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Abstract

We are experiencing a climate crisis that must be confronted with strategic mitigation. Pomona
College contributes to the climate crisis through its emissions for which there is a baseline
record. However there is no baseline record of the climate mitigation currently performed by the
trees on Pomona’s campus through carbon storage. This study seeks to determine a current
baseline quantity of carbon stored and sequestrated by Pomona’s trees as well as possible courses
of climate mitigation for Pomona College to take. Initial information gathering was conducted
through interviews with several stakeholders. This study was conducted using data collected
prior to the study which includes the species, location, and diameter at breast height (DBH) of
each tree on Pomona’s campus. The carbon stored and sequestered by each individual was
determined for 60% of the trees with the [forest service CUFR] Calculator which utilizes region
specific allometric equations. The remaining 40% of trees were not included in the calculator and
so the remaining species were categorized and a conservative representative included in the
calculator was chosen for each as a model. The data was analyzed using statistical and spatial
analysis. 10,759 metric tons of carbon were found to be stored by Pomona Colleges campus
trees. Spatially, this amounts to 18,875 metric tons of carbon per kilometer squared. The campus
trees were found to sequester 340 metric tons of carbon annually, which is 586 metric tons of
carbon per kilometer squared. Most campus trees were found to be young which indicates they
will continue to store carbon in the future. The Platanus genus and the Quercus genus were found
to store the most carbon on Pomona’s campus. 98% and 99% of the trees of these genera,

respectively, were found to be native to Southern California. It is recommended that this study be



repeated every decade. To increase the lifespan of the trees on Pomona’s campus, and therefore
increase their carbon storage potential, it is recommended that a watering regimen that
approximately matches the native climate be adapted where possible, that more native trees and
habitats are planted on campus, and that pruning be conducted during the winter. This study
emphasizes the importance of planting more trees on campus and perhaps in the surrounding
communities and provides potential for future expansion of this study to other campuses as well

as further avenues of inquiry.

Key words: Carbon storage, carbon sequestration, climate crisis, biomass



INDIVIDUAL REFLECTION

Clinic and Project Overview

This Capstone project is part of the Environmental Analysis Senior Capstone Seminar in
which Environmental Analysis majors are able to partner with a client and work with fellow
Environmental Analysis majors to realize a project that the client requires.

I worked with a team of 6 other Scripps and Pomona students of senior class standing in
partnership with our client, Char Miller. Char Miller, a professor of Environmental Analysis at
Pomona College and a board member of the CarbonNeutrality2030 subcommittee, requested that
a group of students determine the quantity of carbon storage on Pomona’s campus.

Although there is a baseline for water, waste, and energy for Pomona College, there is no
baseline above-ground carbon storage data for Pomona College (SAVE Annual Report 2022,
2022). This project established a baseline of above-ground carbon storage in Pomona’s trees. We
only included trees in our study, as opposed to other flora because they store the large amounts of
carbon because of their large biomass (Nowak et al., 2013) and the biomass of trees can be
measured based on Diameter at Breast Height (DBH) (Navar, 2009) where DBH and biomass are
positively correlated. (Navar, 2009) The DBH of Pomona’s trees was included in the inventory
done by Arbor Access (Daryanto et al., 2013).

The deliverables of this project were a report which is included in this thesis and an
executive summary.

Project Selection
I conducted ethnographic research on coastal climate adaptation in Samoa and the South

Pacific when I studied abroad in Samoa. Reflecting upon this experience, and the knowledge I



accrued in Samoa about ecosystem-based mitigation and adaptation, I was inspired to further my
investigation of ecosystem-based mitigation through my Capstone project. I think that our
findings emphasize the need for more carbon storing ecosystems because trees are an effective
carbon sink. However, our findings also indicate that we cannot depend solely on these
ecosystems to make up for the College’s emissions, instead a two pronged mitigation strategy
needs to be carried out: supporting species that store large amounts of carbon, and drastically
lowering emissions including their contributions to other entities that have high emissions.

I was interested in looking at climate through quantitative research as my previous
experience with climate research had been qualitative. Additionally, this project has given me
more experience with quantitative research and taught me skills that I can use in my future work
in the field. I had done secondary analysis quantitative research and smaller primary quantitative
research in my courses, but the larger, self-designed, primary research projects I have done have
been qualitative research. I also hoped to gain experience with data collection, however this
ultimately was not a component of our methods because we were able to use the data collected

by Arbor Access in the inventory.

Skills Learned and Experience Gained

Through this project I developed an understanding of allometric equations and learned
how to create a model. I developed a deeper understanding of carbon storage and its role
pertaining to climate change. I gained experience navigating team dynamics, dividing up work,
establishing and maintaining a timeline for my individual contributions as well as the overall

project progress, and communicating and negotiating priorities among team members.



3.4 Campus-wide carbon-storing and carbon-sequestering hotspots
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The areas with the highest carbon storage and sequestration are concentrated across the wash as

well as by Marston Quad, and south of the softball field (Fig. 5). These are also the areas with

the most native trees and use the least water. The least carbon-storing and carbon-sequestering

areas on campus are located around Dialynas and Oldenborg Residence Halls, the Seaver

Science Building, and just north of Big Bridges.

4 Discussion
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4.1 Overall implications of total carbon stored and sequestered

A number as large as 10,759 metric tons of carbon is daunting, and can be quite hard to
intuitively conceptualize as either a significant amount of carbon stored on a college campus or
relatively little. A good place to begin is the 2030 carbon neutrality goal. Three percent of

Pomona’s total 2014 baseline emissions are offset yearly simply by the trees on campus.

4.2 Species and Genera

Our findings have important implications about future tree planting on Pomona’s campus. The
trees that we found to store the most carbon on Pomona’s campus align with previous works’
claim that native habitats store more carbon in their biomass and their soil (Caspi et al., 2019)
than non-native habitats. A recent paper by Caspi et al. (2019) highlighted the significant
difference between soil carbon storage between native Southern California habitats and
non-native grasslands. When native Coastal sage scrub habitats are converted to habitats
dominated by non-native grasses, more than 940 tonnes of carbon are lost per kilometer squared.
The carbon stored in the soil is released into the atmosphere during conversion from native
habitats to non-native habitats, linking the preservation of native habitats to the fight against

greenhouse gas emissions.

The longer roots of native trees are able to contribute to a deeper vertical distribution of carbon
storage belowground (Jobbagy & Jackson, 2000) through their biomass and their contributions to
soil carbon storage (Ontl & Schulte, 2012). The ecology of Southern California is characterized
by seasonal drought in the spring and summer months balanced by seasonal rains in the fall and
winter months. Native tree species are adapted to this water regime, and these adaptations make

them able to survive long amounts of time. In order to reach for the limited amounts of water the
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local environment offers, native tree species like the Coast live oak (Q. agrifolia), which we
found to be in one of the top carbon storing genera on Pomona’s campus, expand their root
systems in length to reach for water (Bornyasz et al., 2001) and have a high root:shoot ratio
under drought conditions (Snow, 1973). This is a possible explanation for Jobbagy & Jackson’s
(2000) finding that low precipitation is associated with deeper carbon storage distribution.
Jobbagy & Jackson (2000) suggest that a deep vertical distribution of carbon storage can create a
long lasting carbon sink that is less affected by changes above ground because at a lower depth
there is slow carbon turnover. The ongoing and anticipated changes in climate and land use

increase the importance of deep soil carbon sinks.

4.3 Implications of the campus-wide spatial distribution of climate storage and sequestration
on tree planting and watering

The assertion that native trees store more carbon and are more drought tolerant is further
supported by the findings of our spatial analysis. We found the spatial distribution of carbon
storage to be positively correlated with native tree abundance which were both negatively
correlated with watering. These findings suggest that to increase carbon storage and decrease
water usage, Pomona College should plant more native trees and follow a watering regimen that
matches the natural climatic conditions. Additionally, Pomona College should conduct land
management that supports the resilience of the native trees and habitats currently present on

Pomona’s campus.
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4.4 Tree Care

In order to maintain the campus trees healthy and long-lived and therefore maximize their carbon

storage across time, the literature calls for three further aspects of tree care.

4.4.1 Native Habitats. Not only does native habitat preservation increase soil carbon
storage, but given the preference that native insect and animal species usually demonstrate
towards native tree species, a high presence of native trees on campus would help protect the
endangered Coastal sage scrub ecosystem, which has been reduced to 10% of its original range.
On top of protecting endangered flora and fauna, healthy native ecosystems store higher amounts

of carbon, therefore raising the carbon storage total for Pomona College.

4.4.2 Pruning Time. Currently, pruning of on campus trees takes place over the spring
and summer. However, this is a crucial time for tree health and ecosystem health that cannot be
overlooked. Over the course of spring and summer months, in fact, bird species nest in the trees
on campus, making use of one of the plentiful ecosystem services that these trees provide.
Pruning in the spring and summer disturbs nesting behavior in local bird species and threatens
their livelihoods. Moreover, during the spring, the lifecycle of tree pests renders trees more
vulnerable to their presence. Pruning trees in the spring heightens the threat of tree pests,
untimely exposing their branches and trunks. We propose that pruning of on campus trees should
happen in the winter months, when no nests are present in the branches, and no pests threaten

exposed trees.
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4.4.3 Water and Soil Compaction. The root length of native tree individuals fosters
their resilience to the cyclical high winds that affect Southern California. (Day et al., 2010) On
campus watering regimes, however, provide high amounts of water to the trees (W. M. Meyer,
personal communication, January 30, 2023), which does not necessitate deep roots and therefore
renders them prone to falling during strong wind episodes (Day et al., 2010) in addition to
decreasing the vertical below-ground carbon storage distribution services that deep roots provide.
We propose that the on campus watering regime be adapted to the ecology of native trees in
order to maintain the long-lived native species on campus alive and healthy and therefore

conserve their carbon storage capacity.

Typically, tree individuals struggle to expand their root systems when the soil they are planted in
is compacted. (Day et al., 2010), however, this has less effect on Coastal Live Oaks whose roots
can extend into bedrock in low water conditions (Bornyasz et al., 2001) and so are better
equipped to extend into the compacted soil found in urban environments than other species.
Around buildings on campus, the soil is usually compacted to create a strong foundation for
construction. (W. M. Meyer, personal communication, January 30, 2023) We propose that future

tree planting pay close attention to soil conditions in order to foster healthy root growth.

4.5 Energy-Water Nexus

Our results should be looked at through the context of the energy-water nexus. Coined in
a landmark paper, Gleick (1994) states that water and energy are interdependent. Water is used
for energy production, and the energy consumed for water services such as extraction, treatment,

delivery, and heating often emits carbon. In the context of this project, overwatering not only
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prevents trees from taking deep root, but also expends more carbon through water energy. Water

energy matters for carbon neutrality.

4.6 Comparison to other schools

Other schools, such as California State University Northridge, are certified Tree
Campuses within the Arbor Day Foundation’s Tree Campus USA program. This program
recognizes the importance of trees from both an ecosystem and human-centered point of view. A
campus must achieve five overarching standards to be approved: establish a campus tree
advisory committee, have a campus tree care plan, verify its annual expenditures, observe Arbor
Day, and create a service-learning project aimed at engaging the student body. Middlebury
College is a considerably similar institution to Pomona College, with 2,200 trees on a 350 acre
campus. With 3347 trees on a campus half the size, Pomona can certainly become a Tree

Campus with enough will.

4.7 Beyond Carbon

Beyond carbon storage and sequestration benefits, trees provide other advantages to the campus.
By providing shade, it allows for refuge for pedestrians and animals in the dry heat, and creates a
difference of 10 to 15 degrees Fahrenheit. This is increasingly important in Claremont, as climate
change brings higher and higher temperatures every summer, particularly in late August and
September when students return to campus in dorms that are, for the most part, not climate

controlled.

Trees also provide a biophilic element to the campus, which lends itself to improved well-being

and increased connection to nature.
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4.8 Limitations

As mentioned, we are using a conservative estimate of carbon storage. We do not claim to have a
complete accounting of tree carbon storage, however, our calculations provide a feasible
minimum amount. Our findings are limited to the trees on Pomona College’s campus, but a

comprehensive account of the trees on all of the Claremont Colleges would be useful.

Further limitations are that the Arbor Access data was presumed as accurate, and little to no
ground truthing was done to ensure their inventory was correct. However, when looking at a tree
map created by location data from Arbor Access, the authors did have a general sense that it

aligned with reality.

A large limitation of our carbon storage estimate is that not every tree planted on Pomona’s
campus was frequently planted or native to the Inland Empire. The CUFR calculator does not
currently have the capacity to estimate the carbon storage of a tree planted in a habitat it doesn’t
normally grow in. That is, for a species that normally grows in the North, and whose species can
be found in the calculator only under the North zone, a carbon estimate cannot be obtained for a
tree of that species which is planted in the Inland Empire. This is true for every species that is

planted across zones. Currently, it is both a limit to our project and to the calculator.

or every tree that was not calculated as Magnolia Grandiflora, and was not categorized as in the .
Pomona’s campus is a Coastal sage scrub environment, but the CUFR calculator does not

currently have the capacity to have the environment in which a tree was planted as a variable.

Instead, CUFR recommends that for a tree not available for a region, the user should find a tree

with similar mature height and growth rate that is available for the
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5. Future Directions

The methodology used in this study is repeatable and should be used for future accounting of
carbon storage on Pomona's campus.

To get a better understanding of Pomona College’s carbon sequestration this assessment should
be repeated at least every decade. Pomona College should continue to consult with professional
arborists to conduct future inventories of its trees, ensuring data for future projects is accessible.
This methodology could be adapted to quantify the carbon stored on the other campuses of the
Claremont Consortium as well as the Bernard field station. This could foster insightful
comparison of carbon storage figures between the schools as a function of their various land use
strategies.

Soil also contributes to the carbon cycle by capturing carbon from carbon enriched compounds
and the growth and decay of organic matter such as plant roots and plant litter. (Ontl & Schulte,
2012) The carbon stored in the soil on Pomona’s campus could be calculated and added to the
total amount of carbon stored by Pomona’s trees, to have a more complete record of the carbon
stored on Pamona’s campus.

Since carbon is emitted through water usage, it must be included in Pomona College’s emission
reports. Lastly, a project that may bring positive results is getting Pomona College to make its

investments public, reinforcing the work of Divest5Cs.
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Appendix 1: Decision Tree for Species not on the Forest Services Calculator

Is there a tree species on the Carbon Calculator that belongs
to the same genus as the species not on Calculator?

Yes
|

Use the tree species of the same Eer_lus and input What type of broad category does this species fit
the DBH or Height data from the individuals into?

of the species not on Calculator

Conifer Palm

Find the most conservative carbon-storing Find the most
Broadleaf or Conifer on the Calculator for the conservative
Inland Empire climate zone and use it to input carbon-storing
DBH data from the species not on Calculator Palm on the

Calculator for
the Inland

Empire climate
zone and use it to
input Height data
from the species
not on Calculator
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Appendix 2: R Script for Data Analysis
library(readr)
library(dplyr)

library(ggplot2)

arborDF <- readr::read csv("Arbor Access Data.xlsx - All Species.csv")
arborDF %>% head() %>% View()
names(arborDF)[11:13] <- c("CarbonStoredKG","CarbonSeqKG","FScode")

names(arborDF)[5] <- "TaxusSpp"

arborDF <- arborDF %>%

mutate(CarbonStoredKG = as.numeric(CarbonStoredKG))

genus_vec <- ¢()
for (sppi in arborDF$TaxusSpp) {
genus_1 <- unlist(stringr::str_split(sppi,pattern=""))[ 1]
genus_vec <- append(genus_vec, genus_1i, after=length(genus_vec))

}

arborDF§$genus <- genus_vec

arbor_mod <- Im(CarbonStoredKG ~ genus + ActualDBH + genus*Actual DBH, data=arborDF)

summary(arbor _mod)



arbor_model table <- cbind(row.names(summary(arbor _mod)$coefficients),
summary(arbor_mod)$coefficients)

arbor_model table <- tibble::tibble(data.frame(arbor model table))

names(arbor_model table) <- ¢("Name","Coefficient","StdError","Tstat","Pval")

View(arbor model table)

arbor_model table %>%

dplyr::filter(Pval <= 0.2) %>%

View()

sort(unique(arborDF$TaxusSpp))[1:5] # Acacia baileyana

mean_summary <- arborDF %>%

group by(genus,DBH) %>%

summarise(mean = mean(CarbonStoredKG))

View(mean summary)

34



