Projected Effects of 80 Years of Climate Change on the Economic Benefits of Tree Species
Located in Goshen Indiana

By Aidan Friesen

Assumptions and Limitations

Some details were limited or assumed in the process of this experiment and research. The
first assumption is that the public trees in Goshen were inventoried correctly, whether
determining the correct species or giving a reasonable estimate of height or diameter of
individual trees. A limitation of this data is currently there are only 13,499 trees inventoried in
Goshen;this is not the entire number of trees in Goshen - there are many more waiting to be
inventoried.. The Climate Change Atlas database, provided by the United States Department of
Agriculture: Forest Service Page, is another limiting factor, given that not all of the tree species
in Goshen’s data are represented in the Atlas. The final limitation is that these climate change
projections are static, and don’t factor in whether trees die off, grow, or new ones get planted;it
essentially takes the current data set and places it in the year 2100.
Research Questions
1. What species of trees are located in the City of Goshen and what percentage of them are
Maple genus?
2. What are the current economic benefits of the tree species located in Goshen and which
are also listed in the Climate Change Database?
3. What are the projected economic benefits of those tree species (Goshen inventory and
Climate Atlas) after 80 years of climate change?

Methods and Materials
Study Site

The area of interest is the City of Goshen located in Northern Indiana. The population is
currently 33,000.
Field Research
The research conducted in Goshen included inventorying trees in the City. The majority
of this inventory work was done by other individuals, and does not include all of the trees located
in Goshen. The trees were plotted on a Google Earth map through the website,
https://goshenin.treekeepersoftware.com. Data was imputed using smart devices in the field, and
consisted of tree species, diameter breast height (DBH) and number of stems (NS).
Species
·

The species were identified by talking to the City Forester, Aaron Sawatsky-

Kingsley, and asking him for his professional identification. The researcher could
determine some of the species.
Height
·

The height of the tree was roughly estimated in feet. The purpose was not to

be exact but to get a rough idea of the size of trees in the neighborhood.
DBH
·

The DBH of a tree is the diameter of the tree measured in inches at 4.5 feet

above ground.

NS
·

The NS is counting the number of stems or trunks on each individual tree.

Climate Change Projections

The Climate Change Atlas from the United States Department of Agriculture projects an
importance value for tree species in the year 2100 based on climate change models and habitat
preference data. Importance value indicates the prevalence of a tree species relative to other tree
species in a given geography. The tree species researched for this project were all those located
in Goshen which also feature in the Climate Change Atlas database - 36 different species of
trees. Those trees are:

American Basswood, American Beech, American Hornbeam, Bald Cypress, Balsam Fir,
Black Locust, Black Maple, Black Spruce, Bur Oak, Dogwood, Eastern Hemlock, Eastern
Red Cedar, Eastern Redbud, Eastern White Pine, Green Ash, Hackberry, Honeylocust,
Kentucky Coffeetree, Northern Red Oak, Paper Birch, Pawpaw, Pin Oak, Red Maple, Red
Pine, River Birch, Sassafras, Serviceberry, Shagbark Hickory, Silver Maple, Sugar Maple,
Shingle Oak, Swamp White Oak, Sweetgum, Sycamore, White Ash, and White Oak.

These tree species were then reviewed in the Climate Change Atlas and data collected for all 36
species in two climate models: the Hadley CM3 - A1fi (High, “Harsh”) analysis, and the PCM B1 (Low, “Mild”) analysis. These two were selected because the Climate Change Atlas
determined them to be the harshest and mildest scenarios of climate change.
Maps for all species, and for each climate change scenario (Figures 1&2), were
downloaded and overlaid onto Google Earth (Figure 3). By enlarging the study site (Figure 4),
the exact projected importance value of each species was determined. For importance values
with ranges, the number in between those two numbers were chosen.
Current Importance Values

To determine the projected economic benefits of trees in the city, the current importance
value for each species must be calculated based on the equation used in the Climate Change
Atlas database. This equation is:

IVx = 50 BAx + 50 NSx
BA all species

𝐼𝐼𝑉𝑉𝑥𝑥 =

Where:

50 × 𝐵𝐵𝐴𝐴𝑥𝑥

𝐵𝐵𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

NS all species

+

50 × 𝑁𝑁𝑆𝑆𝑥𝑥

𝑁𝑁𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

·

IVx = The calculated importance value of a species x

·

BAx = The basal area of species x

·

BAall species = The total basal area of all species in the set being calculated

·

NSx = The number of stems of species x

·

NSall species = The total number of stems of all species in the set being calculated

The basal area of the species was calculated using the foresters constant (FC) that converts the
DBH of a tree in inches to the basal area in ft2. The foresters constant is:

𝐹𝐹𝐹𝐹 = 0.005454

The formula to convert from diameter breast height to basal area is:

BA = DBHsquared * FC
Goshen Public Tree Inventory Database

This database calculates estimations for the economic benefits (in dollars) from the trees
in Goshen. These calculations were developed by the US Forest Service for the i-Trees Tool, a
peer-reviewed analysis and assessment software suite, which is freely available.
Projected Economic Benefits
To determine the projected economic benefits of individual tree species a ratio was
created between the economic benefits and the importance values. The equation is:

IVpresent =EBpresent
IV Projected

EB projected

𝐼𝐼𝑉𝑉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
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Where:
·

𝐸𝐸𝐵𝐵𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

= 𝐸𝐸𝐵𝐵

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

IVpresent = This is the IV, of one species, that was calculated using the current

importance value equation
·

IVprojected = This is the projected IV, of one species, from the climate change atlas

database
·

EBpresent = This is the current economic benefits of a tree species, calculated through

the Trees for Goshen database
·

EBprojected = This is what is being solved for, and determines the projected economic

benefits for an individual species by using a ratio to calculate it
·
Results

As of December, 2019, there were 85 different tree species in Goshen, populated by a
total of 13,499 trees. Of these 13.5 thousand trees 5,910 of them are maple genus. In fact, the top
4 most dominant trees in Goshen are maples (Table 1). Of these 85 tree species located in
Goshen, only 36 had information in the Climate Change Database, equaling a total of 8,650
individual trees, of which 4,581 are maple .
(Table 2 & Figure 5). The top seven most dominant trees in this study were: Silver Maple with
2,304 individuals, Sugar Maple with 1,527 individuals, Red Maple with 698 individuals, Eastern
White Pine with 474 individuals, Honeylocust with 398 individuals, Northern Red Oak with 363
individuals, and Hackberry with 308 individuals.
Currently, the 13.5 thousand trees in the City of Goshen provide $1,463,469.04 of
economic benefits annually. The 8,650 trees in this study provide $1,092,950.03 in annual
benefits, which is about 75% of the total economic benefits for the City of Goshen. Maple trees
in the study provide $812,381.65 which is about 74% of the total economic benefits of trees in
the study. Currently the top seven most economically beneficial tree species are; Silver Maple
with $520,481.96 benefits, Sugar Maple with $223,962.96 benefits, Red Maple with $58,175.77
benefits, Honeylocust with $47,182.65 benefits, Eastern White Pine with $23,174.67 benefits,
Hackberry with $22,444.67 benefits and Northern Red Oak with $20,951.40 benefits (Table 3).
The basal area of each tree species was found in order to calculate a current importance
value of the species, using the DBH to BA equation above. The total BA of all the trees in
Goshen’s database was calculated to be 17,440.81 ft2, while the total BA of the trees in the study
data set is 13,335.43 ft2,about 76% of the total database BA. The maple trees in the study data set
have a total BA of 9,878.07 ft2 which is about 74% of the total BA of the trees in the data set.
The number of stems were then recorded for each tree species to give a total NS of the trees in

Goshen and the data set. In Goshen the total NS is 15,433, while in just the study set it is 9,632
which is about 62% of the total NS. The maple trees in the study data set have a total NS of
5,105 or 53% of the NS of the data set. This gives a range of importance values from 0.004 26.9 (Table 4).
Using the ratio of importance values and economic benefits, the projected economic
benefits for the trees in the city were calculated. On the mild climate change trend the economic
benefits of the trees in the data set drop from $1,092,950.03 to $818,751.77, about a 25%
decrease over 80 years. The maple trees in the data decrease from $812,381.64 to $160,222.38,
or almost an 81% drop on a low climate change trend. On the high climate change trend the total
benefits of the data set goes from $1,092,950.03 to $492,193.47, about a 55% decrease in
economic benefits after 80 years. The change of economic benefits for just maple trees in the
data set, on a high climate change trend, drops from $812,381.64 to $85,757.47 or almost a 90%
decrease after 80 years (Table 5). Importantly, in both scenarios, the value and benefits of some
non-maple species increase over the same 80 year period, offsetting some of the large losses
projected in maples.
Discussion
Climate change is a phenomenon that will affect many aspects of our lives directly or
indirectly. There will be change in how trees can grow, thrive, and survive. In order to
understand how the urban forest around us will be affected, we first have to understand what
types of trees are living with us. Aaron Sawatsky-Kingsley, the City Forester of Goshen Indiana,
said “The 2011 public tree inventory showed that 50% of our public trees are maples in the City
of Goshen. My guess is that if we look at all of the trees, including on private property, in the
community of Goshen its closer to 60% maple.” Public trees inventoried before December, 2019,

showed that maples make up 43.8% of the population. While it is good to note that the maple
population in the public inventory is trending down, it is still true that there are many more trees
(including on private property) in Goshen that haven’t been inventoried, so there could easily be
more maples than this project outlines. In order to be certain more inventorying of trees is
needed.
Currently maple trees have a total basal area of 9,878.07 ft2 compared to the total basal
area of public trees in the city at 17,440.81ft2:even though maple trees are less than half of the
total number of trees in Goshen they represent about 57% of the basal area of public trees. This
data (Table 4) indicates something of the size (and associated productivity – measured as
economic benefits) of maple trees in Goshen – not only their numbers – and the reason that they
represent so much value currently. Shifting their value across other species would protect the
over-all value of the urban forest against climate change impacts.
It is interesting to see how the most dominant tree species compare to the most
economically beneficial. We would expect that the more dominant tree species are going to be
more economically beneficial and this is true for part of the data. The top three species, which
also happen to be maple trees, provide the most economic benefits currently. This is expected,
especially since there is such a large gap between the number of individuals of these species and
the rest of the data. After these top three species though the data does not correlate as clearly .
The Eastern White Pine consist of about 80 more trees than Honeylocust, but Honeylocust
provides more than twice the amount of economic benefits. Northern Red Oak and Hackberry
are similar in current economic benefits but about 60 individuals different, in favor of Red Oaks.
In both comparisons – Eastern White Pine to Honeylocust and Northern Red Oak to Hackberry –
these differences may be explained by further analysis of DBH and/or basal area per species,

theorizing that overall size is a more important indication of economic value than sheer numbers.
(Figure 6).
The trees located in Goshen provide a large amount of money for the city annually.
Currently all the public trees in Goshen provide around $1.46 million in benefits. In the study
subset of data the total amount is around $1.09 million. That means that the trees in this data
provide about 75% of the total annual benefits, even though they are only about 64% of the total
public trees in Goshen. Stated more clearly, roughly 2/3 of the City’s public trees provide ¾ of
the annual economic benefits. Further, maples from the study data subset (not including Norway
maple which is not analyzed by the Climate Change Atlas) provide 55% of the total annual
benefits ($812,381 out of $1.46 million); considering that these projections show maples being
most negatively impacted by climate change, there is urgency in increasing the diversity of
Goshen’s urban forest (Table 3). Climate change is going to affect all the trees located in
Goshen, just some more than others. In the mild climate change model, the total economic
benefits of the trees in the data setdrop about 25% to $818,751; maples alone decrease almost
81% to $160,222. This is a large projected decrease in economic benefits despite significant
reductions to greenhouse gas emissions. In the harsh climate change model projected benefits in
the data set drop 55% to $492,193,while maple trees drop almost 90% to $85,757 (Figure 7). A
loss in benefits of this magnitude will effect private and public budgets.
The City of Goshen is trying to increase the urban forest canopy cover to 45% by the year
2045. In order to do so the city has to plant on average 2,000 trees a year for the next 25 years.
This research can be expanded and used to plan strategically which trees should be planted,
which trees will continue to be economically beneficial for the city over the next 80 years. This
data shows that many trees will gain economic benefits with climate change. The top trees in this

research are Black Locust which becomes 18 times more valuable, American Beech which
becomes 14 times more valuable, and Shagbark Hickory which becomes 9 times more valuable.
Not only do these trees become more valuable over time, but they are equally valuable in the
harsh and mild climate change models(Table 5 & Figure 8). This suggests that these trees are
suitable for more planting in Goshen. (It appears that Pawpaw becomes 50 times more valuable
and Sassafras becomes 500 times more valuable in Figure 8. However, the data is skewed since
there are only 3 Pawpaw and 1 Sassafras in the inventory, making it seem like their economic
benefits increase significantly.) Trees that drop off in economic benefit after climate change
1

1

3

trends are Eastern White Pine ( 5 as valuable), Red Maple (2 as valuable), River Birch (4 as
1

1

valuable), Silver Maple (almost 10 as valuable), and Sugar Maple (about a 3 as valuable). These
are trees that currently provide a lot of economic benefits for the city and represent some of the
highest importance value, but over the next 80 years their economic benefits are projected to
drop off significantly. This doesn’t mean that these species should be removed, it just means that
they should be planted less frequently, and favorable species planted more. Another note is that
while it appears that Bald Cypress, Black Spruce, Eastern Hemlock, Paper Birch, and Red Pine
lose all their economic benefits over the next 80 years (Figure 8), in actuality, the Climate
Change Atlas simply does not currently project habitat trends for these species in our geographic
region.

Conclusion
There are currently 13,499 trees inventoried in the City of Goshen. Of these trees 5,910
of them are maple genus. Though maples represent less than half of the public trees, they make
up about 57% of the total basal area of the City’s public trees. The most dominant and

economically beneficial trees are all maple species: Silver Maple, Sugar Maple, Norway Maple
and Red Maple. Currently the public trees in the city provide $1.46 million economic benefits for
the city.
This study focused on 8,650 public trees, 53% of which are maple genus. The trees in this
data set provide $1.09 million of the total public tree benefits. In a mild climate change model
the economic benefits of the trees in this data set decrease 25%, and in a harsh climate change
model decrease 55%. The economic benefits of just the maple trees in this study drop 81% in the
mild climate change model and drop 90% in the harsh climate change model. Some non-maple
species are projected to show increases in economic benefits, making up for some of the losses
projected to maples. Nevertheless, economic benefit losses will be felt in private and public
budgets. This research suggests that in order to achieve increased and sustained urban forest
canopy coverage in the long term, some species which have historically been over-planted in
Goshen should be planted less frequently due to projected negative impacts from climate change:
Eastern White Pine, Red Maple, River Birch, Silver Maple and Sugar. According to this study
tree species which should be planted more frequently due to projected climate-related increase
in value, include: American Beech, Black Locust, and Shagbark Hickory. Future studies could
focus on research related to tree species which are only minimally present in Goshen currently,
and which may thrive in our geography as the climate changes over the next 80 years.

Tables

Table 1: All the species of trees inventoried in the City of Goshen, as well as how many of each

species were found, and their percent total of the whole group.

Table 2: The species of trees and the number of individuals of that species that are located in
Goshen Indiana and have information in the Climate Change Atlas Database.

Table 3: The current economic benefits (in U.S. dollars ) of the trees in Goshen that are also in
the Climate Change Atlas Database. All of this information comes from the website
https://goshenin.treekeepersoftware.com/ where you can calculate the economic benefits of tree
species.

Table 4: The calculated Basal Area (ft2) of each species and their relative basal area. The total
Number of Stems of each species with their relative number of stems. Then the calculated
Importance Values of all the species.

Table 5: The current economic benefits (U.S Dollars) and the projected economic benefits (U.S.
Dollars) on the harsh and low climate change trends. The “0’s” in the projected column, are due
to their not being accurate data for those species in the climate change atlas.

Figure Captions

Figure 1: HadleyCM3 - A1Fi (High, “Harsh”) Climate Change scenario of Dogwood in the
year 2100, from the United States Department of Agriculture Forest Service page.
Figure 2: PCM - B1 (Low, Mild) Climate Change scenario of Dogwood in the year 2100, from
the United States Department of Agriculture Forest Service page.
Figure 3: HadleyCM3 – A1Fi (High, “Harsh”) Climate Change scenario of Dogwood projected
onto Google Earth map, and zoomed in on the U.S.
Figure 4: HadleyCM3 – A1Fi (High, “Harsh”) Climate Change scenario of Dogwood projected
onto Google Earth map, and zoomed in on Elkhart County.
Figure 5: Compares the number of individuals of each species located in Goshen Indiana. The
scale is in log10(x).
Figure 6: Compares the top seven most dominant tree species in Goshen with the top seven most
economically beneficial tree species in Goshen, as of 2019.
Figure 7: Compares the current economic benefits of all trees and maples in the data set to the
projected economic benefits after a mild and harsh climate trend.
Figure 8: Compare the current economic benefits of the trees in the data set to their projected
economic benefits after a mild and harsh climate trend.
*disclaimer: the graph is in log10(x), so the data appears a lot closer than it actually is*
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