
Why Green Roofs?  
          Urbanization can negatively affect natural systems in a number of 
ways, including the destruction of natural habitat for plants and animals, the 
disruption of the water cycle and increased runoff, urban heat islands, and 
air pollution. Cities can address these problems using either “grey” 
infrastructure – sewage systems, HVAC systems, and air scrubbers – or 
“green” infrastructure which takes  advantage of the services natural 
ecosystems provide.  
 
          Green roofs are one “green” method of mitigating these the negative 
effects of urbanization. Instead of a traditional roof cover, a layer synthetic 
soil and living plants are placed on top of some or all of the roof. Some 
green roofs can even support large trees and productive gardens! Green 
roofs can reduce stormwater runoff by 60%, reduce indoor temperatures by 
4O C, provide a variety of habitats, and increase the lifespan of the roof 
itself.1   
 
          The City of Portland established a goal of 49 acres of green roofs by 
2013, though as of 2010 only 11 acres have been built.2  
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Analysis 
          I conducted an analysis using ArcGIS and FRAGSTATS to 
examine the effects of altering available rooftop cover upon the 
total land cover in four neighborhoods in Portland: Downtown, 
the Lloyd Center, Gateway, and Sellwood-Westmoreland.  These 
areas were chosen because of their variation in urban form and 
landcover. I used 2011 RLIS taxlot and building footprint 
shapefiles and 2007 landcover data from metro.  
 
          Many simplifying assumptions were made that likely lead 
to an overestimation of the area feasible for use as green roofs. 
I have assumed that all structures listed in the RLIS database as 
having roofs that are not “Pitched” have a usable roof area 
equal to the building footprint. Many structures do not contain 
data for roof type, however, so I also excluded structures that 
are within  single-family residential (SFR) taxlots on the 
assumption that these structures have pitched roofs.  
 
          The analysis methodology is summarized below. 

Results and Next Steps 
          Results for each neighborhood studied can be found on the right.  
  
         Changes in CA and PLAND are clear; those areas whose impervious 
surface consists largely of built structures, like Downtown, see a more 
dramatic change in overall landscape character than those with more 
parking lots (Lloyd) or lots of green space already (Sellwood-
Westmoreland).  
 
          AI is above 90% in every case, indicating that each class of 
landcover is very much not randomly distributed. Greening eligible 
rooftops does indeed reduce the  AI of impervious surfaces, which may 
well slow and reduce stormwater runoff, but the small numerical changes 
indicate that AI is perhaps not the best metric to use in this situation.  

          ENN_MN shows much more substantial differences, and its 
meaning is easier to decipher. In Downtown Portland and the Lloyd 
Center, where low-structure vegetation is few and far-between, rooftop 
greening greatly reduces the nearest-neighbor distance, indicating better 
potential suitability as habitat for birds and insects than existing 
landcover.  
 
          This study shows the relative ease of using raster data and 
landscape metrics to evaluate neighborhood-scale changes. These 
metrics could be combined with available science from peer-reviewed 
journals to evaluate the proposed change upon habitat for particular 
species that thrive in landscapes with of a certain level of connectivity, or 
whether ground-level impervious surfaces should be the focus of  
stormwater reduction efforts in a particular district.  

What are Landscape Metrics? 
     Thanks to increases in computing power and Geographic Information 
Systems (GIS), researches can quantify characteristics of the landscape to 
determine how different aspects of our world interact over a large area. 
Landscape metrics characterize the composition of and spatial relationships 
between “patches” of landscape. These metrics can be useful in determining 
things like connectivity, diversity, and quantity of features, whether they are 
land uses or types of foliage, and can aid our understanding of complex 
systems.  

Chicago City Hall 
Source: Wikimedia Commons. 
http://en.wikipedia.org/wiki/File:20080708_Chicago_City_Hall_Green_Roof.JPG 

The California Academy of Sciences, San Francisco 
Source: Wikimedia Commons. 
http://en.wikipedia.org/wiki/File:CaliforniaAcademyofSciences.jpg 

Research Questions 
          How would the overall landscape characteristics of a neighborhood change through 
widespread implementation of green roofs on existing buildings? Where might it have more 
of an effect? Where might it be most beneficial? What landscape metrics are applicable?  

 

Downtown 
 

Gateway 
 

Lloyd Center 
 

Sellwood-Westmoreland 
 

Downtown Portland is the region’s most intensely developed area, 
but contains several large and contiguous patches of greenery. 
Roads and buildings make up the majority of impervious surface. 

Roof Area: 164.5 Acres Total 
163.8 Acres Eligible 

Existing Land 
Cover: 

Built Area 
High 

Structure 
Vegetation 

Low 
Structure 

Vegetation 

CA (Acres) 407.6 102.6 27.1 

PLAND (%) 75.8 19.1 5.1 

ENN_MN (Feet) 35.8 59.7 147.3   

AI (%)  98.5 94.7 92.4 

New Land Cover: Built Area 
High 

Structure 
Vegetation 

Low 
Structure 

Vegetation 

CA (Acres) 250.5 98.2 188.6 

PLAND (%) 46.6 18.3 35.1 

ENN_MN (Feet) 21.9 55.3 63.7 

AI (%) 96.1 94.5 96.6 

Metrics 
          Choosing the correct metrics for the analysis can be 
difficult, as what they actually measure can be less than 
intuitive. These are the metrics I chose to compare:         

 
Class Area (CA) – Total area of each class of land cover 
 
Percent of Landscape (PLAND) – Class Area divided by 
 total landscape  area 
 
Mean Euclidian Nearest Neighbor (ENN_MN) – The mean 
 distance of  each landscape patch from another 
 patch of the same type  
 
Aggregation Index (AI) – The number of patches that are 
 adjacent to a patch of the same type divided by 
 the maximum possible  number of like 
 adjacencies.  

The Lloyd Center is a large mall just across the river from 
Downtown, consisting of large structures and parking lots.  

Roof Area: 87.7 Acres Total 
87.2 Acres Eligible 

Existing Land 
Cover: 

Built Area 
High 

Structure 
Vegetation 

Low 
Structure 

Vegetation 

CA (Acres) 258.4 27.2 25.2 

PLAND (%) 83.1 8.7 8.1 

ENN_MN (Feet) 15.9 78.9 111.9 

AI (%) 98.8 91.9 92.6 

New Land Cover: Built Area 
High 

Structure 
Vegetation 

Low 
Structure 

Vegetation 

CA (Acres) 172.6 26.3 111.9 

PLAND (%) 55.5 8.4 36.0 

ENN_MN (Feet) 22.0 79.0 54.6 

AI (%) 97.6 91.7 97.2 

Gateway is a regional transportation hub with both freeway-
oriented retail and single family neighborhoods.  

Roof Area: 155.3 Acres Total 
140.0 Acres Eligible 

Existing Land 
Cover: 

Built Area 
High 

Structure 
Vegetation 

Low 
Structure 

Vegetation 

CA (Acres) 517.6 138.0 153.4 

PLAND (%) 63.9 17.0 18.9 

ENN_MN (Feet) 30.8 56.1 49.9 

AI (%) 97.4 93.0 92.8 

New Land Cover: Built Area 
High 

Structure 
Vegetation 

Low 
Structure 

Vegetation 

CA (Acres) 385.6 133.7 289.7 

PLAND (%) 47.7  16.5 35.8 

ENN_MN (Feet) 22.1 53.6 32.4 

AI (%) 95.8 92.8 94.7 

Sellwood-Westmoreland is a residential neighborhood with 
primarily single-family households in SE Portland that contains 
numerous street trees and a large nature reserve.  

Roof Area: 191.0 Acres Total 
31.1 Acres Eligible 

Existing Land 
Cover: 

Built Area 
High 

Structure 
Vegetation 

Low 
Structure 

Vegetation 

CA (Acres) 450.8 336.8 356.4 

PLAND (%) 37.3 27.8 29.5 

ENN_MN (Feet) 29.6 38.2 31.8 

AI(%) 94.9 93.9 92.3 

New Land Cover: Built Area 
High 

Structure 
Vegetation 

Low 
Structure 

Vegetation 

CA (Acres) 422.2 335.8 385.9 

PLAND (%) 34.9 27.8 31.9 

ENN_MN (Feet) 28.7 38 29.5 

AI (%) 94.4 93.9 92.6 

1 Getter, Kristen and D. Bradley Rowe. “The Role of Extensive Green Roofs in Sustainable Development.” 
HortScience 41(5):1276-1285. 2006. 
2 Chalmers, Keely. “Portland Taking Green-Roofs to a New Level.” KGW News, April 1 2010.  
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Why Green Roofs?  
          Urbanization can negatively affect natural systems in 
a number of ways, including the destruction of natural 
habitat for plants and animals, the disruption of the water 
cycle and increased runoff, urban heat islands, and air 
pollution. Cities can address these problems using either 
“grey” infrastructure – sewage systems, HVAC systems, and 
air scrubbers – or “green” infrastructure which takes  
advantage of the services natural ecosystems provide.  
 
          Green roofs are one “green” method of mitigating 
these the negative effects of urbanization. Instead of a 
traditional roof cover, a layer synthetic soil and living 
plants are placed on top of some or all of the roof. Some 
green roofs can even support large trees and productive 
gardens! Green roofs can reduce stormwater runoff by 
60%, reduce indoor temperatures by 4O C, provide a 
variety of habitats, and increase the lifespan of the roof 
itself.1   
 
          The City of Portland established a goal of 49 acres of 
green roofs by 2013, though as of 2010 only 11 acres have 
been built.2  
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What are Landscape Metrics? 
     Thanks to increasing computing power and Geographic 
Information Systems (GIS), researches can quantify characteristics 
of the landscape to determine how different aspects of our world 
interact over a large area. Landscape metrics characterize the 
composition of and spatial relationships between “patches” of 
landscape. These metrics can be useful in determining things like 
connectivity, diversity, and quantity of features, whether they are 
land uses or types of foliage, and can aid our understanding of 
complex systems.  
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Analysis 
          I conducted an analysis using ArcGIS and 
FRAGSTATS to examine the effects of altering 
available rooftop cover upon the total land cover 
in four neighborhoods in Portland: Downtown, 
the Lloyd Center, Gateway, and Sellwood-
Westmoreland.  These areas were chosen 
because of their variation in urban form and land 
cover. I used 2011 RLIS taxlot and building 
footprint shapefiles and 2007 landcover data 
from metro.  
 
          Many simplifying assumptions were made 
that likely lead to an overestimation  of the area 
feasible for use as green roofs. I have assumed 
that all structures listed in the RLIS database as 
having roofs that are not “Pitched” have a usable 
roof area equal to the building footprint. Many 
structures do not contain data for roof type, 
however, so I also excluded structures that are 
within  single-family residential (SFR) taxlots on 
the assumption that these structures have 
pitched roofs.  
 
          The analysis methodology is summarized in 
the flowchart below. 

Research Questions 
          How would the overall landscape characteristics of a neighborhood 
change through widespread implementation of green roofs on existing 
buildings? Where might it have more of an effect? Where might it be 
most beneficial? What landscape metrics are applicable?  

 



Metrics 
          Choosing the correct metrics for the analysis can be 
difficult, as what they actually measure can be less than 
intuitive. These are the metrics I chose to compare:         

 
Class Area (CA) – Total area of each class of land cover 
 
Percent of Landscape (PLAND) – Class Area divided by 
 total landscape  area 
 
Mean Euclidian Nearest Neighbor (ENN_MN) – The mean 
 distance of  each landscape patch from another 
 patch of the same type  
 
Aggregation Index (AI) – The number of patches that are 
 adjacent to a patch of the same type divided by 
 the maximum possible  number of like 
 adjacencies.  



Downtown Portland is the region’s most intensely developed area, but contains 
several large and contiguous patches of greenery. Roads and buildings make up the 
majority of impervious surface. 

Roof Area: 164.5 Acres Total 
163.8 Acres Eligible 

Existing Land Cover: Built Area 
High Structure 

Vegetation 
Low Structure 

Vegetation 

CA (Acres) 
407.6 102.6 27.1 

PLAND (%) 75.8 19.1 5.1 

ENN_MN (Feet) 
35.8 59.7 147.3   

AI (%)  98.5 94.7 92.4 

New Land Cover: Built Area 
High Structure 

Vegetation 
Low Structure 

Vegetation 

CA (Acres) 
250.5 98.2 188.6 

PLAND (%) 
46.6 18.3 35.1 

ENN_MN (Feet) 
21.9 55.3 63.7 

AI (%) 
96.1 94.5 96.6 



The Lloyd Center is a large mall just across the river from Downtown, consisting of 
large structures and parking lots.  

Roof Area: 87.7 Acres Total 
87.2 Acres Eligible 

Existing Land Cover: Built Area 
High Structure 

Vegetation 
Low Structure 

Vegetation 

CA (Acres) 
258.4 27.2 25.2 

PLAND (%) 
83.1 8.7 8.1 

ENN_MN (Feet) 
15.9 78.9 111.9 

AI (%) 
98.8 91.9 92.6 

New Land Cover: Built Area 
High Structure 

Vegetation 
Low Structure 

Vegetation 

CA (Acres) 
172.6 26.3 111.9 

PLAND (%) 
55.5 8.4 36.0 

ENN_MN (Feet) 
22.0 79.0 54.6 

AI (%) 
97.6 91.7 97.2 



Gateway is a regional transportation hub with both freeway-oriented retail and 
single family neighborhoods.  

Roof Area: 155.3 Acres Total 
140.0 Acres Eligible 

Existing Land Cover: Built Area 
High Structure 

Vegetation 
Low Structure 

Vegetation 

CA (Acres) 
517.6 138.0 153.4 

PLAND (%) 
63.9 17.0 18.9 

ENN_MN (Feet) 
30.8 56.1 49.9 

AI (%) 
97.4 93.0 92.8 

New Land Cover: Built Area 
High Structure 

Vegetation 
Low Structure 

Vegetation 

CA (Acres) 
385.6 133.7 289.7 

PLAND (%) 
47.7 16.5 35.8 

ENN_MN (Feet) 
22.1 53.6 32.4 

AI (%) 
95.8 92.8 94.7 



Sellwood-Westmoreland is a residential neighborhood with primarily single-family 
households in SE Portland that contains numerous street trees and a large nature 
reserve.  

Roof Area: 191.0 Acres Total 
31.1 Acres Eligible 

Existing Land Cover: Built Area 
High Structure 

Vegetation 
Low Structure 

Vegetation 

CA (Acres) 
450.8 336.8 356.4 

PLAND (%) 
37.3 27.8 29.5 

ENN_MN (Feet) 
29.6 38.2 31.8 

AI(%) 
94.9 93.9 92.3 

New Land Cover: Built Area 
High Structure 

Vegetation 
Low Structure 

Vegetation 

CA (Acres) 
422.2 335.8 385.9 

PLAND (%) 
34.9 27.8 31.9 

ENN_MN (Feet) 
28.7 38 29.5 

AI (%) 
94.4 93.9 92.6 



Results and Next Steps 
          Results for each neighborhood studied can 
be found on the right.  
  
         Changes in CA and PLAND are clear; those 
areas whose impervious surface consists largely 
of built structures, like Downtown, see a more 
dramatic change in overall landscape character 
than those with more parking lots (Lloyd) or lots 
of green space already (Sellwood-
Westmoreland).  
 
          AI is above 90% in every case, indicating 
that each class of landcover is very much not 
randomly distributed. Greening eligible rooftops 
does indeed reduce the  AI of impervious 
surfaces, which may well slow and reduce 
stormwater runoff, but the small numerical 
changes indicate that AI is perhaps not the best 
metric to use in this situation.  

          ENN_MN shows much more substantial 
differences, and its meaning is easier to 
decipher. In Downtown Portland and the Lloyd 
Center, where low-structure vegetation is few 
and far-between, rooftop greening greatly 
reduces the nearest-neighbor distance, 
indicating better potential suitability as habitat 
for birds and insects than existing landcover.  
 
          This study shows the relative ease of using 
raster data and landscape metrics to evaluate 
neighborhood-scale changes. These metrics 
could be combined with available science from 
peer-reviewed journals to evaluate the 
proposed change upon habitat for particular 
species that thrive in landscapes with of a 
certain level of connectivity, or whether ground-
level impervious surfaces should be the focus of  
stormwater reduction efforts in a particular 
district.  


