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Terrain AI Project

Mission - Provide a direct response to Climate 

Change, seeking to develop innovative sensing, 

computational and modelling methodologies in 

capturing and processing data about the world 

around us.

The overall aim is to develop innovative 

sensing and computational methodologies –

to capture and process data about the world 

around us - in order to significantly improve 

our understanding of the complex 

interactions and associated impacts of 

natural processes and human activities 

through an integrated and whole systems 

modelling approach
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Estimating terrestrial carbon emissions/removals is non-trivial due to a

number of factors including; complexities in determining highly variable soil

carbon stocks and the slow (decadal) rate of change in these stocks (Oertel et

al., 2016; Todd-Brown et al., 2013); terrestrial ecosystems are complex,

dynamical biological systems representing multiple sources and sinks; sparse

measurement networks; limited in-situ data (e.g. no. of sites, long term, etc.);

and, globally fragmented data and modelling infrastructure (Paustian et al.,

2019; Smith et al., 2020), all of which give rise to a high level of uncertainties

in accurately estimating carbon sources and sinks (Krug, 2018). In addition,

capturing spatio-temporal human behaviour and dynamic management

activities, essential to understanding and managing terrestrial carbon stocks

and fluxes (Zimmerman et al., 2007), is extremely challenging.

Currently, petabytes of satellite Earth observation (EO) data are freely

available. However, the full information potential of EO data has not been yet

realized because many big data challenges and complexity barriers hinder

their effective use. Consequently, facilitating the production of EVs using the

wealth of satellite EO data can be beneficial for environmental monitoring

systems (Giuliani et al., 2020).

Petabyte scale EO Data Platforms
How can large volumes of field sensor datastreams, conventional

geospatial databases and relatively recent EO/drone datasets be captured,

collated, and fused with novel ML algorithms in order to generate higher

quality information regarding various terrestrial environments (e.g.

Grasslands, Forests, Peatlands) and associated dynamic human activity.

Integrated Earth System Modelling
How can improved information on land-use and activity be used to

advance the current state of the art model based estimates of terrestrial

carbon stocks and fluxes, at a hierarchy of spatial and temporal scales,

required to support more effective decision making and policy formulation.

Terrain-AI: Key Research Challenges & Questions

Big EO Data Challenges (Reichstein et al., 2019)

Modeling 

system

Citation Human 

component

Earth system 

component

Data: Human to 

Earth

Data: Earth to 

Human

DICE Nordhaus (1993) Ramsey growth model Simple box model CO2 emissions Temperature

GUMBO Boumans et al (2002) Anthrosphere module Atmosphere, Lithosphere, 

Hydrosphere, and 

Biosphere modules

CO2 emissions, Gross World 

Product

Ecosystem services

GOLDMERGE Bahn et al (2006) MERGE C-GOLDSTEIN CO2 concentration Temperature

IGSM Reilly et al (2007), Monier et 
al (2013a, 2013b, 2015, 201

8)

EPPA EMIC based on 

CLM/TEM/CAM

GHG emissions, land 

use/land cover

Productivity, trace gases

IMAGE-CNRM Voldoire et al (2007) IMAGE CNRM GHG emissions, aerosol 

emissions, land cover

Temperature, precipitation

Jarvis Jarvis et al (2012) Single equation ACCC CO2 emissions Temperature

CLM⁎ Leng and Tang (2014) Statistical relationship CLM Irrigation water demand Precipitation

iESM Collins et al (2015), 

Thornton et al (2017)
GCAM CESM CO2 emissions, land 

use/land cover

Ecosystem productivity

PRIMA Hejazi et al (2015), Scott et 
al (2016), Voisin et al (2017)

GCAM-USA RESM + MOSART Water demand Crop yield, HDD/CDD

BNU-HESM Yang et al (2015, 2016) DICE BNU-ESM CO2 emissions Temperature

CSM Beckage et al (2018) Social behavior model–

extreme events focus

C-ROADS GHG emissions Temperature

Integrated modeling systems included in this review. Modeling systems are ordered chronologically by date of 
first publication (Calvin and Bond-Lamberty, 2018)

https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib62
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib8
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib4
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib70
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib52
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib53
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib54
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib56
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib86
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib33
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib42
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib15
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib77
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib28
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib73
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib85
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib91
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib92
https://iopscience.iop.org/article/10.1088/1748-9326/aac642/meta#erlaac642bib5


Terrain-AI Platform



Terrain-AI Steering Board 6
Instrumentation/sites/live stream data provided by the following: National Agricultural 

Soil Carbon Observatory (NASCO); National Parks and Wildlife Service; T-AI

Benchmark Sites ID Site Flux 

Tower

Weather 

Station

Soil 

Chamber

Mgt & 

Ancillary 

Data

Aerial & 

Drone

1 Corduff (Grass) TBC ✔ ✔ ✔ ✔

2 Boyle (Broadleaf) TBC ✔ ✔

3 Cregduff (Grass) TBC ✔ ✔ ✔ ✔

4 Cavemount ✔ ✔ ✔ ✔

5 Maynooth (Urban) ✔ ✔ ✔

6 Clara ✔ ✔ ✔ ✔

7 Dublin ✔ ✔ ✔

8 Lyons Estate ✔ ✔ ✔

9 All Saints ✔ ✔ ✔

10 Lullymore (Grass) ✔ ✔ ✔

11 Lullymore (Peat) ✔ ✔ ✔ ✔

12 Ballinderry (Coniferous) TBC ✔ ✔ ✔

13 Dooary (Coniferous) ✔ ✔ ✔

14 Oakpark ✔ ✔ ✔

15 Ballycanew ✔ ✔ ✔ ✔

16 Castledockrell (Crop) ✔ ✔ ✔ ✔

17 Castledockrell (Grass) ✔ ✔ ✔ ✔

18 Johnstown Castle ✔ ✔ ✔ ✔

19 Moorepark ✔ ✔ ✔ ✔

20 Curtin's Farm ✔ ✔

21 Timoleague ✔ ✔ ✔ ✔

* 21 benchmark sites at 19 X unique locations



T-AI : Aerial Surveys : 15 X test-sites (Level-1) 



Corduff (Grasslands) 1 X Site – TO BE CONFIRMED

Navan (Urban) 1 X site Cavemount (Peatlands – ReHab) 1 X site Clara (Peatlands – Natural) 1 X site

Oakpark (Croplands) 21 X site Ballykilcavan (Forestry - Broadleaf) 1 X siteDooary (Forestry - Coniferous) 1 X site

Lullymore (Grasslands) 1 X site

Castledockrell (Grasslands & Croplands) 2 X sites

Johnstown Castle (Grasslands) 1 X siteCutins Farm(Grasslands) 1 X site

Dublin (Urban) 3 X sites



WP2 Data Platform
WP3 Habitat Profiling WP4 Earth System Modelling

WP5 Digital Products & 

Information Services

• Soil Properties

• Biomass

• Land Management

• Energy Consumption

• Human Activity

• Diagnostic

• Process-based

• Dynamical Land-Surface

• Inverse based

• Soil Carbon Monitoring Toolkit

• Grassland Biomass Measurement

• Automated Urban Building Classifier

• Regional Carbon Stocks & Exchange

• Habitat-Ecosystem Scenario Modelling

Reference Databases & Datasets
Integrated ModelsMeasurements & Analysis

Toolkits & Digital Information

Work-Package Overview

ECVs, Factors

Models

Observations 

& Data

Analyses 

& Measurements

Use-Cases & Information

Requirements

Toolkits, Methodologies 

& Digital Information Services



Fundamental EO/GEO Data

Platform Components



Terrain-AI: Data Platform



Terrain-AI: Data Catalogue DC Themes
• Atmosphere

• Weather

• Environment

• Hydrology

• Land Surface & Mgt

• Soil 

• Geology

• DEM/DSM

• GIS

• Human-Activity

Current T-AI DC

• Approx. 100 - 120 

datasets, data-

Streams, APIs, & 

DataBases

Metadata Standards

• Irish Spatial Data 

Exchange

• Irish Spatial Data 

Infrastructure

• INSPIRE, FGDC, 

ISO19139, OGC

- also LULUCF EAGLE

Data Privacy & Licensing

• Data Management Plan, 

Robust Protocols for Data 

Privacy

• Support for Open Access & 

Open Data 



Terrain-AI: Data Cube
Storage & Discovery

• Petabyte Scale EO/GEO

• Data Indexing/Metadata

• Cloud-free imagery

Analysis & Modelling

• Fusion & Analysis (Temporal, Spatial, 

Spatial, Multimodal)

• Indices (NDVI, NDBI, NDWI, SAVI, EVI)

• Land Classification (K-means, RF

• Time-series

• Integrated Earth System



3. Layer Manager - Cascading)

Remote Sensing

• Spaceborne

• Sentinel-1

• Sentinel-2

o Sentinel-2-date-1

▪ RGB Composite

▪ NDVI

o Sentinel-2-date-2

• Airborne

o RGB Photogrammetry

o DSM (legend) - grid

o Multispectral

o LiDAR

• Drone

o RGB Photogrammetry

o LiDAR

o Hyperspectral

o Thermal

In-Situ Instruments

• Weather Station

• FluxTower

• Chamber

• Spoil Moisture

Land Surface

• Forestry NFI

• Lucas

o 2018

o 2017

• CORINE

o 2018 (Legend)

o 2012 (Legend)

• Biomass

Soils

• Soil Map (Legend)

• Soil Survey (10 X points)

DEM

• 10m Copernicus

• Photogrammetry DEM

GIS

• AOI

o Level-1

o Level-2

• Field Boundaries

• Infrastructure

• Demography

• User Defined Data

Base Layer

• Bing Satellite

Test-Site Details

• Full description of test-site (Owner, Sensors, Activity 

etc

Weather 

Station

AOI-Level-1

AOI-Level-2
Test-Sites
-list/map of sites

Projects
-list /map of projects

Team
-display Team Manager

2a. Sliding 

Menu

(example)

7. Map Tool 

• Digitise Feature

• Measure Tool

• Geospatial Operations

FluxTower

Soil Moisture

8. T-AI Dashboard

Test-Site #19 Moorepark

Terrain-AI: Data Platform Dashboard 

Discovery – Visualisation - Sharing



Terrain-AI: Remote Sensing Platforms & Sensors



Terrain-AI: Field Instruments & In-Situ Sensors



Drone GPR
• Soil Texture

• Soil Structure

• Soil Series

• Bulk Density

• SWC



Drone Gas Sniffers

Intelligent Flying Air Quality Monitoring Laboratory

Measures gases using a series of sensors selected based on application. With a library 
of over 50 sensors, 4 Electrochemical , 1 NDIR sensor (CO2), 1 PID sensor (VOC), 1 
MOS, and PM 1, PM 2.5, PM 4 and PM 10
•Volatile organic compound sensing using photo-ionization technology
•C02, CH4,  NOx, SOx using a non-dispersive infrared sensor
•Sensing capabilities for particulates PM 1, PM 2.5, and PM 10
•Total Reduced Sulfurs (or TRS), along with other contaminants using our Metal Oxide 
technology
•Temperature, humidity, and barometric pressure
•High accuracy GPS recording
•High accuracy altitude measurements



(Sultan et al., 2019)

GDPR-compliant Mobile-phone data / Human Activity Data

Origin-Destination 

(Furletti et al., 2014)

24-hr (hourly) Occupancy-Flow



T-AI Data Platform: Machine Leaning Pipeline

Semantic/Pixel based

Image + Training data set
ML Processing Module

End Point (AWS) Classified Image Regions

Object/Instance based

ML Processing Module

Docker Image(AWS)

RF, SVM, MLC

Pre-trained U-Net

Image
Classified Image Objects

T-AI Labelling

T-AI Training & Prediction



Residential
New Urban Energy Conservation

o Residential Unit Classification

o Building classification – insulation

o Roof Profiling : Shape, Area, Material, Pitch

Transportation

o Public Transportation

o Personal Transport 

o Driveway & On-street Car-Parking

ML Pipeline for Building Classification

Environment, Health & Well being

o Green spaces/Trees

o Air Quality Noise

o Access to Light

15-minute City Bubble Categorisation

o Services, Occupancy & Flow

Urban Profiling



T-AI Data Platform – Decision Support for Carbon Management

Data Catalogue Dashboard

Data & Information Services

• EO Data Products • ML Training Datasets & Pipelines

• Biomass/Quality/Yield Metrics • Habitat Management Metrics 

• Integrated Earth System Models • Simulation

DataCube

Data-Platform


