
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 

The preliminary results show that the use of the SAR can be employed for the study of the biomass in Madeira Island. Facing several cloudy days per year and constant fogs Madeira Island is an ideal place for the use of radar images. The results of our study are in accordance with the 

results obtained with other studies of Laurel Forests. Regardless of the natural conditions found troughout the Study, we were able to define the areas of Laurel Forest and the heights of the trees. SAR images proved to be usefull for the difficult orographic conditions of Madeira Island 

since the MSE obtained was around 3 meters for the majority of the training area. 
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 FIRST RESULTS WITH SAR IMAGES AND UAV FLIGHT 

    

 

Differences between the DMS from the Sentinel 1 interferogram and the 2010 DTM from Madeira Island: 

August 2017 January 2018 February 2019 

Fig 3: Interferometric Difference Heigths 

INTRODUCTION 

According to contemporary accounts of the discovery of Madeira (1420), the whole island was covered with a large and dense grove, which is why Portuguese navigators named it Madeira. The Laurel forest is characteristic to the Macaronesia (archipelagos of the Azores, Madeira and 
the Canary Islands) and consists of persistent leaf plants (eg, Laurus novocanariensis, Myrica faya, Ocotea foetens, Persea indica, Apollonias barbujana, Clethra arborea, Erica arborea, Ilex canariensis, Illex perado, etc.) and represents a testimony of the former Mediterranean forest of 
the Tertiary that occupied southern Europe and North Africa around 20 million years ago (Aboal et al., 1999). This sclerophyllous forest accounts for 20% of the total área, was defined as priority habitat (Laurissilvas Macaronesia) according to the Habitats Directive of the European Union 
(Council Directive 92/43 / EEC) and is a site of the Network Natura 2000, with 15 462 hectares designated as a conservation and special protection zone. In 1999 it was considered by UNESCO as a Natural World Heritage Site. 

Madeira is a Portuguese island located in the Atlantic Ocean (32°75'N and 17°W), with a humid Mediterranean climate and a complex orography characterized by an east-west mountain chain reaching 1862 m a.s.l. at its maximum point (Couto et al., 2016; Prada et al., 2016). At 
660 m.a.s.l. of altitude (32°43’N and 16°49’W, north slope), the annual mean precipitation is around 1800 mm/year and the annual mean temperature is 14°C. For the hydrologic year of 2017/2018, the reference evapotranspiration was inferred by Penman–Monteith, being higher in July 
(84 mm) and August (102 mm), and lower in December (34.5 mm) and February (33.70 mm). The Madeira’s Laurel Forest (Laurissilva) can be classified into three subtypes according to precipitation ranges. Our study was developed on localities recognized as hyper-humid Laurissilva 
(precipitation above 1500 mm/year). Fog is formed mainly when humid maritime winds ascend along the north slope of the island. From several ecosystem services that Laurel forest provides (e.g. carbon storage, erosion control, cultural services, etc.), fog precipitation is an important 
component of the water cycle, by keeping humidity levels in the forest high during summer (Prada et al., 2016). Laurel forests need humid and sheltered settings, well-balanced precipitation and mild temperature. This makes this forest ecosystem vulnerable to climate change. In fact, 
according to climate scenarios (RCP4.5, RCP8.5, RCP4.5 and RCP8.5), the temperature can increase above 1.2ºC in mid-21st-century and can even reach values above 2.5ºC. The decrease of precipitation can be superior to 20% at the mid-21st-century and will reach 30% at the end of 
the century 21st (Tomé, 2013). 
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STUDY AREA 

The study area is totally included in the area of the Natural Park of 
Madeira. It is situated at Machico County in an area called Funduras 
with an approximate altitude of 600 meters. 

For this Study a polygon (60 m x 60 m) was chosen at the Laurissilva 
Forest composed mostly of trees such as Ocotea foetens, Laurus ca-
nariensis, Clethra arborea  and Myrica faya.  

 Several measures, such as the number of trees, tree trunk diameter, 
tree height, tree canopy volume were used for estimation of biomass 
by allometric equations in order to validate the interferogrametry re-
sults obtained using the Sentinel 1 images for the different monitor-
ing periods. Considering that the quality of the results from the sa-
tellite images is affected by negative atmospheric effects, an un-
manned aerial vehicle (UAV) Mavic 2 Pro was used for images ac-
quisition.  

  ABOVE GROUND BIOMASS FIRST VALUES 

 

 

 

 

To calculate the above ground biomass values, the following 

formula was used:                                                                                 

 

 

 

 

 

 

 

 

 

Madeira Island has constant presence of clouds and fog  wich makes usable SENTINEL 2 images acquisition more dif-

ficult. Therefore, it was only possible to calculate the NDVI for six SENTINEL 2 images between July 2017 and Februa-

ry 2019 (Fig. 6). 

 

For the selected area the height tree values obtained by interferometric techniques were compared with in situ tree height measurements, and differences 
between -4m and 7m were estimated. Reasons for that include the atmospheric influences, a complex orography of the Island and the small values of the 
perpendicular base (30.81 m for 2017, -58.14m for 2018 and -87.08m for 2019) may justify the differences. 
  
To validate the results a UAV survey, over the study area, was made. The DMS obtained from this flight was produced with Pix4Dmapper software.  To cali-
brate the UAV DSM, a common point from UAV and the official MDT was chosen, the height difference calculated and spread to all UAV height values. 
  
Finally, a comparison between UAV DSM and DSM from interferometry was done, in order to find a correlation that would allow the correction of the later 
DSM using the UAV MDS.  When compared with the in-situ measurements the usage of the UAV flight presented better results, since the use of SAR on Ma-
deira Island is still a challenge, however the opportunity to work in large areas regardless of atmospheric conditions is an added advantage of the method 
presented. 

METHODOLOGY 

Three pairs of SENTINEL 1 images were used. The pro-

cessing was made using the ESA SNAP software. Height 

difference between the DMS and DTM were calculated 

with QGIS 3.4 (Madeira) software and following the 

method presented by Alboabidallah et al (2017) and that 

can be analysed on figure 2: 

STUDY AREA—(60Mx60M) 

Zoom to Study Area 

Trees at Study Area 

Fig 1: Study Area 

Differences between the DMS from the UAV flight on April 

2019 and the 2010 DTM from Madeira Island: 

April 2019 

Fig 4: UAV Difference Heigths 

Fig 7: SENTINEL 2 NDVI results obtained at Sentinel-Hub EO-Browser 

Laurel Forest 

Study Area 

Fig 9: Official UNESCO Laurel Forest Vector 

 

UAV FLIGHT 

Made at April 2019 with a Mavic Pro Drone 

 

DATASETS 

ESA SATELLITE IMAGES 

IMAGES DATE 

Sentinel-1A IW SLC 02-08-2017 

Sentinel-1B IW SLC 08-08-2017 

Sentinel-1A IW SLC 05-01-2018 

Sentinel-1A IW SLC 17-01-2018 

Sentinel-1B IW SLC 11-02-2019 

Sentinel-1B IW SLC 23-02-2019 

Sentinel-2B L1C 28-07-2017 

Sentinel-2A L1C 12-08-2017 

Sentinel-2B L1C 04-01-2018 

Sentinel-2A L1C 26-09-2018 

Sentinel-2B L1C 20-12-2018 

Sentinel-2A L1C 23-02-2019 

IN SITU DATA COLLECTED IN JULY 2018 

Biomassforest [t/ha]  is defined as aboveground wood of trunks and branches where 
exceeding 7 cm diameter 
 
 dbhmid [cm]             is the (dbh² weighted) mean diameter at breast height 1.3 m 
 
 hmid [m]                   is the height of the tree 
 
 ᵨ [g/cm³]                  is the species-specific wood density 
 
 fz [ ]                         is a form factor (= 0.4-0.5, constant in a first order approxima-
tion) 
 
N                             is the tree density (tree number per area unit) 

Fig 8: NDVI from Sentinel 2 image (26-09-2018) 

NDVI was estimated by SNAP software and the values related with our 

training area were extracted. We used these values to classify the areas that 

correspond to Laurel Forest. Most of the classification results are similar to 

the ones defined by the UNESCO Laurel Forest (fig. 8) alltough we could defi-

ne other Laurel Forest areas in the South and in the East part of the Island. 

 

For the measures in situ a biomass value of 2.994 t/h 

was obtained. This value corresponds about to 0.079 for 

an area with the size equal to the SAR pixel  (14 m x 14 

m). 

 

The values per pixel and per species were calculated 

with the heights obtained in the interferogram of 2019 

(Fig 11). 

 

Ocotea foetens trees have higher biomass values since 

they are the dominat specie at the training area and ha-

ving a higher wood density (0.95) also influence the re-

sult.  

Fig6: GACOS results for 02-08-2017 and 08-08-2017 

Fig 5: Relation with the Tree Heights between the Field Data and Interferometry of 2019 and the UAV Flight 

Fig 12: Biomass  values from the Sentinel 1 image. First results 

Fig 10: Data obtained at Field 

UAV 

 

 

TREE HEIGHT 

SENTINEL 1 
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CASE STUDY 

ALLOMETRIC EQUATION ABOVE GROUND BIOMASS ESTIMATION 

LAUREL POLYGONS OFFICIAL CLASSIFICATION 

Fig 2: Methodology 

Fig 11: Tree distribution at trainig area 
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