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Executive Summary 

Tree canopy is a fundamental benchmark of a healthy urban forest. A community’s trees provide multiple benefits in the form of clean air, 

stormwater interception, and energy savings. By establishing updated data on the existing urban forest, this assessment will guide future 

management and reforestation efforts throughout Arlington County. 

A recent assessment of tree canopy and other land cover in Arlington County was performed using 2016 aerial imagery. This report summarizes 

those findings and provides recommendations for improving and maintaining the urban forest. 

Amount of Existing Canopy Cover. The assessment revealed that the County’s 16,691 acres were covered by 38% tree canopy in 2016 when 

including Department of Defense (DOD) and Reagan National Airport (hereinafter referred to as the Airport) properties. The canopy coverage 

increases to 41% when DOD and Airport properties are excluded from the calculation. Other types of land cover measured in Arlington County 

include impervious surfaces (hard surfaces such as roads and buildings), which covered 38% of the County; pervious surfaces (grass and shrubs), 

23%; bare soil, 0.7%; and open water, 0.5% (Figure 1). 

Location of Canopy. In terms of land area, residential (4,441 acres) and public land use (1,776 acres) have the largest amount of canopy acreage 

in the County. As these two land uses make up 92% of the acreage in the County (residential at 61% and public land use at 31%, these land uses 

have a strong influence on the tree canopy within the County. Bluemont (248 acres), Donaldson Run (246 acres), and Arlington Ridge (223 

acres) were found to have the largest amount of canopy acreage among the civic associations. Parks make up 11% of the canopy cover in the 

County, with the majority of those acres coming from Glencarlyn Park (97 acres) and Potomac Overlook Park (66 acres).  

Potential Areas to Add Tree Canopy. The assessment identified potential locations that could be suitable for additional tree planting throughout 

Arlington County. Approximately 2,890 acres were identified as preferred planting areas, with most of that acreage coming from residential 

zoning (2,088 acres). 

Canopy Change. The assessment also measured the change in canopy from 2011 to 2016. Tracking changes in tree canopy is a valuable tool 

for communities, allowing Arlington County to assess their canopy goals and provide benchmarks for the future. Since 2011, tree canopy cover 

has increased in Arlington County by 165 acres. This marks an improvement in tree canopy percentage of 2.7%. For the 2011 and 2016 canopy 

analysis, DOD and the Airport properties were included. This alleviated any possible disparity of comparison with the 2008 analysis where that 

acreage was excluded by request of the DOD.  

Surface Temperature Analysis. Capturing land surface temperature is essential to monitoring heat islands, air quality, and overall well-being 

for residents in Arlington County. Analysis found that surface temperatures were higher in locations with impervious surface and low amounts 

of tree canopy cover, as expected. 

 

Figure 1. Land cover summary for Arlington County. 
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Introduction 

Trees have been linked to environmental, social, and economic benefits, and have been shown to increase property values by as much as 15%. 

Business districts with high canopy can experience as much as a 12% increase in consumer spending1. Recent studies have also linked higher 

levels of tree canopy to lower levels of cardiovascular and pulmonary disease2. One study in California even found that tree canopy over roads 

was projected to save as much as $0.66 per square foot in road repair costs over a 30-year timeframe3. In short, optimal tree canopy is a significant 

and valuable asset that addresses multiple community goals and priorities. 

Trees also have a substantial impact on stormwater runoff. During a rainstorm, a tree’s leaves and trunk can capture large amounts of water 

droplets, which would otherwise quickly reach the ground and accumulate into stormwater runoff. While it may not seem like one tree can hold 

much water, the aggregate impact of stormwater retention across an entire community forest is appreciable. Through these processes, trees have 

become widely recognized for their ability to help mitigate the high volumes of stormwater runoff in developed urban communities. 

Arlington County’s urban forest continues to face significant challenges. Invasive species like emerald ash borer (EAB) and gypsy moth have 

had significant impacts on our community forests. Climate change and storms continue to negatively affect our trees. Beyond environmental 

concerns, additional development, in-fill, and repairs to urban infrastructure can also impact community tree cover as trees are removed or 

damaged. 

To receive the environmental benefits a community has come to expect from its green resources, a community forest must be properly cared for 

and managed. In recognition of this principle, the County and its partners are embarking on a process to collect and analyze meaningful data, 

develop comprehensive strategies, and work together to protect, enhance, and expand Arlington County’s urban forest. This analysis provides 

new data to inform preservation and planting for any future planning efforts. 

Purpose 

The assignment by Arlington County was to provide digital imagery showing detailed leaf-on conditions that translated into individual GIS 

(Geographic Information Systems) layers for different land cover classifications. Five land cover GIS layers were provided to the county and 

included tree canopy (trees/forest/shrub); pervious (grass and low-lying vegetation); impervious (buildings, roads, and other impervious); bare 

soil; and open water.  

The area and percentage of Urban Tree Canopy (UTC) was calculated and is spatially explicit for the county limits, by civic association, census 

block, zoning, parks, and watershed. This report analyzes tree canopy cover changes from previous analyses from 2008 and 2011, as well as 

examines land surface temperatures throughout the county. 
 

                                                 

1 K. Wolf (August 2007). City Trees and Property Values. Arborist News 16, 4: p. 34–36.  
2 G. Donovan et al. (February 2013). The Relationship between trees and human health: evidence from the spread of emerald ash borer. American Journal of 

Preventative Medicine 44(2): 139–145. 
3 E.G. McPherson and J. Muchnick (November 2005). Effects of Street Tree Shade on Asphalt Concrete Pavement Performance. Journal of Arboriculture 

31(6):303.310. 
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Methods 

Land Cover Analysis 

The 2016 National Agricultural Imagery Program (NAIP) leaf-on, 

multispectral imagery acquired and processed by the United States 

Department of Agriculture (USDA 2011) was used as the primary source 

to identify the County’s current land cover. Remote sensing and GIS 

software extensions provided the automated feature-extraction tool used 

to generate the baseline percentage of the final existing tree canopy and 

land cover layers.  

Land cover data for tree canopy, pervious, impervious, open water, and 

bare soil were generated. Tree canopy cover is the area of land surface 

that is covered by the tree's leaf-covered branches as seen from above. 

Pervious cover allows rainfall to infiltrate the soil and includes grasses 

and low-lying vegetation typically found in parks, golf courses, and 

residential lawns. Impervious land cover is an area that does not allow 

rainfall to infiltrate and typically includes buildings, roads, and parking 

lots. Open water includes all lakes, ponds, streams, wetlands, and other 

mappable water features. Bare soil land covers are areas such as vacant 

lots, construction areas, and other exposed soil. Bare soils are considered 

a pervious surface. 

To increase readability of the report, percentages were rounded to whole numbers and equal 100 within the text, and results reported in tables and maps 

were shown to the hundredth place. 

Preferred Plantable Area Calculations 

The planting location polygons were created by taking all grass/open space and bare ground areas and combining them into one dataset. Non-

feasible planting areas such as agricultural fields, recreational fields, major utility corridors, airports, etc. were removed from consideration. The 

remaining planting space was consolidated into a single feature and then expanded back out to multipart features, creating separate, distinct 

polygons for each location. This layer was used in the land cover metrics model to calculate the acres and percent of possible tree canopy for 

each feature within a given data set. A maximum tree canopy percentage was estimated by adding current tree canopy to possible tree canopy.  

Land Surface Temperature Analysis 

Land surface temperature analysis was conducted using Landsat 8 imagery taken during the late afternoon during summer conditions. The image 

source used for this assessment was Landsat 8 OLI-TIRS 30-meter resolution captured on August 22, 2016 at 3:46 p.m.. Weather conditions 

were sunny with a high air temperature of 86 degrees. For this analysis, both thermal bands (Bands 10 and 11) were averaged to produce the 

final surface temperature data set.  

Detailed methodologies for each assessment are presented in Appendix A.  

Figure 2. Subject area - Arlington County, Virginia. 
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Tree Canopy Assessment Results 

Land Cover Analysis  

Countywide 

The results of the UTC assessment using 2016 imagery are provided in Table 1 and Figures 3. The boundary of Arlington County covers 

approximately 16,691 acres (26.08 square miles). Based on the results, the estimated tree canopy coverage of this area is 38%. Pervious—grass 

and low-lying vegetation—covers 23% of the total land area. Impervious land cover types (buildings, roads, and other impervious) make up 

38% of the total land area acres. Other impervious cover types includes paved surfaces, such as parking lots, driveways, and sidewalks. Bare 

soil and open water make up the remaining 1%. 

Table 1. Results of Land Cover Classification 

Land Cover Classification 
Including DOD and Airport Excluding DOD and Airport 

Acres Percentage Acres Percentage 

Tree Canopy 6,356 38% 6015 41% 

Pervious  
    Grass & Low- 
    Lying Vegetation 

3,786 23% 3012 21% 

Impervious 6,346 38% 5483 37% 

Bare Soil 126 1% 69 <1% 

Open Water  76 <1% 75 1% 

Total 16,691 100.00% 14654 100% 
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Figure 3. 2017 Arlington County UTC assessment results. 

 

Figure 4. 2017 Arlington County UTC assessment results. 
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Preferred Plantable Area and Potential UTC 

Countywide 

Knowing where opportunities for tree planting exist will help the 

County reach its goals and objectives. This data can help the 

County identify areas of high potential canopy gain. 

Possible plantable area is the total of all land cover that is open, 

pervious, or bare soil. In Arlington, the amount of possible 

plantable area is 3,912 acres. While it is theoretically possible that 

all pervious and bare soil could represent future tree canopy, 

considering all land use in these cover classes is understandably 

not practical nor is it realistic for urban forest planning and 

management. Land uses, such as cemeteries, golf courses, utility 

rights-of-way, and recreational fields, were excluded from the 

analysis and are referred to as other pervious surfaces. In 

Arlington, 2,886 acres were identified as preferred plantable area, 

1,026 acres less than the possible plantable area. 

Potential UTC is the sum of existing UTC and the preferred 

plantable area (Figure 4). Arlington County’s existing tree canopy 

is 38% and the preferred plantable area is 17%. 

Canopy Change 

Countywide 

Arlington County’s first analysis in 2008 excluded Department of 

Defense (DOD) properties, by request of the DOD, and the Airport 

from the analysis. Subsequent analyses have included these 

properties, but this creates a slight disparity in being able to 

compare studies. Previous canopy change analyses compared 

2011 data with those properties excluded. Table 2 and Figure 5 

provide context on these values.  

Figure 4. Projected UTC cover within Arlington County. 
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Figure 4. 2017 Arlington County UTC assessment results. 
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*The 2008 canopy percentage difference results from data not being collected at the DOD and airport. The 2011 and 2016 data included DOD and  
  the Airport. 

 

 
2008 2011 2016 

Acres Percent Acres Percent Acres Percent 

Tree Canopy 
Excluding DOD and 
Airport 

6,349 43% 5,883 40% 6,015 41% 

Tree Canopy 
Including DOD and 
Airport 

N/A N/A 6,191 37% 6,356 38% 

Figure 5. Tree canopy percent of Arlington County UTC assessment. 
results. 

 

Figure 4. 2017 Arlington County UTC assessment results. 

Countywide analysis of canopy change from 2011 to 2016 

shows an increase of canopy cover of 165 acres (2.7%). 

When excluding DOD and airport land, the analysis 

shows an increase of 132 acres (2.3%). The spatial 

distribution of canopy change can be seen in Figure 6.  

Visual analysis of the countywide data indicates a 

decrease in the canopy cover in the majority of suburbs in 

the northwest portion of the County. An increase in 

canopy cover did occur in the eastern and southern edges 

of the County. 

 

32.00 34.00 36.00 38.00 40.00 42.00 44.00

2016

2011

2008

Canopy Percent

Arlington County - No DOD or Airport Arlington County

 N/A - Data not collected for DOD or Airport 

Table 2. Tree Canopy of Arlington County Excluding and Including DOD and Airport Data  
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Figure 6. Tree canopy change from 2011 to 2016 in Arlington County. 

 

Figure 6. Tree Canopy Change From 2011 to 2016 in Arlington County. 



 

Davey Resource Group 8 December 2017 

Canopy Cover & Change 

Civic Associations 

Urban tree canopy results were further 

examined by civic association boundaries. 
Civic associations are often used to 

understand tree canopy as they tend to 
reflect geographies that are well 

understood by community members and 
social institutions. Exploring canopy 

distribution at this level can help facilitate 
community outreach and education 

activities, and contribute to developing a 
deeper understanding of tree canopy at a 

meaningful community scale. 

Current canopy coverage and canopy 
change for Arlington County’s 30 largest 
civic associations are identified in  
Table 3.  

Bellevue Forest, Donaldson Run, and 

Arlington Forest  have the highest levels 

of tree canopy at 74%, 66%, and 62%, 

respectively. These civic associations are 

primarily residential and contain 

significant parks, both of which often 

contribute to high levels of tree canopy. 

Conversely, Crystal City and Radnor/ 

Ft. Myer Heights have the lowest levels of 

tree canopy at 17% or below. Both civic 

associations are located within the 

County’s urban core, which would 

explain the low levels of tree canopy as 

well as some of the highest impervious 

cover percentages (Figure 7).  

Lyon Park,  Yorktown, and Tara – Leeway Heights have seen the largest drop in tree canopy from 2011 with a loss of -11%, -8%, and -7%, 

respectively (Figure 8). These civic associations could be good targets for future community tree planting projects.  

Table 3. Civic Association Tree Canopy Results 

Civic Association 
Total 
Acres 

Canopy 
 Percent 

Canopy 
Change 

2011-2016 

Canopy 
Change 

2008-2016 

Preferred  
Plantable Percent 

UTC 
Potential 

Bluemont 581 43% 2% -3% 20% 63% 

Arlington - East Falls Church 550 40% 5% 3% 19% 60% 

Douglas Park 475 36% 4% -13% 23% 58% 

Arlington Ridge 425 53% 5% -10% 17% 69% 

Rock Spring 416 46% -6% -3% 20% 66% 

Aurora Highlands 398 30% 15% -10% 14% 44% 

Donaldson Run 373 66% 2% -2% 14% 80% 

Yorktown 366 43% -8% -4% 19% 61% 

Ballston - Virginia Square 354 23% 16% 2% 10% 34% 

Fairlington 339 39% -1% -6% 25% 64% 

Nauck 338 27% 8% -4% 21% 49% 

Williamsburg 336 41% -1% -2% 22% 63% 

Ashton Heights 320 40% -1% -16% 18% 58% 

Washington Golf And Country Club* 317 40% 0% -15% 12% 52% 

Lyon Park 300 34% -11% -23% 25% 59% 

Cherrydale 295 44% -2% -10% 20% 64% 

Arlington Forest 269 62% 4% -1% 14% 76% 

Barcroft 256 46% 1% -12% 20% 66% 

Lyon Village 245 33% -2% -21% 22% 55% 

Glencarlyn 242 50% 11% 0% 17% 67% 

Penrose 239 29% 11% -3% 25% 54% 

Crystal City 229 14% 3% 5% 10% 24% 

Tara - Leeway Heights 224 50% -7% -4% 19% 69% 

Leeway Overlee 216 40% -2% 1% 21% 62% 

Old Glebe 214 61% 2% -2% 16% 76% 

Radnor/Ft. Myer Heights 213 17% -4% -11% 13% 31% 

Boulevard Manor 200 48% 4% 2% 19% 67% 

Arlington Heights 196 34% 8% -9% 20% 54% 

Bellevue Forest 195 74% 6% 3% 10% 84% 

Arlington Mill 180 39% 4% -2% 17% 55% 

*Washington Golf and Country Club does not have a civic association, but is included due to its residential nature. 
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Figure 7. Tree canopy cover by civic associations in Arlington County. 

 

Figure 7. Tree canopy cover by civic associations in Arlington County. 
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Figure 8. Tree canopy cover change by civic associations in Arlington County. 

 

Figure 9. Tree canopy cover by census blocks in Arlington CountyFigure 8. Tree canopy cover change by civic 
associations in Arlington County. 
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Canopy Cover 

Census Blocks 

Like Civic Associations, examining 

tree canopy by census blocks allows 
managers to understand changes in 

tree canopy at the community level. 
Census blocks are often smaller than 

civic associations, which can help 
managers direct their community 

outreach, education, and planting 
projects to the neighborhoods that are 

most in need.  

Figure 9 shows the canopy distribution 

of Arlington County at the census 
block level. The visual analysis of the 

County at the census block level 

largely confirms the results from the 
analysis by civic associations. The 

advantage of analyzing the tree 
canopy results by census block is that 

it allows a manager to further identify 
the areas that are in most need of 

attention. For example, the Ballston – 
Virginia Square civic association has 

pockets of neighborhoods with tree 
canopy above 45%, but has an overall 

tree canopy of 23%.  

The opposite of this can be seen in the 

Arlington Ridge civic association, 
where the tree canopy percentage is 

53%, largely due to the high canopy 
neighborhoods in the south and 

western boundaries of the civic 

association. 

  

Figure 9. Tree canopy cover by census blocks in Arlington County. 
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Canopy Cover 

Zoning and Land Use 

Tree canopy levels tend to correlate with zoning or land use types. In a typical community, commercial areas and road rights-of-way tend to 

have much lower levels of tree canopy and higher levels of impervious surfaces than residential districts. Understanding this relationship across 

a county can help identify policy concerns or areas of need for new outreach and education programs that would appeal to specific landowners 

or property types. Table 4 presents current land coverage classes across land use in Arlington County.  

The highest levels of tree canopy are found in the residential (43%) and public (34%) land use type. Impervious coverage for these land uses is 

relatively low compared to the entire community. Commercial land use contains the lowest percentage of tree canopy (11%), as well as the 

highest percentage of impervious surfaces (82%) The greatest opportunity to increase tree canopy cover comes from the public and residential 

land use types, as pervious land cover represents 27% and 23% of their total acreage, respectively. 

Canopy coverage and canopy change is further distinguished across Arlington County’s zoning districts in Table 5. Figure 10 illustrates the tree 

canopy cover by zoning type for Arlington County. The highest percentages of tree canopy are found in the various types of residential uses 

with one-family dwelling districts (45–68%) and the one-family residential town house dwelling district (43%). At the same time, the one-family 

dwelling districts present the greatest opportunities to increase tree canopy with UTC potential between 66–84%. 

These results indicate that significant opportunities exist to optimize tree canopy within Residential and Public land use types. Moreover, 

impervious surfaces in these land use types are slightly lower than the County’s tree canopy cover. This relationship is important, as impervious 

surfaces directly contribute to stormwater runoff and, therefore, impact water quality. Maintaining or improving the tree cover in these land use 

types can help mitigate the negative effects.  

Table 4. Land Cover Results Based on Land Use 

 

  

Land Use Acres 
Tree Canopy Impervious Pervious Bare Soils Open Water 

Acres Percentage Acres Percentage Acres Percentage Acres Percentage Acres Percentage 

Commercial 1,140 122 11% 935 82% 77 7% 5 <1% 1 <1% 

Industrial 143 17 12% 110 77% 10 7% 3 2% 3 2% 

Public 5,156 1776 34% 1835 36% 1380 27% 98 2% 67 1% 

Residential 10,252 4,441 43% 3,466 34% 2,320 23% 20 <1% 5 <1% 
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Table 5. Tree Canopy Cover by Zoning in Arlington County 

Zoning Zone Code 
Total 
Acres 

Canopy 
Percent 

2016 

Canopy 
Change 

2011-2016 

Canopy 
Change 

2008-2016 

Preferred 
Plantable 
Percent 

UTC Potential 

One-Family Dwelling District R-20 250 68 4 -2 16 84 

One-Family Dwelling District R-8 562 52 -3 -5 19 71 

One-Family Dwelling District R-10 2,028 52 -0.11 -4 17 69 

One-Family Dwelling District R-6 4,486 45 -0.16 -10 22 66 

One Family Residential-Town-House Dwelling District R-10T 83 43 9 4 17 59 

Apartment Dwelling District RA14-26 757 39 0.70 -7 23 62 

One-Family, Restricted Two Family Dwelling District R-5 494 36 7 -16 26 62 

Special District S-3A 4,978 35 9 25 14 49 

Two-Family and Town House Dwelling District R2-7 282 32 2 -10 27 59 

Apartment Dwelling District RA7-16 109 32 -6 -7 20 52 

Special Development District S-D 51 30 7 7 13 43 

Residential Town House Dwelling District R15-30T 61 30 30 20 12 42 

Apartment Dwelling District RA8-18 521 27 -4 -9 21 48 

Apartment Dwelling District RA6-15 406 26 -6 -6 17 43 

Commercial Office Building, Hotel, and Apartment District C-O-1.0 24 24 18 15 12 35 

Commercial Office Building, Hotel, and Apartment District C-O-1.5 192 18 23 22 12 30 

Public Service District P-S 122 18 68 14 16 34 

Limited Commercial - Professional Office Building District C-1-O 3 18 -36 -32 14 32 

Hotel District RA-H 30 16 11 76 11 26 

Limited Industrial District CM 38 15 81 61 9 24 

Apartment Dwelling District RA4.8 68 14 -3 -20 11 25 

Commercial Town House District C-TH 6 13 76 81 3 16 

Apartment Dwelling and Commercial District RC 46 12 12 20 7 19 

Multiple-Family Dwelling and Hotel District RA-H-3.2 70 12 -2 8 8 19 

Light Industrial District M-1 94 11 16 24 7 18 

Service Commercial - Community Business Districts C-2 239 10 8 19 6 17 

Local Commercial District C-1 92 10 -5 17 6 16 

Columbia Pike - Form Based Code District CP-FBC 3 10 -62 -69 31 42 

Commercial Office Building, Hotel, and Apartment District C-O-2.5 232 10 2 -3 8 18 

Service Industrial District M-2 8 10 65 34 14 24 

C-O-CRYSTAL CITY C-O-CC 6 10 -5 -6 5 14 

Commercial Redevelopment District C-R 14 8 123 126 1 9 

General Commercial District C-3 62 7 14 0.33 3 11 

Commercial Off. Bldg., Hotel, and Multiple-Family Dwelling C-O 198 7 -17 7 5 12 

Restricted Local Commercial District C-1-R 3 7 -15 -4 7 14 

C-O-ROSSLYN C-O-ROSS 29 6 -4 19 4 10 

Commercial Off. Bldg., Hotel, and Apartment District C-O-A 42 5 -9 4 2 7 

Mixed Use-Virginia Square MU-VS 4 2 -78 -68 0.00 2 
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Figure 10. Tree canopy cover by zoning in Arlington County. 

 

Figure 11. Park Tree Canopy in Arlington County.Figure 10. Tree Canopy Cover by Zoning in Arlington County. 



 

Davey Resource Group 15 December 2017 

Canopy Cover and Change 

Parks 

Land cover was assessed for the 144 parks 

within Arlington County, as well as the 3 
Northern Virginia Regional Parks that are in 

the County. Combined, parks make up 1,076 
acres of the County’s 16,691 acres, which 

equates to 6% of the County’s land area.  

Canopy change, as well as current coverage of 

Arlington County’s 30 largest parks, are 
identified in Table 6. Table 7 shows the 

canopy change and current coverage for the 
three NVRPA parks located in Arlington 

County. Within the parks, canopy cover is very 
good, with several parks having canopy 

percents above 90%. The parks with the lowest 

levels of canopy percent include Greenbrier 
Park (18%) and Four Mile Run Park (23%). 

These parks’ canopy cover is low by design, as 
one is covered in sports fields, and the other is 

mostly water. 

Figure 11 shows the distribution of canopy 

levels in parks across the County. The map 
indicates that the largest of amount of tree 

canopy can be found in the eastern and western 
portions of the County. The parks located in 

the urban centers of the County, while more 
frequent, tend to be smaller and have lower 

tree canopy cover. 

Figure 12 shows the canopy change in parks 

across the County. The map reveals that the 
parks with greatest canopy decreases are in the 

center of the County, while parks that 

experienced increases in canopy cover were predominantly in the outskirts of the County.  

  

Table 6. Park Tree Canopy in Arlington County 

Park Name 
Total 
Acres 

Canopy 
 Percent 

Canopy 
Change 

2011-2016 

Canopy 
Change 

2008-2016 

Preferred 
Plantable 
Percent 

UTC 
Potential 

Glencarlyn Park 100 97% 3% 0% 1% 98% 

Barcroft Park 63 65% 5% 1% 2% 67% 

Bluemont Park 51 70% 7% 0% 9% 79% 

Long Bridge Park 36 35% 130% 11% 24% 59% 

Lubber Run Park 30 92% 3% 1% 4% 96% 

Donaldson Run Park 30 99% 0% 0% 1% 100% 

Gulf Branch Nature Center and Park 27 99% 2% 0% 0% 99% 

Bluemont Junction Park 24 84% 26% 8% 9% 93% 

Four Mile Run Park 24 23% 139% 2% 39% 61% 

Bon Air Park 21 76% 9% 0% 17% 92% 

Zachary Taylor Park 20 100% 4% 3% 0% 100% 

Virginia Highlands Park 20 44% 11% 5% 3% 47% 

Fort C.F. Smith Park 19 75% 4% 1% 21% 97% 

Thomas Jefferson Community Center and 
Park 

18 36% 50% 36% 12% 47% 

Jennie Dean Park 16 27% 22% 20% 7% 35% 

Windy Run Park 15 99% 4% 1% 1% 100% 

Fort Ethan Allen Park 15 61% 26% 11% 24% 84% 

Greenbrier Park 15 18% 3% 60% 4% 22% 

Lacey Woods Park 14 84% -1% -2% 10% 94% 

Quincy Park 13 26% 17% -2% 10% 36% 

Madison Manor Park 13 78% 5% 2% 2% 80% 

Allie S. Freed Park 12 75% 7% -2% 16% 91% 

Benjamin Banneker Park 12 79% 24% 9% 5% 84% 

Tuckahoe Park 12 61% 7% 3% 10% 71% 

Alcova Heights Park 12 90% 6% 3% 5% 96% 

Shirlington Park 11 53% 17% 9% 21% 74% 

Fort Scott Park 11 82% 4% 2% 1% 83% 

Fort Bennett Park and Palisades Trail 11 98% 6% 0% 1% 99% 

Glebe Road Park 10 91% 7% -1% 3% 93% 

Cherry Valley Park 10 93% 21% 5% 6% 99% 

Total for All Parks in Arlington County 931 69% 9% 2% 10% 80% 



 

Davey Resource Group 16 December 2017 

 

Parks with relatively high preferable planting 
percentages may offer Arlington County great 

opportunities to increase the County’s overall 
canopy cover.  

Greenbrier and Thomas Jefferson Park have 

seen the greatest increase in canopy cover from 

2008 at 60% and 36%, respectively. Loss in 

canopy has been minimal for Arlington County 

parks, as 2% represented the greatest loss in tree 

canopy for any park. While tree planting likely 

occurred in the parks, increases in canopy is 

mostly attributed to the growth of the existing 

trees in the parks. As the trees increase in size, 

their canopy spreads, increasing the canopy 

cover from growth alone.  

Table 7. NVRPA Park Tree Canopy in Arlington County 

Park Name 
Total 
Acres 

Canopy 
 Percent 

Canopy 
Change 

2011-2016 

Canopy 
Change 

2008-2016 

Preferred 
Plantable 
Percent 

UTC 
Potential 

Potomac Overlook Regional Park 67 99% 1% 0% <1% 100% 

Upton Hill Regional Park 55 27% 4% 3% 24% 51% 

W & OD Railroad Regional Park 24 87% 39% -37% 7% 94% 

Total for All NVRPA Parks 145 70% 6% -7% 10% 80% 
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Figure 11. Park tree canopy in Arlington County. 

 

Figure 11. Park Tree Canopy in Arlington County. 
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Figure 12. Park tree canopy change in Arlington County. 

 

Figure 12. Park Tree Canopy Change in Arlington County. 
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Canopy Cover and Change 

Watersheds 

Arlington County is made up of 36 subwatersheds 

which are part of the larger Chesapeake Bay 

Watershed (Table 8). Analysis of tree canopy cover of  

Arlington County’s 36 different watersheds indicates 

that the Pimmit Run (78%) and Palisades (67%) 

watersheds have the highest percentage of tree canopy 

cover. Conversely, the National Airport (5%) and 

Rosslyn (14%) watersheds have the lowest canopy 

cover percentage. The Cemetery/Pentagon watershed 

was not studied for the 2008 study, so only the change 

between 2011-2016 is shown. 

Figure 13 shows the distribution of canopy levels in 

watersheds across the County. This map indicates that 

the watersheds with the largest tree canopy percentage 

can be found in the northeast portion of the County.  

Since 2011, many of these watersheds show increases 

in tree canopy, which greatly helps our stream valley 

ecology and hydrology, retaining soil, and providing 

necessary wildlife connections. Of some of the 

decreased areas, the Colonial Village Branch (-13%) 

has seen the greatest decrease in canopy cover from 

2011 to 2016. This watershed is located less than 500 

feet from the Potomac River and along with Arlington 

Forest Branch, which also showed some decline, may 

provide a good location for enhanced preservation and 

planting. Figure 14 shows the  changes in canopy by 

watershed for Arlington County. The map indicates 

pockets of watersheds in the northwestern and eastern 

portions of the County that could be targeted for future 

neighborhood planting programs.  

 

 

 Table 8. Watershed Tree Canopy in Arlington County 

Watershed 
Total 
Acres 

Canopy 
Percent 

Canopy 
Change 

2011-2016 

Canopy Change 
2008-2016 

Potential 
Plantable 
Percent 

UTC Potential 

Lower Long Branch 1,236 32% 1% -3% 20% 52% 

Cemetery/Pentagon 1,202 25% 10% N/A 18% 43% 

Spout Run 1,123 37% 0% -10% 17% 54% 

Four Mile Run, Upper Mainstem 2 1,045 49% 1% -3% 19% 68% 

Lubber Run 1,033 37% 2% -5% 20% 56% 

Four Mile Run, Middle Mainstem 891 39% 4% -6% 17% 57% 

Doctor's Branch 882 39% 7% -5% 21% 60% 

National Airport 784 5% 45% 75% 4% 9% 

Roaches Run 686 20% 13% -1% 13% 34% 

Donaldson Run 661 64% 3% -3% 10% 74% 

Four Mile Run, Upper Mainstem 1 566 43% 5% -2% 20% 63% 

Little Pimmit Run, E. Branch 530 44% -7% -5% 21% 65% 

Gulf Branch 524 58% 2% -4% 15% 73% 

Rocky Run 474 19% -7% -4% 15% 34% 

Little Pimmit Run, W. Branch 462 43% -5% -3% 19% 62% 

Four Mile Run, Lower Mainstem 454 31% 15% 0% 17% 48% 

Palisades 414 67% 4% 0% 17% 84% 

Arlington Branch 405 29% 4% -14% 16% 46% 

Virginia Highlands 358 41% 16% -10% 16% 57% 

Torreyson Run 319 41% -6% -5% 20% 61% 

Windy Run 317 54% 1% 0% 17% 71% 

Westover Branch 293 42% 0% -5% 23% 65% 

Fairlington/Bradlee 266 37% 1% -5% 25% 62% 

Nauck Branch 230 28% 4% -13% 28% 56% 

Crossman Run 225 38% 2% 11% 19% 56% 

Colonial Village Branch 191 31% -13% -10% 19% 49% 

Upper Long Branch 162 57% 6% 1% 16% 72% 

Pimmit Run 155 78% 6% 0% 9% 87% 

Bailey's Branch 151 35% 5% -4% 19% 54% 

Stohman's Run 151 54% 4% 1% 16% 70% 

Lucky Run 151 48% 3% -5% 18% 66% 

Rixey Branch 138 61% 0% -1% 18% 79% 

Arlington Forest Branch 78 50% -2% -6% 17% 67% 

Rosslyn 73 14% -1% 27% 10% 23% 

Little Pimmit Run, Mainstem 33 49% 1% 5% 15% 64% 

Pimmit Run Tributary 8 50% -1% -17% 21% 71% 
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Figure 13. Watershed tree canopy in Arlington County. 

 

Figure 13. Watershed Tree Canopy in Arlington County. 
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Figure 14. Watershed tree canopy change in Arlington County. 

 

Figure 14. Watershed Tree Canopy Change Arlington County. 
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Surface Temperature Analysis 

Urban areas are often subject to higher 

temperatures due to a relatively low 

amount of tree cover, compared to rural 

areas. Researchers have found that this 

urban heat island (UHI) effect is largely 

due to the removal and replacement of 

tree canopy with impervious surfaces. 

Using a surface temperature analysis in 

conjunction with the tree canopy analysis 

can further identify areas of Arlington 

County that are currently suffering from 

the UHI effect and need attention.  

Surface temperatures varied throughout 

the County, but were higher in locations 

with impervious surface and low 

amounts of tree canopy cover, as 

expected (Figure 16). The average of 

Bands 10 and 11 revealed the highest 

temperature to be 91.7 degrees 

Fahrenheit, while the lowest recorded 

value was in water at 76.0 degrees. The 

average temperature across all cells was 

recorded at 84.5 degrees with a standard 

deviation of 1.8 degrees.  

To investigate topographical effects, the 

land surface temperature data set was 

overlain on a hill shade created from a 

NED 3-meter data set (Figure 15). For areas with above average temperatures, it was found that these surfaces were generally a low slope or flat 

area with a longer exposure to sunlight. Temperatures that were estimated lower than average have more changes in topography which reduces 

the amount of direct sunlight throughout the day, making them slightly cooler during peak daytime temperatures.  

  

Figure 15. Land surface temperature in Arlington County. 
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Figure 16. Land surface temperature overlain on top of NED Hill Shade Layer in Arlington County. 
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Discussion 

One of the most widespread uses of a UTC assessment is to set tree canopy coverage goals. American Forests, a recognized leader in conservation 

and urban forestry, has updated its research to get away from a standard 40%  tree canopy goal as climate and development densities can have 

a significant impact on an area’s ability to achieve a specific goal. Instead American Forests recommends making individual canopy goals based 

on conditions in a city or county and to have that goal help the city achieve an environmental target that is measurable such as reducing 

stormwater runoff by a certain amount. Arlington County’s current UTC percentage is 38% when including DOD and Airport properties and 

41% when excluding. The County can use this data to help set an appropriate tree canopy goal to reinforce trees’ position as important community 

assets and ensure that the amount of UTC is maintained or increases as the County changes and experiences further growth.  

With 17% of the County’s surfaces potentially available for planting, there are opportunities to use this data to improve the County’s tree canopy. 

Where possible, the County could use this data to consider planting and preserving trees in these areas, or retrofitting them with green 

infrastructure to increase the amount of tree canopy and pervious covers and reduce the amount of impervious cover and stormwater runoff. 

Areas with high percentages of impervious land cover have a high runoff risk potential and should be priorities for tree planting.  

Recommendations 

Use this data, in concert with the Urban Forest Masterplan, to explore setting canopy targets in the County. 

Use the results of the UTC assessment to find areas of low tree canopy and high opportunity to prioritize tree planting and preservation.  

Use this data to aid in public outreach efforts to spread the word about the urban forest and the benefits it provides to the community. This can 

bolster support of trees and helps the community understand the importance of trees and the need for tree planting, maintenance, and 

preservation. 

 

  

Planting Maintenance Preservation
Increased Tree 

Canopy
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Glossary 

bare soil land cover: The land cover areas mapped as bare soil typically include vacant lots, construction areas, and other exposed soil. 

canopy: Branches and foliage which make up a tree’s crown. 

canopy cover: As seen from above, it is the area of land surface that is covered by tree canopy.  

canopy spread: A data field that estimates the width of a tree’s canopy in five-foot increments. 

existing UTC: The amount of UTC present within the county boundary. 

geographic information systems (GIS): A technology that is used to view and analyze data from a geographic perspective. The technology is 

a piece of an organization's overall information system framework. GIS links location to information (such as people to addresses, buildings to 

parcels, or streets within a network) and layers that information to give you a better understanding of how it all interrelates. 

greenspace: A land use planning and conservation term used to describe protected areas of undeveloped landscapes. 

impervious land cover: The area that does not allow rainfall to infiltrate the soil and typically includes buildings, parking lots, and roads. 

land cover: Physical features on the earth mapped from satellite or aerial imagery such as bare soils, canopy, impervious, pervious, or water.  

open water land cover: The land cover areas mapped as water typically include lakes, oceans, rivers, and streams. 

pervious land cover: The vegetative area that allows rainfall to infiltrate the soil and typically includes parks, golf courses, and residential areas. 

possible UTC: The amount of land that is theoretically available for the establishment of tree canopy within the county boundary. This includes 

all pervious and bare soil surfaces.  

potential UTC: This is the sum of existing UTC and the preferred plantable area. 

preferred plantable area: The amount of land that is realistically available for the establishment of tree canopy within the county boundary. 

This includes all pervious and bare soil surfaces with specified land uses.  

species: Fundamental category of taxonomic classification, ranking below a genus or subgenus and consisting of related organisms capable of 

interbreeding. 

tree: A tree is defined as a perennial woody plant that may grow more than 20 feet tall. Characteristically, it has one main stem, although many 

species may grow as multi-stemmed forms. 

tree canopy land cover: The area of land surface that is covered by the tree's leaf covered branches as seen from above the ground surface. 

urban forest: All of the trees within a municipality or a community. This can include the trees along streets or rights-of-way, parks and 

greenspaces, and forests. 

urban tree canopy assessment (UTC): A study performed on land cover classes to gain an understanding of the tree canopy coverage, 

particularly as it relates to the amount of tree canopy that currently exists and the amount of tree canopy that could exist. Typically 

performed using aerial photographs, GIS data, or LIDAR. 
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Appendix A 
Methodology and Accuracy Assessment 

Davey Resource Group Classification Methodology 

Davey Resource Group utilized an object-based image analysis (OBIA) semi-automated feature extraction method to process and analyze 

current high-resolution color infrared (CIR) aerial imagery and remotely-sensed data to identify tree canopy cover and land cover 

classifications. The use of imagery analysis is cost-effective and provides a highly accurate approach to assessing your community's existing 

tree canopy coverage. This supports responsible tree management, facilitates community forestry goal-setting, and improves urban resource 

planning for healthier and more sustainable urban environments. 

Advanced image analysis methods were used to classify, or separate, the land cover layers from the overall imagery. The semi-automated 

extraction process was completed using Feature Analyst, an extension of ArcGIS®. Feature Analyst uses an object-oriented approach to 

cluster together objects with similar spectral (i.e., color) and spatial/contextual (e.g., texture, size, shape, pattern, and spatial association) 

characteristics. The land cover results of the extraction process were post-processed and clipped to each project boundary prior to the manual 

editing process  to create smaller, manageable, and more efficient file sizes. Secondary source data, high-resolution aerial imagery provided 

by each UTC city, and custom ArcGIS® tools were used to aid in the final manual editing, quality checking, and quality assurance processes 

(QA/QC). The manual QA/QC process was implemented to identify, define, and correct any misclassifications or omission errors in the 

final land cover layer.   

Canopy Change Detection Methods 

Tree canopy data from past Arlington County land cover studies yielded the opportunity to assess temporal change of tree canopy levels. 

Previous urban tree canopy assessments from 2008 and 2011 were used to analyze canopy change dynamics across multiple boundaries, 

including county, county without DOD properties, parks, civic associations, census blocks, and watersheds.  

Tree canopy polygons for each year (2008, 2011, and 2016) were clipped using the same boundary for the given geography to stay consistent 

while analyzing canopy levels. Acreages and percentages were calculated for each year. From the acreage values, percent change was 

calculated using the formula below. Percent change was derived for 2008-2016 and 2011-2016.  

             (Current Year Acres – Previous Year Acres) / (Previous Year Acres X 100) 

As an example, boundaries were assumed to not have changed during the analysis timespan. Therefore, a direct correlation between canopy 

change metrics would be dependent solely on the accuracy of the imagery and not the analysis boundaries.   

Classification Workflow 

1) Prepare imagery for feature extraction (resampling, rectification, etc.), if needed.  

2) Gather training set data for all desired land cover classes (canopy, impervious, grass, bare soil, shadows). Water samples are not always 

needed since hydrologic data are available for most areas. Training data for impervious features were not collected because the County 

maintained a completed impervious layer. 
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3) Extract canopy layer only; this decreases the amount of shadow removal from large tree canopy shadows. Fill small holes and smooth 

to remove rigid edges. 

4) Edit and finalize canopy layer at 1:2,000 scale. A point file is created to digitize-in small individual trees that will be missed during the 

extraction. These points are buffered to represent the tree canopy. This process is done to speed up editing time and improve accuracy 

by including smaller individual trees.  

5) Extract remaining land cover classes using the canopy layer as a mask; this keeps canopy shadows that occur within groups of canopy 

while decreasing the amount of shadow along edges. 

6) Edit the impervious layer to reflect actual impervious features, such as roads, buildings, parking lots, etc. to update features. 

7) Use canopy and actual impervious surfaces as a mask; input the bare soils training data and extract them from the imagery. Quickly edit 

the layer to remove or add any features. Davey Resource Group tries to delete dry vegetation areas that are associated with lawns, 

grass/meadows, and agricultural fields. 

8) Assemble any hydrological datasets, if provided. Add or remove any water features to create the hydrology class. Perform a feature 

extraction if no water feature datasets exist. 

9) Use geoprocessing tools to clean, repair, and clip all edited land cover layers to remove any self-intersections or topology errors that 

sometimes occur during editing. 

10) Input canopy, impervious, bare soil, and hydrology layers into Davey Resource Group’s Five-Class Land Cover Model to complete the 

classification. This model generates the pervious (grass/low-lying vegetation) class by taking all other areas not previously classified 

and combining them.  

11) Thoroughly inspect final land cover dataset for any classification errors and correct as needed. 

12) Perform accuracy assessment. Repeat Step 11, if needed. 

Automated Feature Extraction Files 

The automated feature extraction (AFE) files allow other users to run the extraction process by replicating the methodology. Since Feature 

Analyst does not contain all geoprocessing operations that Davey Resource Group utilizes, the AFE only accounts for part of the extraction 

process. Using Feature Analyst, Davey Resource Group created the training set data, ran the extraction, and then smoothed the features to 

alleviate the blocky appearance. To complete the actual extraction process, Davey Resource Group uses additional geoprocessing tools 

within ArcGIS®. From the AFE file results, the following steps are taken to prepare the extracted data for manual editing.  

1) Davey Resource Group fills all holes in the canopy that are less than 30 square meters. This eliminates small gaps that were created 

during the extraction process while still allowing for natural canopy gaps. 

2) Davey Resource Group deletes all features that are less than 9 square meters for canopy (50 square meters for impervious surfaces). 

This process reduces the amount of small features that could result in incorrect classifications and also helps computer performance. 

3) The Repair Geometry, Dissolve, and Multipart to Singlepart (in that order) geoprocessing tools are run to complete the extraction 

process. 

4) The Multipart to Singlepart shapefile is given to GIS personnel for manual editing to add, remove, or reshape features.   



 

Davey Resource Group 29 December 2017 

Accuracy Assessment Protocol  

Determining the accuracy of spatial data is of high importance to Davey Resource 

Group and our clients. To achieve to best possible result, Davey Resource Group 

manually edits and conducts thorough QA/QC checks on all urban tree canopy and 

land cover layers. A QA/QC process was completed using ArcGIS® to identify, clean, 

and correct any misclassification or topology errors in the final land cover dataset. 

The initial land cover layer extractions was edited at a 1:2,000 quality control scale 

in the urban areas and at a 1:2,500 scale for rural areas utilizing the most current high-

resolution aerial imagery to aid in the quality control process.  

To test for accuracy, random plot locations are generated throughout the County area 

of interest and verified to ensure that the data meet the client standards. Each point 

will be compared with the most current NAIP high-resolution imagery (reference 

image) to determine the accuracy of the final land cover layer. Points will be classified 

as either correct or incorrect and recorded in a classification matrix. Accuracy was assessed using four metrics: overall accuracy, kappa, 

quantity disagreement, and allocation disagreement. These metrics are calculated using a custom Excel® spreadsheet. 

Land Cover Accuracy 

The following describes Davey Resource Group’s accuracy assessment techniques and outlines procedural steps used to conduct the 

assessment.  

1. Random Point Generation—Using ArcGIS, 1,000 random assessment points are 

generated.  

2. Point Determination—Each point is carefully assessed by the GIS analyst for likeness 

with the aerial photography. To record findings, two new fields, CODE and TRUTH, are 

added to the accuracy assessment point shapefile. CODE is a numeric value (1–5) 

assigned to each land cover class (Table 7) and TRUTH is the actual land cover class as 

identified according to the reference image. If CODE and TRUTH are the same, then the 

point is counted as a correct classification. Likewise, if the CODE and TRUTH are not 

the same, then the point is classified as incorrect. In most cases, distinguishing if a point 

is correct or incorrect is straightforward. Points will rarely be misclassified by an 

egregious classification or editing error. Often incorrect points occur where one feature 

stops and the other begins.  

  

Land Cover Classification Code Value 

Tree Canopy 1 

Impervious  2 

Pervious (Grass/Vegetation) 3 

Bare Soil 4 

Open Water 5 

 Table 9. Land Cover Classification Code Values 
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3. Classification Matrix—During the accuracy assessment, if a point is considered incorrect, it is given the correct classification in the 

TRUTH column. Points are first assessed on the NAIP imagery for their correctness using a “blind” assessment—meaning that the 

analyst does not know the actual classification (the GIS analyst is strictly going off the NAIP imagery to determine cover class). Any 

incorrect classifications found during the “blind” assessment are scrutinized further using sub-meter imagery provided by the client to 

determine if the point was incorrectly classified due to the fuzziness of the NAIP imagery or an actual misclassification. After all random 

points are assessed and recorded, a classification (or confusion) matrix is created. The classification matrix for this project is presented 

in Table 9. The table allows for assessment of user’s/producer’s accuracy, overall accuracy, omission/commission errors, kappa 

statistics, allocation/quantity disagreement, and confidence intervals (Table 10). 
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Classes 
Tree 
Canopy 

Impervious 
Surfaces 

Grass & 
Low-Lying 
Vegetation 

Bare 
Soils 

Open 
Water 

Row 
Total 

Producer's 
Accuracy 

Errors of 
Omission 

Tree Canopy 336 3 11 0 0 350 96.00% 4.00% 

Impervious 5 383 24 0 0 412 92.96% 7.04% 

Grass/Vegetation 17 8 198 0 0 223 88.79% 11.21% 

Bare Soils 0 0 1 11 0 12 91.67% 8.33% 

Water 0 0 0 0 3 3 100.00% 0.00% 

Column Total 358 394 234 11 3 1,000   

User's Accuracy 
93.85% 97.21% 84.62% 100.00% 100.00%  

Overall 
Accuracy 93.10% 

Errors of 
Commission 6.15% 2.79% 15.38% 0.00% 0.00%  

Kappa 
Coefficient 0.8955 

 

4. Following are descriptions of each statistic as well as the results from some of the accuracy assessment tests.  

Overall Accuracy – Percentage of correctly classified pixels; for example, the sum of the diagonals divided by the total points 

((336+383+198+11+3)/1,000 = 93.10%). 

User’s Accuracy – Probability that a pixel classified on the map actually represents that category on the ground (correct land cover 

classifications divided by the column total [336/358 = 93.85%]). 

Producer’s Accuracy – Probability of a reference pixel being correctly classified (correct land cover classifications divided by the 

row total [336/350 = 96.00%]). 

Kappa Coefficient – A statistical metric used to assess the accuracy of classification data. It has been generally accepted as a better 

determinant of accuracy partly because it accounts for random chance agreement. A value of 0.80 or greater is regarded as “very 

good” agreement between the land cover classification and reference image. 

  

Table 10. Classification Matrix 
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Errors of Commission – A pixel reports the presence of a feature (such as trees) that, in reality, is absent (no trees are actually 

present). This is termed as a false positive. In the matrix below, we can determine that 6.15% of the area classified as canopy is most 

likely not canopy.  

Errors of Omission – A pixel reports the absence of a feature (such as trees) when, in reality, they are actually there. In the matrix 

below, we can conclude that 4.00% of all canopy classified is actually classified as another land cover class. 

Allocation Disagreement – The amount of difference between the reference image and the classified land cover map that is due to 

less than optimal match in the spatial allocation (or position) of the classes.  

Quantity Disagreement – The amount of difference between the reference image and the classified land cover map that is due to 

less than perfect match in the proportions (or area) of the classes. 

Confidence Intervals – A confidence interval is a type of interval estimate of a population parameter and is used to indicate the 

reliability of an estimate. Confidence intervals consist of a range of values (interval) that act as good estimates of the unknown 

population parameter based on the observed probability of successes and failures. Since all assessments have innate error, defining 

a lower and upper bound estimate is essential. 

Table 11. Landcover Assessment 

Class Acreage Percentage 
Lower 
Bound 

Upper Bound 
  

Tree Canopy 6,356.0 38.1% 37.7% 38.5%   Statistical Metrics Summary 

Impervious Surfaces 6,346.3 38.0% 37.6% 38.4%   Overall Accuracy = 93.1% 

Grass & Low-Lying 
Vegetation 

3,786.3 22.7% 22.4% 23.0%   Kappa Coefficient = 0.89555 

Bare Soils 126.2 1.8% 0.7% 0.8%   Allocation Disagreement = 5% 

Open Water 75.7 10.5% 0.4% 0.5%   Quantity Disagreement = 2% 

Total 16,690.52 100%       
  
  

  

http://en.wikipedia.org/wiki/Interval_estimation
http://en.wikipedia.org/wiki/Population_parameter
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Table 12. Accuracy Assessment 

Class 
User's 
Accuracy 

Lower 
Bound 

Upper 
Bound 

Producer's 
Accuracy 

Lower 
Bound 

Upper Bound 

Tree Canopy 93.9% 92.4% 95.1% 96.0% 95.0% 97.0% 

Impervious Surfaces 97.2% 96.4% 98.0% 93.0% 91.7% 94.2% 

Grass & Low-Lying 
Vegetation 

84.6% 82.3% 87.0% 88.8% 86.7% 90.9% 

Bare Soils 100.0% 100.0% 100.0% 91.7% 83.7% 100.0% 

Open Water 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

        

Land Surface Temperature Analysis Methodology 

Capturing land surface temperature is essential to monitoring heat islands, air quality, and overall well-being for residents in Arlington County. 

To establish an understanding of how urban tree canopy affects heat island, land surface temperature analysis was conducted using Landsat 8 

imagery taken during the late afternoon during summer conditions. The image source used for this assessment was Landsat 8 OLI-TIRS  

30-meter resolution captured on August 22, 2016 at 3:46 p.m. Weather conditions were sunny with a high air temperature of 86 degrees. For 

this analysis, both thermal bands (Bands 10 and 11) were averaged to produce the final surface temperature data set.  

Image Pre-Processing 

Before processing the Landsat imagery, atmospheric correction was performed on the imagery to ensure that scattering due to aerosols, clouds, 

hazing, and other factors were removed from the imagery. This allowed for a defect-free image for the entire county for both thermal bands.  

After correction, the Landsat image was clipped to the County to remove area not included in the land surface temperature analysis.  

Adjusting Surface Temperature Using the 2016 Tree Canopy Data 

An adjustment of the Landsat 8 land surface temperature was implemented using the 2016 land cover data. Within an urban setting, small 

fragments of tree canopy are often misrepresented using 30-meter resolution. Therefore, land surface emissivity was derived using 1-meter NAIP 

imagery NDVI, and then resampled to 30-meter resolution using the Nearest Neighbor algorithm to provide a more accurate estimate of 

emissivity. This result corrected the issue of underrepresented areas that had established tree canopy, but did not show up appropriately on the 

30-meter Landsat 8 imagery. This correction provided a small decrease in temperature for canopied areas and a small increase for impervious 

areas that were void of trees. 
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Processing Steps  

The following steps were implemented to transform the Landsat image from digital numbers (DN) to land surface temperature in Fahrenheit. 

1) Convert Raw Band DNs to Top of Atmosphere Radiance (TOA) 

Lλ = MLQcal + AL  

where:               

Lλ = TOA spectral radiance (Watts/( m2 * srad * μm)) 

ML = Band-specific multiplicative rescaling factor from the metadata (RADIANCE_MULT_BAND_x, where x is the band number) 

AL = Band-specific additive rescaling factor from the metadata (RADIANCE_ADD_BAND_x, where x is the band number) 

Qcal = Quantized and calibrated standard product pixel values (DN)    

2) Convert TOA Radiance to Reflectance 

    ρλ' = MρQcal + Aρ  

where:               

ρλ'  = TOA planetary reflectance, without correction for solar angle. Note that ρλ' does not contain a correction for the sun angle. 

Mρ  = Band-specific multiplicative rescaling factor from the metadata (REFLECTANCE_MULT_BAND_x, where x is the band number) 

Aρ   = Band-specific additive rescaling factor from the metadata (REFLECTANCE_ADD_BAND_x, where x is the band number) 

Qcal= Quantized and calibrated standard product pixel values (DN) 

 

3) Convert Reflectance to At-Satellite Brightness Temperature 

 

 

 

where:               

T = At-satellite brightness temperature (K) 

Lλ= TOA spectral radiance (Watts/( m2 * srad * μm)) 

K1= Band-specific thermal conversion constant from the metadata (K1_CONSTANT_BAND_x, where x is the thermal band number) 

K2= Band-specific thermal conversion constant from the metadata (K2_CONSTANT_BAND_x, where x is the thermal band number) 

  

T =  
           K2                   

ln(  
  K1    

 +1) 
Lλ 
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Constants: 

    K1_CONSTANT_BAND_10 = 774.8853 

    K2_CONSTANT_BAND_10 = 1321.0789 

    K1_CONSTANT_BAND_11 = 480.8883 

    K2_CONSTANT_BAND_11 = 1201.1442 

4) Calculate Normalized Difference Vegetation Index (NDVI) 

 

 

5) Calculate Proportion of Vegetation  

               

Pv = (NDVI – NDVImin /NDVImax – NDVImin)
2 

 

6) Derive Land Surface Emissivity (reference for urban areas) 
http://www.tandfonline.com/doi/full/10.1080/01431160600993421?scroll=top&needAccess=true) 

0.017Pv+0.963 

  Where: 

  Pv = proportion of vegetation 

7) Land Surface Temperature 

BT / 1 + w * (BT / p) * ln(e) 

where: 

BT = At-satellite brightness temperature 

W = wavelength of emitted radiance (~11.5 micrometers) 

e = land surface emissivity 

p = h * c / s (1.438 *10-2 m K) 

h = Planck’s constant (6.626 * 10-34 Js) 

s = Boltzmann constant (1.38 * 10-23 J/K) 

c = velocity of light (2.998 * 108 m/s) 

*p = 14380 

http://www.tandfonline.com/doi/full/10.1080/01431160600993421?scroll=top&needAccess=true
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8) Conversion from Kelvin to Fahrenheit  

 

° F = 9/5 (K - 273) + 32 
 

9) Calculate Average Land Surface Temperature from Band 10 and 11 

 

 


