
Background and Motivation

Methods

Results

Implications

Prioritizing Nature-based Solutions using Reinforcement Lea rning to align 
�&�D�Q�D�G�D�¶�V�������[�������E�L�R�G�L�Y�H�U�V�L�W�\���W�D�U�J�H�W�V���Z�L�W�K���F�O�L�P�D�W�H���D�Q�G���Z�D�W�H�U���F�R-benefits

Camilo Alejo1234, Amy Luers235, Andréa Ventimiglia23, Damon Matthews124

1 Concordia University Department of Geography, Planning and Environment; 2Sustainability in the Digital Age; 3Future Earth 
Canada Hub, 4Leadership in Environmental and Digital innovation for Sustainability Program (LEADS), 5Microsoft

�‡ Nature-based solutions (NbS�������H���J�������F�R�Q�V�H�U�Y�D�W�L�R�Q�����U�H�V�W�R�U�D�W�L�R�Q�����Z�L�O�O���S�O�D�\���D���S�L�Y�R�W�D�O���U�R�O�H���L�Q���D�F�K�L�H�Y�L�Q�J���&�D�Q�D�G�D�¶�V�������;�������E�L�R�G�L�Y�H�U�V�L�W�\�����L���H�������U�H�V�W�R�U�H�����������R�I��
degraded land and establish 30% of area-based conservation by 2030), net-zero emissions, and water protection targets.

�‡ Increasing monitoring tools for NbS leverage Remote Sensing and Machine Learning for predicting the spatial patterns of carbon stocks12, water 
quality3, and biodiversity4. 

�‡ Gap: Few studies leverage AI to develop common frameworks for conservation and restoration targets that maximize biodiversity outcomes and 
other co-benefits.

�‡ Aim: Prioritize NbS locations that maximize biodiversity, carbon sto rage, and water outcomes to reach 30x30 conservatio n and 
restoration targets using Reinforcement Learning (R L)

�‡ Conservation Scenarios. Prioritizing the protection of threatened species and irrecoverable carbon storage (C-Sc1), mostly in forested lands, 
represents a holistic pathway to conserve 30% of land and improve biodiversity and co-benefits outcomes relative to existing protected areas.

�‡ Restoration Scenarios. Restoring 30% of degraded land for effective biodiversity outcomes will require a combination of interventions: restoring 
carbon stocks in forest lands (R-Sc2) and mitigating the effects of reduced ecological intactness and water surface instability in agricultural lands 
(R-Sc1 and R-Sc3). 

�‡ Local and economic implications: Indigenous Lands, including initiatives funded by the Federal Government, and Major Natural Resource 
projects, especially mining and energy, are in close proximity to Conservation and Restoration priority areas

Using the RL algorithm CAPTAIN from Silvestro et al.5:

�‡ Step 1 �����6�L�P�X�O�D�W�H���D���W�U�D�L�Q�L�Q�J���G�D�W�D�V�H�W���U�H�V�H�P�E�O�L�Q�J���&�D�Q�D�G�D�¶�V���E�L�R�G�L�Y�H�U�V�L�W�\��
�‡ Step 2: Train a model through RL to prioritize NbS areas that 

maximize species protection while rewarding reduced anthropogenic 
pressures.

�‡ Step 3: Define threatened vertebrate species distribution, ecological 
intactness, carbon stocks, and water surface stability in Canada.

�‡ Step 4: Implement the optimized trained model in Canada to achieve 
30x30 targets (i.e., area budget) in two sets of scenarios (Sc).
�‡ Conservation: Maximize species protection while rewarding 

increased ecological intactness (C-Sc1), carbon storage (C-Sc2), 
and water surface stability (C-Sc3).

�‡ Restoration: Maximize species protection while rewarding 
reduced Ecol. Intactness (R-Sc1), carbon storage (R-Sc2), and 
water surface stability (R-Sc3).

Four dimensions of coordination to achieve biodiversity, net-zero, and 
water targets:
1. NbS �Æ Synergizing conservation and restoration actions6

2. Governments �Æ Asserting Indigenous land governance7, balancing 
extractive activities against environmental targets

3. Sectors �Æ Public and Private7

4. Planetary Intelligence �Æ Scientific, Collective, and Artificial8
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