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INTRODUCTION 



 Threatened by global change 

 2 ° C Global Temperature Target 

 Potential carbon sinks: Forest at 
national scale 

 

Introduction 

YP Remote Sensing 2018 

Aachen (Germany) 



• Local scale 

• Regional scale 

• National/Global 
scale 

The issue of scale in remote sensing 

Introduction 



Pulse density>1/m2 

Introduction 

First cover: 

2008-2015 

Time frecuency: 

Every 6-7 years 

LiDAR Images availability : Second cover of National Plan for Aviation 
Ortho (PNOA) 2016 

 

 

 • Pulse density:  

      0.5 pulse/m2 

• Mean vertical 

accuracy:  

          20 cm 



Introduction 

Copernicus Global Land Service: Providing bio-geophysical products of global land surface in 
near-real time. Vegetation products of 300 m pixel resolution  each 10 –day period 

  

 

 

PROBA-V ESA Mission (2014) 



 Combining LiDAR 
data with optical 
remote sensing 

images 

What if we combine them? 

High temporal resolution 
at global scale 

High-accuracy LiDAR data 
at local scale 

Introduction 
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Materials and methods 

Study area: Region of Murcia 



 

 

Materials and methods 

Study area: Region of Murcia 
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 LiDAR data (PNOA2016)              Aboveground forest carbon map 



Volume values 

 

 

 

 

 

Forest carbon stock 

estimation 

25 m pixel resolution 

Biomasa
Parte aérea 76,4 %

Parte radical 23,6 %

Densidad Básica

0,494 g/cm³ 

Volumen

Conversión a Carbono
0,499*44/12 = 1,8296

Biomasa 

Total
CO2 

Specific gravity of wood Conversion to carbon 

Volume 
Biomass Total 

Biomass 
Aerial biomass 

Root biomass 

2016 
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 DEM 25-m pixel resolution from «Spanish National Geographic 
Institute» (CNIG): 

 14 terrain variables (SAGA GIS software) 

 LiDAR data (PNOA2016)              Aboveground forest carbon map 



 

 

DEM-SAGA GIS            

14 topographic variables 

Materials and methods 

Source data 
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 LiDAR data (PNOA2016)              Aboveground forest carbon map 

 DEM 25-m pixel resolution from «Spanish National Geographic 
Institute» (CNIG): 

 14 terrain variables (SAGA GIS software) 

 Forest Map of Murcia (1:25000) (MAPAMA): GIS Cover  linked to a 

detailed forest database. 

 Copernicus Global Land Service. Vegetation products 300 m: 

  NDVI , LAI, FAPAR, FCOVER 



 

 

Materials and methods 

Source data 

May and October 
2016 



NDVI 

LAI 

FAPAR 

FCOVER 

…
 
…

 
…

 
…

 

DEM 

14 terrain 
data 

…
 …

 …
 

25 m pixel resolution 

300 m pixel resolution 
LiDAR carbon map 

 

Train data set 
Test data set (3,000 random 

points) 

Methodological scheme 



 Three stages:  
 1. Predictor variable selection 

 2. Spatial interpolation (QRF) 

 3. Estimation of uncertainty 

 1. Variables selection 
 Linear models (stepwise ) 

 Variance inflation factor (VIF)  

 Variable Selection Using Random Forests 

     (VSURF -R package) 
 

Carbon spatial predictive model 

Methodological scheme 



 2. Spatial interpolation: Quantile Regression Forest (Meinshausen 2006) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Estimation of uncertainty 
 

 
 

 

Carbon spatial predictive model 

Methodological scheme 



Results 
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RMSE 
R 

squared 
Accuracy RMSE val 

24.45 0.69 0.70 25.38 

1. Selected variables:  

• Vegetation index: NDVI (2016/10/11 and 2016/05/21) and LAI 

(2016/10/10); 

• Topographic variables: DEM, relative slope position and 

channel network base level. 

Results 

2. Spatial interpolation. Predictive model:  



Results 
 

Spatial interpolation 



Results 
 

Associated uncertainty  



Results 
 

Spatial interpolation 



Results 
 

Associated uncertainty  



Discussion and 
conclusions 



 Aboveground forest carbon 

(LiDAR) 

Vegetation characterization  

(Remote sensing)   

 Close relationship between: 

Discussion and 

conclusions 

NDVI 

(Mean seasonal profile in 
Mediterranean ecosystem: 
max in spring and autumn) 

LAI 
(Thickness of the 

vegetation cover.  

Essential Climate Variable) 

 Statistically-robust model; feasible and cost-effective approach for 
monitoring nationwide (moderate spatial resolution) and easily 
updated (high temporal availability) 

 Highest uncertainty associated with low predicted carbon values, it 
may be associated with the accuracy of the general allometric 
equation obtained from literature.  



Future step 



Expectations 

  Copernicus global products with high temporal and spatial resolution, 
applicable for global, national and regional scale for forest inventories, 
planning and management.  

  According to our projects, implementation of products for quantification, 
assessment and monitoring at different scale approaches: 

 • Afforestation /Deforestation  

 

  Combination of different sensors: 

 
•  Radar/optical 

 
•  LiDAR/optical 

 

• Burned areas 

 

• Fuel types 

 
• Changes detection in ecosystems 

 



Technology: 
Field  instrument 
 

31 

Applications 

 Forest management: 

• Forest survey 

• Plots measurements 

• Timber volume assessment 

 

 

 

Fuel types in Canary 
Islands 



Carbon losses by degradation and deforestation vs.  

Carbon gains by afforestation and forest recovery 

838 IMAGES 

Forest 

basemap 

2005 

Map of 

changes 

2005-2016 

 

 

 

Degradación 

forestal 

 

 

Deforestation 

 

 

Afforestation o 

Forest recovery 

REDD+ PROGRAM: Madagascar 



33 

Burned areas detection  
(2007-2001) 

Sentinel 

Fuel types in Canary Islands 



FIRE FOREST 
 
GEPRIF PROYECT (RTA-INIA) 
 
«Integrated evaluation of 
fire forest» 
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Fuel types in Canary 
Islands 

Artificial neural networks (ANNs) 

 



CARBON PROJECT 

36 

• Project: SUPPORT FOR THE JUSTIFICATION AND QUANTIFICATION OF GHG 

EMISSIONS FROM FOREST DEGRADATION AND GHG EMISSIONS FROM 

ENHANCEMENTS OF CARBON STOCKS OF A PROPOSED EMISSION REDUCTION 

PROGRAM IN MADAGASCAR 

• Country: Madagascar  

• January 2017 – in Process 

• Partner: ONG FANC (Manondroala), Pôle Carto 

• Client: Word Bank 

 
  

Degraded mangroves 
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Collaborating centers networking 



+34-969-243-064 

pdurante@agresta.org 

www.agresta.org 

Thank you very much 
for your attention 


