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Using synthetic controls to attribute biodiversity
shifts to remotely sensed landscape modifications
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1. Monitored from increasing observational data sources

BIOdlverSIty l0sS... 2. Resulting from blurry & entangled anthropogenic
Global-regional coverage Satellite Sa’fe“itw [Processes
)
- *

Regional-local coverage ) Kigerafe /
UAV

How can observed and Ilarge-scale T
biodiversity changes be properly attributed |  coiiar
to processes using the ever-increasing
sources of data?¢

A Correlation is not causation

""" 7Cameral Lecorder t

trap

Citizen scientist
with cell phone

‘%

Collecting environmental DNA

O Diaref M dag\et'SeiPegrbsbaiviessitph {B8V4h decline of life on Earth points to the need for transformative change." (2019)



RS-driven causal inference needed to disentangle
biodiversity pressures across scale

Trends in

Ecology & Evolution ¢ CelPress

— Small-scale experiments and observations have
considerably raised understanding in  biodiversity

processes and functions

Scaling-up ecological understanding with

/\ However, relationships do not necessarily hold across remote sensing and causal inference

scale because of confounding effects that are:

Elisa Van Cleemput © 2 Peter B. Adler®, Katharine Nash Suding?, Alanna Jane Rebelo*,
Benjamin Poulter”, and Laura E. Dee?

- Controlled for at small-scale
- Numerous and heterogenous at large scale

NEEDED

Remote sensing n Causal inference



STOC | Temporal Monitoring of Common Birds

e Standardized count protocol of common birds in France

o Study period = 2001 - 2019

e 4 km?2square plots are monitored according to an annual random draw
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Fontaine, Benoit, et al. "Suivi des oiseaux communs en France 1989-2019: 30 ans de suivis
participatifs." (2021)



Land cover | GLC _FCS30D (Zhang et al. 2024
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LC change detection | Urbanization

From the annual class metric differences computed with PyLandStats (Bosch, 2019) Location: .169, 45.943)

level: class
class:
Impervious surfaces

metric: proportion_of_landscape
Sign: +
B:3

Detection from: 2007
Up to: 2016

Open in Maps

Land Cover Types
Grassland
Rainfed cropland
Herbaceous cover
Tree or shrub cover
Lichens and mosses
Irrigated cropland
Sparse vegetation
Open evergreen broadieaved forest
Closed evergreen broadleaved forest
Swamp
Marsh
Flooded flat
Open deciduous broadleaved forest
Impervious surfaces
Closed deciduous broadleaved forest
Open evergreen needle-leaved forest
Closed evergreen needle-leaved forest
Bare areas
Consclidated bare areas
Open deciduous needle-leaved forest
‘Water body
Closed deciduous needle-leaved forest
Open mixed forest
Shrubland
Evergreen shrubland

Assumption:
Urbanization will disturb
bird resources and
habitats
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Bosch, Marti. "PyLandStats: An open-source Pythonic library to compute landscape metrics.” (2019)




Question | Do the detected LC changes impact

bird diversity metrics?

How do we test it ?

— Syniheﬁc control & variants, emerging from the field of econometrics

ECOLOGICAL
APPLICATIONS

Synthetic Control Controls

Article & Full Access
* Model relationship
Evaluating natural experiments in ecology: using between controls and

synthetic controls in assessments of remotely sensed treated before event,

* Predict relationship in
land treatments post-treatment context

) . . . / Function basediprw
Stephen E. Fick, Travis W. Nauman, Colby C. Brungard, Michael C. Duniway 24 ~ ool :

First published: 21 November 2020 |

*Combines matching,
differencing, and
time series analysis

+ Allows to isolate and test the effect of an abrupt change [LC change] on an outcome variable [Bird abundance]

+ Reconstructs what would have happened if a treatment had not occurred, i.e. the counterfactual, based on the pre-

intervention relationship between the impacted units and a group of unaffected units

Abadie, Alberto, and Javier Gardeazabal. "The economic costs of conflict: A case study of the Basque Country." (2003)
Abadie, Alberto. "Using synthetic controls: Feasibility, data requirements, and methodological aspects.” (2021)



Case study

( (
s LI d d e n u r bCl n I ZCl t I o n Sudden urbanization ?‘) Cropland bird A.
Detected on RS products STOC
effect
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— Among the potential controls, the SC |
method opfimizes a linear combination|

fitting the treated STOC square during the [ =
pre-treatment period, in terms of: |

e Ovutcome variable:
Cropland bird abundances
e Provided covariates:

o Bioclimatic conditions (temperature, | -
__ precipitations, soil moisture, humidity)
o LC class proportions

Cantabria

o [Any other confounders, e.qg. pesticides]
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Results | Augmented SC
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Very good pre-treatment fit ...

... But can we still trust this complex control
combination?

— Placebo tests allow testing the robustness and
significance of the identified effect
p-value =0.14

Ben-Michael et al. “The Augmented Synthetic Control Method.” (2020)



Back to change detection | What about
rom RS Foundation Models? (RSFM)

Time-series extraction RSFM inference

embeddings

LANDSAT
Annual mosaics 2000-2023, 30 m

RGB, NIR, SWIR 1 & 2

2893 STOC observation plots g

Computer Science > Computer Vision and Pattern Recognition
[Submitted on 22 Mar 2024 (v1), last revised 7 Jun 2024 (this version, v2)j

Neural Plasticity-Inspired Multimodal Foundation Model for Earth Observation

Zhitong Xiong, Yi Wang, Fahong Zhang, Adam J. Stewart, Joélle Hanna, Damian Borth, loannis Papoutsis, Bertrand Le Saux, Gustau Camps-Valls, Xiao Xiang Zhu

RS
Unified Multimodal Earth
" Foundation Model .

{Hyperspectral

SAR Images

rrrrrrrrrr

“. Forest |
Monitoring

Downstream Tasks /

Leland Mclnnes et al. “Umap: Uniform manifold approximation and projection for dimension reduction.” (2018)

Campello et al. “Density-based clustering based on hierarchical density estimates.” (2013)

RS embeddings (768 x1)

Dimension reduction [UMAP]

E—— +

Clustering [HDBSCAN]

Do we recover the same abrupt
changes than with land cover
metrics computation?

[Preliminary results]
Recovery rates - Annual embedding
clusters aligned with abrupt land
cover changes

e Urbanization :80.95% (68/84)



Conclusion

% Landscape changes at the STOC square level can be
detected both from LC products and from clustering RSFM

embeddings of multispectral imagery

Three key recommendations for the
. conference organisers to consider in their :
future R&D and policy-related activities '

<% Base SC requires long TS and ~stable outcome variables
- Future work: Continue testing variants between matching % Evaluate policy implementation with
& SC methods to accommodate shorter TS counterfactual modelling
s Encourage interdisciplinary research
within project calls

. . : .« e e e % Facilitate data sharing across scales
% Working at the bird specialisation group level, no significant | T
effects could be detected across STOC plots o bufolsod:sc:pl:nes

- Future work: Species-level analyses open a new
perspective to disentangle species dynamics

©
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