





Foreword

When economies change, those that are most willing and able to
adapt to new realities always come out on top. In this respect, the
transition to the zero-carbon economy that the scientific evidence so

clearly tells us we need will be no different: the businesses, investors
and financiers who prove themselves most able to devise and
implement strategies that allow them to take advantage of the growing
demand for climate-friendly goods and services will thrive in the
economy of the future, while those that do not will struggle to survive.

We can already see this happening

in the fossil fuel sector; yet in other
sectors, many are still unaware of the
changes that are coming down the
line. This is particularly true of tropical
agriculture. We established Orbitas to
help the producers of internationally
traded agricultural commodities and
their capital providers to anticipate
and adapt to the new government
policies, corporate commitments and
changing consumer preferences that
the imperative to protect the world’s
forests will undoubtedly bring.

This report represents the first step

in that process. By outlining the risks

— and substantial opportunities —
associated with the coming climate
transition, we hope to initiate a
conversation that will lead business
and investors in the tropical agriculture
sector to begin the process of adapting
to a new reality in which the ability to
expand agricultural land is likely to be
severely constrained, standing forests
have financial value and emissions
costs need to be factored into
business models.

Although we believe the evidence
presented here is striking enough to
command the attention of all actors in
the tropical commodity sector, we also
recognise that this is only a start. In
the coming weeks we will publish deep
dives on cattle-ranching in Colombia,

palm oil in Indonesia and palm oil

in Peru. And, in 2021, we plan to
expand our analysis to cover more
countries and commodities, put

our methodology in the public
domain and develop tools that
enable direct assessment of
individual companies and investment
portfolios. We will also publish a
disclosure framework compatible with
the Task Force on Climate-Related
Financial Disclosures (TCFD).

We would like to express our sincere
appreciation and gratitude to all those
who have made this work possible.
The Norwegian Agency for
Development Cooperation (NORAD)
provided the core funding for

Orbitas, and we received additional
financial support from the Deutsche
Gesellschaft fur Internationale
Zusammenarbeit (GIZ). The core
modelling and analytical work was
carried out by Michael Obersteiner,
Nikolai Khabarov and Sylvain Leduc
from the International Institute for
Applied Systems Analysis (IIASA), Jason
Eis, Bryan Vadheim, Mateo Salazar,
Madison Cole and Alessa Widmaier of
Vivid Economics and the Concordian
Global team of Markus Walther, Emily
McGlynn and Kandice Harper. Without
their intellectual curiosity, rigour and
commitment, none of this would have
been possible. We are particularly
grateful to Shally Venugopal for her

outstanding leadership in coordinating
collaboration and analysis across

all the project partners. Finally,

we would like to thank our Climate
Advisers Trust colleagues for their
creativity, intellect and collegiality,

in particular Anthony Mansell and
Ameer Azim, the core members of
the Orbitas team.

Nigel Purvis
CEOQO, Climate Advisers Trust

Mark Kenber
Managing Director, Orbitas
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Executive Summary

This report breaks new ground by illuminating how inevitable responses
to today’s climate crisis will impact global agriculture sectors. The
first-of-its-kind economic and financial analysis presented here
demonstrates that those associated with the $1.5 trillion global market
for agricultural commodities must proactively manage so-called
‘climate transitions”—rapidly evolving policy, corporate, consumer, and

civil society responses to the climate crisis.

A. INTRODUCTION

It is widely recognized that a
meaningful climate transition will
require systemic transformations in
the global energy and transportation
sectors, resulting in new sources

of risk. For example, investors are
increasingly aware that oil, coal and gas
reserves are likely to become “stranded
assets,” i.e., assets whose values
deplete or become unusable under
climate transitions.

But climate transitions and their
impacts are not limited to the energy
and transportation sectors. Global
agricultural sectors, which contribute
to 23 percent of anthropogenic
greenhouse gas (GHG) emissions
globally, are similarly exposed.?
Agricultural activity is also a key driver
of forest loss, especially in the case

of palm, beef and soy, which jointly
account for 36 percent of global
deforestation.? Yet, these sectors

are largely overlooked by investors
assessing climate transitions owing

to a lack of awareness, inadequate
measurement tools, the sector’s
complexity, and the absence of reliable
data, among other factors. Of 24 capital
providers recently surveyed by Orbitas-
-all of whom had tropical commodity
exposure--not even one had screened
their loan books and/or investments
for agricultural transition risks.
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The report’s findings demonstrate

that climate transition risks — and

opportunities — are as material in

agriculture as they are in the energy
and transportation sectors. Our
analysis shows that under climate
transitions:

1. Growth strategies premised on
converting forests into farmland
have no future. In a world that
adequately limits global temperature
rises, up to 600 million hectares of
agricultural land — or over 10% of
agricultural land globally - would
revert to forests.

2. Companies relying on expansion
into forested lands face significant
asset stranding. In Indonesia, up to
76% of unplanted forest concessions
and 15% of existing palm oil assets
could be written-down or off under
a meaningful national climate
transition.

3. Greenhouse gas pricing and/
or regulations will disrupt
agricultural business models.
Global palm, beef, and soy producers
alone face $19 billion in additional
costs.

As countries strengthen their actions
to reduce GHG emissions and growing
populations demand more food, these
transition risks (Box 1) will become
increasingly evident. It is essential —
both for the planet and investment
returns - that commodity producers
and their financiers are aware of

these risks and factor them into their
investment decisions.

Despite these material risks,
agricultural companies and

investors can also derive significant
opportunities (Box 2) from climate
transitions. By investing in sustainable
intensification, regenerative agriculture,
and diversifying revenue streams,
forward-looking agricultural companies
will see their net value and profitability
rise under transitions. For example,
our analyses show that in Indonesia
climate transitions could boost the
palm oil industry’s value by US$9
billion. In Colombia, potential carbon
sequestration revenues of up to
US$485/hectare could dwarf current
cattle ranching profits.

Policymakers have an essential role
to play in ensuring that incentives

for agricultural growth are aligned
with the need for climate mitigation.
The livelihoods and wellbeing of
subsistence and family farmers,
so-called “smallholders,” will need
particular attention. Smallholders
produce around 40 percent of the
world’s palm oil and one-third of the
world’s food supply.*® Indeed, our
findings underscore that policies that
disregard smallholders won’t halt
deforestation and will also fail these
communities by not helping them
finance the agricultural improvements
necessary for them to thrive.



Box 1:
CLIMATE TRANSITION RISKS
IN AGRICULTURE

Climate Transitions

Risks
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of Indonesia’s

unplanted concessions

at risk of becoming
stranded assets.
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of current Indonesian
plantations are on
peatlands and are also
at risk of stranding.
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less land available in Peru for
palm expansion compared to

business as usual.
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This means cropland prices
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By 2040, Colombian
cattle breeders face
emissions costs almost

o times

higher than current
production costs.
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B. ORBITAS APPROACH

Assessing climate transition risk
impacts in agriculture requires
addressing the complex relationships
within and between commodities,
value chains, and the broader economy.
Existing scenario analysis frameworks
tend to focus on the energy and
transportation sectors, discounting
the major role of agriculture, forest,
and land use change activities in
anthropogenic GHG emissions.

To address this gap, Orbitas
collaborated with Concordian, Vivid
Economics, and the International
Institute for Applied Systems Analysis
(IIASA) to create transition risk analysis
tailored for agricultural commodities.
The result is a pioneering analytical
framework that draws together a
number of economic and financial
models alongside land use and industry
datasets to quantify the financial
impacts of a range of possible climate
transitions on tropical soft commmodity
production. This framework and its
results offer a first-of-its-kind tool for
investors to examine how agricultural
portfolios and investees fare in various
climate transition scenarios.

Our framework, which is outlined in
Figure 1 and detailed in this report’s
accompanying Technical Guidance,
consists of four steps:

a) Climate Transition Scenario
Planning: We start by defining five
global and three corresponding
national climate transition scenarios-
-Historical (Baseline), Modest,
and Aggressive--which represent
increasing levels of climate ambition.
These scenarios vary by climate
mitigation policies, forest area
protections, bioenergy pathways, and
consumer diets.®

b) Sectoral Projections: \We use
Step 1's scenarios as inputs into
macroeconomic and land use
modelling tools that project how, and
to what extent, climate transitions
would impact global and regional
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agricultural commodity prices,
production, and land use over the
next 30 years.

c) Industry Impact Evaluation
(National): Using Step 1's scenarios
and Step 2’s projections, we use land
use, financial, and economic models
to evaluate transition impacts
on three case study industries:
Indonesian palm oil, Peruvian palm
oil, and Colombian beef. These
three industries were chosen due to
their high emissions-intensity and
historical association with tropical
deforestation, but also to represent
regional variation and different
industry maturities.

d) Company-Level Vulnerability
Analysis: Finally, we use a mix of
risk benchmarking, company-level
profitability projections, and
market power analysis to
stress-test the vulnerability of
companies to the industry
impacts identified in Step 3.

C. KEY RESULTS

Our analysis finds that across all
scenarios, agricultural demand and
prices rise over the next fifty years
to feed a growing and increasingly
wealthy global population. By

2050, our model projects agricultural
commodity prices that are 10 to 40
percent higher, and production
volumes around 50 percent higher
than today across all scenarios. These
results are primarily driven by higher
demand for food and bioenergy, which
overcomes the competing force of
rising production costs.

Climate transitions’ favorable
pricing conditions benefit many
agricultural commodity markets if
companies manage these changes
effectively-- e.g., in Indonesia,

an Aggressive climate transition
could boost the palm oil industry’s
baseline value by at least $9 billion
if companies invest in sustainable
yield improvements, avoid high carbon
stock and conservation value lands,

and invest in new revenue streams
like intercropping and biogas capture
and cogeneration. But in some
emissions-intensive sectors like beef,
market value deteriorates due to
higher input and production costs and
because consumers shift toward more
sustainable alternatives.

Under climate transitions,

most agricultural producers face
three material risks: stranded
assets, growth constraints, and
emissions costs. These are
detailed below.

1. Stranded Assets

Effective climate transitions will require

society to protect and restore high

carbon stock and high conservation
value lands, including forests and
peatlands. Already, corporate
purchasers have put in place No

Deforestation, No Peat, No Exploitation

(NDPE) requirements for their suppliers.

Under climate transitions, government-

mandated land use restrictions will

further threaten to render assets
stranded, particularly in palm:

+ In Indonesia, up to 76%—-almost 10
million hectares—of the country’s
unplanted concessions and up to 15%
of existing smallholder and industrial
palm plantations on peat are at
risk of asset stranding and/or losing
value under an ambitious climate
transition.’

« In Peru, 97% of palm-suitable land is
located on forest and/or peat soils; to
avoid stranded asset risks, producers
must focus on expanding into already
degraded lands. Grupo Palmas-the
industry’s largest cultivator-has
already had to forgo clearing forests
within their owned land banks in
response to civil society outcry.

Orbitas' framework

offers a first-of-its-kind
tool to examine agriculture
across various climate

transition scenarios.
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Figure 1:

TRANSITION RISK FRAMEWORK FOR AGRICULTURE

Historical (Baseline)
Ambition 4+ Degrees

Climate transitions are
negligible and lead to
catastrophic warming

Commodity
Demand and
Prices

Input Costs
(e.g., fertilizer,
energy, land)

Land Use
Modeling
v

Risk
Benchmarking

Source: Authors

Beyond legal stranding, companies
face “economic stranding” under
climate transitions as some assets
are no longer able to generate the
output and revenues required to
offset expected increases in production
costs.
In Indonesia, we expect significant
economic stranding where palm
plantation and mill expansion is
NDPE-restricted; for example, our
analysis finds that Kalimantan
Barat’s palm industry could
see its value decline by $512
million under an Aggressive climate
transition relative to the baseline
pathway.
In Colombia, as beef demand and
production ramp down, breeders,
slaughterhouses, processing plants

and warehousing facilities are likely to

see significant write-downs.
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Modest Ambition Aggressive Ambition
<3 Degrees egrees

Climate transitions are
modest with limited
carbon prices and shifts
away from ruminant meat

Commodity
Production

Carbon Costs
and Revenues

* - Financial

Modeling

Company Value

Analysis

Climate transitions are
ambitious, including carbon
prices, dietary shifts, and
bioenergy pathways

Commodity
Yields and
Productivity

Technology,

Productivity
and Irrigation
Investments

Market Power
Analysis

+ Economic stranding in many
industries is highly associated
with sustainability strategies and
transparency: for example, in
Indonesian palm oil, the company
with the greatest expected losses
under transitions—BEST group-also
has among the lowest industry
SPOTT® scores (1.3%)—a measure
of its environmental, social, and
governance (ESG) practices.®

2. Geographic Growth Constraints
Under climate transitions, the combina-
tion of land use restrictions and carbon
sequestration payments incentivizes
net forest gains at the expense of agri-
culture. We project total global net agri-
cultural land losses ranging from 4 to
15% of current area--286 to 604 million
hectares--by 2050 under our transition

scenarios, relative to the baseline sce-

nario. Tropical agricultural commodity-

producing regions like South America,

Southeast Asia, Africa, and China see

the largest drops in agricultural land.

These trends are also apparent in our

industry analyses:

- In Indonesia, within 20 years, an
Aggressive climate transition would
lead to 15 million hectares more
forest cover compared to the
baseline scenario, thereby reducing
the maximum future footprint of
industrial oil palm plantations by 31%.

+ In Peru, within 20 years, NDPE
restrictions under an Aggressive
climate transition would reduce land
available for industrial palm™ by 78%
relative to the baseline scenario.

+ In Colombia, within 20 years, even
a Modest transition with zero-
deforestation restriction results
in forest expansion of 2.6 million
hectares, reducing total available
land for commercial ranching
(i.e., contiguous tracts of over 200
hectares on land suitable for cattle")
from 13.7 million hectares to 11.9
million hectares of land (-13%).

3. Emissions Costs

Within just ten years, we project that an

Aggressive transition’s carbon pricing

would mean emissions costs of up to

$19+ billion annually in beef, palm, and
soy. The beef supply chain is particularly
emissions-intensive; annual emissions
costs would reach more than $11 billion
by 2030. That is equivalent to 1% of
revenue in the global beef sector, which
is material for an industry that operates
on tight margins. And while total
emissions costs in 2030 are lower in
palm and soy than in beef, the cost

as a percentage of sector revenue is

notably higher, at roughly 8% for palm

oil and 3% for soy (Figure 2, next page).

In our industry case studies, emissions

costs are also material:

+ In Indonesia and Peru, direct
operational emissions costs
(including from fertilizer application,
diesel fuel use, and mill processing)
for an archetypical mill-plantation
would comprise up to 15% of annual
operational costs within 20 years.
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Emissions costs for Colombia’s
commercial beef producers would
be devastating; large breeders (over
250 head) in particular would see
operational emissions costs rise

to a level equal to total projected
production costs within 10 years.
Within 20 years, these emissions
costs rise to almost 5 times the
projected production costs.”

The beef‘supp]y chain is
particularly emissions-intensive;
annual emissions costs

would reach more than $1

billion by 20730.

D. RISK EXPOSURE AND
VULNERABILITY ANALYSIS

To manage these three risks,
agricultural producers will need to
undergo radical transformations

in their operational and growth
strategies — namely, by increasing
productivity. Under an Aggressive
transition, the average cost of cropland
by 2050 is nearly 50% higher than in
the baseline scenario; in our industry-
specific analyses, shadow agricultural
land values almost double by 2040.
Traditional growth strategies relying on
land clearing and limitless geographic
expansion are clearly no longer
tenable under climate transitions.
Instead, producers will have to find
low carbon means to increase yields
on existing land.

While sustainable productivity
investments are essential under
transitions, they will not come
cheaply: firms must raise funds
today to adequately cover necessary
increases in operational and capital
expenditures, particularly to boost
productivity. Public investments are
also required, especially to support
smallholders. By 2050, cumulative
required investments in technological
change under climate transitions are
between 6 and 30 percent higher than
in the baseline scenario.

Where productivity increases are
costly or inadequate to combat rising
production costs, we expect land
conversion to more profitable crops
like palm or, in some areas, back to
forest. In Colombia, where 63% of the
country’s existing pasture overlaps with
palm-suitable land,” beef producers
may find it more profitable to sell their
land, convert to palm--which provides
15 times higher profit margins'™-- or
even reforest for carbon sequestration
payments.

Smallholders will play a pivotal
role in both increasing industry
productivity and meeting climate
goals. Smallholders require substantial
technical and financial assistance

to close current yield gaps, but
nevertheless represent low hanging
fruit to increase industry productivity
cheaply. Notably, overlooking the
need for smallholder support from
both the public and private sectors

FIGURE 2:

will jeopardize valuable forest and
peatlands, especially since local land
use restrictions are likely to be more
lenient for smallholders. In Indonesia,
for example, our models project

that without enforcement of zero
deforestation, smallholders could
expand into up to 5 million hectares
of forest and peatlands by 2040
under a Modest climate transition.

Low carbon, efficient producers

with capital access are best
positioned to manage transition risks
and also stand to gain under our
Aggressive climate transition scenario.
Producers who proactively pursue
deforestation-free growth strategies,
increase yields sustainably, and find
smart ways to capture GHG emissions
can considerably benefit from the
rising commodity and/or GHG
emissions prices associated with
ambitious climate transitions;

for example:

2030 SUPPLY CHAIN EMISSIONS COSTS AS A PERCENTAGE OF INDUSTRY

REVENUE FOR A 1.5 DEGREE WORLD

Emissions costs along the agricultural supply chain

= Land use change  m Animal Feed

Soybean Oil

Beef (beef herd)

0% 1% 2% 3%

= Farm

Processing Transport Packaging Retail

4% 5% 6% 7% 8% 9%

Emissions costs as a percentage of industry revenue

Source: Vivid Economics

Notes: 1.5C Strong Ambition LP Scenario; Emissions intensities from Poore & Nemecek (2018) are multiplied with model-
led 2030 production results by commodity to yield emissions by each commodity by supply chain position in 2030. The
emissions share of each commodity and supply chain position is then multiplied by the total emissions cost to obtain an
estimate of emissions costs along the supply chain for each commodity. Emissions costs are then normalized by total
industry revenue. Note that while beef represents the lowest emissions costs as a percentage of industry revenue, beef
production is the most expensive in absolute terms, with more than $11billion in annual emissions costs. Emissions costs
are GHG certificate prices — these do not include search, information, or trade costs.
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- Installing biogas generation facilities
in mills in 2030 (when carbon
prices start to become material)
could boost an Indonesian palm
oil company’s enterprise value® by
four times or more due to reduced
emissions, diesel fuel needs and
electricity sales.

+ In Colombia, converting an average-
sized dual-purpose (dairy and beef)
ranch to an intensive silvopastoral
system (ISPS) that includes high-
density fodder shrubs and timber
trees would result in the following
benefits under transitions:

- Emissions and their associated
costs are up to 44% lower, while
potential certified-sustainable
price premiums boost sales
revenues by up to 23%.

FIGURE 3:

- Storing carbon provides potential

revenues as high as $485 per

hectare—which is much higher than
current per-hectare revenues from

dairy and beef sales.

E. CONCLUSIONS
AND RECOMMENDATIONS

Our analysis makes it clear that
climate transitions pose material
risks to companies and investors
who are unwilling or unable to
adapt to their associated shifts.
But these same transitions create
significant opportunities for those
who can and do proactively
embrace sustainable practices.
This report and our methodological
framework provide important
guidance to companies, investors,

CLIMATE TRANSITIONS AND VULNERABILITY METRICS

and policymakers. Our findings
clearly underscore that these
actors must examine climate
transitions more closely

and take the following actions:

Agricultural producers should
embrace the opportunities
afforded by climate transitions,
but also adopt the following risk
mitigation strategies:

+ Institute and enforce NDPE
policies, including by progressing
toward 100% supply chain
traceability and meaningful
technical and credit support to
smallholders.

+ Invest in increasing yields
sustainably, including by closing
smallholder yield gaps within
agricultural supply chains.

Source: Concordian

RISK DRIVERS AFFECTING
AGRICULTURE

Policy and Legal

Land use and deforestation restrictions
GHG emissions pricing or taxes

Trade policies restricting products

Technology

Yield improvements from competitors
or soy substitutes

Market

Consumer demand shifts to lower
emissions alternatives

Purchaser and/or investor restrictions
or sustainability requirements

Reputation
Civil society advocacy

Increased calls for disclosure

Negative press coverage
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POTENTIAL RISK
EVENTS

Operational

Need to convert operational
processes to be sustainable

New emissions-related costs

Reporting and compliance
burdens

Asset

Permitting delays or
cancellations

Stranded land/technology/
equipment/facilities

Financing

Cancelled or limited access
to financing; divestment

Higher finance-related
transaction costs

Capex/Growth

Cancelled or renegotiated
supply chain contracts

Reputational damage in
consumer or suppliers’ eyes

Global competition

New emissions related costs

VULNERABILITY
METRICS

Yield improvement cost and
strategies

Emissions intensity
Smallholder programs

Distance to intermediate and
end markets

Innovation capacity

Asset proximity to key inputs
and resources

% Assets in High Conservation
Value Land

ESG strategy and disclosure

Strength of Balance Sheet

Cost of Capital

Market share, pricing power,
and sales margins

Level of integration
Product segmentation

End market diversification
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+ Shift to emissions-mitigating
agroforestry techniques like
intercropping and technologies
like biogas capture and cogeneration
which will lower costs, increase
productivity, and diversify income
as a hedge against likely commodity
and energy price volatility.

Climate transitions pose
material risks to companies
and investors who are
unwilling or unable to adapt

to its associated shifts.

Investors and financiers should
shift capital toward sustainable
companies, technologies, and
practices. Climate transitions will
magnify the divide between
sustainable and unsustainable
business practices and render
emissions-reducing technologies
more appealing. To preserve capital
returns and repayment security,
investors with agricultural

exposure should:

Require investees to assess and disc-
lose climate transition risks and as-
sociated vulnerability indicators (see
Figure 3) using the methods detailed
herein alongside other guidance from
existing disclosure frameworks (e.g.,
such as the Sustainability Accounting
Standards Board (SASB), CDP, TCFD,
and World Business Council for Sus-
tainable Development (WBCSD)).

+ Arrange results-based financing to
incentivize company investments in
emissions-reducing growth strategies
that are well-positioned under
climate transitions.

- Encourage investees to consider
climate transitions across all
business lines and supplier
relationships, and as an essential
input into business growth strategies.

+ Shift capital away from companies
that are vulnerable to stranded
asset risks, i.e., companies whose
growth relies on expansion into
high carbon stock and conservation
value lands.

Policymakers can simultaneously
support economic growth,

L

climate goals, food security,

poverty alleviation, and energy

independence by:

- Investing heavily in improving
agricultural productivity, particularly
by scaling up technical assistance,
grants, and favorable credit to
smallholders.

+ Implementing and enforcing
forest and peatland protections,
which protect industries from
reputational risks, preserve valuable
ecosystems, and inspire consumer
confidence.

- Providing agricultural actors,
their financiers, civil society, and
consumers with robust, and where
possible, spatially specific, industry
and land use data.

Climate transitions will
magnify the divide between
sustainable and unsustainable
business practices and render
emissions-reducing technologies

more appcaling.
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Section |

Climate Transition Scenario Planning

STEP 1:

Scenario Planning

SECTION HIGHLIGHTS

We created five global climate
transition scenarios and

three global-national climate
transition scenarios to form
the basis of our climate
transition impact analyses.

This set of scenarios
represents a range of climate
ambition, from a baseline
pathway that does little to
mitigate emissions to an
Aggressive scenario that limits
global temperature rise to
almost 1.5°C by 2100.

Each scenario varies by
carbon pricing policies,
bioenergy pathways, technical
progress, global and national
area protections, and diets,
among other factors.

Given the uncertain nature

and timing of climate transitions,
our scenario analysis began

by constructing five global
climate transition scenarios.
For this report, we drew on
scenarios that were already familiar
to the international climate
community. We ensured that the
scenarios met two criteria. First,
to represent a range of outcomes
relevant to investors. Second,

to align with parallel modeling
exercises like those of TCFD, the
WBCSD, and the Food and Land
Use Coalition’s 2019 Growing
Better Report. These global
scenarios served as the basis

for three corresponding global-
national climate transition
scenarios used in our industry
analyses.
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A. GLOBAL CLIMATE
TRANSITION SCENARIOS

Each of the five scenarios, outlined
below and in Figure 6, next page,
vary by GHG pricing policies;
bioenergy pathways; technical
progress; area protections; and
diets, among other factors:

e 4C Business As Usual (“Baseline”):
Representative of recent trajectories
and policy measures, this scenario
represents a world in which little is
done to address rising emissions,
and acts as a baseline to which
climate transition projections are
compared. Warming in this scenario
is likely to near or even exceed a
catastrophic 4°C.

¢ 3C Already Committed Action: A
future in which some action is taken
to stabilize, but not reduce emis-
sions. The land sector is subject
to half the carbon price of indust-
rial sectors (referred to as “partial
participation”). This results in limited
forest protection and expansion, and
limited uptake of bioenergy and bio-
fuels. Warming is kept to below 3°C.

¢ 2C Moderate Ambition: The world
takes action to limit warming
below 2°C, but lack of international
coordination and partial land sector
participation increases the overall
costs of this scenario. Consumers
reduce emissions-intensive meats in
their diets.

* 1.5C Strong Ambition LI
(LI = Land Intensification
pathway): Robust international
cooperation and investment in
bioenergy plus carbon capture and
storage (BECCS) technology keeps
warming below 1.5°C. Full land
sector participation further lowers
costs and drives agricultural yields
to increase rapidly.

e 1.5C Strong Ambition LP (LP =
Land Protection pathway):
Ambitious warming targets
are met through coordinated
international action and complete
land sector participation.

Bioenergy is limited due to
concerns about its negative
environmental and social

impacts, but a market remains

for sustainable bio-based
feedstocks. Area protections

allow forest cover to regenerate
and expand substantially

while consumers substantially

shift away from emissions-intensive
products like ruminant meats.

B. GLOBAL-NATIONAL CLIMATE
TRANSITION SCENARIOS

For the three industries --Indonesian
palm oil, Peruvian palm oil, and
Colombian beef cattle--that are
analyzed in Sections Ill to V, we
augmented three of our global
scenarios with national transitions to
form three “global-national” scenarios
as summarized in Figure 7 and below.
Using “global-national” scenarios
alongside industry-specific data

was essential to ensuring that

our subsequent industry analyses
reflected realities on the ground.

1. Historical Ambition (“Historical”
or “Baseline”) combines the global
4C Business as Usual assumptions
with limited to no land use
restrictions in all three countries,
reflecting a status quo in which
deforestation restrictions are
not meaningfully enforced.

2. Modest Ambition (“Modest”)
combines the 3C Already
Committed Action global scenario
with sensitivities to national policy
with and without deforestation
restrictions for industrial producers
and/or smallholders.

3. Aggressive Ambition
(“Aggressive”) combines the 1.5C
Strong Ambition LP scenario with
strong national-level restrictions
on deforestation and peatland
disturbance.

The subsequent sections of this
report present projections and
analysis at the sector level

(Section 11), industry level (Sections
111-V), and company level (Section VI),
drawing from these five “global”
and three “global-national”
transition scenarios.
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Figure 6: GLOBAL CLIMATE TRANSITION SCENARIOS
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Climate Transitions
4c 3C 2Cc 1.5C 1.5C
Business as usual Already Committed | Moderate Ambition | Strong Ambition LI | Strong Ambition LP
Action

Warming Target 4C+ 3C 2C 1.5C 16C
(Degrees Celsius)
Population and GDP Growth | SSP2 SSP2 SSP2 SSP2 SSP2
Climate Mitigation Currently Carbon Pricing Carbon Pricing Carbon Pricing Carbon Pricing
Policies* implemented - Partial - Partial - Complete - Complete

participation of participation of participation of participation of

land use sector land use sector land use sector land use sector

+ Land use NDCs + Land use NDCs - Land use NDCs

Global Carbon Price: None $3in 2030 $5in 2030 $14 in 2030 $14 in 2030
Land Sector** $7 in 2040 $18 in 2040 $69 in 2040 $69 in 2040
(2019 USD per ton CO2)
Global Protected Natural 352 352 352 352 2,707
Areas** *(Mha)
Bioenergy Pathways 27 70 70 157 70
(EJ by 2100) (Optimistic)
Ruminant Meat No No 25% 25% 50%
Consumption**%* reduction reduction reduction by 2050 reduction by 2050 reduction by 2050

Source: Vivid Economics based on MAgPIE assumptions and REMIND carbon price modeling results from the report “Transition Scenarios for Tropical Agriculture.”
Notes: * Land use NDCs (Nationally Determined Contributions) assume full implementation of currently committed NDCs within land use and agriculture. For some countries (e.g. Brazil)
current NDCs are relatively ambitious and not necessarily on track to be met. **Carbon prices presented are averages in 2019 USD; this report’s financial analysis uses regional GHG prices.

GHG emissions prices reflect land sector GHG prices, rather than energy or economy-wide GHG prices which may be higher. ***Global Protected Natural Areas are defined by the International

Union for the Conservation of Nature (IUCN). All scenarios protect IUCN Categories | and Il while the 1.5C Strong Ambition LP Scenario protects IUCN Categories | to VI, both designated and

proposed. ****Ruminant meat fadeout — this is a gradual decrease in the role of ruminant meats (beef, lamb, mutton and goat) as a protein source. Fadeout scenarios replace ruminant meat

with less carbon intensive protein sources, including poultry, fish, eggs, and alternative meats.

Figure 7: GLOBAL-LOCAL CLIMATE TRANSITION SCENARIOS

Historical Ambition
(Baseline)

Modest
Ambition

Aggressive
Ambition

Corresponding Global Climate
Transition Scenario

4C Business As Usual

3C Already Committed
Action

1.5 Strong Ambition LP

Global Carbon Price
(2019 USD per ton CO2)

None

$3 in 2030
$7 in 2040

$14 in 2030
$69 in 2040

Peruvian Development Restrictions

Deforestation allowed

For both industrial and

smallholders:

« A. Deforestation allowed

- B. No peat, no forest
disturbance

For both industrial and

smallholders:

+ A. Deforestation allowed

+ B. No peat, no forest
disturbance

Indonesian Land Use Restrictions

No new palm permits are
allowed on primary natural
forest, peat forest, or peat
within the government’s
current moratorium map for
both industrial and small-
holder actors.

A. “Historical” restrictions +
No conversion of primary or
secondary forests or peat-
lands, even where already
permitted for both industrial
actors and smallholders.

B. All restrictions from A
hold except smallholders
are exempted.*

“Modest” restrictions +

all existing plantations on
peat soil must relocate or
abandon without compen-
sation for both industrial
and smallholder actors.

Col i D 1

I t Restrictions

Deforestation allowed

Deforestation not permitted

Deforestation not permitted

Source: Authors and Vivid Economics, based on MAgPIE assumptions and REMIND carbon prices from the report “Transition Scenarios for Tropical Agriculture.”

Notes: * In the Historical scenario smallholders are restricted to historical rates of deforestation and the Indonesian moratorium map, but in the Modest B scenario there are no restrictions on

smallholder deforestation rates
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Section Il

Sectoral Projections - Global and Regional

STEP 2:

Sectoral Projections

SECTION HIGHLIGHTS

Under plausible climate
transitions, our models
project that by 2050:

- Global agricultural

commodity prices rise by
10-40% relative to a baseline

pathway.
+ Global agricultural land

shrinks by up to 604 million
hectares relative to a baseline
pathway as forest losses are
slowed or reversed.

Global annual productivity
gains of 1.6% relative to today
will require up to $1.2 trillion
in annual technology-related
investments.

global and regional results derived
from MagPIE, which also inform our
subsequent industry and company-
level analyses.

A. GLOBAL SECTORAL
PROJECTIONS

With rising climate ambition, our
modeling projects agricultural
commodity demand, land prices,
and input and production costs all
rise, leading to higher agricultural
prices. Each of these supply- and

demand-side shifts are detailed below.

Impacts vary at the region, industry,
and company levels based on their
vulnerability to risk events.

Population and income
growth mean that
demand for agricultural
commodities will rise over
the next three decades.

:]0) @ H
GLOBAL ECONOMIC
AND LAND USE MODELING

Our global and sector-wide
climate transition modeling
relies on the Potsdam
Institute’s Model of Agricultural
Production and its Impact on
the Environment-MAgPIE,

a spatially explicit partial
equilibrium land use allocation
model. First, food demand is
estimated using population,
GDP, dietary assumptions, and
demand elasticities from the
GTAP (Global Trade Analysis
Project) database. Then, the
model determines the least
cost way to meet that food
demand, while accounting for
biophysical constraints including
those on land and water, as
well as potential crop yields.
Additional information about
this model is available in this
report’s Technical Guidance.

The model relies on seven

Agricultural producers can
benefit from expanding
markets but face greater risks
of stranded assets, geographic
growth constraints, and rising
production costs in the face of
new emissions costs, land use
restrictions, and necessary

categories of scenario
assumptions in order to
model agricultural production
and its corresponding prices
and distribution under
different climate transition
scenarios:

i. Rising Agricultural Demand

Across all scenarios, agricultural
markets expand to both feed and
supply bioenergy to a growing

and increasingly wealthy global 1. Socioeconomic Characteristics:

productivity improvements.

- Global emissions costs for
the global beef sector alone
will rise to be $11 billion
(annual) by 2030, reaching
25% of projected revenue for
the average producer.

To evaluate the impacts of climate
transitions on a basket of global
agricultural commodities, including
those most associated with
deforestation (palm, beef and soy),
we ran the five global scanerios
presented in Section | through the
Potsdam Institute’s MAgPIE model
(Box 4). This section describes
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population. Total caloric budgets
expand by about 50% by 2050 due
to population growth and an increase
in per capita income as developing
countries become wealthier,
especially in Africa and South Asia.
This demand growth is a primary
driver (alongside rises in land and
production costs, as described
below) of increasing food prices,
which increase between 10%

to 40% depending on the scenario
(Figure 8). Notably, however, rising
incomes mean that food as a share
of household expenditure falls, on
average, from 4% to 3% by 2050.
Market growth varies by commodity,
but in general, rising prices and
production levels combine to
increase total revenue of most
agricultural goods.

All scenarios described in
this report use the Shared
Socioeconomic Pathway (SSP)
2 utilized by the IPCC, which
provides assumptions for
population and GDP growth
to estimate agricultural
commodity demand.

. Climate Policy: the model

uses assumptions about the
trajectory of global carbon
prices facing the agricultural
sector, generated by a separate
model called REMIND.

. The model uses each

scenario’s assumptions

about land protection policy
and incentives for restoring
biodiversity to constrain
possible agricultural expansion.




Continued

Sectoral Projections — Global and Regional

BOX 4: CONTINUED

4. Diet Change: Assumptions
on global diets inform global
demand projections for
agricultural commodities. Meat
consumption, for example, is
generally expected to increase
with population and GDP, but
declines in wealthy countries
in some scenarios.

. Bioenergy Demand: We
provide assumptions about
the amount of biomass
required by the energy sector
for each scenario, with a
significant determinant being
the availability of bioenergy
crops with carbon capture and
storage (BECCS) technology.

. Trade: The future of trade
in agricultural goods has
huge implications for global
and regional land use, but
is assumed to be largely
unchanged across scenarios in
this report since each region,
country, and industry will
face a very different set of
trade policies. Trade policies
can instead be considered in
industry-specific analysis.

. Investment cost: The future
of agricultural productivity
is determined in part by
the expected returns to
agricultural productivity
investments. These returns are
higher in scenarios that rely
on ambitious technological
development in agriculture.

Source: Vivid Economics

ii. Stranded Assets and Geographic
Growth Constraints

The expansion of land protection
policies and carbon payments made
to preserve and expand forests

reduce land available for agriculture.

By 2050, agricultural land decreases
by 286 to 604 million hectares relative
to the baseline scenario as forest

FIGURE 8:
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FOOD PRICE INDEX AND SHARE OF EXPENDITURE

Food price index and share of expenditure
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Note: Carbon price takes effect in 2025
Source: Vivid Economics

losses are slowed or reversed. The
areas with the biggest shifts are

all tropical agricultural commodity
powerhouses — South America,
Southeast Asia, Africa and China.
Competition from energy, food, feed,
and carbon sequestration results

in higher agricultural land prices
relative to the baseline, except for the
1.5C Strong Ambition LI where high
growth in agricultural yields reduces
price premiums resulting from land
competition (Figure 9).

By 2050, agricultural land
decreases by up to 10% relative
to the baseline scenario as forest

IOSSCS SEOp Or reverse.

iii. Higher Production Costs: Yield
Investments and Emissions Costs

The combination of land competition
and emissions costs also raises
production costs as producers

pay for 1) productivity increases

via technology, seed, fertilizer,

and irrigation investments, and 2)
emissions either directly or through

4.0%

3.5%

3.0%

2.5%

2.0%

1.5%

1.0%

Food share of expenditure

0.5%

0.0%
2040 2045 2050
2C Moderate Ambition food share of expenditure

e 2C Moderate Ambition FPI

higher input, energy, and land costs.

Productivity: Under the 1.5C
Strong Ambition LP, crop yields
grow 1.6% (0.4% higher than the
baseline) annually from 2020 to
2050, a pace that requires annual
technology investments?? of up to
$1.2 trillion (versus baseline
investments of $900 billion)
annually by 2050 (Figure 10).
These investments could support
traditional crop variety breeding,
developments in frontier
technologies, such as CRISPR
editing of crop varietals, or
precision nutrient application.

Achieving these productivity gains
requires a collective investment from
public and private sector actors.
Firms will be required to fund at least
some implementation costs, with
the potential for additional capital
expenditure to invest in research

and development (R&D) and
technology deployment necessary
for long-term productivity growth.
Some countries may choose

to increase export taxes to

recover expenses for productivity
enhancement from importing

Orbitas
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Sectoral Projections — Global and Regional

FIGURE 9:

AGRICULTURAL LAND VALUE UNDER CLIMATE TRANSITIONS
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Note: Reported land costs are long run global averages, and not representative of local real estate prices. Land prices
are strongly impacted by local characteristics and policies, but the values reported here are indicative of underlying

dynamics. Source: Vivid Economics

FIGURE 10:

PROJECTED TECHNOLOGICAL AND IRRIGATION COSTS

Technological change costs
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Source: Vivid Economics

countries. In either scenario, the
costs of productivity gains will be
reflected downstream.

Emissions Costs: Under our global
climate transitions, agricultural
producers pay for emissions from
deforestation, fertilizer-related
emissions, fossil fuel-related
emissions, and any other process
emissions, resulting in new and
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material production costs.
Landowners are rewarded for negative
emissions to varying degrees in global
climate transitions, encouraging
carbon-negative management
techniques. Emissions intensities are
particularly high in the beef supply
chain, driven

by the release of nitrous oxide from
the application of fertilizers for feed
crops, methane emissions resulting

from enteric fermentation, and in
some regions, carbon emissions
released when converting forest
to pasture.

Annual technology investments
required to increase yields reach
up to $1.2 trillion annually by
2050 versus $900 billion under
business as usual.

Total annual emissions costs from
palm, soy, and beef alone reach
more than $19 billion by 2030 in the
1.5C Strong Ambition LP scenario.

In the global beef sector, emission
costs are equivalent to 1% of revenue—
significant in a sector already
operating on tight margins. For palm
and soybean oil, total emissions costs
are lower than for beef in 2030 in the
1.5C Strong Ambition LP scenario but
are higher as a percentage of sector
revenue, representing 8% of revenues
for palm oil and 3% for soy.

B. REGIONAL SECTORAL
PROJECTIONS

To demonstrate how to evaluate
climate transition risks in a manner
that reflects on the ground realities,
we examine three industries:
Indonesian palm oil, Peruvian palm oil,
and Colombian beef cattle. Each case
study provides a unique perspective
on assessing climate transition risks
given their varying size, maturity,

and emissions contributions. Future
Orbitas reports will examine other
agricultural sectors and industries.

MAGgPIE’s regional projections
provide baseline inputs into each
of our three industry analyses. In
addition to providing global results,
MAGgPIE provides downscaled regional
commodity market and land use
results. These regional projections--
which include prices, production, land
use, land sector carbon prices, input
and factor cost increases, and food
price indices--are critical inputs into
our industry analysis. In the following
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Section Il

Industry Impact Evaluation- Land Use Modeling

In this section we evaluate how climate transitions create stranded asset risks and geographic growth constraints
for agricultural producers in the Indonesian palm oil, Peruvian palm oil, and Colombian beef cattle industries.

STEP 3:

Industry Impact Evaluation
- Land Use Modeling

SECTION HIGHLIGHTS

We downscaled our global
and regional results alongside
national climate responses

to evaluate impacts on

Indonesian and Peruvian palm

oil as well as Colombian beef

cattle. Our analysis finds:

+ In Indonesia and Peru, rising
palm oil prices under more
ambitious transitions help to
counteract rising input and
production costs, though
geographic expansion is
substantially limited by zero
deforestation restrictions and
rising land values.

+ In Colombia, regional beef
prices rise but due to
dramatic rises in production
costs, the industry’s
producers will struggle to
compete against lower
carbon beef imports,
more sustainable protein
substitutes, and higher
margin agriculture.

Section II's global and regional results
provide essential guidance on broader,
global, sector-level market shifts, but
evaluating industry impacts requires
a more nuanced approach that
considers national climate transitions
(see Section 1) as well as industry
characteristics. This section uses
land use modeling to highlight two
important risks that are unique to
land use dependent sectors:
regulatory-driven stranded assets
and geographic growth constraints.
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A. PALM OIL - INDONESIA AND PERU

The Indonesian and Peruvian
palm oil sectors differ in size by
orders of magnitude. In Peru,

only two operators—Grupo Palmas
and Alicorp, both affiliated with
Grupo Romero-control its small,
but growing palm oil industry that
relies on less than 100,000 hectares
of plantations. In contrast, Indonesia
is the world’s largest palm oil
producer, with over 16 million
hectares of oil palm plantations.
The industry comprises hundreds
of companies—including several
large, vertically-integrated,

publicly listed companies—and
millions of smallholders.

Nevertheless, palm oil producers
in both regions are exposed to
both asset stranding and
reputational risks under climate
transitions. Already, in Peru, civil

society advocacy around deforestation

and intrusion into indigenous lands
has stymied Grupo Palmas’ expansion
plans and spurred divestment from

Alicorp. Similarly, in Indonesia, palm oil

product purchasers like PepsiCo and
Nestle, and financiers like Citigroup,
severed ties with Indofood over
environmental, social and governance
(ESG) concerns. Under climate
transitions, palm oil companies will
face increasing pressures even as
demand grows from domestic biofuel

mandates. Additionally, more stringent

corporate zero deforestation
policies and government land use
moratoria expose producers to
potential write-offs. Our analysis
finds that:

e 76% (9.2 million hectares)
of Indonesia’s unplanted
concessions~—i.e., land permitted
for palm development-are at
risk of stranding under climate
transitions.”® Provinces most
impacted include Kalimantan
Barat (2.4 million hectares), Papua

(2.1 million hectares), Kalimantan
Tengah (1.7 million hectares),
and Kalimantan Timur (1.1 million
hectares).

¢ A further 2.2 million hectares
of currently planted oil palm on
peatlands-15% of total industrial
and smallholder palm plantation
area in 2015-would also face
write-offs under an Aggressive
transition that supports peatland
restoration.?

¢ In Peru, our spatial analysis found
that 97% of biophysically suitable
land for palm cultivation in Peru is
unusable under NDPE restrictions
to which many global agricultural
conglomerates have recently
subscribed.

Palm oil producers in both

regions also face significant
geographic growth constraints

as NDPE restrictions and

carbon pricing together incentivize
forest gains at the expense of
agricultural land. Using the OSIRIS
model (see Technical Guidance,
Annex 1 for more details), we
projected how forest cover would
change in both Indonesia and Peru
under different climate transitions.
As shown in Figure 15, deforestation
restrictions alongside a carbon price
incentivize significant net forest
expansion, thereby limiting the land
available for palm oil and other
agricultural expansion:

¢ In Indonesia, palm expansion
potential?® is 33% lower under
the Aggressive scenario relative
to the Historical ambition
pathway by 2040, as forest area
expands by 3.8 million hectares
(3.6%) between 2020 and 2040
under the Aggressive scenario. In
2040, forest cover is expected to
be 15 million hectares higher
under the Aggressive scenario
relative to Historical ambition.
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FIGURE 15:
20-YEAR FOREST COVER PROJECTIONS IN INDONESIA AND PERU:
HISTORICAL AND AGGRESSIVE SCENARIOS

A. Indonesia
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Notes: Forest cover projections are based on the OSIRIS model (Busch et al., 2019).?° Spatial resolution is 5.5 km x 5.5 km
for Peru (panel B) and 25 km x 25 km for Indonesia (panel A; OSIRIS output were re-gridded to the resolution of the Bew-
here model). For Indonesia, forest projections are shown only for the analysis region covering the mainland of Sumatra,
Kalimantan, Sulawesi, and Papua. Plotted values indicate the percentage of the grid cell area that has experienced a net
decrease (red) or net increase (green) in forest cover over 2020-2040. For Peru (panel B), grid-cell-level net forest cover
changes range from -30.5% to +35.9% for the Historical scenario and 0% to +46.4% for the Aggressive scenario with zero
deforestation restrictions enforced. For Indonesia (panel A), grid-cell-level net forest cover changes range from -34.0% to
+7.3% for the Historical scenario and 0% to +18.8% for the Aggressive scenario. Administrative boundaries are from GADM.?
Oil palm plantation data for Peru are from Finer et al. (2018).%

¢ In Peru, commercial palm
expansion is limited to 257,000
ha by 2040 (78% lower than the
Historical scenario) due to NDPE
restrictions and a 4% increase in
forest cover between 2020 and
2040 under the Aggressive scenario.
In contrast, smallholders face fewer
expansion constraints, underscoring
how important their production will
be under climate transitions (Box 5).

B. BEEF CATTLE- COLOMBIA

Colombia is the world's 17th
largest beef producer but the
2nd most emissions-intensive.?®
Almost all of its production is
consumed domestically, though
both import and export markets
are starting to grow. Colombia

has 34 million hectares of
pastureland but only 15 million
hectares of total land cover are
identified as suitable for cattle
ranching.*® Most production

occurs within extensive systems
with low stocking rates, low
productivity, and unimproved

grass grazing. Around 43% of
Colombia’s greenhouse gas emissions
are related to agriculture, forestry
and land use change; nearly 30% of
these emissions are from cattle-
driven methane, and around 35% are
related to deforestation.®'32:33:34

As with our palm oil analyses,
land use restrictions alongside
GHG pricing drive forest expansion,
reducing the potential for legal
and economically feasible cattle
expansion. If the Colombian
government restricts deforestation
in combination with setting a carbon
price consistent with the Modest
scenario, we project forest cover
gains of 1.3 million hectares by

2030 and 2.6 million hectares by
2040 (Figure 16). By 2040, the zero-
deforestation restriction, together
with a Modest carbon price, reduces
total available commercial®® cattle-
suitable land®*® by 1.8 million ha (13%)
from the Historical scenario.

Orbitas
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FIGURE 16:
FOREST COVER EXPANSION IN COLOMBIA: MODEST SCENARIO

2020 to 2030 2020 to 2040

Source: Authors. Forest cover projections at 5.5 km x 5.5 km spatial resolution are based on the OSIRIS model.*” Plotted
values indicate the percentage of the grid cell area that has experienced an increase in forest cover over the 10- or 20-
year time period; changes <1% appear white. Nationally, grid-cell-level forest cover expansion ranges from 0% to +22.0%
for 2020-2030 and 0% to +41.9% for 2020-2040 for the Modest scenario with zero-deforestation restrictions enforced;
the equivalent ranges for the Aggressive scenario with zero-deforestation restrictions enforced are 0% to +23.4% for
2020-2030 and 0% to +56.7% for 2020-2040. Administrative boundaries are from GADM (version 3.6, https:/gadm.org).
See technical annex for more information on data sources and methods. Notes: This scenario assumes no deforestation
is permitted and that a modest carbon price incentivizes larger net forest areas.

some of the most emissions-
intensive within the beef value
chain, and thus most exposed
under climate transitions as
discussed in the following section.

By 2040, a modest carbon
price and zero deforestation
restrictions would spur
forest cover gains at the
expensce 0f1.8 mllhon These commodity market and
land use projections underscore
how climate transitions can create
material risk exposure in

hectares of cattle-suitable
lands in Colombia.

agricultural industries. Importantly,

Larger, commercial breeders,
finishers, and dual-purpose
farms will likely face significant
operational emissions costs.
Traders and wholesalers will also
are subject to higher transportation

while growth is achievable due
to rising food demand under
climate transitions, rising land
prices and restrictions mean that
producers must start focusing on

costs, as diesel and other fossil fuels sustainably increasing productivity
face carbon taxes or pricing. While both in their own assets as well
cattle breeders, in particular, achieve as those of smallholders in their

:]0) &-H

SMALLHOLDER
GEOGRAPHIC GROWTH
CONSTRAINTS

Smallholders face less severe
expansion constraints under
climate transitions—even
assuming they face the same
land use restrictions as industrial
actors-as they require smaller
contiguous parcels of land. In
Peru, for example, the 2030

land available for smallholder
palm expansion within 100km of
existing mills is 549,000 hectares
under the Modest and Aggressive
scenarios, 35% lower than in the
Historical scenario. Within 20
years, this figure further shrinks
to 521,000 hectares, 54% lower
than the 1,135,000 hectares in the
Historical scenario but still 51%
higher than the corresponding

land available for industrial palm

expansion.

comparatively high margins among
beef producers today, they are also
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supply chains, as further discussed
in Section IV.
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In this section we demonstrate how country-specific transitions and regional commodity market projections will
influence asset and company profitability and growth strategies.

STEP 3:

Industry Impact Evaluation
- Financial Modeling

SECTION HIGHLIGHTS

In Indonesia and Peru, existing
palm assets prosper under
climate transitions, but

future growth is hampered

by stranded concessions and
land prices doubling by 2040.

In Colombia, emissions
costs create significant
challenges for producers,
particularly commercial
cattle breeders, who by 2040
could see emission costs up
to six times larger than their
production costs.

In all three industries,
sustainable growth strategies,
high productivity, favorable
capital access, and high
borrowing capacity drive
profitability under climate
transitions.

- Producers have significant
opportunities to both reduce
operational emissions and
diversify income in the face
of price volatility, through
emerging agroforestry
techniques and emissions
capture technologies.

- The relative profitability of
sustainable approaches is
even higher under climate
transitions, bolstered by
emissions cost savings,
potential sequestration
payments and, in some
markets, price premiums.

The climate transition projections
outlined in Sections Il and Il can affect
agricultural producers and their supply
chains in multiple ways, including:

Revenues grow due to rising
global demand and commodity
prices.

+ More write-offs and geographic
growth constraints due to greater
land use restrictions and prices.
Rising production costs due to
higher input costs, direct GHG
emissions costs, as well as
investments to improve yields.

To evaluate asset- and company-
level vulnerability to these
projections, Orbitas modeled
how the profitability of industry
assets and the Enterprise Value
(EV)*® of companies are impacted
by climate transitions. These
financial modeling techniques—
which include pro forma cash
flow projections, real options
analysis, and discounted cash
flow (DCF) models-also uncover
how companies can optimize
their operational performance
and better allocate capital to
prepare for climate transitions.

A. FINANCIAL RESULTS:
PALM OIL - INDONESIA AND PERU

We employed pro forma cash

flow and DCF models to

calculate how the EV of both

new and existing mill-plantations®®
would change under climate
transitions. \We used cost structure
data for plantations, mills, kernel
crushers and biogas capture to
create illustrative companies to
model financial impacts. The
scenarios discussed in Section llI
provided the changes in business
conditions, such as commodity
prices, capital investment and
emissions costs. To view the
changes in financial terms, we
integrated the results into a

DCF model, which projects the
impact of climate transitions on
income statement, balance sheet
and cash flows. We used EV, a
measure of a company’s value
that accounts for both its equity
and its debt, to compare how
companies fare under climate
transitions.

Rising palm oil prices
drive up profitabilicy
under transitions, so long
as companies can increase
yie]ds and access capita]

cheaply.

Our analysis finds that climate
transitions’ rising palm oil
prices increases the relative
profitability of plantations,

but the benefits of asset
expansion are highly sensitive
to capital needs and productivity.
Existing assets generate positive
EV under all climate transition
scenarios, whereas new assets
generally do not see positive EV
except for the most efficient ones
and only under the “Aggressive”
scenario. Across both existing
and new assets in Indonesia and
Peru, we find that EV rises
materially (i.e. becomes more
positive or less negative) with
greater climate ambition, driven
by higher prices under the
Aggressive and Modest scenarios.
These results are highly sensitive
to a company’s weighted average
cost of capital (WACC) and its oil
palm productivity as shown in
Figure 17. Importantly, this
sensitivity and the overall results
suggest that companies can
prosper under climate transitions
so long as they have a strong
balance sheet and maintain high
levels of productivity.
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FIGURE 17:
PALM OIL ENTERPRISE VALUE: NEW ASSETS

A. EV of New Company by WACC B. EV of New Company by Oil Palm
(Industry Ranges): Productivity (Industry Ranges):
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Source: Authors, based on financial modeling using the results from the report “Transition Scenarios for Tropical Agricul-
ture” Notes: This figure is based on an illustrative company operating 60,000 hectares of newly planted land and three
mills with a capacity of 80 tons FFB per hour. Key assumptions include i) a base crude palm oil price of $656 (15-year
average); ii) a cost-to-yield multiplier of 1, i.e., every 1% increase in yields requires a 1% increase in USD costs, and ii)) a
2% growth rate in future cash flows after 30 years to calculate the assets’ terminal value. The annual average yield for
mature trees in Figure 17A is 20.7 tons FFB/ha, and the WACC in Figure 17B is 11.7%. FFB production is modeled with a
yield curve reflecting tree productivity by age.

Readers should note that although we present results in dollar terms for visual ease, this analysis is meant to
the overall i and direction of impacts between scenarios rather than provide absolute results.

p

FIGURE 18:
HIGH YIELDING NEW ASSETS IN INDONESIA: SENSITIVITY OF ENTERPRISE
VALUE TO COST-TO-YIELD MULTIPLIER
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Source: Authors, based on pro forma modeling using the results from the report “Transition Scenarios for Tropical
Agriculture” Notes: See Technical Annex for detailed calculations. This Figure is based on three illustrative companies with
the same asset profiles-240 FFB tons per hour of milling capacity alongside 60,000 hectares of plantations—but that vary
by yield management strategies and their cost of capital. Key assumptions include i) a base crude palm oil price of $656
(15-year average); ii) weighted average costs of capital (WACC) of 11.7% (Best); iii) a cost-to-yield multiplier of 1, i.e., every
1% increase in yields requires a 1% increase in USD costs, and iv) a 2% growth rate in future cash flows after 30 years to
calculate the assets’ terminal value. For existing assets, we assume a constant replanting rate to achieve steady state
yields; for new plantations we include upfront capital expenditures, land acquisition costs, and an FFB production yield
curve reflecting tree productivity by age.

Readers should note that although we present results in dollar terms for visual ease, this analysis is meant to
compare the overall magnitude and direction of impacts between scenarios rather than provide absolute results.
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:{0) 4*H
REAL OPTIONS UNDER
CLIMATE TRANSITIONS

Under climate transitions, asset
owners are exposed to potentially
volatile price and input cost
conditions as countries undertake
their transitions in a piecemeal
fashion. These dynamics create
different yield investment
trade-offs, which are especially
important in the case of palm

oil: as a perennial crop, palm

oil production is hard to ramp

up and down, and is thus

less resilient to price shocks
relative to its annual oil crop
counterparts.

Real options analysis (ROA) can
help inform how asset owners
consider price volatility and other
changes in operating conditions
in their decision making. Real
options commonly considered
include:
* Increasing or decreasing the
output of the asset
Investing capital to upgrade
the technology of the asset
Mothballing the asset or
putting a mothballed asset
back into operation
Acquiring additional assets
Relocating, selling or
abandoning the asset, or
Continuing operations wit
changes.

A future Orbitas report will delve
more deeply into two of these
options for oil palm plantation
owners: 1) the choice of the
fertilizer application rate and

2) decisions on replanting of
aged plots (those where palm
trees have reached the end of
economic life). As in our other
analyses, we use MAGPIE results
to project future cash flows.
However, our ROA will additionally
consider local policy and price
assumptions, reflecting the likely
volatility associated with climate
transitions at a finer temporal
resolution: the analysis covers
25 years at annual simulation
intervals i.e. market conditions
and company reactions are
modeled once per year.
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BOX 6: CONTINUED

The preliminary results of our
analysis underscore the long-
term favorability of investing in
both replanting and fertilizer
application. However, in the
short term, when the prices

for the oil palm derivative
products fluctuate, a company's
operational costs may exceed
operational revenues over

the low-price periods. In this
situation, companies*"? typically
reduce costs either by reducing
replanting or decreasing fertilizer
application.

Our preliminary ROA indicates
that asset owners in Indonesian

FIGURE 19:
INDICATIVE REVENUES AND COSTS FOR A PERUVIAN MILL-PLANTATION:
AGGRESSIVE SCENARIO:

2019 US$ (millions)

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048

mmm Other Mill and Plantation Costs Fertilizer = Labor (Mill & Plantation) = Transportation (Mill & Plantation)

mmm GHG Emissions Costs (Mill & Plantation) ~ mmm Interest Expense = = Revenue

Net Income.

Source: Authors, based on proprietary pro forma modeling using the results from the report “Transition Scenarios for
Tropical Agriculture” Notes: Based on a case study of a Peruvian mill-plantation with 10,000 hectares of owned plantation
and 6% sourcing from third parties; this is not representative of all industry assets. This modeling contains many as-
sumptions that may not reflect reality for a new or existing project. Key assumptions include a base crude palm oil price
of $656 (15-year average); discount rate of 12%; corporate tax rate of 30% on profits; a cost-to-yield multiplier of 1, i.e.,
every 1% increase in yields requires a 1% increase in USD costs. Assumes a 2% growth rate in future cash flows after 30

companies should prefer

a temporary reduction of
fertilizer even at the expense

of incurring short-term yield
losses. Otherwise, this company
could lose land to a competitor
by not replanting it in a timely
manner and, consequently,

lose all future returns that

this land can generate.”* Under
all transition scenarios, less
efficient companies will stop
re-planting and gradually exit the
market, while higher efficiency
companies facing the same
level of the discount rate/WACC
would continue to profitably
operate and potentially expand
plantations.

Source: IIASA and Concordian

Within 20 years,
emissions costs could
rise to be six times
production costs for
emissions-intensive

beef producers.

years to calculate the assets’ terminal value.

Since EV is sensitive to yields,

the cost of yield increases is a
particularly important predictor of
how well-positioned a company is
to sustain climate transition risks.
Profitability and enterprise value can
vary substantially across transition
scenarios, depending on the level
and cost of the yield improvements
necessary to counteract higher
production costs. For example, in
Indonesia, under the Aggressive
scenario, EV decreases substantially—
by 117% in absolute terms—even

for a “best-in-class” efficiency
company whose cost-to-yield
multiplier*® is 1.5 rather than 0.5
(Figure 18, previous page).

Under climate transitions,
companies will also see different
trade-offs when spending to
increase yields. Real options analysis
can help uncover how agricultural
actors should evaluate these trade-
offs under the context of climate
transitions, as described in Box 6.

In both Peru and Indonesia,
operational GHG emissions costs
are material under transitions, but
only in later years, giving companies
adequate time to prepare. For

example, for an illustrative
mill-plantation in Peru, GHG
emissions costs from non-
deforestation activities—like

mill processing, fertilizer use,
and diesel fuel-comprise 1%
(Modest) and 3% (Aggressive) of
total operational costs by 2030.
By 2040, these percentages rise
to 3% (Modest) and 15% (Aggressive)
(see Figure 19). As a reference, a
significant cost item like fertilizer
typically comprises 20 to 30% of
operating costs.

B. FINANCIAL RESULTS:
BEEF CATTLE - COLOMBIA

Commercial Colombian beef
producers are far more vulnerable
to climate transitions than palm
oil companies. Climate transitions
are highly likely to incentivize
emissions-intensive and inefficient
producers to leave the market
and/or convert to higher-margin
commodities, particularly in the
absence of trade protections. This
result is driven both by the low-
profit margins that characterize
the local beef industry, but also
because emissions costs rise to be
unmanageable for ranchers.
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Figure 20:

ANNUALIZED PRODUCTION
AND EMISSIONS COSTS FOR
LARGE BREEDERS

A. Historical Ambition
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Source: Authors using data from Gonzalez et. al 2019444
Notes: See accompanying Technical Guidance for met-
hods, data sources, and caveats related to these projec-
tions. These projections reflect a “steady state;” i.e., they
do not reflect projected cash flows or income over time;
rather they provide a snapshot in each year of relative
production and emissions-related costs based on the
prevailing GHG prices in that time step. Emissions costs
are based on an estimated emissions intensity for larger
breeders (251-500 head) of 37.3 kg CO2eq per kg of live
weight gain (LWG).

+  Projected production costs also assume increases in
factor costs including labor, energy, and equipment;
they do not consider increases in fertilizer nor land
costs; we assume fertilizer-related cost increases
are driven by emissions costs within the farm gate
rather than fertilizer prices
Emissions from transportation are not included
in this chart, but are likely to also be material
throughout the value chain, further impacting profits
for the industry as a whole. Emissions from land
clearing are also not considered.
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FIGURE 21:

ENTERPRISE VALUE: 2030 STANDARD MILL VERSUS MILL WITH BIOGAS

METHANE CAPTURE
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Source: Concordian. Historical

Among beef producers, large
cattle breeders will be particularly
hard hit due to their high
emissions intensity. Cattle
breeders achieve comparatively

high margins among beef producers
but are also some of the most
emissions-intensive within the beef
value chain. Under an Aggressive
climate transition, large breeders
(over 250 head) could see emissions
costs rise to the same level as

total production costs within 10
years (Figure 20). Within 20 years,
emissions costs rise to over six times
the projected production costs. We
assume that smaller breeders are
unlikely to be subject to GHG pricing
policies given the high administrative
burdens of collecting emissions
payments from small ranchers.

Beef producers and processors
cannot easily pass these costs
downstream and still compete
with higher margin crops and
cheaper international substitutes.
Given both cattle ranching’s
currently thin profit margins and

Mill + Biogas Capture and Cogen.

mModest mAggressive

suboptimal land use, we expect
climate transitions to incentivize
the conversion of inefficient,
emissions-intensive pasture lands
either back into forests, and/or into
palm oil, sugar cane, or coffee —
crops that achieve 3 to 15 times
higher margins®*®.

Climate transitions will
incentivize conversion from
pasture to forest and/or into
palm oil, sugar cane, or coffee,
crops that achieve 3 to 15 times
higher margins in Colombia.

While inefficient, emissions-
intensive producers in Colombian
beef, Indonesian palm and
Peruvian palm all face significant
risks in the face of climate
transitions, those who are able

to pursue more sustainable
strategies can take advantage

of rising prices and new transition
opportunities as described below.
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C. CLIMATE TRANSITION
OPPORTUNITIES

Our research finds two particular
examples of profitable and income-
diversifying investments for palm
and beef producers: biogas methane
capture and cogeneration, and
intensive silvopastoral systems*’
(“ISPS”). Importantly, both of these
investments are profitable even in
the absence of climate transitions,
underscoring that companies can
confidently prepare for climate
transitions today without worrying
about opportunity costs. \While not

analyzed herein, agricultural producers
may also be able to generate revenues
from storing carbon on their land and/

or from providing other biodiversity

conservation and ecosystem services.

Sustainable investments like
ISPS and biogas capture are
profitable even in the absence
of climate transitions, so
companies can confidently
prepare for climate transitions

to d ay.

Biogas Methane Capture and
Cogeneration:

In the case of palm oil, the midstream

use of palm oil effluent (‘POME”)
for biogas capture and electricity
cogeneration is an easy financial and

environmental win for companies with

access to capital. This technology
has a clear social benefit as well,
making it appealing to policymakers
attempting to increase and diversify
energy access: If less than a tenth
of Indonesia’s palm oil mills had
biogas facilities, together they could
support the electricity needs of
240,000 households and reduce

direct emissions by 2.5 million metric

tons of CO2-equivalent annually,
with potential additional emissions
reductions from displacing coal-
generated electricity.

Installing biogas capture

and cogeneration facilities can
boost a company’s value by
more than 4 times under an
ambitious climate transition.

In Indonesia, our model
estimates more than 400%
higher EV for a large producer
that installs biogas facilities in
its mills in 2030 (Figure 21). This
result is driven both by the
profitability of these facilities and
because these facilities counteract
mill emissions at a time when GHG
prices start to become material
under the Aggressive scenario.

Importantly, EV also rises significantly

under both the Historical and
Modest scenarios, implying that
companies cannot go wrong in
investing in these profitable assets

regardless of the transition scenario.

Intensive Silvopastoral
Systems (ISPS)

ISPS boost cattle ranching
profitability and diversifies
income sources, counteracting
the significant rises in production
costs and price volatility likely
under climate transitions.
Sustainable farming techniques
range from simple investments
in fences and dispersed trees to
highly productive ISPS, which
carefully combine trees, pasture,
and livestock. Profit gains are
driven by greater productivity,
lower input costs, and new
sources of revenue from timber
or fruit sales. ISPS also allows
producers to capture potential
sustainable price premiums
thereby counteracting slowing
demand. One study found that
Colombian consumers may be
willing to pay a 23% price premium
for eco-friendly beef and 10% for
beef labels that addressed
environmental impacts.*®

29

Figure 22 illustrates the relative cost,
productivity, and price premium
benefits achievable under each
transition scenario for an illustrative
dual-purpose farm that is subject

to GHG emissions pricing. In the
Aggressive scenario, ISPS profits per
hectare are up to 8 times and

13 times higher than conventional
systems by 2030 and 2040,
respectively. It is worth noting that,
these results may be less applicable to
large scale operations that have higher
carrying capacities and productivity;
for these types of operators,
alternative sustainable farming
techniques like industrial-scale
intercropping may make better sense.
Additionally, not all ranches are ideal
candidates for conversion to ISPS.

ISPS proﬁts per hectare are up
to & times and 13 times higher
than conventional systems

by 2030 and 2040 under an
ambitious climate transition.
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Figure 16:

ANNUAL REVENUES AND COSTS: DUAL PURPOSE ISPS VERSUS TRADITIONAL SYSTEMS

A. Historical Ambition Scenario: No ISPS Price Premium
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B. Modest Ambition Scenario: Up to 10% ISPS Price Premium
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C. Aggressive Ambition Scenario: Up to 23% Price Premium
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Industry Impact Evaluation- Industry Modeling

This section describes and presents preliminary results from specialized economic models that optimize industry
expansion and contraction under climate transitions.

STEP 3:

Industry Impact Evaluation
- Industry Modeling

SECTION HIGHLIGHTS

Climate transitions could
boost the Indonesian palm
oil industry’s total value by
$9 billion or more relative to
a baseline pathway

But capital needs will be
significant: future gains

will be largely derived from
capital-intensive assets that
diversify revenue streams like
kernel crushers and biogas
capture and cogeneration
facilities.

As climate transitions come into
effect, agricultural producers will
need to adjust their growth
strategies and production levels.
In this section, we used highly
specialized and spatially-explicit
economic and financial analysis
tools to model how and where it
makes economic sense for
Indonesian palm producers to
increase or decrease palm oil
production under each climate
transition scenario. We also
project how the industry’s
overall value would be impacted
by climate transitions relative to a
baseline pathway.

While we only focus on Indonesian
palm oil, our models and approaches
(which are described in this report's
Technical Guidance) can be replicated
across other industries, particularly
those comparable in size and maturity
to Indonesian palm.

FIGURE 23:
PROJECTED OPTIMAL FFB MILLING CAPACITY UNDER CLIMATE TRANSITIONS
(INDONESIA)
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Source: Concordian
Note: Predictions for total FFB processed closely tracks installed capacity over time in model results, so we show only
installed capacity. See Appendix for calculation methods.

A. OPTIMAL INDUSTRY The largest projected losses
EXPANSION AND CONTRACTION

occur where forests are
Our Indonesian palm oil models
project® how and where palm oil
production assets, including fresh
fruit bunch (FFB) production, mill
processing, kernel crushing, and
biogas capture and cogeneration
facilities, would optimally expand
and contract under climate
transitions. Notably, these
projections assume that producers
are able to access the capital
necessary to optimize their
production and expansion in light
of climate transitions.

most likely to expand and
in NDPE restricted areas,
indicating that companies
should avoid land or concession

acquisition in these areas.

Our modeling finds that
optimal, industry-wide FFB
milling capacity increases
across all scenarios, but less
so under an Aggressive climate
transition (Figure 23).
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Sectoral Projections — Global and Regional

Within 20 years:

Nationwide optimal milling

capacity is 37% higher in the

Historical scenario relative to

only 10 and 15% increases in

the Modest and Aggressive

scenarios, respectively.

Interestingly, these production

trends are not consistent across

islands:

+ In Kalimantan, optimal milling
capacity is 73 million metric tons
lower in the Aggressive scenario
relative to the Historical one.

- In contrast, Sumatran milling
capacity is 20 million metric tons
higher in the Aggressive scenario
relative to the Historical one.

Provincial differences will be driven

by a number of factors including

each region’s achievable yields,
carbon storage potential, and
distance to transportation routes
and end markets, among other
factors.

B. INDUSTRY VALUE UNDER
TRANSITIONS

Although optimal milling capacity
declines under climate transitions,
investors will see overall industry
value rise under an Aggressive
climate transition. To quantify these
differences by region we conducted
a spatially explicit Net Present Value
(NPV) analysis, which finds:*?
- Industry-wide NPV increases by
5% between the Historical and
Aggressive scenarios-- i.e., the
industry’s value is boosted by over
$9 billion by ambitious climate
action.
To benefit from these predicted
gains under climate transitions,
palm producers must diversify the
products they produce and upgrade
their mill technology--particularly
through biogas capture and
cogeneration facilities and kernel
crushers.
NPV impacts vary significantly at
the grid cell level, with some areas
benefiting strongly from climate
transitions and other areas suffering
large losses as shown in Figure 24.
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+ The largest NPV losses occur where

BOX 7:
THE ROLE OF INDEPENDENT SMALLHOLDERS IN CLIMATE
TRANSITIONS

Independent smallholders can play an important role in increasing industry
productivity while reducing future deforestation but will need the right

support from both the public and private sectors to increase production
sustainably. Local land use restrictions and moratoria could bypass smallholders,
resulting in additional net losses in forest cover across Indonesia. Figure 24
illustrates the impact of enforcing NDPE restrictions on smallholders (Panel B
vs. Panel A). Excluding smallholders from NDPE restrictions and deforestation-
related carbon costs allows for 27% higher industry-wide NPV than when
smallholders are restricted, but this comes at the expense of up to 5 million
hectares of deforestation and/or peatland destruction relative to the Modest A
scenario (equivalent to nearly 20% of total Indonesian deforestation since 2001).
NDPE restrictions on smallholders, therefore, play a large role in determining
palm oil expansion potential as well as industry-wide valuation.

To manage climate transition risks, large companies must improve supply chain
traceability and transparency, and also provide smallholders with the education
and support they need to embrace forthcoming RSPO standards and sustainable
NDPE practices, including by implementing the High Carbon Stock Approach
(HCSA). Ramping up this process now will not only ease auditing burdens but will
also make a significant difference in reducing reputational risks.

Access to credit is a significant barrier to smallholder intensification.
Smallholders are both capital-constrained and have limited access to credit,
making it difficult for them to replant and use quality seeds once their land

is past its prime--an exercise that can cost more than $2,000 per hectare,
roughly 2 years of full-time minimum wage work. While the government does
provide replanting subsidies to farmers, not all farmers are able to access these
programs or can wait for the four years it takes for palm oil to mature. The
resulting “yield gap” can be significant, with many farmers losing the opportunity
to double their revenues and yields.

Source: Authors

forests are most likely to expand that it is possible for the Indonesian
and where palm plantation and palm oil industry to both create

mill expansion would be limited by shareholder value®® and preserve
NDPE restrictions, underscoring the valuable forest and peatland, so long
importance of companies avoiding as governments institute robust and
high carbon stock and conservation ~ meaningful deforestation and peat
value lands. development restrictions on both
Independent smallholders will small and large holders.

play a key role in the industry’s

future development. For example, A]though Optimal milling

if independent smallholders are
allowed to deforest under the
Modest scenario, the ]ndugtry’s transiti0n57 inVﬂStOTS W]” sec
NPV increases substantially but this  gyerall industry value rise
occurs at the expense of up to 5
million hectares of valuable forests
and peatland (Box 7). transition.

capacity declines under climate

under an Aggressive climate

Based on these findings, we conclude
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FIGURE 24:
INDUSTRY NET PRESENT VALUE UNDER CLIMATE TRANSITIONS

A. Modest: Gain of $1.8 billion of NPV Relative to Historical
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B. Modest (Smallholders Exempt from NDPE Restrictions): Gain of $42.0 billion in NPV Relative
to Historical
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C. Aggressive: Gain of $9.4 billion of NPV Relative to Historical
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Source: Concordian

Notes: Grid cell-level results show the difference in 30-year net present value (NPV) compared to the Historical scenario (red cells indicate NPV loss, blue cells indicate NPV gain). All profits
for each mill and affiliated plantations are assigned to the grid cell in which the mill is located. In panel B, only smallholders can convert forests and peatland to palm plantation without
incurring deforestation-related carbon costs. White cells indicate no NPV difference between the indicated scenario NPV and Historical NPV, typically because of an absence of mills in the
grid cell (that is, NPV = $0).
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Section VI

Company-Level Vulnerability Analysis

This section describes and presents preliminary results from specialized financial and economic models that test
how vulnerable specific companies and business models are to climate transitions.

STEP 4:
Company-Level Vulnerability

- Risk Benchmarking
- Company Value Analysis
- Market Power Analysis

SECTION HIGHLIGHTS

Palm producers are likely

to see a wide variation in

potential growth and losses

depending on their financial
and sustainability profile, and
level of integration:

+ Companies facing the
greatest risks under
climate transitions tend to
be midstream integrated
companies--i.e., millers and
cultivators--who have weaker
pricing power and higher
capital costs.

-+ Vertically integrated actors
could face fewer risks under
climate transitions given their
pricing power and access to
capital, but may also be less
flexible to convert favorable
price increases into profits.

Climate transitions will have varying
impacts on different actors depending
on their operational footprint,
productivity, and ability to access
capital cheaply, among other factors.
This variation is especially apparent

in the case of Indonesia’s palm oil
industry which includes actors ranging
from independent smallholders to
vertically-integrated conglomerates
who control downstream refining and
trading.®* In this section, we use the
Indonesian palm oil industry as a test
case to highlight three methods that
uncover company vulnerabilities to
climate transition risks:
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1. Risk Benchmarking:

2.Company Value

FIGURE 25:
COMPANY VULNERABILITY TO CLIMATE TRANSITION RISK

Bubble size represents total concessions at risk, bubble color represents the percentage of
concession at risk
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Oil Palm Yield on Mature Land (Most Recent Data Reported)

Source: Concordian, based on data from: Damodaran; Bloomberg; Company Annual Reports; Greenpeace 2015 conces-
sions map; 2015 forest cover derived from Hansen et al. 2013; 2012 peat map from Indonesian Ministry of Agriculture,
obtained from Global Forest Watch; planted palm maps from Kemen Austin, Austin et al. 2017, and Danylo et al. 2020;
and report analysis. Notes: This chart relies on dated maps of concessions, forest cover, and planted palm; and some
incomplete or unavailable information on concession ownership for 5.2 million hectares of 2015 industrial palm area that
occurs outside of the boundaries of the concession map. Since 2015, some of these concessions may have been planted
with oil palm and thus no longer face stranded asset risks under climate transition scenarios unless these concessions
are on peatlands and/or violate a company’s existing NDPE policies. Yields are not adjusted to reflect the age of the
plantation and use the most recent reported yields from company sources.

3. Market Power Analysis: This de-
tailed economic modeling approach
gives investors and companies
insights into future industry dyna-
mics and examines which types of
business models are well-positio-
ned under climate transitions.

This simple, risk-focused
qualitative approach uses
sustainability and financial
metrics to identify how
vulnerable a company is to
climate transition risks.

With a few exceptions, these
three approaches reach similar
conclusions: Larger, vertically-
integrated palm oil companies
with a strong sustainability profile
are well-positioned under climate
transitions due to their access to
capital and pricing power.

Analysis: This sophisticated
approach quantifies, in

dollar terms, the discounted
value of a company’s projected
profits/losses under climate
transitions based on its current
operational footprint.



Continued
Company-Level Vulnerability Analysis

A. RISK BENCHMARKING

Figure 25, previous page, charts the
following vulnerability metrics to
benchmark major palm oil companies
against each other:

1. Weighted average cost of capital-
-an indicator of how cheaply and
easily a company can finance
productivity and technology
upgrades.

2. Current oil palm yields on mature
plantations (a proxy®® for a
company’s management strategy
and replanting discipline).

3. Concessions at risk--i.e., how much
of their unplanted concessions are
on forest or peatlands (a proxy for
their sustainability profile)

This approach highlights that
larger, vertically-integrated
companies like Sime Darby,
Wilmar International, and
Golden Agri are well-positioned
for climate transition risks
relative to their peers. This
approach provides a useful indication
of a company’s vulnerability to
climate transition risks. However, it
does not fully capture how a company
can benefit from opportunities
associated with climate transitions
whether through rising prices and
productivity, new revenue streams
like electricity sales from biogas
capture and cogeneration, and
ability to set prices based on its
market power within the palm oil
value chain. These factors are
considered in the second and third
approaches detailed below.

B. COMPANY VALUE ANALYSIS

To undertake our company value
analysis we followed the same
methods employed in our industry-
wide NPV analysis (see Section V) but
then allocate NPV results to individual
companies by finding each company’s
mill capacity in each grid cell as

a proportion of total grid cell mill
capacity, and summing this proportion
of cell-level NPV across all grid cells
where each company owns mills.®

Most companies stand to gain
from an ambitious climate
transition, with some companies
like Golden Agri gaining over

$1 billion in value based on their

current asset fbotprint.

This analysis finds that most
companies are able to gain value
from climate transitions, though a
few companies--particularly BEST
Industry Group--are significantly and
negatively impacted by forest area
expansion, which results in mill and
plantation retirements.®” In line with
the vulnerability benchmarking
approach, our company value
analysis also identifies Golden
Agri, Sime Darby, and Wilmar

as beneficiaries under climate
transitions (Figure 26, next page).

C. MARKET POWER ANALYSIS

To predict how industry dynamics
could shift due to climate
transitions, we use Vivid Economics’
Reduced Industrial Market Model
(RIMM), an economic model that
determines how the market power
influences optimal palm oil production
and profits under each climate
transition scenario. It specifically
estimates the degree to which
different business models, that vary
by levels of integration and operational
scale, can pass on costs and secure
profits that arise from climate
transitions.

RIMM’s approach allows for

each company archetype to
exercise some degree of price-
setting power through its
production choices. This is
particularly important in the
Indonesian palm oil industry
where a company’s market power
and revenue-cost structure are
largely determined by its level of
vertical integration. FFB producers
(smallholder farmers and large
plantations) face FFB production
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costs that are almost as high as
their revenues, leaving the average
producer with thin profit margins.
Crude palm oil (CPO) producers have
larger margins, in part because they
have pricing power, which allows
them to sell their products at prices
above their marginal costs. Finally,
downstream refined palm oil (RPO)
producers show narrow margins
because they sell their product in
the international market, which
limits their ability to influence prices.
Fully integrated companies face
international competition but are
able to produce at slightly lower
costs by eliminating CPO margins.

To reflect these differences in
market power and level of
integration, RIMM analyzes four
archetypal business models that are
representative of the industry:

1. Upstream Separate

2. Upstream Integrated
3. Fully Integrated

4. Downstream Separate

Our modeling results confirm that
climate transition impacts will
vary by business model, with larger
fully integrated companies most
protected from downside risks. Key
findings include:

- Under all scenarios, fully integrated
companies do the best and
downstream separate companies
do the worst, though the magnitude
of difference is greatest under the
Aggressive scenario.

« Vertically integrated companies
are better positioned because of
their ability to capture demand
increases and pass-through costs
onto final consumers through
higher prices.

- Fully integrated companies also
gain RPO market share relative to
downstream separate companies
under the Historical (+0.5
percentage points), Modest A (+0.4
percentage point) and Aggressive
(+1.6 percentage points) scenarios.
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Continued
Company-Level Vulnerability Analysis

Preliminary modeling resulcs

indicate that vertically-

integrated companies are less
C

vulnerable to cost increases

but less able to benefit from

favorable pricing conditions.

Our market power analysis finds

that more integrated companies are
less vulnerable to climate transition
risks. However, it also finds that

less integrated companies are better
equipped to maximize the benefits
from any price increases and/or cost
declines. This is an important finding
considering that while palm oil prices
are likely to rise in the long run under
climate transitions, short-term price
volatility is likely.
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FIGURE 26:
NPV GAINS AND LOSSES RELATIVE UNDER CLIMATE TRANSITIONS
BY COMPANY
NPV NPV % of
difference dlfferenf:e for SPOTT Score Unplanted
Company for Modest Aggressive g
A A A A (%) Concessions
vs. Historical | vs. Historical at Risk
(million $) (million $)
10 Worst Positioned for Climate Transitions
BEST Industry Group | -117.2 -59.2 1.3% 40
Teladan Prima Group | 114.2 45 NA 40
PT Multi Agro
Gemilang Plantation | -0.1 1.2 NA 86
Tbk
PT Provident Agro
Tok 19.7 13.6 NA T4
PT Andira Agro Tbk 7.2 18.3 NA NA
M.P. Evans Group Plc | 12.3 21.6 63 54
SOCFIN Group 10.9 30.5 NA 60
P DUER (VTR 122 336 NA NA
Lestarindo
Genting Berhad 41.6 372 50.9 70
Anglo Eastern
Plantations Plc A0 S &3 *
10 Best Positioned for Climate Transitions
Musim Mas m.3 224 GSIS) 86
First Resources Ltd. 203.8 269.2 64.1 7
PSR AETE 4528 2835 25.9 62
Persada
Royal Golden Eagle 157.8 297.2 NA 55
Bumitama Agri Ltd. 219.3 3311 63.3 65
Indofood Agri
Resources Ltd. 2945 340.8 511 62
Sl [Py 395.6 5776 721 62
Plantations
Wilmar International 3346 583.8 a1 69
Ltd.
P [PErElBUmEr 4854 708.4 NA 66
Nusantara XII
Celletam Agi- 11234 1575.8 777 65

Resources Ltd.

Source: Concordian, using mill location and ownership data from the Universal Mill List 2019 (available on Global Forest

Watch) and mill capacity data compiled by Harahap et al 2020. See Appendix for a description of data limitations for this

figure and for further detail on additional datasets used as input to the BeWhere model. Data sources and limitations
related to unplanted concession areas at risk are detailed in our Indonesia analyst report available at http://orbitas.org




Section VI

Next Steps for Agricultural Actors and Financiers

SECTION HIGHLIGHTS

Our climate transition risk

analysis uncovers the following:

- Land use restrictions and
greenhouse gas (GHG) pricing
create stranded asset risks
for operators—especially those
who own or operate on high
conservation value and/or high
carbon stock lands.

+ Business as usual growth
strategies on forest and
peatlands will no longer be
tenable, forcing producers to
better use existing land rather
than expanding geographically.

- Smallholders represent low
hanging fruit to increase
industry yields and prevent
further deforestation,
underscoring the need for both
public and private actors to
provide technical and financial
assistance to smallholders.

- Emerging agroforestry
and carbon sequestration
approaches like intercropping,
silvopastoral farming, and
biogas cogeneration all create
significant opportunities for
companies to both survive
and thrive under climate
transitions.

- Company-level vulnerability
to climate transition risks
will depend on several
factors including operational
footprint, emissions intensity,
productivity practices and
investments, sustainability
strategies, market power,
cost of capital, and access to
capital.

Orbitas’ analysis underscores that
climate transition risks will create
both major opportunities and major
challenges for food and land use
systems. To assess and mitigate
these risks and take advantage of
future opportunities, the public and
private sectors must take significant
steps toward assessing, disclosing,
and preparing for climate transition
risks in agricultural sectors. Crucially,
without these transitions, agricultural
producers, investors, food systems,
and our global populations at large,
will suffer under the debilitating
impacts of extreme temperatures
and weather events.

Mitigating climate transition
risks will 1‘(’quirc signif‘iczmt
actions from both the public

and private sectors.

Based on our analysis, we suggest
the following concrete next steps
for agricultural stakeholders,
including industry actors,
financiers, and policymakers. It
is in both the public and private
sectors’ interests to proactively
prepare for inevitable climate
transitions not just to preserve
our fragile food systems and
global ecosystems, but also to
preserve the profitability and
longevity of agricultural activity.

A. INDUSTRY ACTORS
Objective:

Industry actors must both

support climate transitions and
prepare for them. As evidenced

by this report, climate transitions
create opportunities for many
agricultural producers to benefit from
higher prices while also minimizing
industry exposure to the physical
impacts of warming temperatures.
To adequately prepare for transitions
companies must:
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Actions:

1. Create in-house capacity or
outsource climate risk assessment
functions. Practitioners can use
the framework described in this
report and its accompanying
Technical Guidance to inform
climate transition risk preparation
and to take advantage of corollary
opportunities.

2. Disclose climate transition risks.
Proactive disclosure using existing
guidance from the SASB, CDP,
WBCSD, and/or TCFD and methods
employed in this report signals to
the investment community and
other stakeholders that a firm's risk
management functions are robust
and forward-looking.

3. Prepare a climate transition risk
mitigation strategy that includes
the following actions:

a. Implementing and enforcing
NDPE policies, including through
the High Carbon Stock Approach
(HCSA)-- a method that distingu-
ishes forest areas for protection
from degraded lands with low
carbon and biodiversity values.

b. Increasing transparency and
traceability within supply chains
to minimize indirect exposure to
climate transition risks through
suppliers.

c. Investing in sustainable
strategies, such as yield
improvements emissions
reduction technologies, and more
sustainable farming, breeding, and
raising techniques.

d. Focusing on producing and
marketing sustainable products
like plant-based proteins and
deforestation free consumer
goods to avoid reputational
risks in the eyes of increasingly
climate-aware consumers.
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Continued

Next Steps for Agricultural Actors and Financiers

ensure a smooth transition for
industry actors include:

1. Empower financial regulators
to require climate transition
risks assessment and
disclosure by both companies
and financial institutions. This
risk assessment and disclosure,
which should include disclosure
of a company’s operational and/or
portfolio emissions inventory and
intensity-is an important and
critical first step to ensuring
the future stability of financial-
-including insurance--and
agricultural systems.

2. Invest heavily in and encourage

productivity improvements.

Governments have historically

been some of the largest investors

in agricultural productivity—

including by scaling up assistance
and credit to smallholders.

Policymakers will need to

recommit to and scale-up

playing this role as yield

improvements become critical

to achieving climate goals. Specific

actions include:

i. Supporting large scale research
and development into sustainable
yield-enhancing technologies and
emerging agroforestry techniques.

Future Orbitas reports will more dccp]v examine how transition

risks and opportunitics can imp:tct zlgricu]turul sectors and

industries, as well as their comp;mics and investors. Orbitas also

bCliCVCS l‘hllt CXplll”lCliﬂg Clzl[‘ll access 2111(1 tl'llllS})Lll‘ClTC}' \\r’i[‘hiﬂ

ugricu]rur;l] supp]y chains, inc]uding financial flows is necessary

for stakeholders to idcntif‘}‘ p;lthW;l}*S to more sustainable business

pl'ZlCL‘iCCS llﬂd investments.

3.

39

ii. Providing dedicated financing and
grant facilities to smallholders
to encourage crop yield
improvements and more
sustainable livestock breeding
and raising practices.

iii. Mandating and financially
supporting the use of emissions-
reducing and yield-enhancing
technologies.

iv. Ramping up forest crime

monitoring and enforcement to

ensure a level playing field across
agricultural industries.

Improve industry and land use
data availability and transparency,
which are both essential to tracking
progress toward climate mitigation
commitments, rural planning, and to
providing industries with necessary
support during transitions. Govern-
ments should specifically release
data on land use and agricultural
production to all stakeholders to
ensure that civil society is able to
keep the public and private sectors
accountable.
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Annex 1

Forest Cover Projections Methods

To implement the national-level
land use restrictions in each of our
industry analyses, and to develop
high spatial resolution predictions
for forest area changes under each
climate transition scenario, we
utilize a model called OSIRIS.

OSIRIS is an econometric
model used to predict
reforestation and deforestacion
in countries located

in the tropics.

OSIRIS is an econometric model
used to predict reforestation and
deforestation in countries located
in the tropics. It achieves much
higher spatial resolution (0.05°
latitude x 0.05° longitude, or
approximately 5.5 km x 5.5 km at
the Equator) than MAgPIE because
it relies on high-spatial-resolution
historical observations of agricultural
prices, yields, and forest area in
each 0.05° x 0.05° grid cell across
tropical countries, finding the
most likely relationship between
agricultural value and forest area
for a given grid cell. Under climate
policies, OSIRIS can accommodate
the effect of GHG prices on forest
area by subtracting potential
forest carbon value from agricultural
value in each grid cell and, along
with the estimated historical
relationship between agricultural
value and forest area, separately
predict both deforestation and
reforestation in each grid cell

for all future time steps.

We run OSIRIS for each global-local
climate transition scenario. For
each scenario, OSIRIS uses the
same GHG prices used in MAZPIE.
We also multiply the agricultural
commodity price observations
used in OSIRIS (which uses 2000-
2010 production-weighted average
national farmgate prices for the
top five producer countries of
each crop (Busch et al. 2019)) by
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FIGURE A: FOREST COVER BY COUNTRY
A. Indonesian Forest Cover
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Source: Concordian
Notes: Forest cover projections are based on the OSIRIS model (Busch et al., 2019).%° Indonesian forest cover estima-
tes only account for forest on the mainland of Sumatra, Kalimantan, Sulawesi, and Papua.

FIGURE B: AGRICULTURAL LAND EXPANSION POTENTIAL BY COUNTRY
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Notes: See Technical Guidance for calculation details. For Indonesia, values indicate the maximum footprint (millions of
hectares) of the oil palm industry —including both industrial and smallholder plantations- for the mainland of Sumatra,
Kalimantan, Sulawesi, and Papua. The estimates include all palm-suitable land (Pirker and Mosnier 2018)°' that meets
the indicated scenario’s land-use constraints. Not all of this land is found to be economically feasible for development
using the BeWhere model. For Peru, values indicate the palm-suitable land (Pirker et al. 2016)%* available for industrial
palm development, using a minimum plantation size of 1,000 hectares; NDPE restrictions are applied in the Aggressive
scenario. For Colombia, values indicate the cattle-suitable land (Colombia’s Rural Agriculture Planning Unit)®* available
for industrial beef cattle production, using a minimum farm size of 200 hectares. For all countries and scenarios, the
estimates account for the forest projections from the OSIRIS model (Busch et al. 2019).



MAgPIE food price index (FPI) values
to generate grid-cell level agricultural
value projections to 2050 by
scenario. For scenarios where
deforestation is not allowed, FPI
values are increased by 10% from
MAgPIE estimates to account

for increasing agricultural prices

if commodity supply is further
constrained. Using these inputs,
OSIRIS provides area reforested and
deforested (if applicable) for each
grid cell and for each 10-year time
step between 2020 and 2050.

The grid cell-level forest area

projections are calculated for Peru,

Colombia, and Indonesia, with OSIRIS

trained on historical data specific to

each country. The results (Figure A)

are used in several ways:

+ In Indonesia, OSIRIS results are
used to create a land use constraint
map for an additional palm oil
industry optimization model,
BeWhere.

In Peru and Colombia, OSIRIS
results are overlaid with palm oil
and cattle grazing suitability maps
respectively to estimate constraints
to future agricultural growth.
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Annex 2
BeWhere Assumptions

Combining global models like MAgPIE
with regional, spatially-explicit models
like BeWhere and OSIRIS allows for
making powerful predictions about
how global climate policies and market
shifts can impact individual assets
over time and space. However, these
predictions are heavily dependent

on model assumptions. Some of the
strongest assumptions required for
applying the BeWhere model in this
context include:

+ The industry-wide Indonesian
expansion or contraction predicted
by BeWhere is sufficiently aligned
with global market trends such that
MAgPIE results remain valid. Since
we do not run the BeWhere model
for all palm oil production globally,
we cannot verify this assumption,

but both BeWhere and MAgPIE
suggest similar trends in Indonesian
and global palm oil production,
respectively.

- Forest cover expansion predicted
by OSIRIS is binding for Indonesian
palm oil producers, assuming that
OSIRIS accurately predicts where
forest cover will become more
economically attractive than palm
oil plantation. We assume producers
are not eligible to receive carbon
payments for planting forests.

+ We assume producers are able to
significantly increase FFB yields
on existing and new plantations,
by up to 200% between 2020 and
2050 in the Aggressive scenario.
This allows producers to both
increase plantation profitability
and avoid deforestation GHG costs.

Producers’ ability to achieve yield
improvements may depend on
government support or additional
company investments beyond what
we account for in our models.
Another important opportunity

that increases revenues in climate
transition scenarios is the ability of
mills to invest in technologies that
diversify revenue streams, including
kernel crushing and biogas capture.
Thus, we assume producers have
uninhibited access to capital needed
for making optimal investments,
avoiding the complication of capital
constraints.

- Additional discussion on our

assumptions and BeWhere model
structure can be found in this
report’s accompanying Technical
Guidance document.
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