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Foreword

Nature is the foundation of sustainability and the
global economy. Yet, we are witnessing its alarming
decline. An estimated 75% of Earth’s land surface has
been altered from its natural state' while biodiversity
loss is accelerating. These trends are weakening
ecosystems’ capacity to regulate climate and provide
other important services like pollination, water
filtration, and food production. The continued
degradation of even just a few key ecosystem
services could cost the global economy $2.7 trillion
per year by 2030.2 The UN Biodiversity Plan outlines a
strategy to reverse nature loss and highlights the
critical role that companies must play.

In 2020, Microsoft embarked on a journey to develop
a corporate strategy for protecting and restoring
ecosystems. We made commitments to be carbon
negative, water positive, and zero waste. Recognizing
the complexity of setting quantitative targets for
ecosystems, we pledged to protect more land than
we use while using our voice, tools, and investments
to protect and restore ecosystems. Over the last four
years, we have invested across all these areas and
partnered with academia, civil society, governments,
and other companies to evolve our approach through
shared learning.

One of the most important insights along our journey
is that nature, as a whole, is greater than the sum of
its parts. Ecosystems are intricate networks of
processes that provide humanity with indispensable
life-supporting services. Disrupting any one single
process in an ecosystem can undermine the system’s
ability to deliver multiple societal benefits. As a result,
we recognize that durable nature-based carbon
storage is not the function of trees alone, but of
healthy ecosystems. Likewise, water replenishment is
most effective when entire watershed ecosystems are
healthy. Local communities and Indigenous peoples,
long-standing stewards of these ecosystems, are

essential partners in their protection and restoration.
But companies are not empowered to invest
holistically in nature to protect and enhance
ecosystem health.

At Microsoft, we invest in ecosystem health through
our holistic approach to nature-based carbon
removal and water replenishment. We are also
advancing Al tools and scientific understanding to
better monitor ecosystem health. Meanwhile through
our Climate Innovation Fund and policy efforts, we
work to build markets that support the conservation
of healthy ecosystems.

While we have made meaningful progress, our
journey has not been without its challenges. We know
there is more to do and more to learn. Many
companies face significant hurdles—lacking sufficient
knowledge, tools, and incentives to invest in
ecosystem health.

In this paper, our sustainability team in partnership
with leading scientists from around the world
highlight the importance of investing in ecosystem
health, share Microsoft experience, and offer insights
from both science and practice for what is needed to
maximize the sustainability impact of corporate
nature-based investments and strengthen the
broader enabling conditions for success. We hope
these lessons can help inform a path forward to
empower more companies to target their nature-
based investments on ecosystem health.

By working together, we can ensure that nature—and
with it, our economy and humanity—can thrive.

Melarni: Nakagaus

Melanie Nakagawa
CVP, Chief Sustainability Officer



Executive summary

Nature provides essential life-supporting services for
people and the economy, but the ecosystems that
provide these services are rapidly being degraded
and lost. To avoid escalating risks to economic
stability, human health, and the capacity to address
the climate crisis, increased investments are urgently
needed to protect and enhance ecosystem health.

Companies have an important role to play. They are
increasingly investing in nature-based solutions such
as carbon dioxide removal, water replenishment, or
biodiversity conservation. The specific benefits of
these investments hinge on the health of the whole
ecosystems which provide these services. However, it
is challenging for companies to consider ecosystem
health holistically in investment decisions.

Microsoft collaborated with an international team of
scientists to assess the opportunities and challenges
of corporate investments in nature. This paper
outlines the importance of investing in ecosystem
health, shares Microsoft's experience, and offers
insights from science and practice.

Key challenges for maximizing the sustainability
benefits of companies’ investments in nature are:

o Corporate investments in nature often narrowly
target individual benefits (such as carbon or
water), without considering the condition of or
implications for the whole ecosystem.

e Investments that fail to consider the health of the
whole ecosystem can undermine sustainability.

e Companies lack sufficient incentives, knowledge,
and tools to prioritize ecosystem health.

Lessons for moving forward

1. Build incentives to invest in ecosystem health.
Establish mechanisms that reward companies for
investing in nature-based solutions that improve

ecosystem health and ensure local community
benefits and stewardship.

2. Agree on science-based standards for the
impacts of investments on ecosystem health.
Civil society and companies need to collaborate
with scientists to agree on corporate standards
for characterizing how sustainability investments
affect ecosystem health.

3. Make science accessible and build capacity to
use it. All actors in nature-based markets need to
be able to use the best available science to
evaluate ecological and social risks, design
projects that enhance ecosystem health, and
assess it effectively.

4. Accept trade-offs as inevitable and aim to
minimize them. While not all sustainability
benefits can be maximized at once, strategic
planning can reduce negative impacts and
optimize positive outcomes.

5. Innovate to de-risk investment. Nature-based
investments face risks from the variability of
natural systems; better tools are needed to
understand, insure, and manage these risks.

6. Expand blended finance. Combining public and
private capital can reduce financial risks to private
investors and attract more investment into
nature-based solutions.

7. Invest beyond capital. While funding is vital,
projects and startups also need strategic support,
including expertise, long-term demand signals,
and market access.

8. Use Al for speed, scale, and reliability. Al can
help companies prioritize ecosystem health by
enabling cheaper, more effective measurement,
trade-off analysis, and risk management.
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Introduction

The world faces a convergence of environmental
crises: climate change, biodiversity loss, and social
inequality. Addressing these three crises requires a
holistic approach to sustainability that prioritizes the
health and integrity of our planet's ecosystems. The
interconnections among these sustainability
challenges are reflected in the 17 United Nations (UN)
Sustainable Development Goals and are addressed in
both the UN Framework Convention on Climate
Change Paris Agreement and the Kunming-Montreal
Global Biodiversity Framework. Underpinning each of
these agreements is a clear scientific consensus: a
thriving natural world is essential to achieving any of
the global sustainability goals.

Companies are increasingly contributing to
protecting and restoring the natural world. Many
invest in nature to help meet their sustainability
goals, for example to remove carbon from the
atmosphere, replenish water, or protect biodiversity.
Private sector investments in nature-based solutions
(NbS)? increased from $26 billion annually in 2022 to
almost $36 billion annually in 2023, accounting for
18% of global investments in NbS.** These numbers
are expected to rise in the coming years as more
initiatives call on companies to consider nature in
their business reporting and planning.®”# Many
initiatives have recently emerged. Some are voluntary,
such as the Taskforce on Nature-related Financial
Disclosures (TNFD), while others are regulatory,
including the European Union’s Corporate
Sustainability Reporting Directive (CSRD) and Nature
Restoration Law and the United Kingdom's
Biodiversity Net Gain mandate.

It is encouraging to see corporate investments in
nature increasing. But there is a problem: these
investments are often focused on individual parts of
an ecosystem—such as carbon, water, or
biodiversity—in isolation, and frequently fail to

address the aspirations and vulnerabilities of
Indigenous and local communities. Nature and
society, however, are not merely a collection of parts;
they function as a set of interconnected systems,
where each component plays a crucial role and is
linked to others, all supporting the ecosystem
services on which humanity depends (Figure 1).
Investments that fail to consider the health of the
entire ecosystem, and the communities that depend
on it, risk destabilizing these ecosystems and
jeopardizing their provision of services vital to
humanity.

Ecosystem health3 refers to how well an
ecosystem supports and maintains native
populations of species and key ecological
processes such as energy flow, nutrient cycling,
and organic matter movement. Ecosystem health
underpins ecosystem services including
pollination, water purification, and heat risk
reduction. Ecosystem health is also known as
ecosystem integrity or ecosystem functioning.’

Ecosystem health exists on a spectrum. Healthy
ecosystems have robust populations of native
species, have few unmanaged threats and minimal
reductions in size or extent, and support strong
ecological processes. Less healthy ecosystems
may have been significantly affected by human
activity, lost native species, and have poorly
functioning ecological processes, but may still
provide some services like carbon sequestration.
Unhealthy ecosystems are severely degraded or
intensely managed, and as a result have lost their
natural structure and ability to reliably deliver
their full suite of ecosystem services. Investments
in nature are most effective when focused on
protecting or enhancing ecosystem health.
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Process: Microbes sequester nitrogen—
an essential nutrient—and return excess
nitrogen—a pollutant—to the atmosphere.

Human disruption:

Industrial fertilizer production
undermines the ability of
microbes to remove

excess nitrogen from

land and water.

pitmospherg

Ecosystems are webs
of interconnected processes
that provide vital services.

Process: Plants provide oxygen
and sequester and store CO,
from the atmosphere.

Human disruption:
Deforestation has
undermined CO,
sequestration by forests.

Disruption of any one process can
undermine multiple services.

Microbes

Process: Microbes are
essential to animal health and
the recycling of organic matter.

Human disruption:
Widespread antibiotics use has
led to declines in microbial diversity
and increases in fast-growing, drug-
resistant pathogens.

Plants
& trees

Process: Plants provide food
to animals, which spread
seeds and pollinate plants.

Human disruption:

Habitat degradation and
pesticide use have led to
declines in insect, bird, and
bat species that pollinate the
majority of crops worldwide.

Animals

Figure 1: lllustrative ecological processes that provide vital services to humanity. When nature's ecosystems are healthy, they
maintain essential ecological processes, sustain biodiversity, and collectively provide numerous benefits to humans, such as
clean air, water, food, and climate stability. Note that these are just a few examples of ecological processes that exist in
nature, and the ways in which humans disrupt them.'011121314

A growing number of global initiatives now highlight
that to advance sustainability goals, nature-based
investments need to holistically consider ecosystem
health and the needs of Indigenous and local
communities. These initiatives include International
Union for the Conservation of Nature's Global
Standard for Nature-based Solutions,”® UN Decade on
Restoration, The Global Biodiversity Standard manual,
and the Coalition for Private Investment in
Conservation. Yet, companies often lack the
incentives, knowledge, and tools needed to target
investments to enhance ecosystem health and
support Indigenous and local communities.

Over the last four years, Microsoft has worked to
build a holistic strategy for investing in nature. While
progress has been made, it has not been easy. To

learn from this experience and from the best available
science, Microsoft's environmental sustainability team
collaborated with an international group of leading
researchers and practitioners to assess the
opportunities and challenges of corporate
investments in nature. In this paper, we review the
importance of investments in nature for sustainability,
discuss the challenges that companies face, share
Microsoft's experience, and offer lessons learned
from science and practice to help inform a way

forward.
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Nature is the
foundation of
sustainability and
the economy
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Nature is the bedrock upon which
sustainability is built. The health and vitality of
natural ecosystems underpin the stability and
resilience of the world’s economies and the

well-being of communities. There are many

examples of how a thriving natural world is
fundamental to achieving sustainable
development goals and ensuring a
prosperous future for all. Here are a few.

Climate mitigation goals cannot be met without
healthy ecosystems. To keep global warming well
below 2 °C, the target set in the Paris Agreement,
rapid reductions in greenhouse gas emissions are
needed.'® Without nature'’s services, the emissions
reduction task would be much greater. Ecological
processes on land absorb about a quarter of the
carbon dioxide that human activities emit each year."
A roughly equal amount of carbon is removed by
physical and biological processes in the ocean."
However, as ecosystems are degraded or destroyed,
their large reservoirs of carbon are released to the
atmosphere, amplifying the climate crisis. Forests and
soils alone hold two to three times more carbon than
the atmosphere itself.!” Through the restoration and
protection of ecosystems, such as forests and
wetlands, additional carbon dioxide removal and
emissions reductions can be achieved. Scientists
estimate that protecting and restoring nature could
make a substantial contribution to climate mitigation
efforts, but only a fraction of this potential is being
realized today."

Sustainable water supplies require healthy
ecosystems. Imagine a world without readily
available clean water—this harsh reality exists today
for many people,’® and is closer than we think for
many others. Rivers, lakes, and aquifers serve as
critical sources of freshwater, crucial for human
existence and economic activities. Nature plays a
triple role in ensuring water security: as a source
(rivers, lakes, groundwater), a filter (soils, plants,
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microbes remove pollutants), and a regulator
(wetlands and forests mitigate floods and droughts).
Replacing nature’s water services with industrial
processes, such as desalination or conventional water
treatment, would be vastly more expensive.?

According to a recent study, over 4 billion people still
lack reliable access to safe drinking water,” more
than double previous estimates,? highlighting the
urgent need for sustainable water management
solutions. Achieving the goal of universal access to
clean water and sanitation will require enhancing the
natural ecosystem services that provide drought
resilience and protect water quality, alongside more
sustainable water management practices. Major cities
and corporations are increasingly investing in nature-
based solutions to address water quality and security

challenges 23242526

A sustainable, thriving global economy requires
healthy ecosystems. The global economy relies on
nature’s flows of goods and services. This includes the
raw materials crucial for construction (timber, minerals),
manufacturing (metals, fibers), and pharmaceuticals
(plant-based medicines), as well as essential services like
pollination, water filtration, and climate regulation—key

components of global supply chains.?”*

Although the full economic contributions of nature
are poorly quantified, the World Bank's recent report,
The Economic Case for Nature, estimates that by
2030, the global economy could suffer $2.7 trillion in
losses due to the collapse of a few natural services,
with low-income countries losing approximately 10%
of their annual GDP.? These predictions are based on
cautious assumptions, and only capture nature’s
contributions to a limited number of sectors, and thus
underestimate the true economic risks posed by

declining nature 2%

Beyond its direct contributions, nature also mitigates
societal risks, including natural disasters and the
threat of pandemics.®"3233 Over the past two decades,
floods and droughts have affected 1.8 billion people

and caused over $775 billion in damages.®* Protecting
and restoring rivers, wetlands, and watersheds can
mitigate these impacts by regulating water flow and
replenishing supplies.

Business leaders are increasingly aware of these risks.
The World Economic Forum'’s most recent global risk
survey ranks extreme weather, biodiversity loss and
ecosystem collapse, and natural resource shortages
as the greatest sources of risk over a decade-long
horizon,** outpacing concerns like cyber insecurity,
interstate armed conflict, and societal polarization.

Circular economies depend on healthy ecosystems.
Ecosystem processes are foundational to recycling water
and waste. For example, ecosystems like forests and
green spaces in urban areas process water by absorbing
runoff, filtering particulates, and converting dissolved
pollutants to less harmful forms via microbial activity,
reducing water treatment costs and preventing sewers
from overflowing and contaminating rivers during
storms. Plants and microbes further help clean
contaminated soils, creating habitat for animals and
increasing property values.

In addition, natural processes turn waste material into
valuable resources and give us new ideas for
products that prevent waste at the source.
Composting converts food waste into nutrient-rich
soil amendments, reducing landfill burden and
boosting soil health. Nature-inspired production
methods, like using biodegradable materials derived
from plants and growing foods and trees together in
agroforestry systems, can create products that
generate less waste and pollution.

Circular economies also inherently support healthy
ecosystems. By keeping materials in circulation for
longer, economies also reduce the need to extract
and refine new materials from nature. Recycling
paper and glass reduces the need to harvest more
trees and sand, and reduces the energy used and
carbon released in processing these materials into
new products.
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Biodiversity is the foundation of healthy ecosystems. Biodiversity encompasses the vast array of species from
towering trees to microscopic organisms. This genetic diversity has enabled these species to adapt to different or
changing environmental conditions in a diverse range of ecosystems, from the deep sea to tropical rainforests and
deserts (Figure 2). The complex interactions within and among ecosystems together shape the planet and our lives.
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Figure 2: Definitions and relationships—nature, ecosystems, and biodiversity. Nature consists of a diverse range of
ecosystems, all interconnected through the flow of energy, resources, and species. Biodiversity encompasses the variety of
ecosystem types, species (including microbes), and genetic diversity. While biodiversity is a crucial indicator of ecosystem
health, it is not the only one; other factors, such as ecosystem resilience, connectivity, functioning of ecological processes,
and provision of services, also play essential roles in determining overall health.

Biodiversity is being lost at alarming rates. Scientists estimate that 1 million species are currently at the brink of
extinction.®3> For example, coral reef ecosystems are being degraded by ocean heatwaves, ocean acidification, and
low-oxygen dead zones, leading to the loss of habitat and food webs for countless marine organisms.

Biodiversity loss is most often recognized in the decline of key species, like bees, which are disappearing due to
habitat loss, pesticides, monocultures, disease, and other stressors.**” Their decline threatens food security, as bees
pollinate many crops, including almonds, apples, avocado, cotton, and canola. Reduced populations of bees and

other pollinator species lead to lower crop yields and higher production costs.'>839
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The loss of biodiversity can also have broader
cascading effects on nature's services to people.

For example, the loss of forest species, from trees to
soil microbial communities, directly affects the rate of
natural carbon sequestration. Forest ecosystems with
more of their native species are more effective in
capturing and storing carbon dioxide from the
atmosphere, contributing significantly to climate
regulation.’ Without species diversity, forests lose
their resilience to disturbances and their capacity to
sequester carbon declines.! Protecting biodiversity is
therefore essential not only for maintaining
ecosystem health but also for enhancing natural
climate mitigation through carbon sequestration.

Biodiversity loss in any form (such as loss of genetic
diversity, species, or ecosystems) undermines all
ecosystem services, from pollination and climate
regulation to soil fertility, water purification, flood risk
reduction, heat stress regulation, and many others
which are critical for business operations and
economic stability.** Protecting biodiversity is
therefore not only a conservation imperative but is
also essential for ensuring resilient supply chains, a
stable climate, as well as food and water security.

While investing in nature is only one of the critical
actions needed to achieve global sustainability goals,
it is an essential one. We cannot have a thriving
planet and thriving people without a thriving natural
world.

Nature-based solutions are actions taken to
protect, manage, or restore natural or modified
ecosystems in ways that address societal
challenges ?

Investing in Nature for Sustainability | October 2024
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The importance
of protecting

and restoring
ecosystem health

/]

‘[Nature-based solutions] are
derived as goods and services

from ecosystems, therefore

strongly depend on the
health of an ecosystem.”
—JUCNP

Companies are increasingly investing in nature to
help meet their sustainability goals, seeking credit for
a quantified amount of carbon reduced or removed,
water replenished, or biodiversity protected. If these
investments are not designed to support whole
ecosystem health, they can undermine sustainability
goals by reducing ecological and community
resilience and contribute to long-term degradation of
ecosystems and their services.*

Science indicates that holistic nature-based
investments, which seek to protect and restore the
health of ecosystems, are more likely to provide
resilient services.** Consider the purchase of carbon
credits through an investment in planting trees. While
trees can be an important nature-based climate
solution, the kind of tree, where it is planted, and
what other species are present matter a great deal for
climate outcomes. Non-native trees are often used
because they might grow quickly and store more
carbon in the short term.*># However, native trees
are often better suited to local conditions, so are
likely to withstand local stresses. For example, the
Kamagong tree, native to the Philippines, has deep
root systems that help it withstand damage from
typhoon winds better than shallow-rooted non-native
trees.*’ Similarly, the Philippines-native Molave tree
has high drought tolerance and pest-resistant leaves,
unlike fast-growing non-native species.*®

Planting non-native trees, selected only for their
capacity to store carbon in the near term, can also

Investing in Nature for Sustainability | October 2024 11




damage local soils and water supplies,*® degrading
the habitat of native plants and animals and
undermining the survival of the trees themselves.*
Tree plantations meant to stabilize the climate can
also acidify soils and increase wildfires,”' causing air
pollution and increasing health risks.

The greatest climate benefits from investments in
trees are likely to come from growing many kinds of
native plants together, rather than a plantation
composed of only one or two species of trees.
Biodiversity can be a key factor in an ecosystem'’s

t,53

resilience to disturbances such as drought, pests,®

and wildfire.>> Relatedly, biodiversity also can be a
key factor in helping restored ecosystems adapt to
the changing climate (see Box 1).°

The ability of Indigenous peoples and local
communities to derive livelihoods from biodiverse
forest ecosystems is key to their buy-in as essential
partners for the long-term success and reliability of
nature-based solutions.* Indigenous peoples’ and
local communities’ lands hold about 34% of what's
known as irrecoverable carbon, carbon stored in
ecosystems that if released to the atmosphere could
not be replaced by 2050.>’

Box 1: Information and supplies needed to restore native, biodiverse, and resilient ecosystems

Restoring healthy forests in a changing climate
requires selecting the right tree species, for the right
place, for the right purpose. However, finding
appropriate species and sourcing seedlings for large-
scale planting can be challenging. Better tools for
identifying which species to plant are critical, as is
building supplies of diverse native seedlings.

The Center for International Forestry Research and
World Agroforestry (CIFOR-ICRAF) has developed the
Tree Globally Observed Environmental Ranges
database (TreeGOER), which documents 51
environmental variables related to the observed

occurrences of over 48,000 tree species, enabling
land managers and researchers to identify which tree
species will grow and thrive under current and future
climate conditions. TreeGOER is complemented by
the Dendrochronology (tree-ring dating) Lab, which

reconstructs the past performance of trees in terms of

their drought tolerance, growth dynamics, and
productivity and water use efficiency.

TreeGOER has been accessed over 5 million times by
users around the world.

CIFOR-ICRAF has also partnered with the African
Forest Landscape Restoration Initiative and the
African Union and Africa Development Bank to build
genebanks supplying the seeds for dozens of tree
species. These tools allow users to explore the impact
of climate conditions on tree species and better
target planting the right trees in the right place to

support restoration and climate change adaptation.

Acacia tree seedling nursery in Yangambi, Democratic
Republic of Congo. (© Axel Fassio/CIFOR-ICRAF)
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Local and Indigenous communities have invaluable
knowledge about healthy ecosystems and can
provide insights essential for the effective design and
implementation of NbS.*® Their active participation
can help ensure that NbS projects are culturally
appropriate, equitably beneficial, and sustainably
maintained over time. By engaging or supporting
local communities, companies can enhance the
resilience and effectiveness of their NbS investments,

ensuring that these projects provide lasting
59,60

benefits.

Community members collaborate with CIFOR-ICRAF to
protect carbon-rich tropical peatlands in Quistococha,
Peru. (© Junior Raborg/CIFOR-ICRAF)

Corporate guidelines are beginning to highlight the
importance of approaching investments in NbS from
a holistic perspective, rather than focusing only on a
single service. For example, the 2024 report Natural
Climate Solutions for the Voluntary Carbon Market:
An Investor Guide for Companies and Financial
Institutions emphasizes the importance of
biodiversity and ecosystem health as integral parts of
high-integrity NbS for climate.®’ Even with broad
guidelines emerging, companies can face challenges
investing effectively in the protection and restoration
of healthy ecosystems, due to limitations in science,
data, and tools.

Fortunately, these challenges are beginning to be
addressed. For example, international research
institutions, such as the Center for International
Forestry Research and World Agroforestry (CIFOR-
ICRAF), are working with multi-stakeholder groups to
build science, tools, and programs for a pipeline of
NbS that succeed in storing carbon, increasing
biodiversity, securing jobs, and improving
livelihoods.®? The Wilkes Center for Climate Science
and Policy at the University of Utah has developed
science-based tools that can help companies assess
the climate-related risks to nature-based solutions for
carbon (see Box 2), and is developing alternative
models for corporate nature-based sustainability
crediting.®®
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Box 2: Tools for assessing risks to nature-based solutions

Robust estimates of risks are crucial to successfully scaling high-quality NbS. In particular, NbS projects with a
climate mitigation goal need to last over 50-100 years or more, depending on the goals and claims made by the
investment.®® Risks to NbS for climate mitigation include human-system risks (such as social, governance, economic,
financial) and nature-related risks (such as wildfire, drought, hurricane, pests).

While enormous uncertainty remains about the future of the global land carbon sink, it is increasingly possible to
quantify regional and global patterns in disturbance risk. A major goal is to determine the durability of ecosystem
carbon stocks over decades to centuries. Various approaches, from big data and machine learning to Earth system
models, have been used to quantify these risks. Detailed carbon durability and risk maps have been produced for
US forests with global forests risk profiles in progress. Policy-ready datasets that quantify the buffer pool size
needed, based on risk assessments, in NbS protocols and programs are under development and expected soon.

Key near-term needs for carbon risk assessment broadly include better characterization of individual disturbance
risks, better data on the human-system risks, how and where biodiversity and ecosystem health affect natural risk
profiles, and open-source tools for stakeholder use that incorporate the best-available science. Similar advances are
needed to understand and quantify risks to other benefits from NbS.
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Figure 3: Comparisons and syntheses across different climate risk axes. Average percentile of risk combined across all metrics
where zero percentile is lowest climate risk and 100 percentile is highest climate risk, averaged across all datasets that
covered a given grid cell, across seven carbon risk datasets.?
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Microsoft's
approach to
Investing to protect
and restore
ecosystem health

/]

By 2030, Microsoft is committed to being
carbon negative, water positive, and zero
waste, while also protecting ecosystems and
conserving more land than it uses. Our
approach to meeting these goals involves a
range of strategies, including reducing
resource consumption through efficiencies
and innovations, sourcing zero-carbon
energy, using zero-water cooling for
datacenters, and designing for circularity.

In addition to these core shifts in operations,
Microsoft is investing in nature to remove carbon
from the atmosphere, replenish water in water-
stressed basins, and protect land for ecological
conservation. These efforts involve developing
programs and partnerships focused on ecosystem
health. Given that there is not a common standard for
identifying the ecosystem health impacts of
investments, it remains challenging for Microsoft and
other companies to direct their resources towards
NDbS projects that prioritize it.

Key challenges include: (1) uncertainty in how to best
assess, track, and predict ecosystem health; (2) a
limited supply of nature-based project providers with
the resources and expertise to holistically manage
ecosystem health; and (3) securing long-term
commitments from stakeholders to ensure ongoing
stewardship and lasting benefits.

Investing directly in nature

Microsoft aims to take a holistic ecosystem approach
to land conservation, water replenishment, and
carbon removal. Overcoming challenges has required
extensive research, partnerships, and innovation.

Over the last four years, Microsoft has met over 60%
of its volumetric water replenishment goals with
nature-based solutions.?® Microsoft recognizes that
water challenges are not just about water (see Box 3).
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Solving water challenges also involves considering
greenhouse gas emissions, biodiversity, and human
health and livelihoods. As a result, progress is
measured by tracking water replenished relative to
targets, while also evaluating the project’s value to
the community and its impact on watershed health.
Because no corporate-sector standards are currently
available for tracking the benefits of water
replenishment projects, Microsoft is supporting a

Box 3: Investing in enhancing watershed health

For Microsoft, meeting its water replenishment target
is about more than a volume of water; it is about
prioritizing and addressing the broader needs of an
entire watershed and the people that inhabit it. That
is why the company sees the value of assessing
ecosystem co-benefits of replenishment projects
wherever possible, including water quality
improvement, biodiversity protection, and carbon
storage. For example, Microsoft has partnered with
global environmental NGO Conservation
International (Cl) and the Ecological Restoration Lab
at the National Autonomous University of Mexico to
restore the Xochimilco wetland ecosystem, a UNESCO
World Heritage Site.®® This ecosystem is the last
natural remnant of the Valley of Mexico lagoon
system, which has been severely affected by the
expansion of Mexico City, leading to water scarcity
and pollution. Wetlands naturally replenish water and
reduce pollution by absorbing, filtering, and storing
precipitation and runoff, critically important to water-
and climate-stressed communities like Xochimilco.®®
Actions in Xochimilco focus on restoring
watercourses, re-establishing native wetland
vegetation, and employing biofilters to improve water
quality.

Xochimilco was targeted by Microsoft because—in
addition to its capacity to replenish upwards of 1
trillion gallons of water, to be confirmed following the
project's completion—the wetland is home to 11% of
Mexico’s biodiversity, including the endangered

collaboration to develop methods for systematically
assessing the aquatic and terrestrial biodiversity
benefits of NbS investments made in watersheds for

water replenishment %

The collaborating
organizations include the Pacific Institute, the CEO
Water Mandate of the United Nations Global
Compact, LimnoTech, The Nature Conservancy, and

Second Nature Ecology and Design.

axolotl salamander, a biological indicator of water
quality.?%%” Although it is too soon to tell what the
restoration of Xochimilco will mean for these
ecosystem services, wetland restoration projects
typically increase biodiversity and ecosystem service
provision by up to 30%.°® Another ecosystem service
provided by freshwater wetlands, globally, is the
sequestration and storage of 20-30% of all soil
carbon,®’%"" despite occupying only 5-8% of the
earth’s land surface.”® Still another important service
provided by wetland ecosystems is food; the
Xochimilco project is also bringing back chinampas,
artificial islands for growing crops dating from the
Aztec period. Efforts by Microsoft and Conservation
International therefore add up to more than gallons
of water, but a high-integrity ecosystem in the heart

of Mexico City.

Endangered Axolotl salamander inhabiting Mexico City's
Xochimilco wetlands. (© Robert Roehl)
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Microsoft has also developed partnerships to identify
critical ecosystems in water-stressed regions where
targeted investments can restore healthy
environments. For example, through the Texas Water
Action Collaborative facilitated by Texan by

Nature, Microsoftand four other corporate funders
were matched with aTexas Longleaf Team project that
is apublic-private partnership dedicated to restoring
longleaf pine forests in the Trinity River Basin of east
Texas. The native longleaf pine is vital to this
ecosystem, filtering and storing freshwater,
sequestering carbon, and supporting biodiversity. It
also plays a key role in ecological resilience, thriving
in harsh weather conditions and providing habitat for
threatened and endangered species.

Microsoft also takes a holistic approach to its nature-
based investments to achieve its carbon removal
goals. In these investments, Microsoft seeks out
partners and projects that can contribute to restoring
local and regional ecological integrity of ecosystems,

both in North America and the tropics.

Sockeye salmon in the Klamath River. (© Adobe Stock)

For example, Microsoft contributed to the Western
Rivers Conservancy's Blue Creek Forest Project in the
Klamath River watershed of California. This project
not only helps build forest carbon stocks but also is
helping to establish the Blue Creek Forest and
Salmon Sanctuary, which will protect 47,000 acres of
temperate rainforest. In addition, proceeds from the
sale of carbon credits have assisted Western Rivers

Conservancy in acquiring and returning to the Yurok
Tribe some of their ancestral territory.

In South America’s Atlantic Forest—one of the
world’s most threatened ecosystems, having suffered
a staggering 88% loss of its original vegetation’*—
Microsoft has partnered with re.green to regenerate
forest on degraded pasture land in Brazil. This project
will restore these lands with over 10 million trees,
which will remove carbon from the atmosphere and
store it for decades. And because Microsoft
understands that healthy ecosystems are important
for higher-durability carbon removal, it is working
with re.green to use native species, enhance
biodiversity, monitor ecological health, and support
local communities (see Box 4).

In Panama, Microsoft recently partnered with Rubicon
Carbon and Carbon Streaming Corporation to fund a
28,000-acre forest restoration project designed by
ecological restoration company Ponterra. This project
will restore a unique tropical forest by planting over
6 million trees from over 75 native species in a
formerly forested area degraded by decades of cattle
ranching. The team chose to work with Ponterra in
part because of its holistic mission to restore
biodiversity and uplift local communities by
designing and operating high-integrity nature
restoration projects. Ponterra employs ecologists,
naturalists, and other scientists to design restoration
projects that support rich biodiversity recovery.
Ponterra’s team of naturalists and data scientists
measure the population of plants and animals still
alive at the beginning of the project, and then track
over time the return to the project area of plants,
birds, bats and other mammals, as well as insects and
other invertebrates.

By providing upfront financing along with a long-
term offtake commitment, Microsoft is also
supporting the entry of smaller companies into this
nascent nature-based market through offtake
agreements. Offtake involves one company buying a
large percentage of available carbon credits, reducing
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the price and cash-flow risk for smaller investors.
These efforts address two key constraints on the
carbon market today: the limited availability of high-
quality and high-durability carbon credits, and of
market capital.”*”> Thus, in both Brazil and Panama,
Microsoft is looking to do more than remove its own
carbon dioxide from the atmosphere—it is
supporting an emerging business model that can
help incentivize holistic restoration of nature.

In these projects, as well as others around the world,
Microsoft's partnerships with scientists, local
communities, NGOs, and governments are critical to
ensuring that the restoration projects support the
development of healthy ecosystems as well as local
communities.

Box 4: Investing holistically to restore tropical rainforests

Microsoft recognizes the importance of investing in
healthy ecosystems to achieve its carbon dioxide
removal goals.”® This is why Microsoft's carbon
dioxide removal team has partnered with re.green in
Brazil to replant over 40,000 acres of cattle pastures
that were slashed and burned from the Mata
Atlantica (Atlantic Forest). re.green brings a holistic
view to restoring this tropical rainforest by
regenerating the nutrient-starved soils of denuded
pasturelands, re-planting them with native rainforest
tree species, and in the process creating habitat
patches colonized by wildlife from intact forest.
Microsoft-sponsored restoration of the Atlantic
Forest with re.green will sequester and store over 3
million tons of carbon dioxide equivalents during its
first 15 years alone.”’

Science-based assessments of nature-based solutions
are critical to knowing when and where investments
should be made.”® To that end, re.green is assessing
the implications of the composition of its tree species
for resilience, biodiversity, carbon storage, and local
communities. re.green ecologists recognize that a

more diverse tree community can store more carbon
and is more resilient to disturbances like droughts
and fires, which are being intensified by climate
change.®®’® These projects can also incorporate trees
that are critically endangered, and trees that supply
communities with sustainable forest products like
Brazil nuts. In this way, restoration increases
biodiversity and generates a revenue stream to local
communities whose buy-in is critical to the success of

the project.

re.green restoration plot adjacent to Brazil's intact
Atlantic Forest. (© Miguel Moraes/re.green)
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Investing in enabling conditions

For corporate investment to fill its crucial role in
protecting and restoring nature, conditions need to
change so that investments are easier, less costly to
make, and maximize impact. Microsoft is working to
help create these enabling conditions by co-
developing and enhancing access to Al-enabled tools

for improving measurement, advancing the science to

support evidence-based policies and standards, and
building markets for high-integrity nature-based
solutions.

Co-developing Al-enabled solutions

Al and advanced Earth observation technologies are
becoming vital tools for measuring, understanding,
and protecting nature. They can help assess
ecosystem health by integrating diverse data on
species, biomass, productivity, and habitat
connectivity across space and time. By processing
vast amounts of data from diverse sources like
sounds, images, text, and sensors, Al technologies
can enable faster, cheaper, and more accurate
ecological analysis on local to global scales.

Microsoft partners with public and private sector
organizations to apply Al and advanced Earth
observations to measure and understand nature’s
complexity at a scale and speed that was impossible
even just a few years ago. For example, Microsoft is
partnering with companies like BeeOdiversity to
utilize Al and bees for monitoring biodiversity.
BeeOdiversity uses Al to analyze pollen collected by
bees, providing insights into ecosystem health and
biodiversity changes. This approach helps identify
environmental factors like invasive species, heavy
metals, and pesticides, enabling targeted actions to
improve ecosystem health.

The Microsoft Al for Good Lab has partnered with
scientists to build new Al-enabled camera traps and
bioacoustics technologies that enable the analysis of
sounds and images of the natural world, providing
unique insights into the state of biodiversity and the
health of ecosystems.

As these technologies advance, the Al for Good team
is working to make them accessible to ecosystem
monitoring practitioners. For example, while
automated deep-learning methods for wildlife
monitoring are becoming more common, they
remain complex and require specialized knowledge.
To overcome this, Microsoft developed Pytorch-
Wildlife, a user-friendly Al tool for animal detection
and classification in images and videos.?’ Microsoft
has partnered with Universidad de los Andes in
Colombia to train and deploy this and other models
for species recognition in the Amazon Rainforest, and
with the Agency for Regulation and Control for
Biosecurity and Quarantine of the Galapagos Islands
to detect invasive opossums in the Galapagos Islands.
The team plans to expand its capabilities to address a
broader range of environmental challenges. The Al
for Good team is also working with partners to apply
these advanced technologies for ecosystem
monitoring and assessment (see Box 5).

As biodiversity measurement becomes mainstream in
sustainability reporting, Microsoft is collaborating
with partners to guide the use of Al and advanced
technologies for meeting reporting requirements. For
example, Microsoft worked with Planet Labs, the
Natural Capital Project, the Gund Institute for the
Environment, and others to develop a white paper—
Accelerating Biodjversity and Ecosystem Reporting—

that outlines how Al and Earth observations can help
companies efficiently meet emerging regulations,
such as the EU's CSRD and the Task Force for Nature-
related Financial Disclosures (TNFD).
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Box 5: Al for ecosystem assessment, monitoring, and protection

The Microsoft Al for Good team has partnered with
the Universidad de los Andes, Instituto Sinchi, the
Alexander von Humboldt Institute in Colombia,
IDEAM, and Planet Labs to assess and monitor
biodiversity and ecosystem change in the Amazon.®'
This effort, Project Guacamaya, tasks a suite of
algorithms with processing large amounts of multi-
modal data continuously collected by automated
camera traps, bioacoustics receivers, and satellites.
Previously, a handful of experts painstakingly
reviewed years of backlogged images and sound
recordings to identify species. Instead, algorithms
now quickly and efficiently compare historical and
contemporary observations as they are made to
databases on the cloud with minimal manual
validation, identifying native species, non-native
species, and even entirely unknown species. The
algorithms used for camera trap (Pytorch Wildlife)
and bioacoustics data (Microsoft/CLAP) are publicly

available and have so far been downloaded by tens of

thousands of users.2°

Ecosystem disturbances like wildfires, unauthorized
roads, illegal deforestation, and unlawful mining are
also being assessed and monitored by Project
Guacamaya'’s algorithms. The use of Al to rapidly
assess and monitor biodiversity and ecosystem
change is enabling Colombian authorities, scientific
organizations, and other stakeholders to better
protect the world’s largest rainforest from human

encroachment and monitor climate impacts.

Camera trap image from the Amazon rainforest. (©
Project Guacamaya/Microsoft)

Another area where Al is providing valuable insights is in understanding trade-offs and identifying synergies

between restoration and nature-based investments. This is particularly relevant in the context of the Global

Biodiversity Framework’s ambitious 30x30 goals, which aim to restore 30% of degraded ecosystems and protect
30% of the world's land and oceans by 2030. As countries like Canada work toward these targets, determining
which areas to prioritize for protection and restoration requires careful consideration of both biodiversity

conservation and the provision of ecosystem services. To help inform these complex decisions, researchers from the

Sustainability in the Digital Age at Concordia University, in collaboration with Microsoft, have used Al to assess

trade-offs and identify synergies of alternative protection and restoration scenarios (see Box 6).
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Box 6: Using Al to identify and quantify trade-offs of nature-based solutions

In line with the Global Biodiversity Framework, Canada aims to restore 30% of degraded ecosystems and protect
30% of its land by 2030. A critical question is: which 30% of terrestrial ecosystems? A collaboration between
Sustainability in the Digital Age at Concordia University and Microsoft is using Al to assess these trade-offs and
identify synergies between biodiversity protection, ecological intactness, carbon storage, and water. The analysis
suggests that maximizing the protection of threatened biodiversity and irrecoverable carbon in forests results in a
comprehensive pathway to improve biodiversity, climate change mitigation, and water outcomes. Restoration in
agricultural lands, focusing on restoring intactness and improving water management, also shows potentially
significant biodiversity benefits. This Al-driven approach can help guide decision-making for cost-effective and
synergistic pathways to achieve biodiversity, emissions, and water targets. Effectively aligning these NbS priorities
will require coordination at different government levels, including Indigenous governments, and integrating

investments from the public and private sectors.

A. Conservation Scenarios B. Restoration Scenarios
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Figure 4: Spatial distribution of conservation and restoration priority scenarios overlaps to align 30x30 targets with co-
benefits in Canada.®
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Advancing science

While much can be done today to enhance the health
of ecosystems, many open science questions remain,
particularly about how to detect, attribute, and
account for ecological changes and evaluate trade-
offs. Advancing science in support of practical
solutions often requires collaboration across
disciplines and sectors. Microsoft works with a wide
range of environmental and social scientists,
engineers, and sustainability policy practitioners to
help build and inform science-based solutions. Here
are a couple of examples.

Accounting and reporting. Standards for corporate
greenhouse gas accounting have evolved over
decades, becoming more rigorous as carbon
accounting grows mainstream and mandatory.
Despite this progress, many science-based questions
remain. Microsoft collaborates with global scientists
to advance the science behind carbon accounting.
For example, Microsoft partnered with the Stanford
University's Woods Institute for the Environment to
convene an international team of scientists and
practitioners to outline the opportunities and
challenges of developing reliable, global greenhouse
gas accounting.®®

A critical question in carbon accounting is the climate
value of carbon stored temporarily in nature. Unlike
technological solutions like direct air capture and
storage (DACS), some nature-based carbon credits
are less durable, as stored carbon can be re-released
by disturbances like wildfires. This risk of reversal has
led some to question the value of these credits,
potentially discouraging investment. Microsoft
scientists partnered with researchers at Concordia
and Simon Fraser universities to model the climate
value of low-durability nature-based carbon storage.
Their climate models demonstrated that even
temporary storage can help reduce peak warming if
combined with deep decarbonization.” They also
proposed a method for integrating temporary

nature-based carbon storage into effective climate
strategies.®*

Monitoring and assessment. The Microsoft Al for
Good Lab collaborates with governments and
universities to help build a better understanding of
species distribution and movement using advanced
Earth observation and analytics. For example, it has
partnered with the US National Oceanographic and
Atmospheric Administration (NOAA) to use Al-based
tools for accelerating biodiversity surveys and

developed algorithms to analyze bioacoustics
data,88487 aiding in the detection of endangered
Cook Inlet beluga whales.®® The team has also
collaborated with researchers from around the world
to improve understanding of animal behavior, such as
the social structures of giraffes in the African
savanna.®® This knowledge is vital for conserving
endangered species like the beluga and keystone
species like giraffes, which can provide signals of
broader ecosystem changes.”

While species tracking is improving, understanding
biodiversity loss at a global scale remains challenging
due to limited coordination and data integration.
Global-scale biodiversity monitoring is crucial for
conservation. To help address this, Microsoft
collaborated with an international team led by
researchers from McGill University and GEO BON to
outline the needs for a global biodiversity observing
system (GBiOS). The proposed system aims to
standardize and coordinate monitoring efforts
worldwide, guiding effective conservation actions and
policies.”
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Building markets

Building robust nature-based markets that explicitly
target the protection and restoration of ecosystem
health (and other socio-economic co-benefits) will be
crucial for increasing the scale and effectiveness of
corporate investments for a thriving natural world.
Nature-based markets are at various stages of
development. The carbon market is the largest for
corporate investors, nature-based water
replenishment is still emerging, and biodiversity
markets are just beginning to appear.

Most nature-based markets from which corporate
investors purchase sustainability credits do not
explicitly consider ecosystem health as a factor in the
quality of a credit.

The Microsoft Climate Innovation Fund (CIF) is
helping to build a robust market for nature-based
solutions that enhance ecological health by investing
in companies focused on ecosystem measurement,
reporting, and verification (see Box 7).

Box 7: Building nature-based markets—regenerative agriculture

Microsoft is catalyzing funding and technical
expertise to overcome barriers to nature-positive
agriculture with Farmland LP, an investment fund that
has converted over 6,000 acres of conventional
farmland to organic farmland. Converting
conventional farmland to organic farmland can be an
important nature-positive action that builds
ecosystem health by increasing biodiversity,
landscape connectivity, and resilience, and enhanced
ecosystem services. Regenerative agricultural
practices such as cover cropping, crop rotation,
planting hedge and tree rows, and livestock pasturing
all increase soil, pollinator, and plant biodiversity. The
resulting landscape of diverse hedges, trees, and
organic polycultures creates a mosaic of connected
habitats and wildlife migration corridors.%? Different
parts of this landscape are resilient to different
disturbances such as pests, droughts, and flooding.
This ecosystem can provide multiple services—such
as aquifer recharge,® effective nutrient cycling,** and
even carbon sequestration and storage®—in addition
to organic produce.

Farmland LP takes investments from companies like
Microsoft to acquire conventional farmland, which is
then converted to organic farmland using its
technical expertise and regenerative agricultural

practices. The properties are managed by a 55-
person internal farm management team to ensure
long-term sustainability and productivity. Together
with the USDA, Delta Institute, and Earth Economics,
Farmland LP has valued the ecosystem services
provided by its converted organic farmland at $21.4
million over five years; this represents a 7.3%
ecosystem service gain on top of a 10.5% net
economic gain for investors, annually. The “double
bottom line” of organic agriculture scaled by
Farmland LP and Microsoft therefore stands to
ameliorate historical trade-offs between farmland

productivity and ecosystem integrity.

Farmland LP's internal farm management team uses
blueberries as a cover crop. (@ Getty Images)

Investing in Nature for Sustainability | October 2024 23



The CIF collaborates with Microsoft teams to
understand the factors that constrain the markets for
carbon removal and water replenishment and focuses
on companies that work to remove those constraints.
For example, Microsoft's CDR team recognizes the
value of investing in soil health to sequester carbon,
safeguard livelihoods, and provide essential nutrients.
But quantifying improvements in soil health is
difficult and expensive.

To help address these challenges, the CIF invested in
companies like Yard Stick PBC, which pairs in-ground

measurements with machine learning to quantify soil
organic carbon as a key metric of soil health more
accurately and affordably than traditional methods
(see Box 8). This lowers costs for project developers
and provides customers with better insight into credit
quality. CIF also invests in companies like Vibrant
Planet PBC, which provides Al-enabled services to
assess land conditions, mitigate risk, and enhance
provision of ecosystem services. The CDR team
continues to work with leading soil projects to
improve measurement rigor.

Box 8: Improving measurement, reporting, and verification—soil organic carbon

Accurate, comparable measurements of soil organic
carbon are a critical metric and first step towards
understanding efficacy of some nature-based
solutions, such as forest restoration, wetland
restoration, and regenerative agriculture.®® Current
protocols for quantifying soil organic carbon are
varied and each relies on cumbersome, manual soil
collection processes and lengthy laboratory analyses,
all with their own biases and uncertainties.”’
Moreover, most have been developed for Northern
temperate croplands that are not broadly
representative of ecosystems globally. There is a need
for a standardized and more efficient approach to soil
organic carbon quantification. Microsoft has invested
in Yard Stick PBC to do just that.

Yard Stick PBC offers high-quality digital soil organic
carbon measurements with a compact and innovative
field-based sensor. This sensor uses a spectroscopy
camera equipped with a sapphire lens to measure
how organic carbon reflects light in soils, correlates
this reflectance to concentration, and then stores
these geolocated data in the cloud. Yard Stick's
approach is 90% less expensive than traditional

laboratory methods and has so far been successfully
scaled to croplands and rangelands, two globally
extensive and vitally important ecosystems. The

scaling of this technology will enable users to collect
soil organic carbon data, establish baselines, and
track the progress of nature-based solutions at a
speed, scale, and interoperability never before

possible.

Soil organic carbon being measured in the field with Yard
Stick’s innovative sensor. (© Yard Stick PBC)
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Microsoft is also focused on building demand for
nature-based credits that prioritize ecosystem health.
As a founding member of the Symbiosis Coalition,

Microsoft is working with Google, Meta, and
Salesforce to scale nature-based climate solutions
that align with its own criteria for high-quality CDR by
prioritizing five key attributes—ecological integrity,
community benefits, durability, conservative
accounting, and transparency—while using the
members’ collective demand to reduce transaction
costs and learn how to conduct effective diligence.
The Coalition also seeks to integrate new technology
and research to better measure outcomes, equitably
engage with Indigenous peoples and local
communities, and balance carbon sequestration
benefits with other environmental co-benefits.

Finally, Microsoft is using its voice to support policies
and standards to establish the institutional structures
needed for effective nature-based investments. For
example, Microsoft engaged on the EU Biodiversity
Strategy for 2030 in Europe, advocated for policies
such as the Great American Outdoors Act, and
provided support for the State of Washington
protocols on high-quality nature-based carbon
removal.
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Lessons for the
future

/]

In the coming years, corporate investments in
nature are likely to play an increasingly
important role in achieving global
sustainability goals. To maximize the positive
sustainability impact of these investments and
avoid potential detrimental effects, several
key aspects of nature-based markets and
corporate investment structures must evolve.
Drawing on Microsoft's practical experience
as a corporate investor and on the latest
insights from science, we share lessons for the
future on what is needed to enable and
support companies to maximize the
sustainability impacts of their investments in
nature.

Lesson 1: Build incentives to
invest in ecosystem health

Companies need stronger incentives to prioritize
healthy ecosystems in their investments in nature
for sustainability.

Sustainability investments that maintain healthy
ecosystems or improve the health of degraded
ecosystems should be prioritized, and those that
invest in unhealthy ecosystems or leave them worse
off should be avoided. Yet, ecosystem health is rarely
considered explicitly when companies purchase units
of nature-based benefits, whether credits for a ton of
carbon or a volume of water replenishment. The
current accounting system is binary: a unit of credit
either has full value or none at all, which means
credits are treated as interchangeable commodities.
This system incentivizes some companies to choose
the cheapest credits, regardless of the ecosystem
condition and actual outcomes, and creates a race to
the bottom, potentially rewarding projects that
undermine ecosystem health.%8%°
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To shift this dynamic, stronger incentives are needed.
Reputational risks, physical risks, and emerging
market mechanisms are beginning to encourage
companies to more fully characterize the
sustainability impact of different nature-based
investments. Standards are increasingly being used to
characterize the social and other environmental co-
benefits of carbon credits."”'%" Frameworks are being
developed to credit multiple benefits of NbS by
“stacking” or “bundling” credits.®#19%1% Stacking
involves offering multiple credits from the same
ecosystem reflecting different services (for example,
carbon removal and water replenishment credits from
a wetland), while bundling involves offering a single
credit that aggregates all ecosystem services.'®*
Restoration units have also been proposed as a
means of assessing more broadly the value of nature-
based carbon credits.'® Typically, carbon credits that
are bundled with biodiversity and community credits
are sold for a premium, which in 2023 was $4 per
metric ton of carbon dioxide equivalents.'®
Meanwhile, rating agencies are beginning to
differentiate carbon credit quality, including other

environmental and social co-benefits.'%®

Another option proposed is to shift away from a
compensation system that directly ties each credit a
company procures to a unit of its residual footprint
(for example, a ton of carbon or a volume of water).
An alternative to this is a contribution model. In a
contribution model applied to climate mitigation,
companies contribute to a pool of funds that could
support the restoration of healthy ecosystem with the
goal of removing carbon dioxide from the
atmosphere, rather than claiming direct carbon offset
or compensation credits."” This is similar to
conservation mitigation banking, where companies
contribute to a pool of funds that supports broader
conservation efforts, such as protection or restoration
of a wetland or watershed. Mitigation banks combine
scientific expertise, public sector guidelines, and
private sector funding to undertake larger projects to
protect or restore ecosystem health than are practical

for individual compensatory efforts.!® For example,
companies that bear some responsibility for the
degradation of rivers across the US Pacific Northwest
have contributed funds to largescale watershed
restoration efforts that mitigate pollutants, re-
establish wetlands, reshape riverbanks, and create
habitat.'""® Both compensation and contribution
models can be effective, but they each depend on the
underlying scientific and ecological integrity of the
projects that receive investment. Smaller buyers or
organizations that lack technical or procurement
resourcing to interrogate the quality of nature-based
projects may choose to pursue a contribution model
to pool their limited financial resources.

Even as new frameworks for more holistic nature-
based crediting are emerging, there is still no agreed-
upon standard for rewarding companies for nature-
based sustainability investments that document
positive impacts on the health of ecosystems.
Without standards for rewarding companies for credit
quality based on ecosystem health, companies will
struggle to justify the extra effort and funding

needed to consider the broader quality of their
investments.

Lesson 2: Agree on science-
based standards for the impacts
of investments on ecosystem
health

Civil society and companies need to collaborate
with scientists to agree on standards for
characterizing how investments through nature-
based markets affect ecosystem health.

There is no broadly accepted standard for
characterizing ecosystem health, and little has been
done to translate existing science to inform
investments. Yet, ecosystem health can determine the
quality of the sustainability benefits of nature-based
investments. Those investments that are supported
by healthy ecosystems are more likely to return the
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desired sustainability benefits, be less vulnerable to
loss (that is, more durable) and trade-offs (such as
loss of other benefits), and may provide broader
ecosystem and societal benefits. In the carbon and
water markets it is often assumed that all units are
equivalent, that a carbon credit or unit of volumetric
water benefit (VWB) are fungible quantities. But they
are not. Depending on their design, location, and
implementation, nature-based investments can differ
tremendously in the extent to which they deliver
intended outcomes,'” their durability,”""? and
whether they undermine or offer additional

ecosystem and socioeconomic benefits."™

Although there is an extensive body of scientific
literature on ecosystem health, there is no universally

903" hor standard for

accepted definition
understanding how investments affect ecosystem
health. However, guidelines have been developed to
help practitioners assess characteristics of ecosystem
health, such as Ecosystem Integrity Index,"* IUCN's
Red List of Ecosystems, and the UN System of
Environmental Economic Accounting. Common
characteristics considered when assessing ecosystem
health include resilience, connectivity, functioning of

ecological processes, and species composition.

For nature-based solutions, the IUCN developed a
global standard, which includes ecosystem health as a
key criterion for success.® In addition, guidance has
been developed by UNEP-WCMC, the Capitals
Coalition, and partners to help companies assess
ecosystem health or condition in different decision-
making contexts and consistently document impacts
on ecosystem condition.™®

These advances and tools have not yet been
sufficiently integrated into the corporate nature-
based solutions markets. Companies will likely be
slow to integrate ecosystem health in their
procurement of sustainability credits until broadly
accepted standards are adopted.

Lesson 3: Make science
accessible and build capacity
to use it

The best available science must be accessible and
usable to guide corporate investments in nature
and reliably assess impacts on ecosystem health
and sustainability.

While extensive science exists to guide ecosystem

health restoration,™®17118

it is not easily accessible to
corporate sustainability investors. New tools and
initiatives are needed to provide companies with
access to the best science-based guidance on where
and how to invest in nature for maximum
sustainability benefits. Additionally, tools are needed
to assess trade-offs, such as when carbon removal
projects lead to detrimental unintended
consequences for water and biodiversity. Another
trade-off occurs when native tree restoration is
planned for areas where the soil is bright or often
snow-covered. In these areas, although planting dark
forests can contribute to biodiversity, it may also lead
to a net increase in planet warming by reducing
albedo and absorbing heat.™

Capacity building is also needed for project
developers, buyers, and auditors involved corporate
nature-based markets. Successful investments in
ecosystem health require these actors to navigate the
time-consuming due-diligence process with expertise
in local ecology and community needs. Carbon
markets already face a shortage of qualified auditors
and data managers,'® and this gap will likely widen as
NbS criteria expand to include broader ecosystem
health measures. Universities can help close this
expertise gap by offering programs, degrees, and
certificates in systems thinking, nature and carbon
accounting, and social and environmental sciences,
such as the Bachelor's of Indigenous Land

Stewardship program at the University of British
Columbia.
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Lesson 4: Accept trade-offs as
inevitable and aim to minimize
them

Not all ecological and social benefits can be
maximized at once, but strategic planning can
reduce negative impacts and optimize positive
sustainability outcomes.

While some investments in healthy ecosystems can
return multiple sustainability benefits, others regularly
create trade-offs.'?"122123124 Scjence indicates that
healthy ecosystems provide the most robust long-
term environmental benefits; however, because there
is no single metric defining ecosystem health, a range
of ecological conditions could qualify as healthy, and
these could vary among different types of
ecosystems. Consequently, a company that
approaches its nature investments through the lens
of enhancing ecosystem health while pursuing a
specific sustainability benefit (such as carbon, water,
or biodiversity) will likely face trade-offs. For instance,
projects that prioritize carbon sequestration might
yield lower biodiversity benefits than those explicitly
seeking to maximize biodiversity—yet both systems
could be characterized as healthy under different
definitions.

Trade-offs also arise in species selection. Specifically,
plants with fast growth rates are generally less
tolerant of stress.'*>1%6127 The implication is that
focusing on fast-growing species may reduce the
forest's overall resilience. This can lead to tensions
between achieving long-term ecosystem resilience
goals and meeting the immediate community
economic needs. For example, while native species
are typically preferred for their ecological benéfits,
fast-growing non-native species can offer important
short-term economic and carbon sequestration value.
Research suggests that well-designed systems
combining native forests with plantations of non-
native species can, in some cases, provide both
ecological and community benefits.'?8'2° Effectively

balancing multiple priorities requires assessing trade-
offs and identifying ways to optimize benefits, as well
as implementing long-term monitoring to ensure
objectives are met and unintended consequences are
avoided.”

Lesson 5: Innovate to de-risk
investments

Comprehensive strategies are needed to reduce
risks to nature-based investments.

Natural systems are inherently variable, and in many
cases, human actions are increasing that variability.
Disturbances from weather, pests, diseases, and
human activities can undermine the ability of
ecosystems to provide the services or goods that
people rely on. Risk assessments of corporate nature-
based investments are currently in their infancy and
are not generally based on rigorous science,
especially for carbon credits. Investments that
prioritize ecological health tend to be more resilient
to disturbances than those narrowly focused on
single outcomes;"*® however, these resilience benefits
are rarely captured in risk assessments.

A wide range of insurance and public support
programs exist to protect people and public
infrastructure from natural hazards and provide
resources for rebuilding when losses do occur. Similar
insurance schemes are emerging for NbS. For
example, in Mexico™ and Hawaii,'®* new insurance
products have been created to de-risk investments in
coral reef ecosystems. After Hurricane Delta damaged
Mexico's Mesoamerican Barrier Reef in 2020, a policy
paid $800,000 to expedite reef restoration and
recovery, crucial for the coastal businesses and
surrounding areas that depend on them.'*

Insurance is just one tool for de-risking nature-based
investments; others are emerging. For example,
nature-based carbon storage investments face risks
from fires, logging, drought, and pests, which can
cause the release of greenhouse gases back to the

Investing in Nature for Sustainability | October 2024 29



atmosphere. To mitigate these risks, many
investments include a “buffer pool” that provides a
backup reserve of carbon storage. However, buffer
pools are often too small for the climate and
disturbance risks they face™® and are rarely based on
peer-reviewed, systematic risk assessments that
consider climate change impacts. A major challenge
to determining an adequate buffer pool size is
assessing environmental risk (for example, wildfires,
sea-level rise, drought, pests, and pathogens) over
the 40-100 year timescales required for climate
benefits.313* Updating buffer pool methods with
rigorous, consistent, and open-source scientific data
is urgently needed.

Lesson 6: Expand blended
finance

Innovative blended-financing mechanisms are
needed to manage high upfront costs and improve
long-term returns.

Sustainability investments in nature that prioritize
ecosystem health often require greater financial
commitment than narrower projects that focus on a
single objective. They also require “patient capital"—
long-term investments with returns over extended
periods. To attract sufficient capital to scale the NbS
sector, these investments and the offtake agreements
that underpin them should resemble infrastructure
projects like renewable energy, transportation
systems, and public buildings, which are also
commonly funded through blended finance models.

Blended finance strategies, which combine public,
private, and philanthropic funds, are increasingly used
to finance NbS projects and markets.'013>136137 Thege
strategies can increase total capital by diversifying the
investor base, including by attracting lower-risk
investors by having higher-risk capital absorb early-
stage uncertainties. This additional capital is essential

for initiatives that prioritize ecosystem health, which

often require more complex and longer-term
investments.

Public-private partnerships can expand financing for
science-based NbS. An example is the Resilient
Landscapes Luxembourg NbS incubator, established
by CIFOR-ICRAF in collaboration with the Grand
Duchy of Luxembourg through its Resilient
Landscapes program. In this partnership, the

government provides upfront investments to bridge
the maturity gap between grant-funded development
initiatives and investment-driven scale-ups. The
incubator develops essential elements for bankability,
including business models, risk mitigation, and
financing strategies. By capitalizing on CIFOR-ICRAF's
multidisciplinary expertise, the incubator matures a
pipeline of NbS projects into investment-ready deals,
offering financial returns to impact-focused investors
while ensuring science-based, verifiable social and
environmental benefits.

Green bonds can also serve as a blended finance
strategy. By issuing green bonds, organizations
attract investors seeking both financial returns and
environmental impact. For example, a recent World
Bank outcome bond raised $225 million for Amazon
reforestation, funding efforts to restore ecosystems
and enhance biodiversity, and generating carbon

credits for sale.?®

Lesson 7: Invest beyond capital

Capital is crucial for building nature-based
markets that advance ecosystem health, but
projects and startups also need other types of
support to succeed and scale.

For nature-based markets to enhance ecosystem
health, multiple factors must align. Companies can be
powerful partners beyond their initial investments.
For example, by collaborating with technology
companies, nature-based project practitioners can
accelerate innovation, learning, and development.
Partnering on go-to-market strategies and
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knowledge sharing can help startups navigate market
entry and expansion, aligning their products with
market needs. For example, Microsoft publishes its
criteria for high-quality carbon removal and lessons

139

learned for carbon and water projects,>” which helps

facilitate market development of high-quality NbS.

Another challenge where corporate investors can
help is signaling demand for supply of diverse native-
species planting material through their long-term
support for habitat restoration. According to the
Global Tree Assessment, approximately 30% of the
60,000 known tree species are threatened with
extinction.” Insufficient investment and a broken
chain in tree seed and seedling systems hinder the
availability of quality planting material. Addressing
these constraints through partnerships and
investments in nature can signal the demand for a
reliable supply of high-quality planting materials,
critical for successful restoration projects.

Lesson 8: Use Al for speed, scale,
and reliability

Al technologies can help companies prioritize
ecosystem health in their sustainability
investments by enabling cheaper and more
effective measurement, trade-off analysis, and risk
management.

Reliable and cost-effective measurement, reporting,
and verification (MRV) are essential for the success
and scalability of nature-based solutions. Traditional
MRV methods for ecosystem health and nature-
based credits are often manual and resource-
intensive. Al offers transformative tools for tackling
these challenges. By automating the collection and
analysis of vast data from various sources, Al can
significantly reduce the time and cost of MRV. Al can
integrate data from soil and water sensors, camera
traps, bioacoustics, and Earth observations to identify
patterns and changes in ecosystem conditions, such

as vegetation cover, carbon stocks, and biodiversity,
with increasing accuracy.

Beyond MRV, Al can revolutionize decision-making
by providing insights into complex trade-offs. By
analyzing a wide array of datasets, Al models can
identify potential synergies and conflicts among
different ecosystem services, helping stakeholders
make informed choices. For example, Al can help
determine the optimal location for a reforestation
project by considering factors such as carbon
sequestration potential, biodiversity benefits, albedo
and other climate impacts, and local community
needs.

Recent advances in Al are also enhancing risk
management. Risk assessment for NbS should aim for
high spatial and temporal resolution aligned with the
claims made by the investing company. Open-source,
transparent, and easily accessible tools are critical for
widespread adoption of Al for enhanced risk
assessment.

The combination of Al and Earth observation
technologies have improved prediction of weather-
related risks at the timescale of weeks to months.™!
Longer-term climate forecasts are also improving,
which could support more robust longer-term risk
assessments (such as 10-50 years).""4213 Targeted
efforts are needed to combine new analytics tools
with traditional process-based models to better
characterize risk to NbS based on risk type,
ecosystem type, and the health of the ecosystems

where NbS projects are implemented.
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Glossary

The following definitions are derived from the glossary of the Intergovernmental Panel of Biodiversity and

Ecosystem Services.?

Biodiversity: Diversity within species, among species, and among ecosystems. Includes species diversity, ecological
diversity, and genetic diversity.

e Species diversity: Variation in species, including their relative abundances.
e Ecological diversity: Variation in habitats, resource utilization, and species interactions.
e Genetic diversity: Variation in individual genes, allowing for adaptation to different or changing environments.

Circular economy: A regenerative system in which resource input and waste, emission, and energy leakage are
minimized by slowing, closing, and narrowing material and energy loops. This can be achieved through long-lasting
design, maintenance, repair, reuse, remanufacturing, refurbishing, and recycling.

Ecological processes: The physical or biological processes that link organisms to their environments.
Ecosystem: Living organisms and non-living components of nature, all interacting as a system.

Ecosystem health: The extent to which an ecosystem supports and maintains native populations of species and key
ecological processes such as energy flow, nutrient cycling, and organic matter movement. Ecosystem health
underpins ecosystem services including pollination, water purification, and heat risk reduction. Ecosystem health is
also known as ecosystem integrity or ecosystem functioning.

Ecosystem degradation: A long-term reduction in an ecosystem'’s structure, functionality, or capacity to provide
benefits to people.

Ecosystem restoration: Policies and practices that are necessarily focused on recovery of a self-sustaining living
system characteristic of past or least-disturbed landscapes.

Ecosystem service: A service that is provided by an ecosystem as an intrinsic property of its functionality (such as
pollination, nutrient cycling, nitrogen fixation, fruit and seed dispersal).

Nature: All things and processes not made by humans.

Nature-based solutions: Actions that are taken to protect, manage, or restore natural or modified ecosystems in
ways that address societal challenges.

Resilience: The level of disturbance that an ecosystem or society can undergo without crossing a threshold to a
situation with different structure or outputs.
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