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Percent of Total Tree Cover in Cities by Land Use 

Forest 
(40% TC) 

Grass 
(20% TC) 

Desert 
(10% TC) 



Structure       Function       Value 

Vegetation and Ecosystem Services 



Urban Vegetation Benefits 

Cooler air temperatures 
Social / Physiological benefits / Aesthetics 
Air quality improvement 
Water quality improvement 
Building energy conservation 
Greenhouse gas reduction 
UV radiation reduction 
Wildlife habitat 
Noise reduction 
Oxygen production 
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Temperature and Smog  
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(Smith, 1990) 



U.S. Pollution Removal by Trees 

Urban Areas Rural Areas 

Pollutant 

Removal  

(t × 1000) 

Value  

($ × 1000) 

Removal  

(t  × 1000) 

Value  

($ × 1000) 

NO2 68 29,500 1,371 8,939 

  (41-85) (17,650-37,930) (958-1,661) (5,736-10,900) 

O3 523 1,497,000 13,810 721,600 

  (201-691) (550,000-1,988,000) (7,130-17,829) (314,400-929,800) 

PM2.5 27 3,127,000 669 1,452,000 

  (4-58) (414,700-6,928,000) (91-1,503) (193,000-3,141,000) 

SO2 33 4,923 873 2,534 

  (20-52) (2,864-7,793) (564-1,339) (1,527-3,891) 

Total 651 4,659,000 16,720 2,185,000 

  (266-887) (985,000-8,960,000) (8,740-22,330) (515,000-4,090,000) 

Total removal = 17.4 million tonnes / yr (96% rural) 
Total value = $6.8 billion / yr (68% urban) 



Ozone Health Effects 

Conterminous US Urban Areas Rural Areas 

Adverse Health Effect Inca 

$ Value  

(Millions) Inca Value 

No. 

Inca Value 

Mortality 275 2,138 185 1,439,586,000 90 698,044,000 

Acute Respiratory Symptoms 481,275 41.1 345,581 29,543,000 
135,6

95 
11,600,000 

Hospital Admissions 1,977 20.3 1,776 13,852,000 201 6,474,000 

School Loss Days 202,399 19.9 146,939 14,428,000 
55,46

0 
5,446,000 

Emergency Room Visits 231 0.1 167 70,000 63 26,000 

Total   2,219   1,497,479,000   721,590,000 

Total avoided mortality = 850 incidences nationally 
Avoided acute respiratory symptoms = 670,000 incidences  



Storage and Sequestration (tonnes) 

Storage = $50.5 billion;  Sequestration = $ 2 billion/yr  



Temperature reduction 

Removal 

Emissions 
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Emissions 
Volatile Organic Compounds (VOCs) 

 - isoprene (light and temperature dependent) 

 - monoterpenes (temperature dependent) 

Maintenance emissions 



Temperature reduction 

Removal 

Emissions 

Energy Conservation 





National Building Energy Conservation 

36 million MWh 
energy production 
avoided annually 
($4.3 billion) 

228 million MMBTU 
energy production 
avoided annually 
($2.9 billion) 

Preliminary results 
 



Avoided Emissions – Conterminous US 

Pollutant Tonnes avoided/yr $ millions/yr 

Carbon dioxide 19,800,000 425 

Carbon monoxide 16,200 26 

Course PM 1,720 97 

Fine PM 4,190 590 

Methane 459 0.2 

Nitrogen oxides 17,100 161 

Sulfur dioxide 45,300 405 

VOCs 1,100 1 

Total 1,705 



Summary – US Urban Annual Values 

Avoided energy use = $7.2 billion 

Air pollution removal = $4.7 billion 

Carbon sequestration = $2.0 billion 

Avoided emissions = $1.7 billion 

Total = $15.6 billion 

$1,870 per hectare of tree cover 

 

 

Current carbon storage value = $50.5 billion 



What is i-Tree? 

Assessment of current and 
future forest structure and 
benefits  

Optimal tree planting and 
design 

Sustainable and resilient 
forest management 

Public engagement in 
stewardship 
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A collaborative public-private partnership 
and suite of tools that provides: 



i-Tree user base continues to grow… 

 

Since its release in 2006, over 13,500 copies have been distributed in over 
100 countries. An additional 20,000 unique users of i-Tree web tools were 
added in since 2011. 



i-Tree Vegetation Benefits 

Air quality improvement 
Water quality improvement 
Greenhouse gas reduction 
Building energy use conservation 
Oxygen production 
Health benefits  
Cooler air temperatures  
UV radiation reduction 
Wildlife habitat 
Products: timber, food, fiber, ethanol 



 i-Tree is a 

Cooperative 

Initiative 

 i-Tree 
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Canopy 



i-Tree 2nd Generation (3 Flagship Programs) 

 

 

  

  Growth / Mortality /    

Influx rates   

Land / Tree  
Cover Maps 

Projected  
Development  

  

On-line 

Mapping tools   
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Field Data 

Google Maps 

Digital Cover Maps 

Landscape 



Management Recommendations 
Increase / sustain healthy trees & tree cover 

Sustain large, healthy trees 

Plant long-lived species 

Use low maintenance, urban adapted species 

Consider projected climate change 

Temperature, precipitation, insects, disease 
changes 

Minimize fossil fuel use 

Plant trees to cool air temperatures 

Plant trees in energy conservation location 
and use wood for energy or products 

Provide trees ample water 

 

 



Thank you 

dnowak@fs.fed.us nrs.fs.fed.us/units/urban 


