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INTRODUCTION
THE CURRENT STAGE

Modern advances in remote sensing have enabled the global monitoring of Earth's biodiversity and
of its wide-ranging dimensions.

THE PROBLEM

Albeit the unprecedented advances, relevant uncertainty methods and information are still in their
infancy which impedes effective understanding of the product biases and impactful policy making
efforts. 

THE SOLUTION

The aim of this study is to estimate the spatial explicit information of machine learning tasks in both
thematic and continuous products entirely through the cloud-based platform Google Earth Engine
(GEE) and use it to optimize the accuracy of the model and moreover produce a map regarding the
uncertainty level of the procedure.
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DATA & STUDY AREAS
SATELLITE DATA

Multi-temporal and cloud free composites with the aid of Sentinel-2, lvl2a (S2) imagery. 

STUDY AREAS

They are divided to two categories according to the nature of the distribution we want to produce.

1. Benthic Habitat Classification

Bahamian Archipelago → ~18.800 images, 633.063 km

         2. Satellite Derived Bathymetry (SDB)

National scale of Belize (C. America)
Quirimbas Archipelago (Mozambique)

TRAINING DATA

On the one hand we use the Allen Coral Atlas product in order to export 1000 training points for the
4-class classification and on the other hand, we ingest Ice-Sat2 depth values to our model for the
Satellite-derived bathymetry workflow.

VALIDATION DATA

In both cases field data assist as validation dataset. In the case of the habitat mapping the size of the
validation data are 300 points per class while for the bathymetry they are 636 and 777 points for
Quirimbas and Belize respectively
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METHODOLOGY
The workflow of the study is divided in three sequential stages.

PREPARATION OF DATA

1. Creation of Depth Invariance Index (DIV) based to the spectral ratio of green and blue
channels and the hue and value bands based to the optical spectrum.

2. Segmenation of image. Product of which are the 21 bands that we use for the model and express
the mean, median and standard deviation values of the original red, green and blue channels plus
the DIV, hue and value bands for each segment.

3. Portional division of the training data to Training, Retraining and Testing. 

60% of them remain as training data and help with the initial classification.
30 % of them are set as re-training data which are the keystone of the next stage. 
The remaining 10 % serves as testing points to measures the alteration of uncertainty due the
process

MAIN PROCESSING STAGE

With the information of the classification and the probabilites of succesful classification per class we
are able to estimate the spatial uncertainty per pixel. In context of a continuous distribution as a
SDB, we estimate the spatially explicit uncertainty with the aid of the Probabily Density function
based to the twenty different bathymetry estimations of the twenty trees of the Random Forest
algorithm of GEE. Both regression and probabilities values are accessable through the platform. The
Retraining data serves as a pool of data that we use for the second classification. By knowing the
uncertainty value per pixel, we filter the retraining pool and accept new training data only from
areas with low uncertainty. 

RETRAINING OF THE MODEL

Last stage of the workflow is the retraining of the model where we use the initial training dataset
merged with the retraining data that come from low uncertainty areas.
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Benthic Habitat Classification Accuracy Matrix, Bahamas

RESULTS
Based to the results, our approach achieves better accuracy scores than training the classifier with
the whole training dataset, especially on the thematic product.

By comparing the results of retraining with different uncertainty threshold for the retraining filter, it
seems that training points from certain areas (uncertainty < 0.25) achieve the highest accurasy for
both thematic and continuous products.

We summarize the accuracy scores of the initial training and the retraining of the model in each
study area in the following tables. 

 

Satellite Derived Bathymetry Accuracy Matrix, Quirimbas & Belize
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DISCUSSION AND CONCLUSIONS
Better Accuracy Scores

In general, it is quite difficult to achieve good accuracy scores for marine remote sensing studies due
to physical parameters like the water column, the alteration of spectral reflactance because of
change of medium and the depth that the target occur. Even if our Spatially-Explicit Uncertainty
workflow is in a premature phase, our findings indicate that it can be a useful tool in the
optimization of Earth Observation products. It is believed that the selection of retraining points with
low uncertainty values helps the model to better perform due to the minimized noise that they
introduce to the model.

Uncertainty Map

The spatially explicit uncertainty maps seem to agree with anticipated high uncertainty in areas as
deep waters, delta of rivers and it is worth to mention that they highlight the borders of satellite
imagery tiles.

In the same time, our approach seems to be the only by now which is able to visualize the level of
uncertainty in marine remote sensing studies in a way that policy makers can take advantage of for
better decision making. Albeit the scalable potentials through GEE platform, the size and the geo-
spatial arrangment of the initial training pool appears to be the only limiting factor.
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FUTURE STEPS
1. Exploit the spatially-explicit uncertainty information for the creation of independent training

points. By doing that we hope to help the model to decide on its own on what data should be
used as training points even if they are not included in the initial training pool.

2. Investigation of the capabilities of uncertainty and have a better understanding on the source of
uncertainty and how to minimize it through deep-learning practises as backpropagation.
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ABSTRACT
Modern advances in remote sensing have enabled the global monitoring of Earth's biodiversity and of its wide-ranging dimensions. These scalable
advances are offering global information on the extent, structure, function and services of different ecosystem types, and their benefits to the
environment and humans, in general. Albeit the unprecedented advances, relevant uncertainty methods and information are still in their infancy
which impedes effective understanding of the product biases and impactful policy making efforts. In our study, we present a novel scalable
uncertainty quantification framework, developed entirely within the Google Earth Engine, which assesses both thematic (e.g., ecosystem
presence/absence, extent and distribution) and continuous products (e.g., satellite-derived bathymetry) related to coastal biodiversity using multi-
temporal and cloud-free 10-m Sentinel-2, field data collections, and human-annotated data points. By exploiting the cloud-native machine learning
classifier and its outputs, we estimate the uncertainty of the procedure per pixel. With that information, our semi-automated model is able to re-
train itself in a data driven way and produce better results. There are three areas of interest in this study. The first is the Archipelago of Bahamas
island complex, where we assess a four-class benthic habitat classification product per pixel. Our second and third study area is the national scale
of Belize and the Quirimbas Archipelago (Mozambique), respectively, in which a satellite-derived bathymetry map. In the case of classification,
our model achieved a better overall accuracy of ~4% in comparison with the initial classification while the producer and user accuracy of the
habitat class that we are interested in, seagrass, rose by 13% and 7% respectively. On the regression results, our framework accurately highlights
the areas with most uncertainty given the byproducts of the maximum likelihood regression that took place. While still in its alpha version, we
envisage that further developments of the framework could allow better quantification of the data and model uncertainty, reducing the
uncertainties in the coastal biodiversity monitoring and enabling more effective policy making efforts towards safeguarding global biodiversity
health.
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