomass was associated with maximum air temperatures and wind direction. Therefore, other factors 
such as nutrient concentrations could be contributing to golden tides. The findings are useful in terms strategies 
aimed at controlling and managing golden seaweed tides in Dublin Bay. 
 

Drones and machine learning for accurate and fine-grained mapping of Irish 
habitat types. 

Charmaine Cruz1, Jerome O’Connell2, Kevin McGuinness3, James Martin4, Philip Perrin4, John Connolly1 

1. Department of Geography, Trinity College Dublin; 2. ProvEye Ltd; 3. Department of Electronic Engineering, 
Dublin City University; 4. BEC Ltd.  

Habitat monitoring is essential for assessing biodiversity and identifying conservation priorities. It involves mapping 
to record valuable information, including the location and condition of habitats, the area they cover at a particular 
location, and where change occurs. Recent technological innovations in RS platforms, such as UAV, provide new 
opportunities for habitat monitoring and change detection. Here, we aimed to develop an optimized, robust, and 
repeatable technological solution towards multi-temporal mapping of the habitats. The focus is on exploring the use 
of high spatial and temporal resolutions UAV imagery and ML algorithms to facilitate the classification of three 
habitat types - uplands, coastal dunes, and grasslands. These habitat types have been selected because they 
represent three semi-natural habitat types in Ireland that are biodiverse and of high conservation importance. These 
habitats also cover relatively extensive areas in the country and contain several examples of Annex I habitats, i.e., 
habitats that are considered threatened in the EU territory and are prioritized for conservation. In addition, we 
explore the use of deep learning for mapping the extent of invasive species. This presentation will outline two case 
studies using UAV RS and ML for habitat monitoring: (1) mapping Annex I habitat types using multitemporal UAV 
images acquired during the vegetation growing season and (2) mapping of the invasive plant species Spartina anglica 
within saltmarshes based on deep learning. Results showed the massive potential of UAV-acquired imagery and ML 
in detailed mapping vegetation with high accuracy. These will enable us to determine where and how fast the 
changes are taking place. Such information can guide the conservation and management of different habitat types. 
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3-D shape analysis for photogrammetrically-derived data. 

Aaron Lim1,3, Mohit Tunwal2 

1. Department of Geography, University College Cork; 2. Pennsylvania State University (USA); 3. Green Rebel Ltd. 

The characterisation of particle shape is vital to many disciplines including applied geotechnical engineering, 
environmental and geosciences. At finer scales, it is key for understanding porosity and permeability while at courser 
scales, such as boulders, it is key for coastal protection. However, the accurate characterisation of particle shape is 
restricted by the application of 2-D imaging for 3-D object or expensive and time-consuming 3-D imaging methods 
such as X-Ray tomography or laser scanning. This research outlines a low-cost, easy-to-use 3-D particle imaging and 
shape characterisation methodology employing SFM photogrammetry. A smartphone device was used to capture 
2-D images of pebble-sized samples, which were converted to 3-D image models using SFM. The 3-D image models 
were then analysed using a comprehensive set of 16 size and shape parameters. Furthermore, a minimum 
resolution, independent of particle size, is proposed here for the 3-D image models for reliable size and shape 
analysis. Thus, the methodology presented here for 3-D particle imaging and size and shape analysis can be 
translated for a range of particle size. This work thus opens a pathway for the use of readily accessible imaging 
device, such as smartphone, to flexibly obtain image data both in-situ as well as in laboratory. On a broader scale, 
this research sets the foundation for an objective way to quantify metrics from complex landscapes (both marine 
and terrestrial) from point cloud derivatives.  
 

Mapping vegetation communities across a drainage gradient in Irish raised 
bogs using PlanetScope imagery. 

Wahaj Habib1, Ruchita Ingle2, Matthew Saunders2, John Connolly1 

1. Department of Geography, Trinity College Dublin; 2. Department of Botany, Trinity College Dublin 

Optical RS has been a reliable means of monitoring and mapping land cover and land use over the past few decades. 
Ireland's climate limits the ability to acquire clear-sky optical imagery due to persistent cloud cover, making it 
difficult to monitor and map landscapes effectively using optical sensors. To overcome this challenge, high temporal 
resolution (3-4 days) imagery can be used, for example PlanetScope satellites. The temporal density allows 
combining several images, creating a single image without clouds or artefacts. In this way, it is possible to map the 
landscape features in areas with persistent cloud covers. Using high spatial resolution (3 m) multispectral 
PlanetScope imagery acquired between October 2019 to December 2020, we mapped vegetation communities 
across drainage gradients on three raised bogs in the Irish Midlands. These sites represent an industrial peat 
extraction, a near-natural site, and a site under rehabilitation. To create a single image for each site and each year, 
the imagery was collected for all three sites over the specified period and annual mosaics were calculated using a 
mean filter. The SMILE (Statistical Machine Intelligence and Learning Engine) RF algorithm, a ML-based image 
classification technique was used in the GEE platform. Data acquired through detailed field surveys (from various 
sources for each site) depicting vegetation communities across the study sites were used to derive the training and 
validation sample data for the image classification. The classification results revealed an average of 90% accuracy 
for all the maps. The results from this study illustrate the potential of these data and methods for long-term 
monitoring of raised bogs. 
 

The Unmanned Aircraft Association of Ireland (UAAI). 

Julie Garland1, Guy Serbin2 

1. AVtrain, 2. Mallon Technology Ltd. 

UAV are being increasingly used for geospatial mapping and monitoring activities. Recent developments in Europe-
wide UAV regulations by the EU Aviation Safety Agency (EASA) and U-space technologies which will enable large 
volumes of automated UAV flights present new challenges and opportunities for UAV professionals and enthusiasts. 
The Unmanned Aircraft Association of Ireland (UAAI, www.uaai.ie) is an advocacy group that promotes the safe & 
legal usage of UAV in the Rep. of Ireland for private industry, research institutions, hobbyists, and others. UAAI 
represents UAV pilots within the Republic of Ireland to agencies such as the Irish Aviation Authority (IAA), and as 
member organization of the Joint European Drone Associations (JEDA) at the EU level. Individual and corporate is 

http://www.uaai.ie/
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currently free, and the UAAI provides resources such as information on UAV laws & regulations, airspace maps, pilot 
training and licensing, member events, and social media resources. 
 

Is the Apple ripe? An Artificial Intelligence based decision making device 
using Infrared LEDs. 

Ayesha Zeb1, Syed Irfan Shah1, Waqar Shahid Qureshi2, Mohsin Tiwana1, Hamid Jabbar1, Amanullah Malik3, 
Abdul Ghafoor1 

1. National University of Sciences and Technology, Rawalpindi (Pakistan); 2. Technological University Dublin; 3. 
University of Agriculture, Faisalabad (Pakistan) 

Artificial intelligence (A.I.) in precision agriculture has bought an agriculture revolution. Automated decision support 
systems using A.I. can enable farmers to take smarter decisions that improve production and management. Fruit 
maturity/quality estimation is of great concern as early harvest brings poor eating quality fruit to market while late 
harvest reduces the shelf life. Efficient and non-destructive fruit quality estimation using A.I. algorithms can help 
reduce fruit wastage and maintain quality. Soluble sugar content (SSC) and dry matter (DM) are the most critical 
parameters to decide the quality of apple fruit. In this study, a low-cost, portable, sensor-based fruit quality meter 
for non-destructive estimation of SSC and DM of apple fruit is presented. The presented quality meter analyses the 
scattering of light (in the near-infrared region) within the fruit sample by using a photodetector (as a sensor), 
Raspberry Pi (as a processor), and 4 distinct wavelength LEDs with a peak wavelength of 780 nm, 810 nm, 880 nm, 
and 940 nm (as the light source). The spectra analyses are performed by using both linear and non-linear A.I. 
algorithms such as partial least square regression (PLSR), multiple linear regression (MLR), and SVM. The software 
of the presented quality meter is programmed in python language. Apple fruit varieties of red-delicious-Pak, red-
delicious-Turk, and golden delicious were used as samples. MLR showed the best results with a correlation 
coefficient (R) of 0.85 for DM estimation and R of 0.82 for SSC estimation. The total detection time for each sample 
is 1.5 seconds. 
 

Efficient classification of weeds in sugar beet crop for autonomous spray 
application. 

Syed Imran Moazzam1, Umar Shahbaz Khan1, Waqar Shahid Qureshi2, Tahir Nawaz1, Mohsin Islam Tiwana1 

1. National University of Sciences and Technology, Islamabad (Pakistan); 2. Technological University Dublin 

Human health is endangered by manual weedicide spraying on crops. Localized spraying by aerial spraying units can 
help save water and weedicide chemicals and have a lower impact on human health. To undertake autonomous 
aerial spraying in agricultural settings, efficient crop, weed, and soil background classification is important. As seen 
in much research, pixel-wise segmentation approaches are outperformed by semantic segmentation. Improved 
background classification is witnessed in the crop-weed-background three-class classification situation. However, 
the literature lacks crop and weed classification when utilizing semantic segmentation. This observation is 
theoretically justifiable because the background is very different from the other two classes, and crop and weed are 
more similar. This study proposes a novel deep neural network that consists of two encoder-decoder architectures 
of varying sizes. The first encoder-decoder structure distinguishes between background and vegetation, removing 
background pixels. The second encoder-decoder structure classifies the crop and the weeds pixels in the foreground 
vegetation pixels extracted from the first stage. We developed a model (trained from scratch) for sugar beet (Beta 
vulgaris) by training the architecture on a dataset captured using an airborne camera. The performance was 
evaluated on test data captured from the same field on a different day. Test experiments have shown up to a 10% 
increase in mean intersection over union (MIOU) in pixel-wise results using our proposed network compared to U-
Net and SegNet.  
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Shadow detection and correction using a combined 3-D GIS and image 
processing approach. 

Safa Ridene* 

*Affiliation not stated  

Shadow has always been an issue for a plethora of image processing applications. Since, its presence deteriorates 
the visual quality of the image, which results in a loss in information that can be drawn from it. Thus, this work 
presents an effort to contribute a new solution for an old challenge, an automatic method for cast shadow detection 
and compensation from orthophotos using a conjunction between 3-D GIS and image processing. In a first phase, 
the outline of the developed process involves a new workflow that aims to use 3-D GIS technology to detect cast 
shadow appearing on orthophotos. This new workflow was divided into four sub-steps. First, we needed to extract 
building footprints from LIDAR data. Then, we used 3-D GIS technology to generate building multipatch and to 
calculate the shadow volumes that we used afterwards to create a shadow mask that points out the shadow regions 
existing on the orthophoto. In a second phase, we used an image-processing algorithm that aims to compensate the 
shadowed regions. We applied it on the whole image including its already non-shadowed regions. Then, we 
integrated the already determined shadow mask to replace the shadowed regions with their equivalent after 
compensation, to obtain at last, the desired outcome which is a de-shadowed orthophoto. To evaluate the 
performance of the proposed methodology, evaluation metrics involved in shadow detection and compensation 
techniques were calculated. We obtained an F-score of 97% considering that our proposed methodology was 
basically designed for shadow cast by buildings. In short, in this project, we focused on delivering a new approach 
that combines 3-D GIS for the cast shadow detection and image processing algorithms for shadow compensation. 
 

PLENARY SESSION 1 

CAMEO: Creating an Architecture for Manipulating Earth Observation Data. 

Gavin McArdle 

Department of Computer Science, University College Dublin. 

EO data is being collected at unprecedented rates. As a member of ESA and the European Organisation for the 
Exploitation of Meteorological Satellites (EUMETSAT), Ireland has access to vast amounts of data. While several Irish 
organisations use such data, its full potential is not currently being exploited. The Irish government published the 
National Space Strategy for Enterprise in 2019, including establishing a national EO platform. As a critical enabler of 
such a strategy, the CAMEO (Creating an Architecture for Manipulating EO data) project will democratise access to 
EO data using advanced data analytics. CAMEO will provide a new single national repository for EO data. Aspects of 
CAMEO will be co-developed with government departments and agencies to capture impactful EO use cases and 
demonstrators to showcase the value and potential impact of EO data across Climate, Marine and Agriculture. 
CAMEO seeks to be the first fully cloud-based national data analytics platform to leverage private and state-owned 
datasets and combine these data streams within the spatiotemporal domains. CAMEO will include a user-friendly 
interface that allows users to articulate essential EO data requirements framed in terms of several key parameters, 
such as location, period, data quality, satellite bands, query latency and cost. Besides the technical development of 
such a disruptive technology, CAMEO will contribute to developing the necessary EO-related skills through targeted 
training courses. The project, led by UCD, has secured funding under the Department of Enterprise Trade and 
Employment's Disruptive Technology Innovation Fund, managed by Enterprise Ireland, to establish a new national 
EO platform. The consortium members include Vertice Integration Services Ltd T/A Vertice Cloud, BCC Risk Advisory 
Ltd T/A Edgescan, Icon Geo, Treemetrics Ltd, TechWorks Marine Ltd and Dell Technologies. 
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Common Operational Picture Artificial Intelligence (COPilot-AI). 

Tim McCarthy1, John McDonald1, Charles Markham1, Daire Walsh1, Aidan Magee1, Pramit Dutta1, Mohsen 

Nurisa1, Gourav Mistra1, Rowan Fealy1, Jay O’Reilly2, Oisin McGrath2, Fearghus Foyle3, Aidan Dempsey4, Enda 

Mullen5, Daniel McInerney6, Conor Hackett1, Stephanie Keogh1 

1. Maynooth University, 2. Irish Air Corps, 3. GeoAerospace Ltd, 4. Wicklow Fire Service, 5. National Parks and 
Wildlife, 6. Coillte. 

Wildfires are on the increase due to a combination of climate-change and land-management. These catastrophic 
events are predicted to increase by 50% by the turn of the century. Wildfire damage in the recent past in Ireland: 
4000 ha (2019) with 0.5 million ha in EU (2021), 3.1million ha in USA (2021). Impacts include: Threat to Life: 611 
fatalities EU (2000 – 2017), 95 Greece (2018), 37 Fatalities West-Coast (USA) in 2020 – numbers do not include 
indirect fatalities due to Air-Quality; Economic Cost: Firefighting/re-planting (€1.5k – €2.5k per ha) and 
Environmental Impact: 5T to 30T of Carbon release per ha, irreversible damage to habitats. Tackling wildfires by the 
main stakeholders (Air Corps, Fire Service, NPWS & Coillte) in Ireland is fragmented with poor pooling/sharing of 
information. EO Information systems are rudimentary, usually lacking any basic geospatial and indeed EO mapping 
capability. Net outcome is increased risk-to-life (responders/public), additional fire-suppression costs and 
unnecessary damage to the environment. This SFI Defence Organisation Challenge funded project (CoPilot-AI) 
examines how EO data, ML processors and EO Web-Services can be captured, fused, and analysed to produce useful, 
timely EO information and enable improved collaboration amongst the main stakeholders. Solving the problem for 
wildfires in Ireland presents a solution that could be used by other European Member States as well as abroad. This 
EO based digital Common Operational Picture (COP) can also be used as a generic digital EO framework to improve 
how we mange other emergencies (flooding, storm damage, landslides etc). CoPilot-AI: This material is based upon 
works supported by the Science Foundation Ireland under Grant No. 21/FIP/DO/9945.  

 

Sustainability at scale - Google Earth Engine at NGIS. 

Shawna Sanfey 

NGIS. 

NGIS is a geospatial consultancy focusing on sustainability concerns, from precision agriculture to water 
management and sustainable supply chain solutions. We work in a B2B and B2G manner, inspiring and upskilling 
other organisations to use best-in-class technologies to address the challenges of today. NGIS was recently named 
as Google’s Global Sustainability Partner for 2021 for our work in supporting and delivering sustainability solutions 
to organisations around the world. We have recently opened an office in Dublin, from which we hope to support 
the Irish public and private sectors to achieve world-class environmental performance, as outlined in the National 
Biodiversity Action Plan. This presentation will cover four key areas: GEO/GEE programme, Environmental 
applications, Agricultural applications, Sustainable supply chain applications. At the GEO Ministerial Summit held in 
Canberra in 2019, Google and NGIS announced a 4 million USD support programme to help researchers scale 
satellite-derived analyses using GEE. We will present some of the most impactful projects from the 32 projects 
supported. From this experience, NGIS has developed a range of training and onboarding material to help public 
and private geospatial experts exploit the unmatched power of GEE to derive actionable intelligence from geospatial 
data. With over a decade of using GEE to deliver satellite-derived sustainability tools, NGIS has developed scores of 
applications, both as GEE native Apps and as fully-fledged software projects used for internal decision making and 
publicising sustainability metrics. We will present some applications that highlight the power and scale over which 
we have applied such analyses and their impacts on private and public organisations alike. As the most experienced 
company in the world delivering solutions based on GEE, NGIS was selected to deliver a platform to help Unilever 
deliver on their commitment to remove deforestation from their supply chain. From this experience, NGIS has 
developed a sustainable supply chain solution which can be utilised by any organisation, private or public, looking 
to monitor up or downstream supply chains for a wide variety of ESG (environmental, social and governance) 
metrics.  
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EO platforms and the growth of capability. 

Rob O’Loughlin  

Compass Informatics & Icon Geo. 

The aim of the presentation will be to excite the emerging generation of scientists in attendance by demonstrating 
what insights we can derive from EO data and how these can help bring a significant change to our environment. It 
will be highlighted how the increase in computing power has facilitated a growth in the applicability of EO results, 
meaning the decision makers of our world are more environmentally informed. To demonstrate the benefits of 
computing capability, the changes in EU legislation around the validation of Common Agriculture Policy subsidy 
payments will be pointed out. The move from intense image examination of 5% of claims made using 
orthophotography and other spatial layers, to the future of ‘full country’ examination using ML. Compass 
Informatics, and their sister company IconGeo, are currently aiding the Department of Agriculture, Food, and the 
Marine in the development of a custom EO platform to achieve this enhancement – Area Monitoring Service project. 
Both Icon and Compass have EO platforms. To conclude this presentation with an emphasis of the capability of EO, 
several other interesting case studies recently undertaken by Compass/Icon will be briefly highlighted. 

 

Performance assessment of GPM IMERG satellite products in representing 
seasonal rainfall over Ireland. 

Safa Mohammed1, Ahmed Nasr*, Mohammed Mahmoud* 

1. Technological University Dublin; * Affiliation not stated 

Multi-satellite sensors have been recognised as one the important sources of precipitation data during the last three 
decades. The high spatiotemporal resolution precipitation data obtained from the Global Precipitation 
Measurement (GPM) products is expected to provide reliable precipitation estimates for research purposes. Such 
precipitation estimates, however, require extensive validation efforts to assess their accuracy. One of the GPM 
products is the Integrated Multi-satellite Retrievals for GPM (IMERG) that provides two near-real-time (NRT) 
products (Early and Late Runs, IMERG-E and IMERG-L respectively) and one post-real-time (PRT) product (Final Run, 
IMERG-F). The current study examined the accuracy of the IMERG-E, IMERG-L, and IMERG-F from the latest versions 
of IMERG (V06) in representing the seasonal precipitation variation over Ireland over a seven-year period (2014 to 
2020). Observed precipitation data from 25 Met Éireann synoptic stations were used as the ground truth data in the 
evaluation process which has been conducted on hourly and daily temporal resolutions of the data. The evaluation 
results demonstrated that the three IMERG products can reliably predict rainfall seasonal characteristics, including 
magnitudes and spatial distribution throughout the wet and dry seasons. However, the three IMERG products have 
shown different patterns of rainfall estimates during the four seasons. Generally, IMERG-E captured the occurrence 
of the light rain in summer better than the other products while IMERG-L tended to underestimate the average rain 
per season over most of Ireland. On the other hand, IMERG-F showed higher correlation with the observed data 
than IMERG-E and IMERG-L products in depicting the temporal and spatial distribution of seasonal rainfall. Finally, 
it can be concluded that IMERG satellite precipitation products have significant potential for filling the gaps in the 
in-situ data at the ungauged and the poorly gauged regions. 
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Improving the positional accuracy of drones with low-cost GNSS and IMU for 
mapping over featureless terrain using analytical photogrammetry. 

Bernard Essel1, John McDonald2, Michael Bolger1, Stephen Brown2, Conor Cahalane1 

1. Department of Geography, Maynooth University; 2. Department of Computer Science, Maynooth University 

Drone technology has shown potential in acting as a middle ground between satellite, manned aircraft, and 
terrestrial in-situ methods. However, featureless terrain such as water poses a challenge when it comes to drone 
mapping. One main challenge is identifying matching points to combine overlapping images into a single dataset. 
With traditional SFM being dependent on tie point collection, its usage over featureless terrain is almost impossible. 
This is because featureless terrain hinders the collection of tie points. In solving this problem, the use of Direct 
Georeferencing (DG) in registering images are explored as a potential method. Hence, this study assesses the 
accuracy of direct georeferencing using a low-cost IMU and GNSS providing analysis of the error sources associated 
with direct georeferencing and demonstrate new approaches to minimize them. To best simulate a water type 
environment or surface for the initial studies, a drone survey was conducted on flat farmland and a POSE analysis 
was performed. Flat farmland was ideal as it allowed the placement of GCP for accurate measurement. This study 
aimed to experiment and simulate a water-type environment to assess the accuracy of direct georeferencing. The 
objectives of the study were to assess the accuracy of direct georeferencing using low-cost GNSS/IMU, propose a 
method for correcting image displacement due to tilt and apply tilt displacement correction to reduce errors by 
removing tilt errors in the images. Results showed that using the image displacement angle correction and tilt 
correction method proposed in this study helped reduce the MAE associated with direct georeferencing by 48%. 
These initial results show a clear potential for mapping over inland water using direct georeferencing. 

 

Initial investigations into mapping artisanal & small-scale mines by 
integrating LiDAR & Sentinel-1 time series to approximate ALOS-2 PALSR in 
tropical sub-Saharan Africa. 

Isaac Obour Mensah1, Brian Barrett2, Conor Cahalane1 

1. Department of Geography, Maynooth University; 2. School of Geographical and Earth Sciences, University of 
Glasgow. 

Artisanal and small-scale mines (ASM) present a large source of income to many communities in developing 
countries but are not often regularized or monitored. As a result, they cause varying degrees of devastating 
environmental effects and are one of the main drivers of deforestation in the tropical forest. Appropriate 
management of the sector is therefore crucial as it would help governments in sub-Saharan Africa meet several 
targets linked with the UN SDG. However, there is a lack of reliable information on the precise location of ASM. S-1 
C-band SAR provides an opportunity for continuous monitoring in cloud-prone areas over optical and has previously 
been used for mapping ASM sites using backscatter intensities. However, it was found to be less accurate in forested 
areas, where ASM are generally located, it introduced false positive detections during rainy seasons, and 
experiences saturation issues due to low forest canopy penetration. Long wavelength L-band SAR has been proven 
more successful over the C-band in forest applications, but this method is too expensive as it does not follow open 
data policies such as the Sentinel missions from ESA. Recently, the advent of open-source spaceborne ICESat-2 and 
Global Ecosystem Dynamic Investigations (GEDI) LiDAR data opens new possibilities to develop a completely new 
forest monitoring methodology. This allows a data fusion approach merging SAR and LiDAR data, a proven method 
for complementing SAR images faced with low penetration and saturation problems. The fusion of ICESat-2 LiDAR 
and S-1 has achieved success in estimating forest biomass. However, this approach is yet to be explored to detect 
ASM sites. It is in this context that we attempt to map ASM locations, aiming to detect surface mining by integrating 
LiDAR and S-1 data to approximate expensive L-band ALOS-2 PALSAR. 
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The National Landcover Map of Ireland 2018. 

Rachel Kelly1, Kevin Lydon2 

1. Ordnance Survey Ireland; 2. Environmental Protection Agency. 

Landcover refers to what is physically present on the Earth’s surface; it includes natural vegetation, freshwater, and 
non-living surfaces. Grasslands, forest areas and artificial surfaces, are all examples of landcover types. Now, for the 
first time, The National Landcover Map creates a very detailed map of 36 landcover types that exist in Ireland in a 
project delivered by OSI in partnership with the EPA. This initiative is part of a long-term campaign for the 
improvement of data on landcover, land use and habitat mapping in the country, driven by members of the cross-
governmental national landcover and habitat mapping (NLCHM) working group. It is a great example of what can be 
achieved through effective Public Sector collaboration. The OSI and EPA designed an innovative mapping 
methodology that delivered the National Landcover Map through a combination of RS of aerial / satellite images 
and the integration of national data. The data is run through a ML process that predicts the most likely landcover 
class. This semi-automated methodology was designed to classify over 10 million landcover features in the 
landscape using a combination of rule-based and ML classification approaches. A dedicated and rigorous external 
validation procedure ran in parallel to the classification programme. This involved recruiting and training up to 30 
validators who were expert staff from other public sector departments and agencies. These validators collectively 
manually assess and validated over 24,000 validation samples. The National Landcover Map will fundamentally 
change our understanding of land status in Ireland. With this launch of The National Landcover Map, all public and 
private sector organisations now have easy access to comprehensive, detailed land cover data for the whole of 
Ireland. It is envisaged that this will be the first in a long-term series of national landcover data, which through time 
will help us identify and manage the changes and pressures on Ireland’s environment. 

 

Meter-scale urban land cover for EnviroAtlas ecosystem goods and services 
at the United States Environmental Protection Agency. 

Andrew Pilant1,2 Keith Endres2, Anne Neale2 

1. Department of Geography, Trinity College Dublin; 2. United States Environmental Protection Agency. 

Human health and well-being are closely tied to the environment, which provides benefits such as clean water, clean 
air, and protection from natural hazards, also known as ecosystem goods and services (EGS). EnviroAtlas 
(epa.gov/enviroatlas) is a product of the United States EPA that provides geospatial data, easy-to-use tools, and 
other resources related to ecosystem services, their chemical and non-chemical stressors, and human health and 
sustainability. To quantify EGS in urban communities we developed high resolution land cover maps at 1 m pixel size 
for thirty communities across the nation. This meter-scale urban land cover (MULC) is then incorporated in 
calculating more than eighty five fine spatial resolution EGS, including: total carbon stored in above ground tree 
biomass (mT); reduction in annual stormwater runoff (m3 /yr); value of asthma exacerbation cases avoided due to 
sulfur dioxide removed ($/yr); estimated percent of tree cover within 26 m of a busy road edge; and reduction in 
median load of nitrites and nitrates, soluble phosphorous, total suspended solids, etc. (kg/yr). MULC users include 
city and regional planners, water authorities, wildlife and natural resource managers, public health officials, citizens, 
teachers, and students. Potential applications of these data include the design of wildlife corridors and riparian 
buffers, stormwater management, urban heat island mitigation, access to recreation and green space, urban 
forestry, and urban landscape ecology. MULC is developed from visible and near infrared aerial photography and 
lidar using ML and ancillary datasets. This presentation will give examples of the data processing, derived EGS data 
layers and lessons learned. 

  



 

10 
IEOS2022  Technological University Dublin 

Production of a national Irish paddock map for intensive grasslands. 

Rob O’Hara1, Jesko Zimmermann2, Stuart Green2,3 

1. Department of Agriculture, Food and the Marine; 2. Department of Agrifood Business & Spatial Analysis, 
Teagasc; 3. Terrain-AI. 

A lack of spatial data on grassland management intensity causes uncertainty in GHG accounts and modelling of 
pollution pressures with the Water Framework Directive. We report results of a recent study to map the locations 
of intensively managed grasslands in Ireland. Using a statistical modality test of a time-series of S-2 satellite images, 
the locations of fields managed as paddock enclosures were mapped exploiting changing pixel intensity in response 
to rotational grazing over time. Our results suggest that ~ 304,500 Prime 2 field polygons, or 31% of pasture fields 
nationally, have paddock enclosures indicative of intensified grassland production. Overall thematic accuracy was 
84.58% (95% CI 80.93%, 87.78%). 

 

An Absolute Gravity Network (AGN) for Ireland. 

Katy Fitzpatrick 

Ordnance Survey Ireland. 

One of the key roles of the Ordnance Survey is to maintain and develop the underlying physical infrastructure to 
support mapping. This includes maintaining the national grid and height frameworks and linking these to 
international systems. This is a challenge island of Ireland, and the Geodetic Survey Departments in OSI and OSNI 
work together to achieve this. To enable precise positioning in Ireland, both agencies provide data from GNSS active 
stations to the European Permanent Network (EPN) and the European Plate Observing System (EPOS) project. Data 
is available via the Thematic Core Services Portal to support the Solid Earth Sciences. Combining ETRS positions with 
ITM provides precise, distortion free, horizontal positioning. The key to determining precise heights is the availability 
of an accurate Geoid Model (GM), which relies on detailed knowledge of gravity field variation across Ireland. Gravity 
values change across the Earth surface and play a major role in MSL determination. With the aim of improving the 
Ordnance Survey Geoid Model (OSGM) for Ireland, the two agencies began the Absolute Gravity Network for Ireland 
project. Heights in Ireland have traditionally been related to MSL at Malin Head or Belfast Lough. Since 2002, OSGM 
have been available to relate GNSS ellipsoidal height values back to MSL. To ensure our GM is accurate we require 
accurate gravity data to model gravity variation. Historically, no absolute gravity values were available for Ireland. 
The gravity values collected and held by the Dublin Institute of Advanced Studies were relative values. These have 
been used to create the current geoid model but, without absolute values to tie them into, they limit the accuracy 
that can be achieved. Absolute gravity measurement is expensive, and the area of gravity measurement is not well 
developed in Ireland. To deliver the core network, a tender was issued to establish an AGN. The winning proposal 
from the Institute of Geodesy and Cartography (IGiK) Warsaw proposed to establish a network of 60 AGN stations, 
co-located with GNSS stations and in other areas, to give uniform coverage. There was scope to adapt the planned 
network to the needs of OSI and OSNI, such as a station at the fundamental benchmark on Malin Head and there 
were plans to construct a ground anchored GNSS station. The presentation will describe the design, establishment, 
and surveying of the AGN for Ireland. It will outline the current position of the project and discuss how the results 
will be used in Ordnance Survey. 
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Mapping wildfire burn scars & quantifying the vegetation burned in Ireland 
from Landsat-8 and Sentinel-2. 

Fiona Cawkwell1, Emma Chalencon1, Ned Dwyer2, Guy Serbin3 

1. Department of Geography, University College Cork, 2. Randbee Consultants, 3. Mallon Technology Ltd.  

Wildfires in Ireland tend to be relatively small and short-lived and are often not captured by global active fire 
detection programs such as EFFIS and FIRMS. Information from fire services/media reports are typically incomplete 
or inconsistent. Medium resolution optical satellite images can provide a more complete and objective approach to 
mapping the aftermath of a fire in the form of burn scars. A S-2 and Landsat-8 image time series was created for 
2015-2021. Burn scars were determined based on the NBR, with a series of land cover filtering steps employed to 
eliminate potential false alarms. Both sensors proved capable of detecting burn scars as small as 0.4ha. The multi-
date comparisons and thresholding approach taken for S-2 data produced a more conservative product than the 
Landsat-8 equivalent, with fewer false alarms generated from agricultural activities, peat bogs, cloud, and shadow. 
However, both datasets indicated significantly more burned area than all other existing estimates. Accuracies were 
highest where samples of the Irish National Landcover Map were available for use in the filtering step. In those 
areas, 10% of the burn scars were omitted by the Landsat-8 dataset, with only 0.01% omitted by the S-2 data, and 
between 75-82% of the burn scars were correctly delineated when compared with manual interpretation. The land 
cover which recorded the highest burned area was the “heavily improved grassland” class from the NPWS Habitat 
Asset Register, representing 25% of the total burn scar area. The results demonstrate a very promising approach to 
mapping the extents of wildfires in Ireland, and when the full Irish landcover map is available, it is anticipated that 
mapping burned areas from space and estimating the biomass lost and emissions released will be further improved. 
 

ESA Blue Economy: Charting a course to enhance connecting Earth 
Observation in the Atlantic Blue Economy. 

Rory Scarrott1,3, J. Giannoumis1,3, F. Fleming3, F. Brandão4, C. Sams5, S. Aparacio6,7, S. Ferretti7 

1. Department of Geography, University College Cork; 2. School of Biological Earth and Environmental Science 

University College Cork; 3. MaREI Centre; 4. GMV (Portugal); 5. National Oceanography Centre (U.K.); 6. Solenix 

(Italy); 7. ESRIN (Italy). 

Space Agencies such as ESA feature a long-term perspective that can address global grand challenges and achieve 
sustainable development. However, there is a mismatch between this perspective and meeting the needs of rapidly 
changing economic sectors across the Atlantic region. The challenge for the space sector governance and space 
agencies, is, how to best support and enhance knowledge transfer, innovation, and commercial opportunities in 
fast-paced, and rapidly expanding arenas such as the marine realm. The ESA-funded Blue Economy project is 
charting a way forward to better embed satellite EO capabilities into a sustainable blue economy. Structured 
discussions gathered insights from academia, industry, inter-governmental, and network organisations across the 
Atlantic region. Stakeholder data analysis has identified exciting innovation avenues, cutting-edge knowledge 
transfer opportunities, and a series of restraints on research and commercial development. The data emphasizes 
the role of Technological Innovation Clusters (TICs), as vehicles to rapidly identify and address potential bottlenecks 
in the innovation ecosystem. Effectively utilised TICs form a bridge linking long-term vision and strategy, with short-
term commerce and opportunity. They can facilitate the realisation of EO-maritime solutions, and feature alongside 
a range of targeted investment and activity recommendations. These perspectives will be delivered as a roadmap 
to ESA. This will provide guidance and recommendations on how ESA can strategically harness the potential of TICs 
to maximise EO-derived data opportunities, and uptake by the Atlantic maritime sector. This presentation gives an 
outline of the approach used in the project regarding the Innovation Clusters road-mapping, and then overviews the 
range of draft recommendations of potential relevance to the Irish EO community. It focuses on four themes: (i) 
opportunities for EO sector innovation, (ii) opportunities for inter-disciplinary knowledge transfer, (iii) opportunities 
for inter-sectoral synergies, and (iv) identified barriers to address. This research has been funded by ESA, through 
the Atlantic Regional Initiative under contract no. AO/1-10030/20/I-DT (ESA Blue Economy: Innovation Clusters, 
Atlantic natural resources management and Maritime Spatial Planning). See www.atin-blueco.eu for more 
information.   

http://www.atin-blueco.eu/
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Assessing the spatio-temporal dynamics of newly-born sand dunes of Lake 
Urmia using remote sensing and field data. 

Hesam Ahmady Birgani1, Parisa Ravan1, Zhengyi Yao2, Gabriela Mihaela Afrasinei3 

1. Urmia University (Iran), 2. Chinese Academy of Sciences (Lanzhou), 3. Technological University Dublin 

To enhance the understanding of aeolian landforms and their processes, the assessment of origin, migration and 
evolution of newly born sand dunes is vital. In this regard, Lake Urmia, in NW Iran, was considered as a 
representative case study, given that it has lost approximately two-thirds of its water volume in the past two decades 
and, consequently, the newly born sand ridges and sand dunes on its western shores were formed. The emerging 
sand dunes are located close to the villages, adjacent to the agricultural and farmlands, international transit road, 
and industrial zone, encompassing the whole area. The study aimed to assess the sand dunes’ origin and their 
migration both in speed and direction in the past decade, using wind data to calculate the wind rose, drift potential 
(DP), the resultant drift potential (RDP), and the resultant drift direction (RDD) across the region. Change detection 
techniques using high-resolution satellite images were chosen to detect the migration rate and morpho-dynamic 
changes of Lake Urmia sand dunes. A hybrid supervised classification approach including a decision tree classifier 
was used to classify geomorphological features and land use in the region. Ground-based survey on sixteen sand 
dunes in different periods measured morphological and evolutionary changes. Analysis of wind speeds above the 
threshold velocity (V>Vt%) to DP indicated that between 2009-2015witnessed the most erosive and shifting winds. 
Moreover, annual variability of DPt was well correlated with Lake Urmia water level changes; but there was no 
correlation between the DPt and precipitation. Evaluation of the image processing suggested that after 2003 there 
was a dramatic increase in the area of sand dunes. On average, the smallest area belongs to 2010 (287.3 m2), and 
the largest area is for 2019 (775.96 m2), 2018 (739.08 m2), and 2017 (739.74 m2). In addition, between 2010-2014, 
a significant increase in area of the sand dunes from 287.25 m2 to 662.8 m2 was observed. The migration rate was 
highest between 2010-2015, and lowest pre-2010 and post-2015. The results of this study have broad implications 
in the context of sustainable development and climate-related challenges, ecosystem management and 
policymaking for regions with sand dune challenges, hence crucial insights can be gained by coupling RS techniques 
and in-situ studies. 
 

Soil Organic carbon & Land Use Mapping (SOLUM) project. 

Matthew Saunders1, Gabriela Mihaela Afrasinei2, Jesko Zimmerman3, Alina Premrov1, Kevin Black4, 

Stuart Green3 

1. Department of Botany, Trinity College Dublin, 2; Technological University Dublin; 3. Department of Agrifood 

Business & Spatial Analysis, Teagasc; 4. FERS Ltd. 

A brief synopsis of the recently published SOLUM project. Currently, land use, land use change and forestry reporting 
for national inventory purposes largely relies on tier 1 reporting methodologies because of the lack of availability of 
soil property and other activity data at an adequate spatial resolution. To better inform coherent climate mitigation 
strategies and to enhance knowledge in this area, the Soil Organic Carbon and Land Use Mapping (SOLUM) project 
developed a spatially integrated soils and land use dataset for Ireland that could inform more robust tier 2 and 3 
estimates of soil organic carbon stock changes. A recently published EPA report provides an overview of the activities 
and outputs of the SOLUM project, including methodological approaches and analyses. 
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BREAKOUT SESSION 1 

Machine learning classification of mixed savannah environments. 

Paul Aplin1, Kwame Awuah2 

1. Mary Immaculate College, Limerick, 2. Edge Hill University (UK) 

The inherent spatial heterogeneity of savannah landscapes limits accurate discrimination of different vegetation 
components at the spatial scale of medium resolution sensors. We address this issue using very high resolution 
(VHR) WorldView-3 (WV-3) imagery. Previous studies in similar contexts provide limited information on the utility 
of specific bands and derived image features from VHR data for optimized savannah vegetation mapping. Against 
this backdrop, we (i) compared RF, SVM, CART and MLP models, and (ii) investigated the relative contributions of 
original WV-3 bands, and vegetation and texture indices for discriminating four plant functional types (PFTs) - woody 
evergreen, woody deciduous, bunch grasses, grazing lawns - in Kruger National Park, South Africa. All models 
achieved high F-scores (F1) and overall accuracy (OA) scores, with RF (F1 = 92.50 ± 0.004%, OA = 91.16 ± 0.004%), 
SVM (F1 = 94.75 ± 0.002%, OA = 93.02 ± 0.002%) and MLP (F1 = 95.25 ± 0.003%, OA = 94.27 ± 0.003%) outperforming 
CART (F1 = 86.75 ± 0.006%, OA = 84.93 ± 0.003%). A combination of original image bands, spectral and texture 
indices enhanced discrimination capacities of the machine learning models. Across all models, the most important 
features were: (i) Coastal blue and Yellow for original bands; (ii) Global Environmental Monitoring Index and 
Modified Soil Adjusted Vegetation Index-2 for vegetation indices, and (iii) Mean and Sum average for texture 
features. Our research contributes a robust workflow for optimized use of WV-3 imagery and algorithms for accurate 
high-resolution monitoring of savannah vegetation structure and phenology, while providing timely information 
critical for the understanding of habitat heterogeneity in southern Africa savannahs. 
 

Assessment of the potential of gum and resin-bearing tree species in 
Ethiopia. 

Michael Foley 

Mallon Technology Ltd. 

The application of EO-based services for the monitoring of vegetation over vast areas is becoming a standard 
procedure in many parts of the world. One of the main driving forces behind such approaches is the development 
of more economically viable and sustainable harvesting in contrast to the more traditional methods. Furthermore, 
this kind of information is often used to support the monitoring of such sustainable development and their impacts. 
This project aimed to facilitate and promote increased use of EO-derived information within the sustainable 
development community. EO can play a significant part in filling the gap that exists. This project was divided into 
three distinct tasks: Vegetation Detection, Heath Assessment, and Species Identifications. While these tasks are 
quite closely linked, they were split between three different service providers. Of the three, Mallon Technology 
oversaw the health assessment of the vegetation found within the areas of interest. Using high-resolution satellite 
imagery, made available by Norway's International Climate and Forests Initiative (NICFI), and using ML approaches, 
an accurate assessment of the specified vegetation was acquired. This project aimed to be a valid support for the 
development of a system for the monitoring of gum and resin-bearing trees. The services outlined above helped to 
design an effective monitoring method for gum and resin-bearing trees in relation to extent, distribution, and health, 
to support economic and environmental protection activities within the country of Ethiopia. 
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Challenges of the use of EO and machine learning in the monitoring of 
natural habitats. 

Jerome O’Connell1, Chaitanya Chavan1, Charmaine Cruz2, John Connolly2, Kevin McGuinness3, Jim Martin4, Philip 
Perrin4 

1. Proveye Ltd; 2. Department of Geography, Trinity College Dublin; 3. Department of Electronic Engineering, 

Dublin City University; 4. BEC Consultants Ltd. 

The mapping and monitoring of natural and semi-natural habitats is critical in the long-term protection of these 
sensitive landscapes. The status of these habitats is a biodiversity indicator with respect to their extent, health, and 
change. Due to the extensive scale and remoteness of some of these habitats, traditional field-based monitoring 
can only partially assess their ecological status. The use of RS in habitat monitoring is now a well-established tool in 
multi-scale routine monitoring. However new image analysis approaches that have stemmed from the fields of 
computer vision and deep learning are now emerging as a potentially revolutionary tool in detailed habitat mapping 
and monitoring. There are, however, some challenges to using such approaches. In this study we use a form of deep 
learning called CNN to classify various Irish priority habitats based on Annex, Fossett and Irish Vegetation 
Classification (IVC) habitat classification schemes. High spatial resolution UAV imagery was acquired at different 
times of the year along with field-based plot measurements as training data. Class imbalance was a particular issue 
with many minority classes present, so various novel data augmentation approaches and model architectures were 
tested with respect to classification accuracy. Classification accuracy varied from 82-96% for Annex, Fossitt and IVC, 
with the combination of multi-temporal UAV imagery and a DSM giving best results in most cases. The processing 
pipeline is fully automated and was developed in Python so that it can be scaled across large areas for routine 
mapping and monitoring as part of Irelands reporting requirements under the EU Habitat’s Directive.  

 

An Earth observation approach for monitoring and mapping the spatial 
distribution of bird habitats around the Irish Sea. 

Walther Camaro Garcia1,2, Fiona Cawkwell1 

1. Department of Geography, University College Cork; 2. MaREI Centre 

The ECHOES (Effect of climate change on bird habitats around the Irish Sea) project, funded by the European 
Regional Development Fund (Ireland Wales INTERREG Programme), seeks to address how climate change will impact 
migratory bird species of the Irish Sea, and what effect this could have on the society and shared ecosystems in both 
Ireland and Wales. Satellite imagery combined with vegetation data are a key source of information for mapping 
and monitoring the changes of key habitats for these species. Initially, four study sites were selected between the 
Welsh and Irish coasts. A time series of cloud-free S-2 images were identified, for each year of field vegetation 
surveys, over the study sites. Three radiometric indices were calculated to capture the habitat distribution and 
dynamics. The NDVI highlights the condition and the seasonal variation of the vegetation. The Structure Insensitive 
Pigment Index (SIPI) is used to identify the high variability in the vegetation structure for some habitats. Finally, the 
NDWI is used to identify the presence of water in the estuary areas linked to the tidal variation. Combining the 
vegetation data with the radiometric indices, a RF classification was run for each site. To capture change in the 
habitats over the last 20 years, a time series of Landsat were identified over the study areas. The radiometric indices 
used in the first phase of this study were calculated for the time series and the per-pixel trajectories plotted. Land 
cover changes were classified, based on a continuous change detection algorithm in a pixel scale, into abrupt and 
trend changes for each of the different indices. A variety of approaches are under exploration to determine the 
dynamics of the different study areas of the past two decades. 
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Optimizing Landsat Next and Sentinel-2 Next Generation shortwave infrared 
bands for senescent vegetation detection. 

Brian Lamb1, Philip Dennison2, W. Dean Hively1, Raymond Kokaly3, Guy Serbin4, Zhuoting Wu5, Philip Dabney6, 

Jeffery Masek6, Michael Campbell2, and Craig Daughtry7 

1. U.S.G.S. Lower Mississippi-Gulf Water Science Centre; 2. University of Utah (USA); 3. USGS Geology, Geophysics, 

and Geochemistry Science Centre; 4. Mallon Technology Ltd; 5. USGS National Land Imaging Program; 6. NASA 

Goddard Space Flight Centre; 7. USDA Agricultural Research Service. 

Senesced/ non-photosynthetic vegetation (NPV), such as dry grasses and plants, post-harvest crop residues, and leaf 
litter, are best identified using SWIR lignocellulose absorption features between 2000-2350 nm. Current Landsat 
and S-2 bands are spectrally too broad, so this study focused on optimizing narrow SWIR band placements for pixel-
level estimation of fractional NPV (fNPV) for the upcoming Landsat Next (LNext) and S-2 Next Generation (S2NG) 
missions. We applied an iterative wavelength shift approach to 916 crop residue field spectra with varying moisture 
conditions collected in Beltsville, Maryland, USA, and computed generalized two- and three-band spectral indices 
for all wavelength combinations. These indices were then used to model field-measured fNPV. A subset of the full 
dataset with a NDVI <0.3 threshold (n= 643) was generated to evaluate green vegetation impacts on fNPV 
estimation. While two-band wavelength shift analyses applied to the NDVI<0.3 dataset performed well for both a 
generalized normalized difference with 2226 nm and 2263 nm (R2= 0.8222; RMSE= 0.1296) and the Shortwave 
Infrared Normalized Difference Residue Index (SINDRI, 2210 and 2260 nm, R2= 0.8145; RMSE= 0.1324), performance 
decreased for the full NDVI dataset (R2 = 0.5865 and 0.4144, respectively). A three-band generalized ratio-based 
index closely matching established Cellulose Absorption Index (CAI) bands (2031-2085-2216 nm) outperformed two 
band indices for the NDVI<0.3 dataset (R2= 0.8397; RMSE= 0.1231). The 2036-2111-2217 nm band combination had 
the top fNPV estimation performance for both the full NDVI dataset (R2= 0.7581; RMSE= 0.1548) and when assessing 
combined green vegetation cover and surface moisture effects (R2= 0.8690; RMSE= 0.0970). We recommend the 
following band centres and wavelength tolerances LNext/S2NG SWIR bands for fNPV estimation: 2036 nm (+/- 5 
nm), 2097 nm (+/- 14 nm), and 2214 (+/- 11 nm). 
 

BREAKOUT SESSION 2 

Spatio-temporal variability of chlorophyll-a in surface waters of North-East 
Atlantic using remote sensing. 

Mir Talas Mahammad Diganta1,2,3,4, Md. Galal Uddina1,2,3,4, Tiit Kutser5, Agnieszka I. Olbert1,2,3,4 

1. School of Engineering, University of Galway; 2. Ryan Institute, University of Galway; 3. MaREI Research Centre; 4. 
Eco-HydroInformatics Research Group (EHIRG), University of Galway; 5. University of Tartu (Estonia). 

Chlorophyll-a (Chl-a) is an important indicator of surface water quality and also an essential climate variable. There 
are several techniques and tools used for assessing Chl-a, RS is one of them. In fact, Chl-a is considered as the most 
commonly measured optically active substance. While the accuracy of Chl-a concentrations retrieved from RS data 
has improved in recent years, the technique still receives much criticism due to the unresolved issues around data 
accuracy which is linked to a variety of environmental conditions and their geospatial distributions. Therefore, when 
assessing or monitoring water quality from the RS-derived indicators, it is important to identify the geographical 
zone(s) for which the RS data are available, accessible and meaningful. In this study, the suitability of RS Chl-a data 
to be used for water quality and/or ecological assessments is determined through a complex statistical validation 
against available in-situ (IS) data. The geographical regions or zones for the potentially successful application of RS 
techniques in the North-East Atlantic are identified for twelve ICES geographical divisions covering the territorial 
waters of the Republic of Ireland and United Kingdom. Six years (2015-2020) of RS and IS observations are used in 
the validation process. A series of reliable statistical measures like Z-statistics, Tylor analysis, absolute standardized 
residual estimate analysis (ASRE), and the empirical Bayesian geocomputational model were used for RS validation.  
Model performance was evaluated using several evaluation measures such as RMSE, MSE, MAE, and R2. The results 
indicate that across the domain, there were significant differences in Chl-a concentrations between the RS and IS 
datasets. Comparing between ICES divisions, the smallest differences in RS-IS data were found in the west of 
Scotland (VIa) and Irish Sea (VIIa) zones, whereas the largest data variation was found for the furthers offshore 
division - Rockall (VIb). The findings of this study imply that various environmental conditions such as solar radiation, 
sun’s orientation, duration of sunlight, etc., have a significant impact on the reliability of the RS technique. As 
confirmed by all statistical measures used in this study, the RS data in VIa and VIIa divisions are in good agreement 
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with IS observations suggesting the potential of this technique to be used in the evaluation of Chl-a distribution as 
well as in indirect assessment of water quality and ecological statuses. These findings demonstrate that the 
Copernicus Marine Environment Monitoring Service (CMEMS) RS Chl-a products are relatively accurate with low 
uncertainty levels at certain geographical locations and a suit of statistical methods employed in this study can be 
used jointly to identify zone(s) suitable for RS Chl-a observations. 

 

A characterisation of benthic currents from seabed bathymetry: an object-
based image analysis of cold-water coral mounds. 

Gerard Summers1, Aaron Lim1, Andrew J. Wheeler1,2,3 

1. Department of Geography, University College Cork; 2. Irish Centre for Applied Geosciences; 3. MaREI Centre 

Seabed sedimentary bedforms (SSB) are strong indicators of current flow (direction and velocity) and can be mapped 
in high resolution using multibeam echosounders. Many approaches have been designed to automate the 
classification of such SSB imaged in multibeam echosounder data. However, these classification systems only apply 
a geomorphological contextualisation to the data without making direct assertions on the velocities of benthic 
currents that form these SSB. Here, we apply an OBIA workflow to derive a geomorphological classification of SSB 
in the Moira Mounds area of the Belgica Mound Province, NE Atlantic through K-Means clustering. Cold-water coral 
reefs as sessile filter-feeders benefit from strong currents are often found in close association with sediment wave 
fields. This OBIA provided the framework to derive SSB wavelength and wave height, these SSB attributes were used 
as predictor variables for a multiple linear regression to estimate current velocities. Results show a bimodal 
distribution of current flow directions and current speed. Furthermore, a 5 k-means classification of the SSB 
geomorphology exhibited an imprinting of current flow consistency which altered throughout the study site due to 
the interaction of regional, local, and micro scale topographic steering forces. This study is proof-of-concept for an 
assessment tool applied to vulnerable marine ecosystems but has wider applications for applied seabed appraisals 
and can inform management and monitoring practice across a variety of spatial and temporal scales. Deriving spatial 
patterns of hydrodynamic processes from widely available multibeam echosounder maps is pertinent to many 
avenues of research including scour predictions for offshore structures such as wind turbines, sediment transport 
modelling, benthic fisheries e.g., scallops, cable route and pipeline risk assessment and habitat mapping.  

 

Insights into fronts and waters around Ireland using the Ocean-surface 
Heterogeneity Mapping Algorithm (OHMA).  

Rory Scarrott1,2,3, Caroline Cusack2, Catherine Jordan2,4, Mark Jessopp3,5, Fiona Cawkwell1 

1. Department of Geography, University College Cork; 2. Marine Institute; 3. MaREI Centre; 4. Earth and Ocean 
Science Centre; University of Galway; 5. School of Biological, Earth and Environmental Sciences, University College 
Cork 

The OHMA algorithm was developed to extract heterogeneity information from hyper-temporal satellite-derived 
datasets, delivering it in the form of Spatio-Temporal Heterogeneity (STH) datasets. The approach is entirely data-
driven to meet current limitations when working with hyper-temporal ocean data, and to overcome challenges of 
obtaining ocean surface in-situ data that drives more supervised approaches. The algorithm was developed using 
the Northeast Atlantic as the trial region. Following publication, the OHMA’s performance on datasets of higher 
resolution spatial and temporal scales was examined, using waters around Ireland and the wider West European 
Archipelago (WEA) as a test region. Sea surface fronts were used to appraise OHMA’s performance at capturing 
heterogeneity information of regional biological importance. Two types of fronts which are expressed in surface 
waters were used – tidal, and thermohaline fronts. STH datasets were generated from hypertemporal datacubes 
(lat./long., sequential time) at a range of spatial and temporal scales. This included a single year of 12 31/30-day 
sequential datasets. Hydrographic data from 2 cruises by the Marine Institute’s Celtic Explorer were also analysed 
and compared to the STH insights into surface tidal and thermohaline fronts. Input dataset timeframes, and scale 
considerations proved to be an essential consideration when examining tidal and thermohaline frontal systems in 
continental shelf waters surrounding the WEA. For hypertemporal analyses conducted in this continental shelf sea 
region, thermal stratification during the summer months can considerably enhance or obscure the information 
conveyed by thermal-based STH datasets. While the OHMA approach did produce meaningful and useful 
information on the WEA region, the performance appraisal emphasized the care any OHMA user must take in 
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framing their study and input datasets. This is particularly important if they are seeking to support information 
gathering on regional seascapes, in support of ecosystem studies. This research has been funded by the EU, through 
the Horizon 2020 Research and Innovation Programme under grant agreement no. 687289 (Co-ReSyF), and 
previously under the FP-7 Programme under grant agreement no 607155 (SAFI). For more information on the Co-
ReSyF project, see www.co-resyf.eu. Further information on SAFI project at www.safiservices.eu. 

 

Remote sensing of Irish surface waters (INFER): Using Google Earth Engine 
to construct data sets of lake observations. 

Conor Delaney1, Aaron Golden1, Valerie McCarthy2, Kevin French2, Eleanor Jennings2, Sita Karki3, Jenny Hanafin3, 

Alastair McKinstry3 

1. University of Galway; 2. Dundalk Institute of Technology; 3. Irish Centre for High End Computing 

The objective of the INFER project was to examine the potential of freely available EO data (S-2 and Landsat) as a 
way of monitoring water quality in Irish lakes and transitional and coastal waters, and to determine if prevailing 
weather conditions compromise the effective use of such remotely sensed data in an Irish context. Included in this 
project was the historical analysis of EO data from the archived Landsat Program, freely available on GEE. This 
analysis was conducted for 21 lakes regularly monitored by the EPA and local authorities. Observational data from 
1984 to 2021 was reviewed, a statistical assessment of cloud coverage occurrence determined, and those cloud-
free observations matching in-situ sampling events curated and made publicly available. We demonstrated that by 
using the free to access EO archives on the Cloud and free to use proximity computing (GEE in this case), it is possible 
to generate datasets of cloud free observations of Irish lakes that are of the maximum possible size. This was 
achieved by using the metric of cloud cover over a lake to filter the Landsat archives to create lake specific datasets 
for analysis. This approach is a major improvement on the traditional approach of filtering EO data which is based 
on the cloud cover over the whole scene. The dataset listing Landsat observations that overlap with historical EPA 
in-situ observations from several lakes has been made available (GitHub) so that future researchers do not have to 
re-run the Big Data analysis. In this presentation, we demonstrate how this data set was created, 

 

Regional mapping of peatland boundaries using airborne radiometric data 
and supervised machine learning. 

David O’Leary, Eve Daly, Colin Brown 

Earth and Ocean Sciences and Ryan Institute, University of Galway 

Peatlands are recognized as important carbon sequestration centres. Through restoration projects of peatlands in 
which the water table is raised, they may become carbon neutral or possibly carbon negative. National restoration 
plans require a knowledge of peatland extent and spatial distribution across large geographic areas. Recently, the 
availability of large geo-spatial datasets has increased. These range from soil, quaternary, and geology maps to 
airborne geophysical and satellite RS data. Such datasets may provide a means to spatially map peatland extents 
and boundaries traditionally mapped via in-situ measurements. However, these datasets, and their relationship to 
the subsurface, are often complex. Modern ML methods can play a role in analysing such multi-variate data within 
the discipline of Digital Soil Mapping. Current peatland maps are created using combination of optical satellite RS 
and legacy soil/quaternary maps. Optical RS cannot detect peatlands under landcover such as forest or grassland. 
Legacy maps are often created from sparse in-situ augur, borehole, or trial pit data. These types of measurements 
do not allow for accurate measurement of boundaries or intra-peat variation. Modern airborne geophysical datasets 
offer a potential means to update national and local scale peatlands maps. Radiometrics, a geophysical method that 
measures radiation emitted from geological materials, is particularly suited to peatland studies. Peat is a mostly 
organic material and so is, generally, not a source of radiation. Peat is also saturated and water acts to scatter the 
emitted gamma rays. These effects combined means that peatlands act as a blanket to any source of radiation from 
below and show as “low” radiometric signal in the landscape. This study aims to use Airborne Radiometric data 
combined with supervised ML classification techniques to examine and update the current spatial distribution of a 
peatland database in Ireland. The methodology shows that a direct measurement, such as radiometrics, analysed in 
a supervised ML framework, provides more accurate and justifiable estimates of peatland extent in this region. 

 

http://www.co-resyf.eu/
http://www.safiservices.eu/
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Multi-sensor multi-modal decision-level fusion in Earth Observation. 

Aidan Magee, John McDonald, Tim McCarthy 

Maynooth University 

The use of EO and RS data captured from multiple platforms, including satellites and aircraft platforms with a wide 
range of unique sensor types, has the potential, through sensor fusion, to improve both the accuracy and frequency 
of Land Cover Classification (LCC) product updates. However, the significant differences in the characteristics of each 
sensor’s data outputs present a considerable challenge for sensor fusion. This research demonstrated how a 
decision-level fusion and ML approach to sensor fusion could be utilised to fuse data with diverse characteristics 
and, in turn, address two distinct challenges when performing LCC. The first challenge is how frequent cloud cover 
impacts the availability of optical satellite data. As a result of frequent cloud cover, the availability of data can differ 
at each location. Therefore, a novel decision-level fusion technique (SVM-fused combination averaging) was 
proposed to enable the fusion of multi-platform satellite data where the availability of remotely sensed data from 
each platform may vary across the assessed region. This research demonstrated that the proposed technique could 
outperform LCC using non-fused and pixel-level fused models. The second challenge this research addressed focused 
on using a decision-level fusion of high-resolution mono-temporal aerial data with multi-temporal multi-modal 
satellite data. The inclusion of high-resolution aerial data can benefit the generation of LCC through improved 
boundary delineation. However, the significant difference in spatial resolution between satellite and aerial data can 
make applying sensor fusion challenging. To address this challenge, an innovative ‘class-corresponding’ decision-
level fusion approach was proposed for the fusion of mono-temporal aerial data with multi-temporal, multi-modal 
satellite data. This research demonstrated that the proposed satellite-aerial fusion techniques could significantly 
improve classification accuracy relative to satellite data alone while enabling the classification of inherently 
temporal classes, which would not be possible with mono-temporal aerial data.  

 

Modelling night-time lighting from urban areas. 

Brian Russell Espey 

School of Physics, Trinity College Dublin 

Satellite observations of night-time anthropogenic light have been used to provide information on human 
habitation, economic development, and energy output, as well as the impact of natural and man-made disasters. 
Additionally, such observations can be used to monitor the condition of the nocturnal environment and its potential 
impact on both humans and animals. Nightly observation of the Earth is currently undertaken by a wide range of 
satellites, providing both panchromatic and multispectral images with resolutions down to metres or tens of metres 
scale. However, unlike daytime observations, one cannot assume simple Lambertian emission and there is a lack of 
a complete understanding of how light is emitted (e.g., whether by direct upwards emission or reflection) and the 
effects of obstructions, both manmade and natural. I will present the results of work to understand this problem 
using public lighting databases coupled with a metre-scale DEM-based analysis for a range of Irish environments, 
from residential areas in Dublin City to entire towns. The goal of this work is to close the loop between what is 
emitted on the ground and what is detected from orbit, as well as to determine lower-angle emission to the wider 
ground environment. I will also show that the use of multiple DEM datasets can be used to study seasonal effects 
due to foliage which, in two cases, decreases emission by roughly one third during summer months. Besides its 
immediate application to night observations, this work has potential application to studies of daytime solar energy 
budgets. Initial results have been presented in Remote Sensing 2021, 13(19), 3827; 
https://doi.org/10.3390/rs13193827. 

  

https://doi.org/10.3390/rs13193827
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Detecting urban driveways using Earth Observation data. 

Gourav Misra, Shubham Sonarghare, Rowan Fealy, Tim McCarthy 

Maynooth University 

Electric vehicles (EV) are suggested as a mode of transportation that can overcome the adverse impacts of 
conventional engines that run on fossil fuels. The Zero Emissions Vehicles Ireland campaign aims to deliver almost 
a million electric vehicles to the national fleet by the end of this decade. The slow establishment of charging 
infrastructures is one of the main bottlenecks identified in EV adoption. Considering the nascent public charging 
infrastructure, home charging is being promoted by the govt. in the form EV home charger grants. Previous studies 
have indicated the presence of a driveway to be positively correlated with EV uptake. However, such studies have 
mostly relied on census data which are time taking to gather and known to be prone to errors. Our study proposes 
the use of EO techniques to detect driveways within property boundaries. The algorithm uses very high-resolution 
multispectral data, height information from LiDAR and Prime-2 GIS dataset to identify properties that have a 
driveway. This framework was tested in a residential neighbourhood in Dublin city and was found to be performing 
well in detecting both properties with and without driveways. Quick and easy detection of driveways can lead to 
timely interventions for promotion of EV update among people. This method can be replicated with little effort in 
other cities of the world provided they have easy access to the mentioned datasets. 
 

Identifying associations between urban nature and population health using 
Sentinel-2 Multispectral Instrument (MSI) data- the normalized vegetation 
index and COVID-19 in Ireland. 

Martin Boudou 

Technological University Dublin 

While multiple studies have focused on the clinical factors pre-empting SARS-CoV-2 (e.g., underlying health 
conditions, age), no Irish research has examined the effect of the natural environmental on SARS-CoV-2 incidence 
or severity (hospitalization, ICU admission and mortality). Identifying areas and communities at higher risk due to 
local environmental factors constitutes a knowledge gap for informing mitigation/intervention strategies prior to 
future similar public health events. Accordingly, the current study focused on three major Irish cities: Dublin, Cork, 
and Galway. A NDVI dataset was constructed using the GEE Explorer and S2-2 MSI (Multispectral Instrument) open-
access software. The NDVI is measured as the difference between near-infrared (strongly reflected by vegetation) 
and red light (absorbed by vegetation). NDVI values range from -1 (waterbodies) to 1 (dense vegetation). Satellites 
raster files were downloaded for the period March to June 2020, with a cloud filter set to 10% to ensure an optimal 
representation of “greenspace” i.e., images >10% cloud cover discarded. The NDVI for each image was calculated 
using a predefined normalization function in JavaScript with a normalized difference of Near-Infrared (NIR) to Red 
Band (i.e., absorption/reflection). Calculated NDVI values were geographically linked to Small Area (SA) units across 
all three cities and associated with their respective SARS-CoV-2 incidence and severity rates from March to 
November 2020 (N = 22,773). NDVI proportion was negatively associated with SARS-CoV-2 incidence rates across all 
three cities (i.e., increased greenspace concurrent with lower SARS-CoV-2 incidence) (aORs 0.101 – 0.501). Differing 
levels of association were found with respect to case gender (male cases typically more “responsive”) and city (less 
populated cities typically more “responsive”). Findings provide a crucial evidence base for researchers, 
policymakers, and healthcare practitioners to appropriately design non-pharmaceutical interventions using 
available EO data and engage with communities to successfully promote appropriate health behaviours. 
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Application of Sentinel-1 imagery for flood mapping and hydrometric data 
reconstruction. 

Ted McCormack1, Joan Campanya1,2, Owen Naughton2 

1. Geological Survey Ireland; 2. Department of Built Environment, South-East Technological University 

Recent unprecedented flood events have highlighted the need to improve methodologies for monitoring and 
mapping flooding in Ireland. In response, GSI began developing new tools to map and monitor flooding using 
Copernicus S-1 SAR imagery. Using this imagery, GSI has developed two new products: 1) National Seasonal Flood 
Maps, and 2) SAR Derived Hydrographs at turloughs. National Seasonal Flood Maps have been developed by 
mapping the maximum flood extent of over 25,000 detected water bodies across Ireland over a six-year period 
(2016-2022). Flood extents were classified using a semi-automatic tile-based histogram thresholding approach and 
refined using post processing filters. These included multi-temporal filters which exploited the timing and orbit 
position of the S-1 satellite to identify likely false positives, and contextual information-based filters that used 
external information such as topography and land use to estimate the likelihood of flooding and constrain its extent. 
A topographic correction algorithm was also applied to hydrologically correct flood bodies. Seasonal flood maps 
were released in summer 2022 and are available via GSI WMS. SAR Derived Hydrographs have been developed for 
gauged and ungauged turloughs using S-1 SAR. The methodology, developed in Python, used multitemporal 
sequences of SAR imagery to reconstruct hydrometric data at turlough sites across Ireland. The procedure 
downloaded, processed, and checked the suitability of SAR images for water classification. Suitable images were 
classified and filtered to remove common sources of misclassification, and the flood area in each image was cross-
referenced against a stage-area relationship derived from the wetland topography to determine water level. The 
SAR hydrograph methodology is completed, and datasets will be made available through GSI web services in early 
2023.  

 

Deep learning extraction of symbology from Ordnance Survey maps to 
define historic wetland extents. 

Richa Marwaha1,4, Rob O’Hara2, Jesko Zimmermann3, Matthew Saunders1,4, Stuart Green2,4  

1. Department of Botany, Trinity College Dublin; 2. Department of Agriculture, Food and the Marine; 3. Department 
of Agrifood Business & Spatial Analysis, Teagasc; 4. Terrain-AI 

Old maps can provide important information on historical land cover and land use change before the era of EO 
satellites. OSI 6-inch maps published during the mid-nineteenth century contain a range of cartographic symbols 
depicting wetlands and other marginal lands (e.g., rock outcrops and scrub). These representations provide an 
important context for understanding the modern landscape and environment. OSI historical maps are not currently 
available in a fully digital format that allows them to be integrated into ML workflows. We demonstrate how CNN 
can quickly and accurately segment wetland symbology from the first edition OSI 6-inch maps to define the extent 
and distribution of former wetlands. A segmented wetland map of our study area (River Barrow catchment) is 
presented, with a brief discussion of how land use has changed in the last two centuries. These wetlands include 
both peat and mineral soils. We outline the U-net CNN architecture implemented via the ‘PyTorch’ library, the 
process of training data creation, and the learning workflow using stochastic gradient descent. Overall thematic 
accuracy of the map output was 97% (kappa coefficient of 89%) with user/ producer accuracy for the wetland class 
96% and 86% respectively. This method can allow for greater incorporation of historical data into automated 
modelling workflows using both optical and SAR EO imagery. This research is part of the Terrain-AI project co-funded 
by Microsoft Ireland and SFI. 
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Extracting information from the historical Bog Commission maps with image 
classification tools. 

Louis Gilet 

Department of Geography, Trinity College Dublin 

The REPEAT project aims to refine our knowledge of the extent of Irish peatlands and of the land use changes they 
have undergone over the past 200 years. To do this, the Bog Commission maps (1809-1814) and modern high 
resolution geodatasets (landcover map, satellite imagery) will be used to assess the original extent of peatlands and 
current peatlands’ boundaries respectively. A change detection study will be conducted and will identify the precise 
location, area, and land use type on converted peatlands. A key step of the project is to make the information 
contained in the Bog Commission maps usable. The maps were produced between 1809-1914 by teams of surveyors 
and engineers across Ireland. This mapping project was initiated by the British Government to find new lands for 
agriculture. A pilot study showed that the resulting maps were accurate and reliable. Therefore, after extensive 
digitisation and georectification work, REPEAT aims to extract bog polygons and boundaries from these maps. This 
dataset will indicate the extent of Irish peatlands prior to widescale drainage and degradation. An automatic 
classification workflow is being developed to extract bog polygons. A simple visual assessment following the testing 
of pixel-based and OBIA approaches led us to select two pixel-based classification methods: the Semi-Automatic 
Classification plugin (SCP using Maximum Likelihood) developed by Luca Congedo on QGIS and SVM classification 
tool in ArcGIS. Two additional postprocessing tools improve the classification and we use the SCP plug-in to assess 
its accuracy. The ability of the SCP and SVM to correctly classify the central parts of the bogs is good but the results 
still need to be improved for the boundary detection.  

 

Estimating high resolution surface soil moisture in Ireland using Sentinel 2 
and a modified OPTRAM model. 

Rumia Basu1,2, Colin Brown2, Patrick Tuohy1, Eve Daly2 

1. VistaMilk SFI Research Centre; 2. School of Earth & Ocean Sciences, University of Galway 

Soil drainage capacity is the degree and frequency at which the soil is free of saturation. Accurate information on 
drainage conditions, which in turn is governed by soil moisture, is crucial for crop production and management and 
fundamental in developing strategies to achieve environmental sustainability goals. This is particularly important in 
Ireland where a high proportional of soils are poorly drained, that negatively impacts plant growth and productivity. 
We develop a modified OPTRAM model to derive normalised surface soil moisture estimates on two Teagasc Heavy 
Soils Programme sites. The OPTRAM model incorporates a physical relation between soil moisture and SWIR 
reflectance and is traditionally formed by the distribution of the shortwave infrared transformed reflectance (STR) 
and NDVI to define wet and dry edge curves. Normalised surface soil moisture (nSSM) is then estimated by 
measuring the vertical distance between the curves. Along with NDVI, we test other vegetation indices such as the 
Enhanced Vegetation Index (EVI) and Modified Soil Adjusted Vegetation Index (MSAVI) and estimate nSSM for each 
of the indices. 31 and 25 S-2 images for the period 2015-2022 is used in the model for the two sites respectively. 
The results obtained from RS data has been validated using in situ soil moisture sensors. We show that at a spatial 
resolution of 10m, our model can distinguish between different degree of wetness in soils for wet (high rainfall) and 
dry (low rainfall) conditions. Based on correlations with STR, EVI is identified to be the best vegetation index for 
estimating soil moisture. 
 
 
 
 
 


