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1. Introduction

IPCC, 2001



1. Introduction

 The main gas responsible for the greenhouse effect is carbon dioxide

(CO2), which concentrations have been seriously altered by humans in the

carbon cycle.

 The deforestation causes big effects in the carbon cycle because of the

loss of the photosynthetic ability of the eliminated forest vegetation and the

simultaneous liberation of big quantities of carbon accumulated in the

forest ecosystems for a long time. The sustainable development of the

silviculture can contribute to mitigate the climate change in the long term,

because it avoids the insertion of new carbon in the active cycle.

 The quantity of carbon retained in the biomass is one of the important

aspects in the carbon cycle and it can be easily calculated from the dry

biomass of the forest species.



2. Objective

 Estimate above ground biomass for Pinus Radiata in the Arratia-Nervión

region, evaluating the suitability of the LiDAR data provided for the entire

Spanish territory in the frame of the National Plan of Aerial

Orthophotography (PNOA) with a low sampling density of 0.5 pulse/m2.



3. LiDAR
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4. Biomass estimation

 4.1. Study area: 
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4. Biomass estimation
4.2 National Forestal Inventory 4 (NFI 4)

 118 nested plots of 25 m

radius (0.2 ha)
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4. Biomass estimation

4.2 National Forestal Inventory 4 (NFI 4)
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𝑊
(
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)
= 0.0009892 𝑑2ℎ 1.023 − 0.00434𝑑2ℎ + 61.57 − 6.978𝑑 + 0.3463𝑑2 (Canga et al. 2013) 

From the 118 plots

located in the

selected region,

only the ones where

the dominant specie

was Pinus Radiata

with> 80%

occupation were

selected (63

samples).



4. Biomass estimation

 4.3 Field plots positioning



4. Biomass estimation

4.4 LiDAR data

- Collected between the 12th July to 28th August 2012

LiDAR flight parametrers

Scan angle 60 °

Pulse Repetition Rate (PRR) 100 kHz

Scan frequency 70 kHz

Divergence <0.5 mrad

Speed 51.4 m/s

Point density 0.5 points/ m2

Height 1500 m



4. Biomass estimation

4.4 LiDAR data

Flow chart of the LiDAR data



 4.4 LiDAR data

The algorithm developed to calculate the canopy density metrics divided the

point clouds into 10 vertical layers of equal height, setting the low limit on 2m,

to avoid shrubs and the upper limit as the percentile 95 of the height

distributions.

The routine calculates the proportion of points of the total number of points

contained above each layer, so 10 canopy densities were computed

(tr_1...tr_10).

4. Biomass estimation



4. Biomass estimation

4.5 Multiple regression technique

ො𝑦 = 𝑏0 + 𝑏1𝑥1 +⋯+ 𝑏𝑘𝑥𝑘

1. Correlation matrix between observed biomass and the obtained metrics

2. Two variable or three variable combinations

3. R2 (coefficient of determination ) 

4. Principles  of the lineal regression technique



4. Biomass estimation

0 1 2 3 4 5 6 7 8

0 1.00 0.99 0.99 0.97 0.96 0.98 0.98 0.98 0.98

1 0.00 1.00 0.99 0.96 0.94 0.95 0.95 0.97 0.98

2 0.00 0.00 1.00 0.98 0.95 0.95 0.95 0.96 0.96

3 0.00 0.02 0.00 1.00 0.98 0.98 0.94 0.93 0.91

4 0.00 0.00 0.00 0.00 1.00 0.98 0.94 0.93 0.91

5 0.00 0.00 0.00 0.00 0.02 1.00 0.98 0.97 0.95

6 0.00 0.00 0.02 0.00 0.02 0.02 1.00 0.99 0.96

7 0.00 0.00 0.00 0.00 0.00 0.02 0.02 1.00 0.98

8 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 1.00

Cohen concordance test for parcel 443

4.6 Results



4. Biomass estimation

Variables R^2

R^2 

ajus. SE

Shapiro-

Wilk

Breustch-

Pagan

Durbin-

Watson VIF RESET Bonferroni

1 Elev P99-(All returns above 

mean) / (Total first returns) 

* 100

0.77 0.76 0.26 0.10 0.12 0.54 1.28 0.62 0.04

2 Elev P95-(All returns above 

mean) / (Total first returns) 

* 100

0.77 0.76 0.26 0.07 0.23 0.55 1.27 0.64 0.06

3 Elev P95-tr_30 0.76 0.75 0.26 0.30 0.24 0.54 1.11 0.25 0.05

4 Total return count above 

2.00-Elev P95
0.76 0.75 0.26 0.13 0.19 0.69 1.10 0.96 0.05

5 Elev P95-(All returns above 

2.00) / (Total first returns) * 

100

0.76 0.75 0.26 0.18 0.20 0.61 1.12 0.49 0.05

6 Elev P95-tr_20 0.76 0.75 0.26 0.10 0.23 0.58 1.10 0.28 0.06

7 Elev P95-tr_10 0.76 0.75 0.26 0.18 0.20 0.60 1.11 0.51 0.05

8 Elev P95-tr_40 0.76 0.75 0.26 0.08 0.23 0.52 1.14 0.14 0.05

9 Elev P90-(All returns above 

mean) / (Total first returns) 

* 100-

0.76 0.75 0.26 0.03 0.29 0.57 1.27 0.56 0.05

4.6 Results

Results of the best models



4. Biomass estimation

lnBiomass=3.237172+(0.063358∙p95)+ 0.475342 ∙ 𝑡𝑟_3

𝐹𝐶 = 𝑒
𝑆𝐸𝐸2

2 =1.034162913

4.6 Results

𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝑡𝑜𝑛
ℎ𝑎

= 1.034162913 ∗ 𝑒 (3.237172+ 0.063358∙𝑝95 + 0.475342∙𝑡𝑟3

The mathematical transformation from logarithmic to arithmetic values implies certain

asymmetry in the distribution of the arithmetic values that can produce a sub

estimation of the biomass, so a correction factor depending on the standard error

estimation of the model should be applied:



4. Biomass estimation
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4.6 Results



4. Biomass estimation
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Estimated biomass of the sample plot



4. Biomass estimation

Variables Si STi Variance D1 Dt

p95 0.8128 0.9453 0.1314 0.1068 0.0072

tr_3 0.8513 0.8404 0.1426 0.1214 0.0228

4.6 Results

Sensitivity analysis results



4.6 Results

4. Biomass estimation

Strudy area Model obtained Basque

Goverment

Error

Encartaciones 2,084,520.43 ton 2,936,472.48 ton 29%

Validation of the model in the Encartaciones 

region

“leave-one-out” or “k fold” cross-validation:

The original sample was divided in 5 folds, with 11 elements per fold.

The mean value of the addition of the square of the residuals

oscillates between 0.0674 and 0.0682 logarithmic units, more or less

the 0.7% of the mean value of the field biomass.



4. Biomass estimation

 This study has shown a highly automatic and simply process to estimate biomass
using LiDAR data from a low point density flight (0.5 points/m2) for PinusRadiata
specie, that can be extrapolated to other areas, becoming a very powerful tool
for this purpose and avoiding other traditional methods (NFI) which supposes a
very high investment of time and money. The LiDAR data used in this study are
totally public and continuous in time, they are collected every 4/5 years, this
circumstance supposes having actualized and free data.

 Major sources of unexplained variance of the AGB regression model: The first
is miss registration of the ground plot locations to the LiDAR point cloud, but,
as has been proved during the study, the positional differences between
them are not statistically influential in the results. The second is the
application of allometric equations and the ground measurements. The third
error source would be related with the LiDAR dataset, where classification
errors could interfere in the results.

4.7 Conclusions



5. Practical Examples

1. Catalog Command



5. Practical Examples

2. GridSurfaceCreate and dtmm2ascii Commands



5. Practical Examples
2. GridSurfaceCreate and dtmm2ascii Commands

MDT



5. Practical Examples
3. CanopyModel Command



5. Practical Examples
3. CanopyModel Command

CH

M



5. Practical Examples
4. GridMetrics Command



5. Practical Examples
4. GridMetrics Command

Metrics


