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At the request of El Salvador, on March 1st, 2019 the UN General Assembly declared
that 2021-2030 would be the UN Decade on Ecosystem Restoration

It aims to massively scale up the restoration of degraded and destroyed ecosystems
as a proven measure to fight the climate crisis and enhance food security, water
supply and biodiversity.

Ecosystem restoration provides multiple benefits but also incurs potential costs.

Identifying areas where these benefits can be jointly optimized at the same time that
costs are minimized will increase the chances of restoration success.
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UN Decade on Ecosystem Restoration



Current Global Restoration Goals
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The fastest reshaping of land 
surface in human history 

• 15% of degraded lands (Aichi 15)

• 350 million hectares

equivalente area of ecosystem
restoration in one human generation



Current Global Restoration Goals
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In 2013, Brazil approved its Native Vegetation Protection Law, resulting in legal 
requirements to restore 12 million hectares. 

From 2013 to 2017, IIS coordinated an international multidisciplinary team to 
develop a tool to identify priority areas for restoration and quantify their impacts. 

This tool should:

Be flexible, to 
integrate multiple 
criteria chosen by 
decision makers;

Be precise, 
identifying the 
exact priority areas 
for those criteria;

Be able to measure the impacts of the restoration 
in units decision makers can use (tonnes of CO2 
sequestered, number of species extinctions 
avoided, monetary cost etc); quantify synergies 
and trade-offs

1 2 3
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A strategic approach to restoration planning



In 2017, we applied this tool for the first time to the Atlantic Forest in 
Brazil, a global biodiversity hotspot that already lost 80% of its 
original area and has a restoration target of approximately 5 million 
hectares;
These maps are going to be launched by the Brazilian government as 
official priority maps for restoration of the Atlantic Forest

In 2018, Brazil comissioned IIS to prepare similar analysis, 
prioritity maps and impact assessments for all six biomes of 
Brazil, to be used as official priority maps of restoration
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A strategic approach to restoration planning



In December 2018, the scientific journal Nature Ecology and 
Evolution published a scientific paper detailing this tool and its 
application for the Atlantic Forest, based on the scientific 
advances developed and usefulness for policy implementation;

In 2018, in collaboration with members of the Convention on 
Biological Diversity, the International Union for the 
Conservation of Nature (IUCN), among others, IIS applied its tool 
to produce the first global prioritization for restoration and 
assessment of the outcomes of global restoration targets.
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A strategic approach to restoration planning



A first 
application: 
Brazil’s 
Atlantic 
Forest
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• First global prioritisation effort

• 2.9 billion hectares of restorable lands identified

• Inclusion of forests, grasslands, shurblands, wetlands, 
deserts

• Individual focus for 22,431 species, estimates of 
conservation impact for them; IUCN ->ESH

• Estimates of carbon sequestration(ABGB + soil C)

• Estimates of agriculture opportunity costs

• Aichi Tragets 15, NDCs, Bonn Challenge, NY Declaration on 
Forests

• Multiple collaborators

A strategic approach to restoration planning – Going Global
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Restoration only back to original ecosystem 
type (no forests into grasslands...)

Estimates of original natural cover

Forests

Shrublands

Wetlands

Grasslands

Deserts and semi-deserts
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A strategic approach to restoration planning –
Going Global

[Embargoed]



Validation 
using 25 
years of 
observed 
data vs 
estimated

RMSE=6.73
%
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A strategic approach to restoration planning –
Going Global
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Global priority areas for restoration – Focus on Biodiversity only
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Global priority areas for restoration – Focus on Carbon only
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Global priority areas for restoration – Focus on Minimising opportunity costs only
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Global priority areas for restoration – Multicriteria (inc costs)
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Huge differences in outcomes for the
same area target, depending on
where restoration takes place

(Example:The same 5% target can
reduce extinctions by 4% or by 43%)

Bernardo B. N. Strassburg

[Embargoed]

α

Multiple restoration goals – the importance of Where

Restoration Target (% converted lands)
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Huge differences in outcomes for 
the same area target, depending 
on where restoration takes place

(Example: The same reduction in 
extinctions would require 5% or 
35% of the worlds converted lands) 
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Restoration Target (% converted lands)
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Multiple restoration goals – the importance of Where



Restoration is a very powerful tool for 
global challenges, with Aichi Target 15 
resulting in major gains for:

i)biodiversity conservation (saving up to 
67% of species) 

ii)offering major contributions for 
climate change mitigation (327 bill. 
tCO2, 91% of remaining budget for 
1.5C) and adaptation, (cost-effective, 
<USD10-15/tCO2)

iii) land degradation

Quantifying outcomes and trade-offs (Aichi 15)
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Trade-offs

Biodiversity focused delivers 70% of 
Max Carbon

Climate focused delivers 61% of max 
biodiversity

Multicriteria delivers 94% 
(Biodiversity) and 91% (Carbon)

M

USD 5,600

USD 2,680

Quantifying outcomes and trade-offs (Aichi 15)



Focusing on minimising costs
provides very weak
environmental outcomes
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Quantifying outcomes and trade-offs (Aichi 15)



Including costs in the optimisation 
reduces absolute benefits for 
biodiversity and climate, but 
increase cost-effectiveness
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Quantifying outcomes and trade-offs (Aichi 15)



Reaching the 15% restoration
target within national
boundaries reduces further the
global benefits, but costs remain
approximately constant

Potential for international win-
win collaborations

Aichi Target 15 - Outcomes for multiple 
goals, in multiple scenarios 
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Global x National level priorities



Relative importance of different biomes
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Relative 
importance 
of different 
biomes
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Biodiversity Carbon

Min. Cost Compromise

Restoration Target (% converted lands)
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Global maximum single benefit scenarios: 
Biodiversity
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Reduction in 
Global Extinctions

CO2 Sequestered (Billions 
Tonnes)

Costs 
(USD / hectare)

67% 231 5,588 
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Reduction in 
Global Extinctions

CO2 Sequestered (Billions 
Tonnes)

Costs 
(USD / hectare)

41% 326 5,538
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Global maximum single benefit scenario: 
Climate
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Reduction in 
Global Extinctions

CO2 Sequestered (Billions 
Tonnes)

Opportunity Costs 
(USD / hectare)

41% 326 5,538 

Bernardo B. N. Strassburg

Global maximum single benefit scenario: 
Climate
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91%



Reduction in 
Global Extinctions

CO2 Sequestered (Billions 
Tonnes)

Costs 
(USD / hectare)

13% 122 2,682 
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Global Opportunity cost scenario
[Embargoed]



Reduction in 
Global Extinctions

CO2 Sequestered (Billions 
Tonnes)

Costs 
(USD / hectare)

59% 271 4,213

Global Compromise scenario
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Rainfed yield gaps
• Closing 75% of yield gaps 
• Maintaining current 

agricultural production
• Restoring on spared lands

• If implemented at landscape 
level
• 90% of Biodiversity and 

76% of Climate

• If implemented an country 
level
• 96% of both Biodiversity 

and Climate

Restoration in spared lands
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• Closing 75% of yield gaps 
• Maintaining current agricultural 

production
• Restoring on spared lands

Restoration Target (% converted lands)

At the global level, 55% of current 
agricultural lands could be restored 
without compromising agricultural 
production (1,4 bill. hectares)

Restoration in spared lands
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Cost-effectiveness of restoration for climate mitigation





For each 300m pixel

Biodiversity 
Impact

• List of species 
protected

• Red List 
Classification

• Reduction in 
Extinctions

Climate Change 
Impact

• Tonnes of 
CO2Eq 
Sequestered 
per hectare 
restored

Opportunity 
Costs

• Quantity and 
value of 
agricultural 
production
displaced 
($/hectare)

Prioritisation can be focused on
Farms
Microwatersheds
Municipalities
Provinces
Countries
Regions
Globe



Biodiversity
Some LatAm results
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Criteria 1: Absolute area (km2) restored in the Scenario focused on Biodiversity only

Country Area available 
(km2) 

Priority areas 
(km2) 

% of area available that 
is top global priority

Brazil 2,435,604 494,046 20%
Mexico 461,592 201,075 44%

Colombia 165,905 121,684 73%
Peru 123,411 82,491 67%

Argentina 657,091 76,497 12%
Venezuela 183,308 67,483 37%

Cuba 57,954 57,619 99%
Ecuador 41,532 40,824 98%

Nicaragua 42,649 40,055 94%
Guatemala 33,653 32,903 98%

Bolivia 109,469 28,014 26%
Honduras 27,427 26,381 96%

Panama 23,210 21,833 94%
Dominican Rep. 21,373 20,309 95%

Haiti 18,749 16,057 86%
Costa Rica 13,696 13,654 100%

Chile 52,781 11,706 22%
Paraguay 98,139 11,269 11%

El Salvador 4,851 4,736 98%
Uruguay 35,000 3,855 11%

Belize 3,069 3,067 100%
Jamaica 2,701 2,690 100%

Trinidad and Tobago 1,130 1,109 98%
Suriname 923 330 36%

Guyana 3,165 234 7%
Barbados 229 215 94%
Bahamas 181 135 75%

Antigua and Barb. 132 125 95%
St. Kitts and Nevis 46 45 100%

Saint Lucia 32 32 100%
St. Vin. and Gren. 22 22 100%

Grenada 16 16 100%
Dominica 2 2 100%



• Strategic approaches can provide an eightfold increase in conservation cost-
effectiveness.

• Where restoration happens makes a vast difference for its costs and benefits

• Spatial optimisation, Natural regeneration and Project Size play  a key role in reducing 
restoration costs, if its potential is taken into consideration when planning restoration 
indicatives; Reduction of over 60% in costs

• Revenues can also be generated, and synergies with agriculture production 
(pollination, water, soil conservation)

• Our flexible tool can be applied at any resolution, using multiple criteria, identify and 
measure the impacts of restoration prioritisation, to offer support for decision 
makers
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Key messages



• Ongoing conversations with the CBD and other partners to provide support to countries, 
NGOs, businesses with a decision support assisted platform for integrating restoration 
with conservation and land-use planning Capacity building

• Partnership with NatureMaps (UNSDSN, IIASA, UNEP-WCMC & IIS) to apply our 
algorithm to priority maps for restoration;

• Integrated analysis with Marine and Freshwater systems, inc. associated telecouplings

• Ongoing implementation at country, state, city and farm levels, with custom benefits and 
costs

Next steps
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Next steps
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TEEB: Paraíba do Sul River Basin – São Paulo State
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Biophysical and ecological valuation: Pollination
•Almost 90% of plant species require some animal pollinator

•About 1/3 of world agricultural production depends on pollinators

•Agricultural yield, quality and stability

•Human nutritional quality (IBPES 2016)
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Biophysical and ecological valuation: Pollination

• Focused on wild bees - main pollinators in natural ecosystems and
essential for many crops (Kremen and Chaplin-Kramer 2007).

• The model is based on estimates of nesting places and floral
resources availability and on the flight capacity of bees.

• Land use and coverage maps
• Landscape Parameter Table
• Pollinator table

• Abundance Index
• Visitation Potential

Outputs:Inputs:

InVest
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Biophysical and
ecological
valuation: 
Pollination
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Biophysical and ecological valuation: Pollination
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Biophysical and ecological valuation: Pollination

What is the 
impact on 
production in 
different 
scenarios?

Production yield
(IBGE) x

Pollinator dependence 
on crop

(Giannini et al 2015) 
x

Visitation 
potential
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Restoration and Water Quality - Sedimentation
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Restoration and Groundwater Recharge
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Restoration and Water Quality - Polution
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Restoration and Rain
Wet season Dry Season

Precipitation Changes (mm)

Dib et al., in prep.
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BPBES Thematic Report on Water



Estimating benefits via:
• Job creation in 

restoration projects
• Income generation in 

sustainable forest
management
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Agroforestry and
Landscape Restoration

Tubenchlak et al, in press
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Technical Basis for Rio de Janeiro 
State Climate Adaptation Plan

Figure kindly provided by Thais P. Kasecker

Ecosystem-based Adaptation

Extreme weather
events

Land use

Social vulnerability
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Economic Analysis of the Restoration supply chain in 
Central Rio de Janeiro State
• Socio-ecological diagnosis

• Economic valuation of different restoration models, including agroforestry systems
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Availability of rural workforce

Economic Analysis of the Restoration supply chain in 
Central Rio de Janeiro State
• Spatial allocation of the different models according to ecological, social 

and economic factors: natural regeneration potential, ecologial
connectivity, opportunitty costs, labour avaiability, and food demand;

• Niche models for native tree species
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• Restoration is a very powerful tool for global challenges and SDGs, with Aichi Target 15 
resulting in major gains for 

i)biodiversity conservation (saving up to 67% of species) 

ii)offering major contributions for climate change mitigation (326 bill. tCO2, 91% of 
remaining budget for 1.5C) and adaptation, (cost-effective, <USD10-15/tCO2)

• Trade-offs and very strong synergies among Rio conventions, SGDs 
- integrated systems analyses can illuminate, map, quantify and 
offer actionable evidence
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Key Messages
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Thank you
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