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Introduction 

The campus of Virginia Tech is always changing to fit the needs of the university. Trees and 
green spaces are often lost to natural disturbances and land development, and with them are lost 
their ecological, environmental, and economic benefits. To help grasp the extent, distribution, 
and value of Virginia Tech’s tree canopy resource, data needs to be gathered to quantify both the 
campus tree cover and its benefits, along with other infrastructure or land cover types that could 
be improved with the addition of tree cover. 

Trees provide a range of ecosystem services that are beneficial to both people and the 
environment. Although not all tree benefits are easily quantified or valued, scientific methods 
have been developed that facilitate assessing some of the most important benefits of tree canopy 
cover in urban areas. Among these are removing air pollution, absorbing carbon dioxide, and 
storing carbon in wood. These benefits make people healthier and reduce costs of health care and 
pollution mitigation. 

Methods 

To better understand the extent, distribution, and value of Virginia Tech’s tree canopy cover, 
students in a senior-level urban forestry course in the Department of Forest Resources and 
Environmental Conservation conducted an assessment of campus during the spring 2020 
semester. The assessment was performed using a software application called i-Tree Canopy. The 
application combines aerial photographs of the landscape with ecosystem models to derive 
estimates of land cover types and the ecosystem services provided by tree canopy cover. The 
land cover data is created through a process called sample-based photo interpretation. In this 
process, an analyst views randomly sampled scenes of the landscape using Google Earth imagery 
and classifies each scene into predetermined cover types. For this assessment, the imagery was 
dated June 2019. 

The software tracks the classification data and then computes the proportion of the land area 
comprising each cover type once a predetermined sample size is reached. The software then uses 
a model to calculate the tree canopy cover area and ecosystem services associated with that 
cover. The model estimates the annual quantity of air pollution and carbon dioxide absorbed by 
the tree canopy and places a value on those services using market-based mitigation costs. The 
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model also estimates the amount of carbon stored in the trees that support the canopy cover and 
places a value on that carbon storage using market-based mitigation costs. All model outputs are 
calibrated for the climatic conditions, pollution fluxes, and tree growth rates for the specific 
study area. 

For this campus assessment, there were ten classes of land cover and tree canopy: 

• Unknown 
• Existing Tree Cover 
• Turf 
• Meadow 
• Agriculture Field 

• Water 
• Building 
• Impervious 
• Non-Turf Pervious 
• Plantable Space

In addition to classifying existing land cover and tree canopy, the students also identified areas 
that would be suitable for future tree planting. Plantable space was defined as any pervious or 
short-vegetation land area where tree planting would be permissible based on compatible land 
use and site conditions. Examples of incompatibilities for plantable space included close 
proximity to existing trees, buildings, athletic fields, sidewalks, roadways, utilities, and sensitive 
landmarks. Most plantable space was found in existing turf, meadow, and non-turf pervious. 
Agriculture fields were intermittently classified as plantable space, depending on perceived 
active use. Active row crops and horse pastures were typically not classified as plantable space. 

The campus area included in the assessment comprised most all of central campus east of US 
Route 460, south of Prices Fork Road, north of Virginia Tech Airport, and west of Main Street 
(see maps in Appendix). The study area was subdivided using two different geographic schemes, 
one that used Campus Districts (16 total subdivisions) and one that used Tree Maintenance 
Zones (42 total subdivisions). These schemes had slightly different total acreages based on the 
extent of the outside boundary. Campus Districts subdivisions ranged from 2.3 acres to 209 acres 
and totaled 1,051 acres. Tree Maintenance Zones subdivisions ranged from 4.0 acres to 224 acres 
and totaled 1,082 acres. A shapefile was created for each geographic subdivision and loaded into 
i-Tree Canopy so that students could assess each geographic scheme separately. 

Each student in the class was assigned to assess one to three subdivisions within each geographic 
scheme. The land cover classification sample size for each subdivision was scaled proportionate 
to the land area of each subdivision. Sample size per subdivision ranged from 7 sample points to 
142 sample points (see summary of sampling design in Appendix). 

Land cover types were estimated by i-Tree Canopy as proportions of the total land area and 
acreages of the total land area, broken down by the geographic schemes and subdivisions. 
Because i-Tree Canopy uses statistical sampling, there is a standard error (margin of error) 
associated with each estimate of land cover proportion, land cover area, and ecosystem services. 
To aid interpretation of the assessment, a 95% confidence interval was calculated for each 
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estimate. The confidence interval shows the amount of statistical uncertainty associated with 
each estimate. 

Estimates of land cover proportion and land cover area summed for the entire geographic 
schemes are robust estimates. However, the summation of ecosystem services relied on indirect 
estimation of standard errors and confidence intervals. Therefore, those summed data are less 
reliable. 

Results 

Sample-based photo interpretation provides the best assessment results when sample sizes are 
relatively large (50 or more sample points for the assessment area). At smaller sample sizes, the 
accuracy and reliability of land cover estimates is diminished. In this assessment, the geographic 
scheme of Tree Maintenance Zones subdivided the study area into numerous small units that 
often resulted in small sample sizes. As such, the assessment results of this geographic scheme 
were more prone to sampling error compared to the geographic scheme of Campus Districts. 
Therefore, the reporting here focuses on Campus Districts, first looking at the entire geographic 
area and then looking at subdivisions within that area. 

Estimates of land cover type proportions are shown in Figure 1, and their corresponding acreages 
are shown in Figure 2. The largest existing land cover type was impervious surface at 24.4%, 
totaling 257 acres. Turf and building were nearly identical at 11.8% (124 acres) and 11.2% (118 
acres), respectively. Existing tree canopy cover was estimated at 16.9%, totaling 177 acres. None 
of the other existing land cover types individually exceeded 4% of land area. 

 

 
Figure 1. Proportion of land cover classes across the Campus Districts geographic scheme 
(1,051 total acres). Error bars show the bounds of the 95% confidence intervals. 
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Plantable space for trees was estimated at 26.6% (280 acres) of the total 1,051 acres. This 
comprised land areas that currently exist as short-vegetation pervious ground covers where tree 
planting would be compatible with site use, buildings, and instrastructure. 

Figure 2. Acreage of land cover classes across the Campus Districts geographic scheme (1,051 
total acres). Error bars show the bounds of the 95% confidence intervals. 

 

Breakdown of land cover types across Campus Districts subdivisions is shown in Figure 3. As a 
percentage of land area, existing tree canopy cover is greatest in the following districts: Alumni 
Mall (42.9%), Oak Lane (28.4%), Meadow (27.8%), Drillfield (23.4%), and Glade Road 
(20.7%). Existing tree canopy cover is less than 20% in all other districts. The largest acreages of 
existing tree canopy cover are in the Ag Belt (33.4 acres), Life Sciences & Technology (23.1 
acres), and Meadow (18.9 acres). All other districts have less than 14 acres of existing tree cover. 

As a percentage of land area, plantable space for trees is greatest in the following districts: Ag 
Belt (64.7%), Smart Design and Construction (62.2%), and 21st Century Living-Learning 
(59.2%), and Meadow (29.6%). Plantable space is less than 20% in all other districts. The largest 
acreages of plantable space are in the Ag Belt (135 acres), Smart Design and Construction (54 
acres), 21st Century Living-Learning (26 acres), and Meadow (20 acres). 

Existing tree canopy cover in the Campus Districts geographic scheme mitigates 8,790 pounds of 
air pollution annually (95% confidence interval: 8,546 lb – 9,034 lb). Mitigation includes 
removal of harmful pollutants that are by-products of fossil fuel combustion: carbon monoxide, 
ozone, nitrogen dioxide, sulfur dioxide, and particulate matter (PM2.5 and PM10). 
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Figure 3. Land cover proportions broken down by subdivisions in the Campus Districts 
geographic scheme (1,051 total acres). 

 

 

Figure 4. Monetary value of annual air pollution mitigation by existing tree cover broken down 
by subdivisions in the Campus Districts geographic scheme (1,051 total acres, 16.9% existing 
tree cover). 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

Landcover Type Across Research Area Districts

Unknown (pts) Existing Tree Cover (pts) Turf (pts) Meadow (pts)

Ag Field (pts) Water (pts) Building (pts) Impervious (pts)

Non-Turf Pervious (pts) Plantable Space (pts)

0

500

1000

1500

Annual Total Value ($) Per District (not CO2)

Estimated Study Area Total Ecosystem Services ($)

Ag Belt Alumni Mall Athletics and Recreation

Autonomy Study Park Creativity and Innovation Drillfield

Glade Road Intelligent Infrastructure Corridor Life Sciences & Technology

Meadow North Academic Northeast & Upper Quad

Oak Lane Smart Design and Construction Student Life

21st Century Living-Learning



6 

Monetary value of annual air pollution mitigation by the existing tree canopy cover is shown in 
Figure 4. Total value of air pollution mitigation across Campus Districts subdivisions is $4,630 
per year (95% confidence interval: $4,495–$4,764). Air pollution mitigation is highest in the 
following districts: Smart Design and Construction ($1,246), Oak Lane ($1,048), and North 
Academic ($667). Existing tree canopy cover in the Campus Districts geographic scheme 
sequesters 646 tons of CO2 annually (95% confidence interval: 363 tons – 928 tons). Total CO2 
storage, the amount of carbon absorbed and stored within standing trees over their lifetime, is 
currently estimated at 16,170 tons (9,074 tons – 23,266 tons) across all district subdivisions. 

 

Discussion 

This assessment estimated existing tree canopy cover on campus at 16.9% and plantable space at 
26.6%. Existing tree cover is below the national average of 38% for urban areas located in forest 
ecoregions (Nowak and Greenfield, 2018). However, there is ample space within existing land 
cover and land use to establish more extensive canopy cover. Based on this assessment, it would 
be possible to achieve 43.2% canopy cover, although this estimate does not account for future 
land use changes and development that might preclude canopy cover expansion in certain areas. 
Likewise, attaining that level of tree cover would require substantial resources and assume no 
appreciable losses of existing tree cover to natural or man-made events. 

It is not possible to ascertain from this assessment the potential for tree cover to increase from 
natural seedling regeneration and growth of existing trees. This type of growth potential is seen 
in relatively young tree populations and where natural afforestation of abandoned agricultural 
lands is actively occurring. Some of this potential exists in the campus areas assessed here, but a 
substantial rate of canopy cover increase will not be realized without aggressive tree planting 
efforts. As a point of reference, a 10% tree cover increase would equate to 105 acres of canopy. 
Assuming a typical landscape tree has a canopy spread of 20 feet at 20 years after planting, then 
nearly 15,000 trees would have to be planted to increase tree cover by 10% (assuming no net 
change in existing tree cover). 

Tree cover is valuable to any area, but on a college campus there are many immediate benefits 
that can be realized. Trees improve the aesthetics of a place, and provide ecological services that 
we interact with, passively or otherwise, on a daily basis. Tree cover is essential to maintaining a 
positive atmosphere, and whether they are saving us money or providing some reprieve from the 
heat of summer or stress of college life, they should be appreciated. 
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Appendix 1. Map of Campus Districts geographic scheme (1,051 acres). 
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Appendix 2. Summary statistics for Campus Districts geographic scheme (1,051 acres). 
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Appendix 3. Sampling design for Campus Districts geographic scheme (1,051 acres). 
 
Student District(s) Sample Points 

Student 1 Athletics and Recreation District 111 

Student 2 Northeast and Upper Quad District 85 

Student 3 Creativity and Innovation District 85 

Student 4 Life Sciences and Technology District 142 

Student 5 Alumni Mall 
Drillfield 

7 
65 

Student 6 Intelligent Infrastructure Corridor 
Autonomy Study Park 

36 
36 

Student 7 Alumni Mall 
Drillfield 

7 
65 

Student 8 Smart Design and Construction Village 98 

Student 9 Ag Belt 118 

Student 10 Alumni Mall 
Drillfield 

7 
65 

Student 11 Intelligent Infrastructure Corridor 
Autonomy Study Park 

36 
36 

Student 12 Intelligent Infrastructure Corridor 
Autonomy Study Park 

36 
36 

Student 13 Glade Road 87 

Student 14 North Academic District 119 

Student 15 Oak Lane 88 

Student 16 21st Century Living-Learning District 98 

Student 17 Student Life District 110 

Student 18 Meadow 115 
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Appendix 4. Map of Tree Maintenance Zones geographic scheme (1,082 acres). 
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Appendix 5. Summary statistics for Tree Maintenance Zones geographic scheme (1,082 acres). 
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Appendix 6. Sampling design for Tree Maintenance Zones geographic scheme (1,082 acres). 
 
Student Zone(s) Sample Points 

Student 1 The Cage/HABBI 1 
Upper Quad/Torgersen 

61 
42 

Student 2 
Chapel/Infinite Loop 
Duckpond 
Steger/Parking Lots 

11 
68 
40 

Student 3 Vet Med 
Ag Quad 

80 
25 

Student 4 Lane Stadium/Cassell Coliseum 
Moss Arts 

86 
25 

Student 5 
Burruss/Cowgill 
The Grove 
Library/Squires/Henderson 

22 
47 
30 

Student 6 
Slusher/Campbell/War Memorial Gym 
Pritchard/AJ/Dietrick 
Prairie Quad 

24 
43 
32 

Student 7 
Hillcrest 
Stadium Woods 
Randolph/Others 

21 
49 
33 

Student 8 
Alumni Mall 
Drillfield 
Derring/New Classroom Building 

12 
66 
37 

Student 9 Central Woods/South Rec 84 

Student 10 
Williams/Davidson 
Sterrett/Public Safety 
Surge/Power Plant 

21 
51 
34 

Student 11 
Cheatham/Engel/Fralin Biotech 
Perry Street Parking Garage 
Litton-Reaves/Wallace 

22 
43 
30 

Student 12 
Goodwin 
Graduate Life Center 
Visitors Center 

23 
43 
32 

Student 13 
Drone Parking 
Hahn Horticulture Garden 
President's Quad 

24 
42 
29 

Student 14 Golf Course 116 
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Student Zone(s) Sample Points 

Student 15 Oak Lane 
McBryde/Patton/Norris/Holden 

73 
26 

Student 16 Central Campus Ag 127 

Student 17 McComas/English Field/Rector 
Student Services/New Hall West/Cochrane 

72 
27 

Student 18 The Inn at Virginia Tech 
Eggleston Quad 

72 
29 

 


