From Risk to Resilience
Priority 5: Prepare for Biodiversity and Climate-Related Risks*

Prepared by: Paloma Hochstetter, Lucy Caldwell, Nicole Wang, Zehan Yu,
Xinran Cai
Prepared for: Campus and Community Planning
UFOR 401
The University of British Columbia
April 17, 2026

*This research was conducted by UFOR 401 students in Spring 2026, based on a draft of UBC’s Biodiversity
Action Framework (expected Summer 2026). The research is intended to inform the monitoring of identified
priorities within the forthcoming action framework.



Disclaimer: UBC SEEDS Sustainability Program provides students with the opportunity to share
the findings of their studies, as well as their opinions, conclusions and recommendations with the
UBC community. The reader should bear in mind that this is a student research project and is
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Introduction

The UBC Vancouver campus is an integrated community where people and wildlife coexist
within a shared ecological landscape. Located at the western part of the Point Grey Peninsula in
Vancouver, British Columbia (The University of British Columbia, 2025). The campus contains
a wide range of green spaces that support biodiversity, ecological functions, and opportunities
for teaching and learning. As climate change intensifies the pressures such as heat stress, drought
and disturbance risks, maintaining the biodiversity of school campuses requires not only
protection goals but also practical and traceable resilience planning strategies.

Priority 5 Framework

Priority 5, “Prepare for Biodiversity and Climate-Related Risks,” is a key component of the UBC
Biodiversity Framework because it brings together several interconnected biodiversity goals
within a single planning focus. It includes three sub-strategies: prioritizing the planting of native
species, planning for plant succession, and preparing for wildfire risk. These strategies are
interrelated because biodiversity resilience not only depends on the types of plants planted, but
also on the growth and development of the vegetation, the differences in site conditions at
different locations within the campus, and how to predict and manage future disturbance risks.

However, the Biodiversity framework has not yet formed a clear index system that can be
repeated over time. Research on climate resilience also proves that resilience needs to be
transformed into traceable planning and management details (Feldmeyer et al., 2019). For urban
forests, this means climate-ready species selection, structural development over time, and risk
screening and Response combined consideration (Brandt et al., 2016). Based on these gaps, this
report aims to have a practical and regularly monitored method for priority 5, provide one or
more independent indicators for each strategy, and link them to each other through the
combination of data support and concepts of the indicators to deliver a comprehensive project.
At the same time, Priority 5 also emphasizes Indigenous stewardship; this project can be a
supportive supplement to it, but cannot replace the future work with Musqueam to jointly
develop indicators and monitoring frameworks (Copes-Gerbitz et al., 2022).



Methods

Indicator development summary

Strategy

Indicator

Why was it selected

Main output

Planting of Native
Plants

Final Native Plants
Scores

Provides a quantitative,
updatable way to
compare native species

Species scoring tables
and recommended
species list

Plan for Plant
Succession

DBH Diversity

Links present a stand
structure with longer-
term resilience under
future climate stress.

Baseline DBH/LST
maps and Fairview
simulation comparison

Plan for Plant
Succession (Fairview)

AG_NPP, LA,
Available Water, Total
Carbon Reserves

Together, these
indicators capture
productivity, canopy-
related structure, water
performance, and long-
term ecological
resilience under future
climate stress.

Fairview simulation
comparison across
baseline and adaptive
planting scenarios

Wildfire Risk
Reduction

# of FireSmart Projects

Creates a flexible
indicator for
institutional progress
and a spatial screening
tool for priority areas.

Wildfire risk map and
field assessment

Prioritize the Planting of Native Plants
Preparing native species for climate resilience is a crucial point mentioned in Priority 5.
Measuring the performance of each native species quantitatively rather than qualitatively for the
changing climate is a comparatively straightforward way to assess each native plant and provide
a replicable approach to update and monitor (Esperon-Rodriguez et al., 2022). Firstly, we
divided the score into two parts: Baseline Score and Climate-related Score. We define the
baseline score as the adaptability of each species and the intensity of climate-related factors,
which remain constant over future climate projections. For climate-related scores, we referenced
the UBC Climate Science Report 2023, which clearly shows the forecast trends of attributes
most relevant to planting decision-making in different future development paths through the two
climate models SSP 2-4.5 and SSP 5-8.5. Finally, we add the score of the two parts together and




divide it as Suitable/Good/Marginal for future climate change and select a list that is both
considered Suitable under two climate structures (appendix 1.4).

Plan for Plant Succession

To examine plant succession under Priority 5, we focused on how forest structure and future
climate stress shape biodiversity and ecosystem resilience across the UBC campus. Succession
planning is important because campus vegetation is not static; plant communities change over
time, and without long-term monitoring and management, some areas may become less
structurally diverse and more vulnerable to future climate stress. UBC contains multiple land
uses with different species compositions, microclimates, and site conditions, so it needs to be
considered in a site-specific way to better support resilience under projected extreme climate
conditions by 2050. We selected DBH diversity as the main indicator because it reflects stand
development and structural complexity over time (Chang & Turner, 2019; Emery, 2010;
Burrascano et al., 2013; Pach & Podlaski, 2015). To establish a campus baseline, we compared
two contrasting sites. UBC Farm Forest represents a mature and structurally diverse stand, while
Fairview is more open, less structurally complex, and more exposed to heat stress. Fairview was
selected as the proof-of-concept site to test whether native and climate-resilient planting could
improve future ecological performance. Together, these site differences highlight the need for
succession planning that responds to local stand conditions rather than applying one uniform
approach across campus.

Prepare for Wildfire Risk and Response

Although wildfire risk doesn’t seem like a pressing issue for an urban landscape like the UBC
campus, climate projections indicate warmer conditions in British Columbia, so the likelihood of
wildfires is expected to rise, and proactive monitoring is essential. Despite this, wildfire risk still
remains under-integrated in campus-wide biodiversity and planning frameworks, with no
standardized approach to assessing or monitoring risk.

This gap highlights the lack of accessible indicators to track wildfire preparedness at the campus
scale, and the major tension between fuel management practices and biodiversity goals. This
project develops a set of proof of concepts that combine spatial analysis, field assessments, and
indicator development. Specifically, the use of a FireSmart-based indicator was selected due to
its flexibility and applicability across planning, education, and fuel management, making it a
well-suited indicator for UBC, where wildfire assessment frameworks are limited. FireSmart has
seven disciplines: Education, Vegetation Management, Legislation and Planning, Development
Considerations, Interagency Cooperation, Cross-training, and Emergency Planning (FireSmart
Canada, n.d). The broadness of “# of FireSmart projects” as an indicator ensures that progress
can be made on campus, at a scalable level, whilst capturing a wide range of actions rather than
relying on data-intensive indicators.



Key Analysis and Findings

Native Species Grading provides the scoring of more than 20 native tree species in two climate
frameworks, which can be continuously adjusted according to changes in future climate
forecasting, so as to achieve long-term monitoring. The recommended list will also be updated as
the climate framework changes, as a decision-making reference to compare the suitability of
species in future climates and provide guidance for future plant succession and special threat
areas, including fire risk mitigation.

Plant succession analysis shows that DBH diversity helps to distinguish between sites with more
mature, complex structures and places that may be more fragile in the future. In the Fairview
simulation, the introduction of four native tree species with high scores in Native Species
Grading has the best overall performance in terms of productivity, moisture performance and
long-term carbon reserves, showing that reasonable planting and maintaining climate resilient
species make the forest more adaptive to the future climate.

Wildfire-related work identifies areas that need further attention, especially near the hillsides of
Pacific Spirit Park and Wreck Beach. The wildfire risk map can be used as a screening tool as
part of risk assessment, providing a visual method for the future UBC assessment process.

Discussion

Overall, our analyses show that biodiversity resilience at UBC can be re-shaped by the
combination of species selection, vegetation structure, and climate-related disturbance risk. UBC
is not a single uniform landscape: it includes mature forest, open green space, residential areas,
and areas that may be influenced by adjacent high-risk landscapes such as Pacific Spirit Park.
For this reason, biodiversity resilience cannot be improved through one generalized response.
Instead, what is needed is a way to distinguish where existing vegetation should be retained and
monitored, where structural development is limited and adaptive planting may be necessary, and
where climate risks such as wildfire require planning beyond campus boundaries. In this context,
our three indicators are useful because they begin to connect long-term ecological change with
practical planning needs.

In the future implementation of the biodiversity framework, Campus and Community Planning
(C+CP), together with SEEDS and CBIRD, can continue to refine the calculation of each
indicator we proposed, and make more perfect updates for some indicators, such as Native
grading and the future modelling of forest division. Further monitoring includes risk variables for
wildfires, updating climate-based species scores after the release of the new climate report, and
testing alternative paths in more campus forests. These indicators can be incorporated into the
regular campus monitoring mechanism of SEEDS, CBIRD and C+CP in the future as specific



measurement models. At the same time, at the cultural level, promoting the integration of the
indigenous knowledge system of these indicators and cooperating with Musqueam and Coast
Salish peoples for burning practice could also be a practical solution for fire threat management
(Copes-Gerbitz et al., 2022).

Conclusion

This report shows that by integrating native species selection, plant succession, and wildfire risk
preparedness, Priority 5 can be transformed into a more practical and measurable resilience
framework. Our analysis shows that the biodiversity resilience at UBC does not consider these
tasks as separate tasks, but rather depends on how species suitability, vegetation structure, and
disturbance risks are comprehensively taken into account over time.

In conclusion, these findings indicate that priority 5 should not be approached throughout the
entire campus. Different areas of UBC are at different stages of structural development and face
different forms of climate-related risks. Therefore, future biodiversity planning should combine
species-level decisions, site-specific succession planning, and disturbance preparedness into a
comprehensive monitoring framework.

Although these indicators are currently still proof-of-concept tools, they provide a
practical starting point for long-term monitoring and future collaboration between
campus and community planning, SEEDS, CBIRD, and Musqueam.
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Appendix 1

Attributes

Sources

Native plant Tree List

UBC 2050 ecological baseline report, BC
native plant list and North VVancouver native
plant list.

Moist and Dry situation suitability data

Gardenia index for each native plants

Exposed area

RHS(Royal Horticultural Society) and
OSU(Oregon State University)’s index for
each native plants

Climate adaptation

Vancouver Urban forest tree list for future
climate (a species is appeared on which
column)

Drought, moisture, and fire tolerance

USDA official site database for each native
plants

Appendix 1.1 Data resources for the Native Plants Selection

Scientific Name Common Name Rich and moist areas (0/1)

Abies grandis Grand fir X

Acer circinatum Vine maple x

Acer macrophylium Bigleaf maple x

Alnus rubra Red alder X

Arbutus menziesii Arbutus

Betula papyrifera Paper birch x

Crataegus douglasii Black hawthorn x

Malus fusca Pacific crabapple x

Picea sitchensis Sitka spruce X

Pinus contorta Shore pine

Populus balsamifera Black cottonwood X

Prunus emarginata Bitter cherry x

Pseudotsuga menziesii Douglas-fir

Quercus garryana Garry oak

Thujaplicata Western redcedar X

Tsuga heterophylla Westernhemlock x

P Ponderosa Pine X

Populus tremuloides %
Trembling Aspen

Prunus virginiana X
Choke Cherry

Rhamnus purshiana X
Cascara

Medium and Dry areas (0/1) Exposed area (0/1) Climate adaption (1,2,3) Baseline score

L 2

X L 3
x & 3

X X M 5
X X H 5
x L 3
X M 4

L 2

L 2

X X H 5
L 2

X L 4

X X M 4
X X H 5
L 2

L 2

X X H 6
L 2

X X M 5
M 3

Appendix 1.2 Baseline Grades for Native Species Selected




Scientific Name Droughttolerance (0/0.67/1.33/2) (0/0.67/1.33/2) 133/2)  Future Drought tolerance
Abies grandis 133 067 2 148 070 221 438 638
Acercircinatum 067 067 133 01 070 147 201 591
Acermacrophyllum 067 133 2 01 139 221 43 734
Alnus rubra 133 067 2 148 070 221 438 038
Arbutus menziesii 2 0 133 223 0.00 147 360 860
Betula papyrifera 067 133 2 015 139 221 434 734
Crataegus douglasii 067 133 2 075 139 221 424
Malus fusca 0.67 067 067 0.75 0.70 0.74 218 418
Piceassitchensis 067 067 0 075 070 0.00 144 344
Pinus contorta 067 067 067 015 070 074 218 7.18
Populus balsamifera 067 133 067 075 139 074 287 487
Prunus emarginata 133 o 2 148 0.00 221 360 7.60
Pseudotsuga menziesil 067 067 067 0rs 070 074 218 618
Quercus garryana 2 067 067 223 om0 074 366 866
Thujaplicata 067 0 087 015 0.00 074 148 348
Tsuga heterophylla 067 ) 067 015 0.00 074 148 248
Eicepondarces 2 0 2 223 0.00 221 443 1043
PopaKs sesiose 067 067 2 075 070 221 Ere 565
Erisviohios 133 133 2 148 139 221 507 10.07
Bheouy paiiees 133 o 133 148 0.00 147 295 595
Appendix 1.3 Climate resilient Grades for SSP 2-4.5 Scenario

-
Scientific Name Drought tolerance (0/0.67/133/2)  Molsture tolerance (0/0.67/1.33/2) 133/2) tolerance tolerance
Abies grandis 133 0.67 2 151 071 224 447 647
acer circinatum 067 067 133 076 o7 149 296 596
acer macrophyiium 067 133 2 076 140 224 a4 741
Alnus rubra 133 067 2 151 071 224 447 947
Arbutus menziesii 2 o 133 228 0.00 149 a7 817
Betula papyrifera 067 133 2 076 140 224 441 741
Crataegus douglasii 067 133 2 078 140 224 a4 841
Malus fusca 067 067 067 076 071 075 222 422
Picea sitchensis 0.67 0.67 o 0.76 o7 0.00 147 347
Pinus contorta 067 067 067 076 071 075 222 722
Populus balsamifera 067 133 067 076 140 075 292 402
Prunus emarginata 133 o 2 151 000 224 376 776
Pseudotsuga menziesi 067 067 o067 076 071 015 222 622
Quercus garryana 2 067 067 228 o071 078 374 874
Thuja plicata 067 0 087 076 000 075 151 351
Tsuga heterophylla 067 0 067 076 0.00 076 151 as1
prkesccemae 2 0 2 228 000 224 as2 1052
foBuiie okl 067 067 2 078 o 224 an 57
[l vighiing, 133 138 2 151 140 224 516 10.16
R P 1.33 0 133 151 000 149 301 601

Appendix 1.4 Climate resilient Grades for SSP 5-8.5 Scenario

Scientific Name

Alnus rubra

Pinus ponderosa

Prunus virginiana

Quercus garryana

Arbutus menziesii

Crataegus douglasii

Common Name

Red Alder

Ponderosa Pine

Choke Cherry

Garry Oak

Arbutus

Black Hawthorn

Final grades (SSP 2-4.5)

9.38

10.43

10.07

8.34

Final Grades (SSP 5-8.5)

9.47

10.52

10.16

8.41

Appendix 1.5 Species list that is considered “Very Suitable” in both Climate Scenarios



Species Code

Scientific Name

Common Name

THU PLI
PSE MEN
TSU HET
ABI GRA
CUP NOO
ACE MAC
ALN RUB
POP TRI
BET PAP
RHA PUR
PRU EMA
SOR AUC
ABI PRO
CORFLO
ILE AQU
CRA MON
MAL FUS
PICSIT
SAL SCO

ALN GLU

Thuja plicata
Pseudotsuga menziesii
Tsuga heterophylla
Abies grandis
Cupressus nootkatensis
Acer macrophyllum
Alnus rubra

Populus trichocarpa
Betula papyrifera
Rhamnus purshiana
Prunus emarginata
Sorbus aucuparia
Abies procera

Cornus florida

llex aquifolium
Crataegus monogyna
Malus fusca

Picea sitchensis

Salix scouleriana

Alnus glutinosa

Western Red Cedar
Douglas Fir
Western Hemlock
Grand Fir

Yellow Cedar
Bigleaf Maple

Red Alder

Black Cottonwood
Paper Birch
Cascara

Bitter Cherry
Mountain Ash
Noble Fir

Florida Dogwood
English Holly
Hawthorn

Pacific Crab Apple
Sitka Spruce
Scouler’s Willow

Black Alder

Appendix 1.6. Species list of UBC Farm Forest, based on the UBC Farm tree inventory report

(Sunderland & Borah, n.d.).



Appendix 2: Proof of Concepts

Proof of concept: Native Species Scoring

1. Source collection (Also in Appendix 1.1)

Plant data

1. Drought, moisture, and fire tolerance come from the USDA official site database for
each native plants

2. Native plant trees list comes from UBC 2050 ecological baseline report, BC native
plant list and North VVancouver native plant list.

3. Exposed area data comes from RHS(Royal Horticultural Society) and OSU(Oregon
State University)’s index for each native plants

4. Moist and Dry situation suitability data come from Gardenia data for each native
species.

5. Climate adaptation (the species appears in what column of the Vancouver Urban
forest tree list for future climate)

Climate model data (SSP2-4.5,SSP5-8.5)

- Comes from UBC climate report’s description and analysis

- According to Table 7 (Precipitation) and Table 17 (Temperature).

rable 17: Projected Annual Precipitation (mm) by Season for UBC Vancouver Campus ~ SSP2-4.5 Table 7: Proj d g Temp for UBC Campus -
and 33pe-8 8 SSP2-4.5 and SSP5-8.5
Total Baseline 2021-2050 2051-2080 T Moan | Baseiine 20212050 20512080
Scenario | (1971- ; (1971-
(mm) 2000) Low Mean High tow Meurt High Scenarios (°c) 2000) Low Mean High Low Mean High
299 29 | 307 [ 330 | 289 | 311 | 333 m 134 145 149 16.1 15.1 15.8 177
Summer 151 113 134 155 107 133 157 Summer 213 226 235 249 236 243 266
SSP2-4.5 Fall 429 422 454 478 449 472 498
SSP2-4.5 Fall 139 15.0 15.6 16.6 15.9 16.6 18.2
Winter 564 546 583 610 559 590 634
Winter 6.9 7.8 8.2 86 85 9.2 9.9
Annual 1420 1417 1454 1503 1460 1498 1551
Annual 139 15.1 15.6 16.6 15.9 16.3 18.0
299 287 306 329 302 316 345 S 13.4 14.7 15.2 16.4 15.6 16.5 19.2
Summer 151 107 130 156 89 117 147 summer 213 23.0 239 25.6 24.7 25.6 286
Ssp58.5 £as 2 el 4% | w81 | 77 528 ssP5-8.5 |  Fall 139 155 158 171 16.6 175 19.7
Winter 564 541 596 622 547 602 675 Wi 6.9 78 85 91 93 100 114
Annual 1420 1411 1471 1497 1407 | 1515 | 1623
Annual 139 153 15.9 17.0 16.7 17.3 19.6

2. Grades calculation

Baseline grade (Site suitability+Climate adaptation)



1. Site suitability: Rich and Moist; Medium and Dry; Exposed (Each giving O for not
suitable and 1 for suitable)

2. Climate adaptive: What column showed in Vancouver Urban forest tree list for future
climate (Very Suitable for 3, Suitable for 2, Marginal for 1)

- Climate resilient grade (Moist Tolerant, Drought tolerance and Fire tolerance)
Example of calculating resilient score by calculating Drought Tolerance

Step 1. Original drought tolerance score for each species in USGS Government website.
Mentioned by Not/Low/Medium/High, each give 0/0.67/1.33/2.

Step 2. Drought Exposure (Eorougn) Step 3. Drought score for Climate Resilient
Eorought = (15]_]34)/15] Drought score for Climate
/ \ Resilient
e *
Baseline driest SSP2-4.5 2050 - Drom:ght tolerance™(1+ Eoroven)
month precipitation driest month =133 (]"'0-1125)
precipitation =148

All the climate resilience scores are following the same process of calculating, Drought is

Summer precipitation, Moisture is Fall+Winter precipitation, Fire is summer average
temperature.

3. Outputs and visualization

Grades Identification
1. Suitable in future climate (Overall Score more than 8)
2. Doing well in future climate (Overall Score form 5-8)
3. Marginal in future climate (Overall Score less than 4)

Table Creation (See Appendix 1.2-1.5)

- Overall grading for native plants under SSP2-4.5 and SSP 5-8.5
- Recommended Species List for Future Climate



4. Interpretation

The result should be used as a tool for comparative screening, but it is not recommended as a
fixed planting scheme. The score shows that the higher the score of the species is more suitable
under the current framework of the future climate, rather than replacing all low-score species
with high-score species.

The native species selection scoring system based on the climate model still has some
limitations. Firstly, simplifying the complex climate change impact to a few attributes cannot
fully reflect the adaptation of species to future climatic conditions. Local soil, canopy cover, and
other factors may also affect the performance of species. Secondly, for the three tolerances used,
each aspect will be determined by a variety of factors, and this study uses the main influencing
factors in a simplified way, so the climate impact cannot fully and accurately present the impact
differences under different climate paths.

For C+CP, this result can be used to support the relevant planning and species selection of plant
succession and wildfires by 2050. It identifies more suitable native tree species when
comprehensively considering future biodiversity, existing tree communities and 10-20-30 and
other diversity principles.

Proof of Concept: Plan for Plant Succession |

Indicator Selection

DBH diversity was selected as the indicator for plan for plant succession. Succession is the
gradual, predictable, and directional change in plant community structure and species
composition over time (Chang & Turner, 2019) (Emery, 2010). An appropriate indicator should
reflect the current successional stage of a forest stand. DBH refers to the diameter of a tree
measured at approximately 1.37 m above the ground (Lutz et al., 2013). It is a standard
measurement used to estimate tree age, size, and growth rate (Morgenroth et al., 2020).

DBH is important because variation in tree diameters reflects the structural complexity of a
forest stand. Forests at earlier successional stages often have smaller trees and a narrower range
of size, whereas mature stands typically show a wider distribution of DBH classes and a more
developed vertical structure; including canopy, midstory, and understory layers (Burrascano et
al., 2013). In this way, DBH diversity provides a useful indication of stand development and
potentially shows some indication of species composition, as tree species often vary in size and
are distributed across multiple layers within the stand (Pach & Podlaski, 2015).



Data Source:

1. The land surface temperature (Map 1) data were obtained from LANDSAT imagery
accessed through USGS EarthExplorer. The dataset represents the LST of the City of
Vancouver on January 28, 2026 with no cloud cover. These data were imported and
clipped in ArcGIS to generate the LST map of UBC. It was used to identify
microclimatic variation across campus.

2. The tree DBH data were obtained from the 2021 Tree Inventory collected by UBC
Forestry 200 students. They were used for creating the DBH diversity map ( Map 2 & 3)
in ArcGIS, allowing comparisons in stand structure between different campus sites.

Data Preparation:

1. The UBC baseline map was created by combining land surface temperature (LST) and
tree DBH data. A color scheme was applied to highlight microclimatic variation across
campus, with red representing hotter areas and green representing cooler areas. DBH data
of each tree were then overlaid onto the same LST map, where darker blue indicates
larger DBH values and lighter blue indicates smaller DBH values. UBC Farm and
Fairview were selected as example sites on the map because they show differences in
temperature conditions and tree structure.

2. Each site was divided into DBH classes ranging from less than 20 cm to greater than 60
cm at 20 cm intervals. The spatial area of each class was calculated in ArcGIS. Lighter
green indicates that most trees have smaller DBH values, whereas darker green areas
indicate the site is dominated by larger trees. UBC Farm contains six sub zones,
suggesting greater DBH diversity than Fairview.

UBC Baseline Maps

To better understand succession across campus and future climate risks by 2050, we created a
UBC land surface temperature map combined with DBH data to show microclimatic variation in
relation to stand structure. Two sites were selected to represent different land uses and
environmental conditions: the UBC Farm Forest, which is cooler and surrounded by more green
space, and UBC Fairview with sparser tree cover and higher surface temperatures. Comparing
these sites shows how differences in vegetation structure and local temperature may influence
forest development and support site-specific management planning in the future.



Then, we divided each site into DBH classes. UBC Farm Forest is a mature second-growth forest
with greater DBH diversity. It is dominated mainly by western red cedar, western hemlock,
bigleaf maple, and Douglas-fir (Sunderland & Borah, n.d.). Based on our field observations, the
stand appears to be in generally healthy condition. Some areas showed relatively higher tree
density with dead branches and fallen logs on the forest floor. Logs are worth retaining as they
provide habitat for microorganisms and contribute to nutrient cycling through decomposition
(Pastorelli et al., 2023). Overall, these characteristics suggest that UBC Farm Forest represents a
mature stand with well-developed structural complexity. Continued monitoring may be useful for
tracking the condition of older trees and assessing how stand density influences forest
development over time, while low or limited intervention may support its successional
development (Pach & Podlaski, 2015).

The UBC Fairview site has fewer DBH classes and vertical layers. It is a green space located
within a residential community, where tree cover is sparse, and the vegetation is dominated
mainly by ornamental or non-native species, such as vine maples, European mountain ash, and
willows. Compared with the Farm Forest, this site is more open and currently provides limited
ecosystem services. To enhance its future successional development and resilience, we used a
simulation model to assess whether introducing more climate-resilient and native species could
improve its structural and ecological capacity by 2050.
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Map 1. Baseline map of UBC showing land surface temperature and tree DBH distribution.
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Map 3. DBH distribution of the UBC Fairview



Proof of Concept: Plan for Plant Succession Il Fairview

Indicator: Climate-Adapted Plant Succession Performance

Step 1. Select the representative site

The Fairview plot was selected for this proof-of-concept because the age structure analysis of
ArcGIS showed that the proportion of mature and old forests in this plot was relatively low,
indicating that it was in a relatively open state, with a weak canopy layer development and being
highly susceptible to high-temperature exposure and insufficient water retention capacity. Given
these characteristics, Fairview became an ideal experimental site for conducting studies on the
succession of plant communities under future climate stress.

Step 2. Define the future climate scenario

Historical climate data were used as baseline input, and a hotter-drier future climate scenario was
adjusted based on the University of British Columbia Climate Science Report (2023).

According to the guidelines of the UBC Climate Science Report, this simulation set extreme high
temperatures as the primary climate disaster; while drought stress and extreme rainfall caused by
extreme high temperatures were regarded as secondary chain effects triggered by the increased
heat and dryness of the summer condition.

Step 3. Build the LANDIS-11 simulation setup

Using LANDIS-I1 v8.0 with the NECN Succession extension, we conduct a comparative
simulation of the vegetation succession in Fairview. We took the current state of the site as the
initial baseline value. We then compared three 24-year simulations.

Step 4. Compare three simulated scenarios
1. Baseline succession scenario without extreme high temperatures nor additional
interventions
2. Adaptive scenario under extreme high temperatures, without introducing local species but
with age diversity.
3. Adaptive scenario under extreme high temperatures, further introducing four climate-
resilient native species listed in the native plant list on the basis of age diversity.

Step 5. Add climate-resilient native species

The newly added species include Chokecherry, Ponderosa pine, Douglas-fir and Saskatoon
berry. Each species has multiple cohorts set up to simulate age diversity and stratified forest
structure, assessing the impact of different planting combinations on productivity, water
performance and long-term carbon accumulation under future extreme high-temperature
conditions.

Chokecherry and Ponderosa pine were chosen because they have the highest scores among the
native species list mentioned above; Douglas fir was chosen because it has strong local



ecological representation in B.C.; and Saskatoon berry was chosen because it can supplement the
middle and lower layer in the community structure.

Step 6. Compare ecological outputs

We analyzed four ecological output indicators: Net Primary Productivity Above Ground
(AG_NPP), Leaf Area Index (LAI), Available Water, and Total Carbon Reserves to conduct
horizontal comparisons and evaluations among the above three scenarios regarding vegetation
productivity, forest canopy structure, water dynamic performance, and long-term biomass
accumulation status.

Specifically, AG_NPP increased from 225 to 291, indicating an enhancement in vegetation
productivity; available water increased from 3 to 14, suggesting an improvement in water
conditions under climate stress; and the total carbon reserves increased to 12,623, indicating an
improvement in long-term biomass accumulation capacity and ecological functions.

This is probably because in this model, LAl is likely not varying individually at each location,
but rather the entire simulation cell corresponds to a single overall LAl value for the year. The
model may stabilize at a canopy level close to 3 very early on. If the site quickly reaches a
relatively stable canopy level in the early stages of the simulation, the LAI (Leaf Area Index)
may fluctuate around this value each year. If integer outputs are then added, the result is that
every year is 3.

Succession Simulation Results Across Climate and Planting Scenarios

Baseline Value Adaptative Value Adaptative Value

Baseline (just after 24 years with no (extreme heat but no (extreme heat with age
value action taken, but also no native tree, only age diversity and four native

extreme heat) diversity) plants)

Indicator Meaning

Net Pri
rimary The higher the level, the stronger the

Productivity Above 227 225 225 291 rowth/productivit
Ground (AG_NPP) Qrowip s
Ahigher LAl lly indicate t of
Leaf Area Index (LAI) 3 3 3 3 igher generally indicates a grgater amo}.ln o
canopy leaves and stronger shading potential.
Available Water 2 3 3 14 Available water

Total Carbon 12204 12125 12078 12623 The higher the.level, generally indicates hlgher long-
Reserves term biomass/carbon accumulation.

How are the indicators calculated, and why are these values used?

They are calculated using the NECN Succession extension. NECN is a carbon-nitrogen-water
process module based on the CENTURY approach. It simulates the growth, death,
decomposition, soil organic matter, and water processes of cohorts monthly, and then
summarizes the results into the annual output raster you see. The official NECN documentation
clearly states that it performs total ecosystem accounting of carbon and nitrogen, and estimates
AET, PET, climatic water deficit, and available soil water.



AG_NPP: This parameter is the maximum possible aboveground net primary productivity
(ANPP) for each cohort of each species. The value is specified as the ANPP in the month of the
year with maximum growth (e.g., June). Value: 0 < integer < 100,000. Units: g biomass m-2
month-1. Default value: 0.

LAI: Light Competition = exp(-0.14 x monthly cumulative LAI), the higher the LAI, the
stronger the light competition restriction calculated by this formula

AvailableWater: the plant-available soil water remaining after precipitation/snow inputs,
interception, evaporation, runoff, and soil-water redistribution are accounted for.

TotalC: total ecosystem carbon stored in the modeled cell across live biomass, dead organic
matter, and soil organic matter pools.

Proof of Concept: Wildfire Risk Map

To assess where wildfires could begin and spread at UBC, we created a wildfire risk map analyzing
the campus and the surrounding Pacific Spirit Park. A spatial model was created integrating
topographic and vegetation variables derived from LiDAR data.

1. Data Acquisition
LiDAR datasets were obtained from LiDAR BC (https://lidar.gov.bc.ca/pages/download-
discovery), including:

e Digital Elevation Model (DEM) for topographic analysis

e Point cloud (.LAS) tiles for vegetation structure
All datasets were imported into ArcGIS Pro and projected in the NAD83 UTM Zone 10N
coordinate system using Project Raster and Create LAS Dataset tools.

2. Study Area Delineation
A polygon boundary representing the study area was manually drawn using the Create Features
tool to include the UBC Vancouver campus and Pacific Spirit Regional Park. All DEM and
point cloud tiles were clipped to the study polygon using Clip (Raster) and Extract LAS tools.

3. Derivation of Risk Factors
Slope and Aspect (DEM) were determined using the Slope tool to calculate percent rise and the
Aspect tool. These rasters represent terrain steepness and orientation, both of which can
influence fire ignition and spread. Vegetation cover was extracted from the LIiDAR point cloud
using the Create LAS Dataset tool, filtering by classification codes where Classes 3-5 represent
areas of vegetation. Then the LAS Dataset to Raster tool was used to produce a continuous layer
of vegetation presence.

4. Reclassification to Binary Risk Layers
Each raster layer (risk, aspect, vegetation) was reclassified using the Reclassify tool to create a
standard binary risk classification. The slope layer was reclassified where slope is greater than or
equal to 30% was classified as 1 (high risk) and where slope is less 30% was classified as 0 (low
risk). The aspect layer was reclassified where south and west facing slopes (135°-315°) were


https://lidar.gov.bc.ca/pages/download-discovery)
https://lidar.gov.bc.ca/pages/download-discovery)

classified as 1 (high risk) and north and east facing slopes (315°-0° and 45°-135°) were classified
as 0 (low risk)

5. Wildfire Risk Index Calculation
The final wildfire risk index was generated using the Raster Calculator tool using the equation
Slope + Aspect + Vegetation. Output values ranged from 0 (lowest risk) to 3 (high risk). A
combined risk of aspect, slope and vegetation would generate a score of 3.

6. Map Visualization
The resulting raster layer was symbolized with a grey to red colour scheme and a legend was created
to communicate the wildfire risk index scoring. We added a layer of building footprints to help add
context.

It is important to note that this map does not capture all of the nuance and complexity that goes
into assessing wildfire risk. This map is only to be used as a screening tool to identify areas that
could be more likely to have wildfires ignite and spread near the UBC campus. Wildfire risk
assessment should be supplemented with extensive field visits and data collection.
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Map 4. UBC Wildfire Risk Map



