
 

REDD FAST LOGGING ASSESSMENT & MONITORING ENVIRONMENT 
(REDD-FLAME): EARLY DETECTION OF DEFORESTATION USING SAR 

Tim Pearson (1), Rob Verhoeven (2), Dirk Hoekman (3), Jonas Franke (4), Eric van Valkengoed (5), 
Vasco van Roosmalen (6), Jacqueline Sunderland-Groves (7), Almeida Sitoe (8) 

 (1) Remote Sensing Applications Consultants Ltd, The Long Barn, Sutton Manor, Bishop's Sutton, Alresford, Hampshire, 
SO24 0AA, UK, Email: tim@rsacl.co.uk 

(2) SarVision B.V., Agro Business Park, 10, 6708PW, Wageningen, The Netherlands, Email: verhoeven@sarvision.nl 
(3) Wageningen University, Costerweg, 50, 6701BH, Wageningen, The Netherlands, Email: dirk.hoekman@wur.nl 

(4) Remote Sensing Solutions GmbH, Isarstrasse, 3, 82065, Baierbrunn, Germany, Email: franke@rssgmbh.de 
 (5) TerraSphere Imaging & GIS B.V., Keizersgracht, 114, 1015CV, Amsterdam, The Netherlands,  

Email: eric@terrasphere.nl 
 (6) Equipe de Conservacao da Amazonia, Bloco C, Salas 3, SAUS Q3 Ed. Business Point, Brasilia, DF, 70070-934, 

Brazil, Email: vmvroosmalen@gmail.com 
(7) Borneo Orang-utan Survival Foundation, 001/003, Jl. Papandayan 10 RT, Bogor 16151, Indonesia,  

Email: jsunderlandgroves@orangutan.or.id 
(8) Universidade Eduardo Mondlane, 257 Reitoria Da Universidade, Praca 25 De Junho, 00200, Maputo, Mozambique, 

Email: almeidasitoe@gmail.com 

 
ABSTRACT 

This paper presents the outcome of the REDD-FLAME 
project: a system capable of monitoring tropical and 
sub-tropical forests using high-resolution, cloud-
penetrating radar data (and optical imagery), acquired 
by Earth Observation satellites. By focussing on early 
detection of logging activities, the system provides the 
means to quickly identify the first signs of deforestation 
and thus contribute to the objectives of the UN-REDD 
(Reducing Emissions from Deforestation and Forest 
Degradation) Programme by facilitating timely 
intervention and thus reducing unauthorised tree loss in 
the context of carbon accounting. 
 
The main results of the project are presented. REDD-
FLAME has proven to be a reliable means of 
identifying small-scale deforestation events, 
complementing MRV actions with a continuously 
proactive tool for reducing carbon emissions. The 
system is ready to exploit Sentinel data as soon as they 
become available. 
 
1. INTRODUCTION 

On signing up to the UN-REDD (Reducing Emissions 
from Deforestation and Forest Degradation) 
Programme, a country commits to reducing its rate of 
deforestation in order to limit associated carbon 
emissions. This is defined by determining a baseline 
rate of tree loss, which can be projected into the future 
as the business as usual scenario, and then setting a 
target that is some lower rate, to be achieved by some 
specified point in the future. For example, Mozambique 
seeks to reduce its rate of deforestation from 0.58% per 
annum in the period 1990-2004 to 0.21% by 2025 [1]. 
Progress towards this target can be assessed periodically 

by the well-known MRV (Monitoring, Reporting and 
Verification) process. 
 
Small-scale forest disturbance is a precursor for 
widespread deforestation, since it advances the frontier 
of human encroachment and facilitates access for larger 
plant, and its early detection would allow the relevant 
authorities to make timely interventions, thereby 
improving sustainable control of forest resources and 
helping limit tree loss. Forest saved through such 
interventions would contribute to the improvement over 
the business as us ual scenario for carbon emissions 
required to achieve commitments under REDD and thus 
secure carbon payments. 
 
The REDD Fast Logging Assessment & Monitoring 
Environment (REDD-FLAME) is a system to identify 
small areas of new activity within forest areas as early 
as possible. As such, it has the potential to operate 
continuously as part of a national forest monitoring 
process, proactively helping to reduce the overall 
volume of forest lost. 
 
The system uses repeat acquisitions of high and very 
high resolution (VHR) SAR data, whose cloud-
penetrating properties are of major benefit in the tropics 
and sub-tropics, as well as optical data, for change 
detection. It can be seen as an add-on to 
(semi-)operational low- to mid-resolution systems, for 
monitoring ‘hot-spots’ (or REDD project areas) 
considered at highest risk of deforestation. It is not a 
wall-to-wall mapping system. Typical targets of change 
detection are shifting cultivation, selective logging, 
airstrip construction and illegal mining. 
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2. SERVICE CONCEPT 

Based on the findings of a User Consultation, the 
REDD-FLAME Service Concept was developed as 
shown in Fig. 1. This is based on three Service Options, 
which are selected according to user requirements. 
 

 
Figure 1. REDD-FLAME Service Concept 

 
Events Information provides the location of suspected 
deforestation phenomena occurring during the most 
recent interval between acquired images and represents 
the core service offered by REDD-FLAME. Trends 
Information shows patterns of cumulative land cover 
change over extended periods, a service possible as a 
consequence of repeatedly providing Events 
Information: the output is a refinement of the earlier 
‘preliminary’ information. 
 
Coverage options represent trade-offs between data 
resolution, areal extent and cost, whilst the selected 
Frequency of observation will depend on the temporal 
nature of the phenomena to be detected. 
 
Choice of appropriate satellite data is determined by the 
selected Service Options, and these are then processed 
into change map products for dissemination by means 
appropriate to individual users. Feedback is a critical 
element of the system that enables continuous 
improvement of the change detection parameters. 
 
The SAR data processing chain, developed by 
SarVision and Wageningen University, is based on 
simultaneous spatio-temporal filtering of one or two 
polarisations, and was applied equally well to 
RADARSAT-2 and TerraSAR-X data. It can be easily 
adapted for future use with Sentinel-1 data. The optical 
data processing chain was developed by RSS for use 
with RapidEye data and involves segmentation and 
spectral mixture analysis [2]. A preliminary requirement 
of both chains is a forest/non-forest benchmark map: in 
the absence of pre-existing maps, these were produced 
from RapidEye mosaics, using a minimum mapping unit 
of 0.5ha (according to the FAO forest definition). 
Thereafter, once initial minimum time series of SAR 
data had been accumulated, maps showing the most 
recent changes were produced soon after new data were 
received (Fig. 2). 

 
Figure 2. Example of REDD-FLAME Change Map 

Product for Sete de Setembro Indigenous Land, Brazil 
 
3. CHANGE DETECTION EXAMPLE 

The Mecuburi Forest Reserve in Nampula Province, 
Mozambique, was one of three sites at which the 
REDD-FLAME system was tested. The Reserve is at 
risk from agricultural conversion and harvesting of 
fuelwood, which result in damaging degradation of the 
sub-tropical Miombo forest. There are also threats from 
selective logging and wildfires. The distinction between 
forest and non-forest in Mecuburi is not clear, and some 
subjectivity is involved in setting thresholds: whilst 
wetlands are certainly non-forest, it is difficult to draw a 
line in the continuum between single-tier ‘open’ forest 
(including seasonal wetlands containing some woody 
biomass) and high, or ‘closed’, Miombo forest. 
 
To illustrate the nature of REDD-FLAME outputs, an 
example is presented here from one of the locations 
selected for field evaluation in November 2012. A 
clearing of 1.4ha was masked out in the forest/non-
forest benchmark map based on a RapidEye image from 
June 2012. Since older RapidEye imagery showed no 
evidence of the clearing, it was inferred that the area 
had been cleared recently. Both RADASAT-2 and 
TerraSAR-X change map products show new change 
dated at October 2012 in an area to the west of the 
original clearing (blue/cyan). A multi-temporal 
composite of TerraSAR-X images, and a RapidEye 
image from September 2012 both show larger 
homogenous areas than the originally masked clearing 
(Fig. 3). 
 
On visiting the site, it was found that the whole area had 
been recently cleared of all but the largest standing trees 
and burnt ready for cultivation (Fig. 4). There was no 
visible distinction between the ‘older’ (masked) clearing 
and the new mapped area of change; the evidence 
suggests that clearing activity was actually on-going at 
the time of the benchmark map and was completed in 
the weeks before the field visit. The witnessed burning 
was very recent indeed: on the day of the field visit,



 

a) RapidEye 26 July 2010 b) RapidEye 9 June 2012 

c) RADARSAT-2 change map product d) TerraSAR-X change map product 

e) TerraSAR-X multi-temporal composite 
7 Jun 2012, 12 Aug 2012, 28 Oct 2012 

f) RapidEye 2 September 2012 

Figure 3. Maps and images of a very large clearing in Mecuburi Forest Reserve, Mozambique 
 
larger logs were found still smouldering. If REDD-
FLAME had been operational, this illegal clearance may 
very well have been stopped. The total area of the 
enlarged clearing is about 4.4ha. The deforestation is 
clearly detected by the radar data in this case of 
homogenous large-scale clearance. 
 
Of all the field evaluation sites in Mozambique where 
change had been detected, only one yielded no 
conclusive evidence of disturbance (i.e. false alarm): six 

were confirmed as deforestation or forest degradation 
and four showed evidence of burning though no actual 
deforestation. New clearings visible in a later 
Worldview-2 image covering part of the Reserve were 
also checked against change maps, with up to 90% 
being detected. A statistical validation of a change map 
produced for Mawas Conservation Area, Central 
Kalimantan, Borneo, Indonesia (another of the test 
sites), compared to an optical image, yielded a 
classification accuracy of 97%. 



Figure 4.
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