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Abstract. End October 2011, within a rapid mapping (RM) activation, SERTIT followed for 6
days the increasing forest fires on the Maido slopes Reunion Island, at the heart of a National Park,
a UNESCO world heritage site. SERTIT’s Rapid Mapping service monitored the evolution of this
event in “near real time” within the European Commission 7th Framework Program RM project
called SAFER, with one satellite image acquisition and then one map being produced every day.
According to the prefecture report, the fire burnt more than 2600ha. After this crisis, SERTIT
became involved in the monitoring of vegetation regeneration. In this context, SERTIT is
mandated to assess the contribution of very high resolution Pléiades data, acquired theoretically
monthly since June 2012 in the thematic commissioning phase framework, and of high resolution
data from KALIDEOS database (SPOT4 and SPOT 5 images), acquired regularly since 2005.
After integrating the images into the database, the first step of Pleiades data processing consists of
calculating thematic indexes, which, combined with field information help assess the state of
vegetal cover and to monitor its evolution. Then, thanks to a data series acquired over one year, the
contribution of very high resolution Pleiades-HR data will be analyzed to monitor phenology
changes and forest regeneration at plot and/or forest scales.
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1. Introduction
1.1. Context of study
On the afternoon of the 25th of October 2011, several
wildfires were reported to be burning at the center of the
Reunion National Park, which is registered as a UNESCO
world heritage site. According to the report published by
the prefecture, about 2600 hectares are affected by the fire
that ravaged the area of Piton Rouge in the Maido massif
(Figure 1). For one week, SERTIT’s Rapid Mapping
Service produced a daily update map of the situation
thanks to a new satellite imagery acquisition every day.
(http://sertit.ustrasbg.fr/SITE_RMS/2011/13_rms_france_reunion_2011/13_rms_france_reunion_2011
.html).

Figure 1. Location of study area (©SERTIT 2011)
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Figure 2. 2011 Maido forest fire monitoring, scale bar corresponds to 1 km (©SERTIT 2011)

Since this crisis, SERTIT is mandated to study forest regeneration with a multitemporal satellite
imagery series acquired between 2005 and 2013. These series are composed of SPOT 4 and SPOT 5
data from the KALIDEOS database plus Pleiades-HR 1A and Pleiades-HR 1B images obtained
during the satellites’ thematic commissioning phase program.
1.2. Objectives and organization of this paper
The objective of this paper is to put in evidence a potential vegetation regeneration of the burnt
2011 forest. To enable this it’s important to have an idea about the area’s “normal” state and its
behavior over seasons before this event and this is possible thanks to a consequent pre-crisis image
database. Moreover, having field data facilitates the analysis of the spatial, spectral and temporal
characteristics of the data.
This paper is organized as follows: Section 2 presents the study area, the database and its
preparation, section 3 explains the method used to evaluate the vegetation cover; section 4 concerns
regeneration, and section 5 concludes this paper.
2. Study area and database constitution
2.1. Location
The study area extends over the “Hauts-sous-le-Vent” forest massif on the ”Maido” and “Grand
Bénare” slopes, on the western side of Reunion Island on the heights of Saint-Paul town.
Culminating à 2200 meters, Maido is an exceptional UNESCO world heritage site given its
situation above the Mafate cirque.
Reunion vegetation is distributed at different levels defined by Cadet (1980). This repartition is
linked to trade wind direction. Maido forest is located in the northwestern part of the island between
1200 and 2600 altitude meters. “Hauts-sous-le-Vent” forest massif is recognized for the richness
and the uniqueness of its natural heritage. It’s a unique ecosystem of endemic flora adapted to the
harsh environmental conditions of altimontaine level (Cadet, 1974).
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Four major types of vegetation are present in the Maido area (Figure 3Figure 4):
- Ericacea (heath vegetation):
Low-lying vegetation (maximum 4-5m height) located
above the 2000m contour. Ericacea are characterized
by endemic shrub species: Erica reunionensis (green
heath) and Stoebe passerinoides (white heath). This
type represents 60% of the vegetation cover of the
study area.
- Acacia heterophylla (highland tamarins):
This is an endemic forest tree species, present in the
upper part of mesothermal level between 1500 and
1900 m altitude. The many fires in this sector have
contributed to its mono-dominance.
- Acacia mearnsii (black wattle):
It is an exotic tree species planted for its tannins. This
constitutes
transitional
vegetation
between
mesothermal and altimontaine levels.
- Cryptomeria japonica (japanese cedar):
Cryptomerias are exotic tree species introduced to the
island in 1953. They are planted between 900 and
1400 m altitude and are mainly used for logging and
burnt soil restoration.
Figure 3. Vegetation types (Credits photos: Alain Lagrave Florac)

Figure 4. Vegetation levels organization (©SERTIT 2013)
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This species is very combustible and the area has the
lowest precipitations levels on the island. These factors
make this sector particularly sensitive to forest fires.
Historically, an average of 10 fires starts here every year
and a large one every 20 years. Figure 5 shows vegetation
distribution within the 2011 burnt area. The majority of this
sector is covered by the Ericacea species.

Figure 5. Distribution of main vegetation type (© ONF 2011)

2.2. Database presentation
This study benefits from cooperation with local actors who give SERTIT precious information
concerning the different types of vegetation, burnt areas and forest regeneration (Table1. Field data
from Reunion National Park). For 2012, new field campaigns made by National Park aren’t yet available.

Table1. Field data from Reunion National Park, ONF and IGN
Type of data

Source

Burnt area in 2010 and 2011
« Hauts-sous-le-vent » habitat
typology

Reunion National
Park

2010 vegetation recovery
2011 fields survey of burnt area
ONF
2011 Vegetation types
DEM (5m)
IGN
Watershed from BD Carthage

In 2011 the CNES (French spatial Agency) decided to build a satellite imagery reference
database over Reunion Island to help environmental studies. It's called "KALIDEOS-Isle Reunion".
Regular acquisitions have been made since 2005 with SPOT 4, SPOT 5. SERTIT also received
Pleiades data acquired theoretically on a monthly basis since June 2012 in a thematic
commissioning phase program.
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Sensor

Spectral bands

Pixel size

Spectral
bandwidths

SPOT 5

Panchromatic
B1 : green
B2 : red
B3 : near infrared
B4 : mid infrared (MIR)

2.5 m or 5 m
10 m
10 m
10 m
20 m

0.48 - 0.71 µm
0.50 - 0.59 µm
0.61 - 0.68 µm
0.78 - 0.89 µm
1.58 - 1.75 µm

SPOT 4

Panchromatic
B1 : green
B2 : red
B3 : near infrared
B4 : mid infrared (MIR)

10 m
20 m
20 m
20 m
20 m

0.61 - 0.68 µm
0.50 - 0.59 µm
0.61 - 0.68 µm
0.78 - 0.89 µm
1.58 - 1.75 µm

PLEIADES
HR

PA: Panchromatic
B0 : blue
B1 : green
B2 : red
B3 : near infrared

0.7 m
2.4 m
2.4 m
2.4 m
2.4 m

0.47 - 0.83 µm
0.43 - 0.55 µm
0.50 - 0.62 µm
0.59 - 0.71 µm
0.74 – 0.94 µm

Table 2. Sensors characteristics

For this study, 44 SPOT 4, 19 SPOT 5 cloudless or slightly clouded images and 5 Pléiades HR
have been selected. Figure 6 summarizes the retained dataset.

Figure 6. Inventory of selected satellite data (©SERTIT)

All these data are orthorectified and corrected for atmospheric effects. The SPOT 4 and SPOT 5
data are delivered orthorectified and in top of canopy reflectance (TOC) by the CNES having
applied the ORFEO ToolBox’s (OTB) 6S atmospheric correction module. Whereas, concerning the
Pleiades data, the geometrical correction processing step was carried out by SERTIT and the TOC
atmospheric correction procedure developed for Pleiades imagery within OTB was tested but it
reveals to be faulty. The CNES is presently working on its improvement. So for these data
radiometric correction is applied to the top of atmosphere (TOA) level.
In this first study phase, Pleiades data have not been associated with the SPOT time series, the
TOA value are not comparable to the SPOT TOC values. The table below (Table 3) shows the
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comparison between the red channel for same pixels in Pleiades, resampled to 10 m, and SPOT
TOC imagery acquired on consecutive days (respectively the 3rd of August 2012 for Pleiades and
the 4th of August 2012 for SPOT 5)
Value TOA
(Pleiades)

381

423

424

416

445

353

377

358

473

404

Value TOC
(SPOT 5)

33

37

47

48

56

15

24

16

43

25

Table 3. TOA and TOC value comparison in red channel

The database will be updated when Pleiades TOC imagery become available.
2.3. Data processing
For this step, selected vegetation indexes have been calculated and compared by spectral
signature analysis.
-

DVI: Difference Vegetation Index (Bacour et al. 2006)

Where
: Near infrared reflectance
: Red reflectance

-

RVI: Ratio Vegetation Index (Krieger et al., 1969; Jordan, 1969).

Where
: Near infrared reflectance
: Red reflectance

-

NDVI: Normalized Difference Vegetation Index (Rouse et Haas, 1973 ; Tucker, 1979)

NDVI is the most used vegetation index in remote-sensing studies. Band normalization reduces
illumination effects. It highlights more or less vegetated sectors.
Where
: Near infrared reflectance
: Red reflectance

DVI

RVI

NDVI
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Table 4. DVI, RVI and NDVI visualization

Vegetation appears in light tones while minerals surfaces appear in dark tones (Table 4).
However, in the DVI and RVI images there is important saturation in the lowest values (very low
reflectance), NDVI is more nuanced.
3. Results based on NDVI time series
3.1. Results derived from NDVI SPOT data
After data preparation, mean values of Normalized Difference Vegetation indexes were
computed over the 2011 burnt sectors detected by SERTIT and validated and slightly corrected by
ONF's (National Forest Office). Statistics from these indexes are compared and shown in Figure 7.
The first observation begins in 2005 to the last in 2012. This graphic was create using mean of
NDVI in the 2011 burnt area.
On the graph (Figure 7. NDVI variations over the2011 Maido burnt area between 2005 and 2012
three phases are distinguished. Figure 7The first phase begins in February 2005 and finishes in
October 2011 corresponds to "stable" photosynthetic activity period. During austral winters
precipitations decrease and the vegetation dries out. On the curve this decrease in vegetation
activity results in a decrease of NDVI with values between 0.3 (1300) and 0.5 (1500).
In the same way, water provided by the wet season (austral summer) causes an increase in
vegetal activity and hence an increase in NDVI to approach values of 0.7 (1700). A sharp drop in
values observed in June 2009 may be explained by presence of clouds over the area. The second
phase corresponds to the major 2011 fire event which appears clearly with a very significant
decrease in NDVI values to 0.1 (1100). After that, the last phase corresponds to a quick rise of
NDVI values corresponding to vegetal re-colonization.
Monthly NDVI averages are calculated for a typical year using 2005-2009 data to indicate the
normal vegetal cycle for a year without external perturbations (Figure 8).
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Figure 7. NDVI variations over the2011 Maido burnt
area between 2005 and 2012

682

Caspard et al.: Forest regeneration monitoring based on HR and VHR imagery: the case of the Maido forest fire
exploiting Pleiades HR and Kalideos database

Figure 8. Average monthly NDVI in the Maido area for the 2005-2009 period, the x-axis represents months (1=
January, 12= December) and the y-axis indicates NDVI values (NDVI mean + 1) * 1000) hence 1350 = 0.35 NDVI

This graph underlines the two vegetal cycle phases linked to the austral seasons. Spring growth
is visible with an increase in NDVI values from November to June where maximal values are
reached. Then the senescence phase sets-in characterized by a decrease of NDVI values due to
reduced chlorophyll activity as vegetation dries out in the austral winter.
The same type of processing is carried out at plot scale. Plots have been defined using ONF
vegetation types (Figure 4) inside and outside the 2011 fire
extent. these plots (Fig. 8)where an NDVI has been computed
for each vegetation type with the result being compiled and
shown on the graph below (Figure 9).
The same seasonal phases as seen on the global NDVI
variations are visible, with little inter-species differences. NDVI
Ericacea values are lower than other species.
The annualized monthly mean NDVI variations (Figure 10)
show also highlight the same trend in Ericacea values. In this
figure the curve stops in October, this is due to a lack of data in
this months.
The overall NDVI mean is closely linked with Ericacea
because of the high proportion of land cover they constitute in
study area (60%). Figure 11 shows the rapid decrease of
photosynthetic activity for each species caused by the fire event
in November 2011. Then rapid vegetation recovery is visible in
the six months to May 2012. It is obviously low-lying
vegetation which bounces back easily that then wilts quickly
during dry season.
Figure 9. Vegetation plot definition
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Figure 10. NDVI variation by vegetation types (2005 to 2012)
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Figure 11. Annual Mean NDVI variation by species (2005-2009)

Figure 12. NDVI variation by species close to the 2011 fire event
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3.2. Results derived from Pleiades data NDVIs
Pleiades data were process separately because of the different radiometric corrections (TOA
instead of TOC). Two indexes are computed: NDVI (Figure 12) and TSAVI (Transformed SoilAdjusted Vegetation Index, Baret F and Guyot G., 1991). The TSAVI is designed to take soil
influence into account and minimizes soil brightness effects;

Where
Slope of the soil axis in the (R, NIR) space
Intercept of the soil axis

The comparison between these indexes highlights that the photosynthetic decrease in the dry
season is more visible on TSAVI index. (Figure 13)

Figure 13. NDVI variation by vegetation types (June 2012 to May 2013)

Figure 14. TSAVI variation by vegetation type (June 2012 to May 2013
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The phase of spring growth (identified with SPOT series) is quite similar in both indexes. Also,
the decreasing phase (winter-time) is more visible with SPOT imagery than with Pleiades data. This
could be explained by the difference of spatial resolution. Indeed, the plots used for Pleiades and
SPOT series are the same, but soils are more visible with Pleiades imagery as can be seen in the
pictures below (Figure 14). The TSAVI index is only computed for Pleiades data as its computation
is heavy especially computing the soil axis for each data.

Figure 15. Comparison between a SPOT 5 image (10m) acquired the 04/08/2012 and a Pleiades image (2m) acquired
the 03/08/2012

4. Results based on Normalized Regeneration Index (NRI) time series
4.1. Results derived from SPOT data NRIs
NRI is computed as below; it shows if vegetation chlorophyll has returned to its initial state. It
varies between around the value of 1. A value of 1 means that post-fire the area has recovered to its
pre-fire state (Chabaane and al., 2005). If NRI values are higher than 1, post-fire vegetation is more
chlorophyll rich than pre-fire vegetation.
(Chabaane and al., 2005)

Results are multiplied by 1000 in this paper to avoid decimal values. The image used as a prefire reference state is a SPOT 4 acquired the 20th of September 2011just before the November 2011
fire.

Figure 16. NRI variation on SPOT 5 time series.
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NRI*1000

Figure 17. NRI variation on SPOT 5 time series in the 2011 burnt area

The results obtained with 2011-12-12 data, just after fire event, shows in dark tons on Figure 16
and in low values on Figure 17 an absence of regeneration due to the proximity in time of the fire
event. For month after (2012-04-15) an increase of regeneration is observed to reach the maximum
value in April in wet season. Regeneration decrease after during dry season. At the plot scale, NRI
values are globally the same by species (see Figure 18). NRI indicate a vegetal recolonisation but
not really regeneration because its shows photosynthetic variations but it can’t characterize the type
of vegetation which grows up after forest fire. It is probably invasive or pioneer species such as
grasses or forbs which faded after in wet season contrary to the normal behaviour of species (Figure
8).

Figure 18. NRI variation by species on SPOT 5 time series in the 2011 burnt area
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4.2. Results derived from Pleiades data NRIs
To facilitate a comparison with the SPOT time series, the same methodology is applied to the
Pleiades time series. NRI have been computed for each Pleiades data. Because of the lack of
Pleiades pre-event data, NRI are computed from the same SPOT 4 (TOA) pre-event data used
beforehand. The Pleiades data are rescaled to 10m for more coherence. SERTIT is waiting for preevent data similar to Pleiades in terms of resolution and radiometry (Worldview-2). NRI will then
more comparable. The results from the Pleiades and SPOT series can’t be merged together because
of the different radiometric calibrations. Cloudy images complicate the establishment of trends and
it would be preferable to acquire SPOT and Pléiades images simultaneously in order to understand
the effects of resolution and also to understand better how vegetation reacts after fires.
950

900
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800

Clouds
750

700

Figure 19. NRI variations per species as evidenced by the Pleiades time series (2012 to 2013)

5. Conclusion and perspectives
This study concerning vegetation characterization and regeneration monitoring after the Maido
November 2011 forest fires has its own unique and original character. On the one hand it’s one of
the first studies of austral forest fires, and on the other hand, it tries to merge the use of SPOT and
Pleiades image series.
At first, the SPOT KALIDEOS database was used in order to highlight phenological vegetation
cycles of this highly endemic biotope area. In the same way, establishing a seasonal behavior of
vegetation makes it possible to clearly identity the fire event and its impact and, only then, is it
possible to monitor post-event vegetation response with respect to an established reference.
Pleiades data use here is of an experimental nature. Indeed, radiometric calibration between all
the databases is paramount for data comparison. The problem encountered with the calculation of
the Pléiades top of canopy reflectance (TOC) prevents a more complete integration of Pleiades and
SPOT time-series, and need to be compared separately.
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However, changes in the phenological vegetation cycle are observed, on analysis of NDVI and
TSAVI indexes computed from both SPOT and Pleiades data, indicating a trend which is probably
due to a growth of invasive species and therefore highlight recolonisation by vegetation
To go beyond that, field campaigns must be performed to obtain a better knowledge of local
vegetation and its changes. This study will continue with the integration of new data acquired in
2013 which will probably lead in the near future to a better understanding and characterization of
changes affecting vegetation in the Maido area.
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