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National Forest Inventories are based on sampling theory
In sampling, a part of a population is selected and used to obtain estimates of characteristics of that population
To infer from the sample to the population sampling must be random (this is a practical way to know the probability of extraction of the 
sample from the population)

Simple Random Sampling: the problem of clustering
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U = universe (population)
S = sample

Dr. Daniel Goodman Horvitz
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HT estimators
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In NFIs Remote sensing contributed:

- To the production of more timely, cost efficient, and precise 
traditional inventory estimates

- To derive new spatial products (maps, small area 
estimates)

Technologies that are now on the horizon have the 
potential to alter radically the ways in which trees are 
measured,estimates are produced, and products are 
delivered. 

The lack of standardized, spatially exhaustive open 
access datasets, as well as community consensus on 
methods and best practices limits the broader uptake and 
operationalization of these approaches



LOO R2 = 0.61 and RMSE ≅ 52 m3ha-1

Mapping forest variables integrating NFI with EO



Performance evaluation
The performance of the model was evaluated through a leave-one-out 
cross validation (or Jack-knife) procedure through the most common 
metrics used for continuous outputs
RMSE (root mean square error)
R2 (correlation coefficient)



1. INTRODUCTION1. INTRODUCTION



A domain (area) is regarded as large (or major) if the 
domain-specific sample is large enough to yield “direct 
estimates” of adequate precision. A domain is 
regarded as “small” if the domain-specific sample is 
not large enough to support direct estimates of 
adequate precision.

Region = large

Municipality = small

Pixel = small

direct HT estimation
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• 6,174 Italian NFI plots 

• Across 11mln ha of forest

• Measured from 2018 to 
2020

• 7896 municipality units

• 38 km2 mean area 
covered by a municipality

• 37% of municipalities
with at least NFI sampling 
plot

2. STUDY AREA



3. DATA



3. DATA



Harmonics from Spectral trajectories

Although RF is known to be insensitive to the 

number of variables and the autocorrelation between 

them, a variable selection procedure was applied to 

reduce computational effort and simplify the final 

model.

The most common spectral indices (NDVI, EVI, 

NBR, TCB-W-G-A) and 91 harmonic metrics, 

derived from time trends (2017-2019) for each pixel, 

were calculated from the Sentinel-2 composites.



Box-Cox transformation:
GSV is inherently right-

skewed. Transformation
relaxes the model’s

assumption

Domain random effect:
The «between» variance
effect. Captures area-
specific heterogeneity
across municipalities

Fixed-effect:
Predictive power of RS 

covariates

Unit-level error:
The «within» variance

effect. Captures pixel-
level noise

The implementation of the EBP method is based on the theory described in Molina and 
Rao (2010) and Rao and Molina (2015). The underlying model is a unit-level mixed model, 

also known as

Nested error linear regression (NER) model 

4. METHODS



4. METHODS: estimating the EBP mean

Use training data to estimate 
model coefficient (β) and 

variance component (𝜎𝜎𝑢𝑢2 and 
𝜎𝜎𝑒𝑒2) by maximizing the 
restricted loglikelihood 

(REML). Estimate the shrinkage 
factor �𝛾𝛾𝑖𝑖  for computing the 
conditional expectation of  

random effect
 �𝑢𝑢𝑖𝑖 = �𝛾𝛾𝑖𝑖(�𝑦𝑦𝑖𝑖 − 𝑥𝑥𝑖𝑖𝑖𝑖𝑇𝑇𝛽𝛽)

Generate a synthetic in-
sample and out-of-sample 
population using the NER 

model with Monte Carlo (MC) 
Simulation, with the 

conditional expectation of �𝑢𝑢𝑖𝑖.
Back-transform the data 

Compute the indicator for 
each domain:

as the mean of all MC 
simulations



4. METHODS



R² of 0.4 and an RMSE of 80 m³ ha-¹. The optimal λ and shift 
parameters for the Box-Cox transformation resulted in λ = 0.39 
and shift = 1

5. RESULTS



5. RESULTS





NEXT STEPS
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