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Abstract 

Senior administrators at Duke University have determined the need to build a new Central 

Campus. This new campus has been described as a community developed to advance academic 

endeavors, to promote collaborative learning and to foster interdisciplinary research.1 It will be 

built on generous property holdings along portions of the existing Campus Drive which will be 

realigned to remain the significant transportation spine connecting Duke’s destination 

components. 

A variety of natural resources will be impacted by the development of the new campus. Greatly 

impacted will be the trees that currently exist in and around the area designated for the new 

campus. These trees have been identified as belonging to one of three conditions of vegetative 

structure.2 Those structures are defined as cultivate canopy, managed woodland and emergent 

woodland. Trees within these structures range from mature hardwood trees planted in open 

lawns to trees densely populated in naturalized areas. 

Carbon dioxide (CO2) is one of the “greenhouse” gases thought to be contributing to an 

increase in atmospheric temperatures that traps certain wavelengths of radiation in the 

atmosphere3. The trees existing in the planned site of the new campus store and sequester 

carbon. For clarification, the difference between the two processes is that stored carbon 

represents present-day mass and sequestered carbon represents the growth of a tree from 

                                                             
1 New Campus Master Plan Leadership Committee, 2008. 
2 Campus Drive Realignment & Planning Opportunities Study. REED/HILDENBRAND, 2010 
3 Nowak and Crane. 2001. Carbon Storage and Sequestration by Urban Trees in the USA. Environmental Pollution 
116 (2002) 381-389.                                                                                                                                                                 



4 
 

year to the next.4 Since the trees in these conditions of vegetative structure sequester CO2 and 

affect the emission of CO2 from surrounding areas, they play a meaningful role in helping to 

combat increasing levels of atmospheric CO2. 

A projection on the number of trees that will be lost on the affected properties will be made 

and the potential impact on carbon will be evaluated. Tools and procedures will be 

recommended to help manage and mitigate potential carbon loss. 

 

 

 

 

 

 

 

 

 

                                                             
4 Wilson, W. G. 2011. Vegetation stores and sequesters carbon. Constructed Climates: A Primer on Urban 
Environments: 86-87. 
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Introduction 

 

              “The Duke University campus is unique. The campus is less than 75 years old and is        

                  both historic and dynamic. Our challenge is to preserve, enhance, and maximize the  

                  campus assets in support of Duke's mission of research, healthcare and education.” 

                                                                                                           University Architect brochure 

 

Historically and spatially, there are two distinct campuses that define Duke University, one 

being the East Campus, which was constructed between 1925 and 1927, and the other situated 

approximately one mile away is the West Campus which was built from 1927 to 1932. Today, 

these two campuses along with properties bordering the Campus Drive connector and the 

Medical Center complex constitute a total of 973 acres. Of these acres, approximately 228 are 

the footprints of buildings, roads, sidewalks, parking lots and other hard or impervious surfaces. 

Natural landscapes, which are designated as managed and unmanaged take up the remaining 

acreage. 

In July, 2007, Duke University’s Board of Trustees retained the services of the architectural firm  

Pelli Clarke Pelli, to design the school’s new Central Campus. This new 200 acre campus is to be 

located between Duke’s East and West Campuses along the Campus Drive connector. It will 

consist of student housing and academic components including an “academic village” intended 
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to serve as a “living laboratory for sustainability”. The new campus will be constructed in 

several phases over a 20 to 50 year period. Senior administrators have gone on record to state 

that the new campus will be built in a manner that pays careful attention to measures that will 

protect and expand natural areas and built with a high degree of environmental sensitivity. 

A major element of the new campus design is the realignment of Campus Drive. Critical to the 

phasing sequence of the construction of the new campus, the Campus Drive realignment has 

been given high priority for installation since this transportation connector is to remain as the 

significant roadway artery feeding to all major destinations at Duke and beyond. Accompanying 

the roadway realignment, three distinct planning options were presented for further study and 

development. Each of these options would impact existing soils, trees and woodland biomass at 

varying degrees. 

 Subsequently, a preferred horizontal roadway realignment was established (Figure 1) and one 

of the planning options has been favored by Senior Administrators (Figure 2). A study of the 

impact of this option on the affected trees will be a part of this project to ensure the 

University’s Master Plan goal, to “preserve and strengthen the identity of the Duke campus as a 

community within a forest” is met and to responsibly move forward to the pledge of carbon 

neutrality. 
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Figure 1
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Figure 2

 

 The Project Objectives 

The objectives of my project are as follows: 

 To estimate the total area of disturbance to the trees anticipated by the new 

development 

 Evaluate development impact on existing trees 

 Assess pre and post-development carbon content of trees 

 Evaluate extent of alteration to biomass from development 
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Study Area 

I began my project by discussing the development perimeters with the University’s Landscape 

Architect. I was given access to the new campus Master Plan Study and the Campus Drive 

Realignment Study that were produced by design consultants retained by the University. The 

portion of the new campus that is identified for this project is located within an area on Duke’s 

West Campus bounded on the west by the Campus Drive traffic circle, on the east by Oregon 

Street, to the south by Duke University Road and to the north by the Sarah P. Duke gardens 

(Figure 3).  A series of drawings and conceptual plans were studied to ascertain the anticipated 

scope of the site planning options and the Campus Drive realignment. After receiving the 

preferred horizontal layout for the Campus Drive realignment and the favored planning option 

configuration, I then superimposed these elements on the existing site features to gain a

 

Figure 3 
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a visual depiction of the trees to be affected by the development (Figure 4). 

 

 

 

Figure 4 
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Site Analysis and Tree Survey 

The landscape architecture firm, REED/HILDEBRAND identified the trees in the development 

area as belonging to three different conditions of vegetative structure which are: 

1. Cultivated canopy: 

 

Mature hardwood trees planted in open lawns or along roadway edges. 
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2. Managed woodland: 

 

Transitional areas characterized by dense, mixed canopy planting; sometimes including 

native woodland species and often without a significant shrub layer. 
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3. Emergent woodland: 

                 

 

The most dense and naturalized areas of canopy, often associated with hollows that drain into 

the Sandy Creek watershed. Vegetation is emergent (not planted) and extremely dense, making 

access limited. 
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These vegetative structures were then represented on a gradient map (Figure 5). On this map, 

the dark green represents the emergent or more natural areas and the lighter green represents 

the more open and canopy tree areas. Observing the site of the new campus on this map 

suggest that development is heavily concentrated in emergent woodland. 

 

Figure 5 
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A survey of the major trees in the area was authorized by REED/HILDBRAND in 2007 (Figure 6). 

 

 

Figure 6 

The trees that exist in what has been described as conditions of vegetative structure are in fact, 

a part of the urban forest. As defined by the Cooperative Forestry Act of1978, “Urban Forestry 

means the planning, establishment, protection, and management of trees and associated 

plants, individually, in small groups, or under forest conditions within cities, their suburbs, and 

towns”5.  

For the purpose of this project, the three conditions of vegetative structure will be placed in 

two urban forest classifications. The cultivated canopy structure will be classified as urban 

forest low-density and both managed and emergent woodland structures will be classified as 

urban forest high-density. In the urban forest low-density area, the trees are typically larger, 

                                                             
5 Miller, R. W. 1997. Urban Forestry: Planning and Managing Urban Greenspaces. 2nd Ed. 
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faster growing and standing in a more open urban forest structure. In the urban forest high-

density area, the trees typically have narrower canopies in a densely populated urban forest 

structure. 

While low-density urban forests typically store less carbon per hectare in trees (25.1 MgC/ha) 

than high-density urban forest (53.5 MgC/ha) and less gross sequestration rates per hectare 

(0.8 MgC/ha/year), on a per unit tree cover basis, carbon storage by low-density urban forest 

(9.25 kgC/m2 cover) and gross sequestration (0.3 kgC/m2 cover) may be greater than in high-

density urban forest due to the larger proportion of large trees, their growth rates and their 

more open urban forest structure.6  

 

 

 

 

 

 

 

 

                                                             
6Nowak and Crane. 2001. Carbon Storage and Sequestration by Urban Trees in the USA. Environmental Pollution 
116 (2002) 381-389. 
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Project Impacts 

The existing building footprint in the area targeted for the new development is 31,670 square 

feet and the impervious surface which includes the road, sidewalks and parking lots totals 

274,125 square feet. In the planning option chosen for the new campus, the building footprint 

for the proposed residential area is 108,519 square feet, for the academic area it is 41,399 

square feet and for the arts program area, it is 86,338 square feet which totals 236,256 square 

feet for the potential building sites. This results in a building footprint increase of 204,568 

square feet within the development area. 

In 2007, the Project Management division of the Duke's Facilities Management Department 

conducted a survey of the major trees. The survey identified 1400 trees in the development 

area. Within this community of trees, the most common species were pine (513) an oak (417). 

Other trees with significant numbers were gum, poplar, maple and magnolia (Table 1).  
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Table 1 

 

This survey also provided each trees diameter at breast height (dbh). For the purpose of my 

project and to obtain a representation of tree distribution by sizes, the trees were grouped by 

sizes (dbh) in 6 inch increments. This grouping revealed that 92% of the trees (1281) were ≤ 24 

inch dbh and 40% (553) were 7-12 inch dbh (Table 2). While this tree community cannot be 

described as an old-growth forests, it does, however contain good natural diversity and a large 

quantity of trees at appreciable sizes. 
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Table 2 

 

 

 

 

Site Comparisons 

As displayed on the vegetative structure gradient map, the trees heavily impacted by the new 

development belong to the managed woodland category. A similar woodland condition exists 

behind the Chapel and between the Center for Interdisciplinary Engineering, Medicine and 

Applied Sciences (CIEMAS) building and the Bryan Student Center on campus. In 2009, these 

woods were studied to determine the amount of carbon stored in the stems of the pine and 
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hardwood trees (Table 3). An example of the study's findings showed that a 10 inch dbh pine 

tree stem that is 75 feet tall contains approximately 175 pounds of carbon.7 

From the method used of superimposing that anticipated building configurations onto the tree 

survey, it was determined that 465 trees (33%) would be lost due to the new campus 

development. This number also included current trees that exist within approximately 20-30 

feet on the outside of each building’s footprint diagram. Of all the affected trees, the largest 

size was 42 inches dbh and 66% of the trees (307) had a dbh of 7-18 inches. 57% of the trees 

(264) were either pine or oak (Table 4). 

Over the years, faculty at the Nicholas School of the Environment has conducted a great deal of 

carbon research in Duke Forest. The free-air CO2 enrichment (FACE) project that is located at 

the Forest-Atmosphere Carbon Transfer and Storage (FACTS-1) facility in Duke Forest has 

collected volumes of data, some of which could have applications for use in the new campus 

development area. In particular, by not knowing the exact age of the trees, a height versus 

diameter relationship across all stand ages can be used to establish a general equation to 

determine carbon content of the tree stems in the development area.  

 

An equation is: a*1n(dbh)+b 

Where a=5.7975 and b=y0+c*(1-exp(-d*stand_age)) 

Y0    -19.69 

                                                             
7 Palmroth, Sari. Assistant Research Professor; Environmental Sciences & Policy. Chapel Woods Trees. Unpublished 
data, 2010. 



22 
 

c       26.247 

d        0.0713 

 

This equation applied to each diameter class works on trees growing on site conditions 
comparable to those in Duke Forest and the development site.8 

 

Other Factors 

Although, the focus of my project was on individual trees, there are other contributing layers to 

the carbon sink in the development area that will be impacted and that carry considerable 

importance to the total carbon density inventory.9 They are: 

 Understory, which includes live herbaceous and woody vegetation 

 Standing dead trees and coarse nonliving roots 

 Down dead would including nonliving woody biomass and stumps 

 Forest floor, which includes the litter, fumic, and humic layers and nonliving biomass 

 Soil organic carbon, including organic material in soil to a depth of 1 m  

 

 

 

                                                             
8 McCarthy, Heather. Post-doctoral Researcher; Earth System Science. Personal communication, April 2011. 
9 Heath, L.S.,Nichols, M.C., and Smith, J.E. 2010. U.S. Forest Carbon Calculation Tool: Forest-Land Carbon Stocks 
and Net Annual Stock Change. USDA Report NRS-13. 25. 
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Findings 

From the information and data gathered and analyzed for this project, it shows that 33% of 

existing trees within the proposed development area will be lost as a result of implementing 

the new campus plan. The managed and emergent woodland community will be altered 

considerably by the development as planned. This will contribute to an already diminishing 

situation on campus for these vegetative structures. Along with the trees, the woodland 

alteration will include significant disturbance to both above and below ground biomass. 

Subsequently, the total carbon pool in the development area will be affected. However, by 

applying the general carbon equation that has been developed and presented for the trees, site 

specific management strategies can be established to expedite carbon loss recovery. 
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Recommendations 

The planning and development of a new 200 acre campus is far from an every-day occurrence. 

To have the need, financial resources and land landholdings simultaneously in place to move 

forward on such a grand vision is unique and presents many wonderful opportunities for the 

university. One of the opportunities that will help to meet the University's stated goals of 

creating a" living laboratory for sustainability" and reaching carbon neutrality by the year 2024 

is to take a more responsible look at carbon impact and management for the new campus plan. 

The following recommendations are offered for consideration: 

 Require carbon stock inventory to be a part of site analysis process 

 Establish carbon management strategies during and after development 

 Mitigate damage to woodland vegetative structure during construction 

 Establish measures to minimize carbon pool loss 

 Ensure the planting of an appropriate number and species of the new trees for carbon 

loss 

 Require a carbon storage/sequestration recovery plan for the new campus as well as 

future large scale campus developments 
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 Table 3: Tree stem carbon example in woodland structure behind Duke Chapel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pine/hw  
dbh 

(cm)  
height 

(m)  
volume (cu 

m)  
biomass 

(kg)  
carbon 

(kg)  CO2 (kg)  
h  54.1  22.8  1.83  782  352  1291  
h  33  26.6  0.90  383  172  632  
p  30.9  29.6  0.91  389  175  642  
h  22.4  15.4  0.22  92  41  151  
p  31.7  27.4  0.86  369  166  609  
p  34.7  27.2  1.01  432  195  714  
p  37.6  26.6  1.14  487  219  804  
h  36.1  25.2  0.99  421  190  695  
h  27.8  15.6  0.33  139  63  230  
p  33.5  26.6  0.92  394  177  649  
p  40.7  26.2  1.30  553  249  913  
p  27.5  25  0.59  252  113  416  
p  24.6  22.2  0.41  176  79  290  
p  24.7  23  0.43  185  83  306  
p  42.6  29  1.61  687  309  1134  
p  33  25.6  0.85  364  164  601  
h  31.5  18.6  0.52  221  99  364  
h  37  26.2  1.09  464  209  765  
p  50.5  24.4  1.76  752  339  1241  
h  36.1  28.6  1.16  497  223  819  
p  51.5  28.6  2.25  959  431  1582  
h  24.3  22  0.40  170  76  280  
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Table 4: Number of impacted trees by diameter and species. 

 

 

 

 

 

 

 

 

 

 

 

Species  No. of Trees 
Impacted  

Pines  160  

Oak 104  

Gum  96  

Poplar  40  

Maple  30  

Magnolia  20  

Beech  4  

Elm  3  

Cedar  2  

Holly  2  

Locust  1  

Hickory  1  

Cherry  1  

Pecan  1  

Diameter  
(in.)  

No. of 
Trees 

Impacted  

0 – 6  38  

7 – 12  206  

13 – 18  101  

19 – 24  78  

25 – 30  33  

31 – 36  3  

37 – 42  6  
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