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Climate change poses dire threats to species, biodiversity and ecosystem services and creates
challenges for conservation planning. The methods developed in this project can help conservation
planners design effective policy that can efficiently manage the risk from climate uncertainty.

Modern portfolio theory is used to guide conservation efforts aimed at
reducing climate chnage driven uncertainty in future conservation outcomes. However, standard
portfolio theory has two main shortcomings: 1) it is information intensive and cannot be applied for

fine-sclae conservation planning; and 2) it is static in nature and fails to accountfor temporal
changes associated with climate uncertainty. We modify the portfolio optimization probelm to address
these problems. We identify and compare three robust statistical estimators that can be used for
systematic conservation planning under climate change with insufficient information. We also combine
the standard portfolio theory framework with Marxan to minimize the risk of climate uncertainty for
fine scale conservation planning. Finallg, we combine protfolio theory with real options analyses
to develop a framework that can consider both spatial and temporal uncertainties associated with
climate change in conservation settings.
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Climate change is the most significant environmental issue of our time and poses dire threats to
species, biodiversity and ecosystem services. Protection of the environment for future generations
and efforts to limit the impacts of climate change are of the utmost importance. However,
uncertainty associated with future climate projections complicates decision making associated
with the management and protection of the environment. New science is needed to manage the
risk that climate uncertainty creates for future outcomes of current environmental conservation
investments. Climate change—driven uncertainty in future environmental outcomes makes it
difficult for conservation planners to undertake systematic conservation planning. Protecting
places that currently have high conservation value does not ensure that the future conservation
value of those areas will be high. Portfolio theory has been used in several branches of economic
research on natural resources management under climate uncertainty, including biodiversity
conservation, fishery management, forest restoration, and invasive species control. Existing risk
management tool based on portfolio theory enables policy makers and conservation planners to
exploit information on spatial covariances in future environmental outcomes to efficiently allocate
conservation and environmental management investments across space. However, these methods
assume a static conservation planning strategy that does not change over time and thus fails to
take into account the dynamic nature of climate change uncertainty. Existing methods also do not
allow for fine-scale conservation planning when the climate change information is insufficient.

2. WHEOHB

Species, biodiversity and ecosystem services are declining globally at an unprecedented rate.
Given the severity of this environmental crises, there is a new and urgent call to protect 30% of
the world’s ocean and land area by 2030. But climate change creates new challenges about when,
where and what to protect to ensure future ecological outcomes and targets are met. This study
will develop a new theoretical framework that can help identify when and what to protect and
how much resources should be invested for protection to achieve the best risk-return tradeoffs
over time and across space. The new methods will also address the problem of fine scale
conservation planning that is especially challenging with limited climate change information. The
methods developed are broadly applicable to a variety of environmental planning problems in the
face of uncertainty. To demonstrate the applicability of this framework, we illustrate its use for
several different case studies: including vegetation conservation in Hokkaido, wetland
conservation in the USA and coastal wetland conservation in Australia in the face of a changing
climate.

3. WHEDTTIE

We identify three statistical approaches that can overcome the lack of sufficient information
and enable the use of modern portfolio theory for fine scale conservation planning in the face
of climate change uncertainty. Our methods are based on previous studies from the finance
literature that have suggested several estimation strategies to efficiently use portfolio theory to
derive optimal portfolio allocations even with insufficient information. We illustrate the use of
three methods for identifying efficient portfolio allocation strategies using case studies of
wetland conservation planning in North America and coastal conservation planning in
Australia. These methods are applicable for a broad range of conservation planning scenarios
where the ecological outcome faces climate uncertainty.

In a separate model, we develop a new decision framework for environmental protection under
climate change by formally integrating two different risk-reduction strategies: (a) portfolio



theory to diversify across different environmental projects at a single point of time, and (b) real
options analyses to determine dynamic modification of environmental actions through time. To
develop this new decision framework, we integrate portfolio theory with real options theory in a
two-step process.

4. WFIERLE

Information regarding climate uncertainty and environmental outcomes is often limited and difficultto
acquire. We identify and compare three different estimators that can enable a conservation agent to
conduct portfolio allocation among a large number of planning units with limited climate change
information. These estimation techniques
perform well compared to the full
information MPT analyses and can lead to
potential cost savings due to lower
information requirements. We find that all
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similar to the best possible risk-return trade-offs as
determined by the “true” efficient frontier based on
complete information. We apply our methods to two
case studies to illustrate how to efficiently use portfolio =+ |
optimization for fine-scale conservation planning with ~_|
limited climate change information: 1) for the Prairie
Pothole Region in the USA (see Figure 1) and 2) for
coastal wetland conservation in Australia (see Figure -
2).
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Efficient Frontier Finally, we also use the case study of
Daisetsuzan National Park to illustrate how to
combine Marxan and portfolio optimization to
do fine-scale conservation planning.
Daisetsuzan National Park is rich in alpine
plant species that support biodiversity, provide
a range of ecosystem services, and support the
tourism industry. These alpine vegetations are
“ expected to be particularly vulnerable to

climatic changes. We evaluate the expected
changes in four types of alpine vegetation (i.e. snow bed, fellfield, wilderness and shrubs) for
three climate scenarios and two GCM maodels across the approximately 900 sq. km. study site.
We then combine Marxan site prioritization with portfolio optimization to identify which grids
are most important for conservation efforts (see figure 3 for preliminary results).
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We have also developed a two-step process that combines portfolio optimization with real
options analyses to allow for temporal variation in portfolio allocation strategy. For this
framework, in the first step we use portfolio theory to identify how planning decisions can be
optimally allocated across different environmental projects based on risk preferences at a given
point in time using a predefined budget. We use the results from the first step as an input to the
real options analyses in the second step to determine when the allocations from step 1 should be
made to accommodate the risk of climate change across time. A combination of these two steps
help us determine how much resources to allocate to a particular area or species and when to
make that allocation. We have collected data on the predicted changes in the area and types of
coastal wetland in the eastern United States. We will use this data to illustrate our two-step
framework.
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