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What is resolution invariance in ABA?
• Resolution invariance in ABA means that the sum of predicted values at 

the finest resolution (e.g. a cell) is the same as a single prediction for a 
larger area (e.g. a forest stand)

• Resolution invariance does not mean that we get the same tuning para-
meters for a model at different resolutions thus we must “fix” the model

2

sum of grid cells is 
the same as

predict  to grid cells predict to the area of 4 grid cells



Why varying resolution in ABA?  

It is common to measure sample plots of 
different sizes in different types of forests 
to maximize the efficiency of field work
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The sample plot size is different than cell size 
although plots are of same sizes and cells are 
of same sizes



Objective 1

To identify factors, which contribute to a resolution 
dependence in forest inventory with ABA
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Factors contributing to resolution dependence

1) Variation in ALS echo density
 ALS echoes are regularly spaced in the horizontal dimension

2) How the predictor variables are computed
 The ABA metrics (x) have a resolution invariant mean*

3) The type of response variable
 The forest variable (y) of interest is additive

4) The properties of the prediction model
 A linear model is used without nonlinear transformations in y

* a metric is said to have a resolution invariant mean if the subcell-size weighted
mean of subcell metrics is equal to the metric computed for the entire cell
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1) ALS echoes are regularly spaced in the horizontal dimension
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The consequence of an irregular pattern 
of ALS echoes is that areas with higher 
echo density get more weight than areas 
with lower echo density while computing 
ABA metrics, however, there is no reason 
to assume that areas with a higher echo 
density are more important than areas 
with a lower echo density

Never true in a real-world setting!



1) ALS echoes are regularly spaced in the horizontal dimension
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Irregular pattern of ALS echoes can be taken into account
(from the resolution point of view) two ways:

1) Weighting – rescale predictor variables to consider the
varying number of echoes per unit of area

2) Interpolate regular surface before computing “ABA”
metrics

In both cases prediction error likely increases



Objective 2

To quantify the effects in a real world use case: how do the 
bias (and RMSE) behave when the requirements of 
resolution invariance are violated?
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Model fitting and prediction

• We fit AGB models with ABA metrics at three different resolutions 
(8.33m, 12.5m, 25.0m) :

AGB = model( two ABA metrics )

by deliberately violating the resolution invariance conditions in
different ways 

– linear / non-linear model
– ABA metrics with / without resolution invariant mean

• Each model is used to predict AGB for each of the three resolutions 
and all predictions are aggregated to the resolution of 25 meters

• Cross-validate predictions
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Example
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n=58n=522

n=232



BIAS-%
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The direction of 
BIAS was not 
consistent across 
all models

The BIAS was 
rather small if 
resolution was 
changed 4-fold

Note: diagonals are set 
to zero although cross-
validation cause small 
amount of BIAS
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Height quantiles are an 
example of ABA metrics 
that are not resolution 
invariant as they are not 
unbiased for the 
corresponding population 
parameters: upper sample 
quantiles produce an 
underestimation of the 
corresponding population 
quantiles and lower 
quantiles produce an 
overestimation



RMSE-%
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The RMSE 
decreased if the 
prediction 
resolution was 
higher than the 
fitting resolution 
(in blue), and 
opposite (in red). 

This trend was 
obvious but not 
consistent in 
every case. 
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Conclusions

•Irregular pattern of ALS echoes makes it impossible to 
achieve resolution invariance in normal ABA

•In real world use cases, it is also common that the response 
variable is not additive, the used ABA metrics have not a 
resolution invariant mean, or the model is not linear 

•Small bias was observed for small differences between 
fitting and prediction resolutions; it is hardly an issue in 
most management inventories 

•Resolution dependence should be carefully considered in 
ALS-assisted large area inventories that target unbiased 
estimates of forest parameters
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Lower 
prediction 
resolution

Higher 
prediction 
resolution

Higher fitting 
resolution

Lower fitting 
resolution

Native 
resolution

(Overestimate)

(Underestimate)

RMSE increases

RMSE decreases

h[low] overestimates
h[high] underestimates

h[low] underestimates
h[high] overestimates
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