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Remote Sensing – the application 

of technology to identify and 

monitor impact on biodiversity

Steffen Fritz

IIASA

Ecosystems Service and Management (ESM)

Earth Observation Systems (EOS)



Remote Sensing and new Technologies help 

transparency

• Much more free and open data –

explosion of Remote Sensing data

– Landsat (30m), Sentinel I and II (10-

20m), World-View 3 (30 cm) 

• Smartphones 

– ground truthing



Geo-Wiki Engagement Platform

Geo-Wiki is an open platform that provides citizens with the 

means to engage in environmental monitoring by providing 

feedback on existing spatial information overlaid on satellite 

imagery or by contributing entirely new data. 

10,000+
Registered users

http://www.geo-wiki.org/

http://www.geo-wiki.org/






Fritz et al, 2013, Environmental Science and technology

Downgrading recent estimates of 

land availability using crowdsourcing

Cai et al., 2011

1107 mil. hectares

Fritz et al.

375 mil. hectares



Picture Pile

http://geo-wiki.org/games/picturepile

http://geo-wiki.org/games/picturepile


The App









• DRC CASE STUDY



Case study – Congo DRC Mining, 

armed conflict and protected areas











Infrastructure as a major 

contributor to economic growth

• Eight essential conditions for strong growth 
– Physical Capital 

– Human Capital

– The rule of law

– Competitive markets 

– Macroeconomic stability

– Infrastructure 

– Openness to trade and investment

– Increased agricultural productivity



• DRC study using the Globiom Model







Results of GLOBIOM study

• the REDD+ fund is a unique opportunity 

that could help developing countries 

reduce their deforestation. 

• However, a strong collaboration between 

the different sectors of the economy is 

required for the success of REDD

• REDD+ could be limited to few project 

sites while overall deforestation could 

increase in the region.

• Intelligent spatial planning is key



Thanks!

fritz@iiasa.ac.at

Steffen Fritz, Linda See, Ian McCallum, Christoph Perger, 

Dmitry Schepaschenko, Myroslava Lesiv, Inian Moorthy, 

Anatoly Shvidenko, Carl Salk, Martina Duerauer, Mathias 

Karner, Tobias Sturn, Christopher Dresel, Dahlia Domian, 

Antonia Dunwoody, Olha Danylo, Juan-Carlos Laso

Earth Observations Group

Ecosystems Service and Management (ESM)
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Using remote sensing to monitor habitat change
Mark Johnston, Group Ecologist

This information is confidential



Overall Purpose

Investigate the potential application of remote sensing technology to map and monitor habitat 

change around our major operations.

• Does the technology provide sufficient resolution to be practical, reliable and cost effective?

• Can the technology be used across all operations or environments?

• Case studies:

− Sullom Voe terminal, Shetlands, UK

− Tangguh LNG, West Papua, Indonesia

27



Habitat change at Sullom Voe, Shetland

28

Sullom Voe terminal, Shetland Islands: 

I. Natura 2000 protected areas.

II. Habitats of European and national 

importance.

Purpose:

• Map habitats and habitat change around the 

terminal

• Assess applicability and reliability of the EO 

data to monitor change



Habitat change at Sullom Voe, Shetland

29

 Optical VHR (0.6 m) land use and change mapping (2003-

2013)

 Optical VHR (0.5-4m) bathymetric map for 2013

 Optical VHR (0.5-4m) benthic habitat classification maps 

(including seagrass for 2003 and 2013)

Additional Analysis:

 Normalized Difference Vegetation Index (NDVI) for 2003 

and 2013

Quickbird 2 satellite image (2003, at 0.6 m), IKONOS satellite 

image (2013, at 0.8 m) & GeoEye satellite image (2013, at 

0.5 m)



Mapping habitat types

30
NDVI map Habitat map



Mapping habitat change
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Benthic habitat mapping

32

- Depth up to 20m

- 4m to 0.5m spatial resolution (2003, 2013)



Lessons learnt

• For terrestrial - technically feasible to map and monitor habitat change at appropriate level of 

resolution.

• For marine - Broad marine/benthic habitat mapping with limitations.

• Historical image resolution differences makes it difficult to compare between years.

• Relatively inexpensive

Questions:

• Can we develop a single metric/indicator which represent habitat change around a facility?

• Can this methodology be applied to other locations, other habitats?
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Habitat change at Tangguh, West Papua

34

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiAxJWdmMjNAhXmA8AKHX4SAoYQjRwIBw&url=http://www.energy-pedia.com/news/indonesia/bp-indonesia-restarts-first-train-at-tangguh-lng-plant&psig=AFQjCNH0oXYRzdmFlAzvVIWsiJO5uBEHrQ&ust=1467116067233328
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiAxJWdmMjNAhXmA8AKHX4SAoYQjRwIBw&url=http://www.energy-pedia.com/news/indonesia/bp-indonesia-restarts-first-train-at-tangguh-lng-plant&psig=AFQjCNH0oXYRzdmFlAzvVIWsiJO5uBEHrQ&ust=1467116067233328
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjn8aLPmcjNAhUKIsAKHSyyBIQQjRwIBw&url=http://www.bp.com/en_id/indonesia.html&psig=AFQjCNH0oXYRzdmFlAzvVIWsiJO5uBEHrQ&ust=1467116067233328
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjn8aLPmcjNAhUKIsAKHSyyBIQQjRwIBw&url=http://www.bp.com/en_id/indonesia.html&psig=AFQjCNH0oXYRzdmFlAzvVIWsiJO5uBEHrQ&ust=1467116067233328


Two proposed applications (2016-2018)

1. Landscape assessment - low resolution monitoring over wider area (3m resolution)

To monitor: extent of broad habitat types, landscape habitat change, cumulative impacts

Data: broad habitat types, rivers, lakes/ponds, agriculture, roads, major tracks, jetties, 

settlements, pipelines.

35



Landscape habitat change at Tangguh
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Two proposed applications (2016-2018)

2. Site assessment - high resolution monitoring (0.5m resolution):

To monitor: Habitat baseline (prior to clearance), monitor habitat clearance and area of habitat 

removed, and monitor post-construction habitat restoration.

Data: Primary/secondary forest, 

forest habitat types (lowland, swamp)

37



Automated change detection…

38



What next?

• A single metric/indicator of habitat change, regardless of location?

• Automated monitoring of critical habitat?

• Link to natural capital accounting?

39



02/08/2016

Proteus Annual Meeting

28
th 

- 29
th

June 2016

David Attenborough Building, Cambridge, UK

28TH - 29TH JUNE 2016PROTEUS ANNUAL MEETING



Using new logger technologies for mapping and 
monitoring seabirds at sea

Steinar Eldøy, Statoil

2015-03-16Classification: Internal



Boatbased and aerial surveys

• Standard methods for boatbased surveys based on transect surveys

• Aerial surveys, using either direct counts, still cameras or video

• Give a good overview and indication of where the birds are, and their value inclreases if linked to collection of 

other physical and ecological parameters

• However, these methods do have inherent weaknesses and uncertainties

• Repsesent snapshots

• Where do the birds come from?

• Power to detecthanges weak

• Expensive

2013-11-0542 Classification: Internal



New tracking technologies

New and improved technologies for geo-location provide opportunities for 

significantly improved understanding of bird movements and migration, including the 

connectivity between breeding colonies and feeding grounds.

• Satellite transmitters –

provide real time data transmission.

• GLS loggers  - suitable for determining large scale 

movements and population/colony connectivity, 

limited accuracy (± 180 km).

• GPS loggers – give accurate location (± 1 m) data, 

which are stored and need to be down loaded onshore.

2013-11-0543 Classification: Internal



The Norwegian seabird program  - SEAPOP

• Updating sebird baseline data repetedly requested (late 1990ies) when the oil 

industry was preparing environmental risk assessments and impact assessments for 

different exploration and development plans

• Statoil engaged NINA (the Norwegian Institute for Nature Research) to develop a 

proposal for a national seabird programme in 1999

• Implementation started 2005, funded by the Norwegian Oil and Gas Assossiation

• The authorities joined from 2006, and has since then covered approximately 85% of 

the costs (Ministry of Environment and Climate + Ministry of Oil and Energy)

• Steering committee apponted by the Ministry of Environment (differents authority 

agencies and the Norwegian Oil and Gas Assossiation)

• Implemented jointly by NINA, Norwegian Polar Research Institute, Tromsø Museum

• SEAPOP web page http://www.seapop.no/no/

2015-03-1644 Classification: Internal

http://www.seapop.no/no/


SEAPOP Key Sites

2015-03-1645 Classification: Internal



Sattelite tagging of Ivory Gulls

2015-03-1646 Classification: Internal



Kittiwake GLS study– winter distribution 

2013-11-0547 Classification: Internal



 5 different breeding sites.

 3 field seasons.

Guillemot GLS study - Methods

 Use of lightweight 

tracking devices.

 Financed by the oil 

industry



Results

Inter-annual variations

 Dispersion variability along the coast of Northern Norway and 

Russia.

 Dispersion variability in Southern Norway with for example the

presence of birds in the North Sea in 2012 while they were absent 

in 2011. 

Common Guillemot from Sklinna in October/November



Isle of May Guillemots – intra- and inter-annual variability

2013-11-0550 Classification: Internal



Post-breeding dispersion

Utilization distribution of female (A) and male (B) Common Guillemot from 

Bjørnøya

A B

August

September



SEATRACK

• SEATRAK is an addition to SEAPOP intending to track movements of seabirds at sea outside the breeding 

season 

− Started 2014 

− Funding from the Norwegian Ministry 

of Environment, the Foreign Ministry 

and industry

− Several colonies in Norway, Russia,

Iceland, the Faroe Islands and one

one UK colony (Isle of May

2013-11-0552 Classification: Internal



SEATRACK - species

2015-03-1653 Classification: Internal



2015-03-1654 Classification: Internal



Kittiwake GPS logger studies

2015-03-1655 Classification: Internal



GPS logger study - Sandwich Tern

2013-11-0556 Classification: Internal
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02/08/2016

Use of emerging technologies for satellite 

remote sensing

1. To what extent is satellite remote sensing being 

used by Proteus members to assess and monitor 

impact on biodiversity?

2. Does this use focus on direct footprint or consider 

indirect and cumulative impacts?

3. What further support is required to access and 

interpret satellite remote sensing data for 

application within biodiversity management 

programmes?
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