
Houston Green UFORE 
(Urban Forest Effects) 



Purpose: To build tools and systems that help state and                   

local groups monitor and guide the development of 

green infrastructure to improve the quality of life in 

Houston. 

 



Houston Green 
Houston Area Urban Ecosystem Analysis 



 
Goals: 

• Quantify benefits of Houston-area urban forests 

• Provide information to support public policy 

decisions and the work of local nonprofits and 

agencies  

Houston Area Urban Ecosystem Analysis 
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Houston Area Urban Ecosystem Analysis 

Findings: Houston Metropolitan Area has had significant loss 

of tree cover. 

•Current canopy level is 27%, down 16 percent since 1972. 
 
Air Pollution: 83 million pounds removed annually at a value 

of $208 million. 

Stormwater Management: $1.33 billion in avoided 

retention/detention costs. 

Energy Use: Annual energy savings from trees is $26 million. 

 

 

 



The UFORE model is currently designed to provide estimates of:  

 

    Urban forest structure by land use type. Forest structure data includes such variables as 

species composition, number of trees, diameter, tree density, tree health, leaf area, leaf and tree 

biomass, and species diversity.   

                                                                           

    Amount of pollution removed by the urban forest and associated percent air quality 

improvement throughout the year.  Pollution removal is calculated for ozone, sulfur dioxide, 

nitrogen dioxide, carbon monoxide and particulate matter (<10 microns).      

                           

    Urban forest volatile organic compound (VOC) emissions and the relative impact of tree 

species on net ozone and carbon monoxide formation throughout the year.   

                                       

    Total carbon stored and net carbon annually sequestered.   

   

    Effects on building energy use and consequent effects on carbon dioxide emissions from 

power plants.  

                    

    Compensatory value of the forest, as well as the value of air pollution removal and carbon 

storage and sequestration.   

 



Houston UFORE  

8-County Study Area 

•Field analysis of tree species, 

sizes and conditions 

•Regional analysis of land 

cover and land use 

•Integrated ozone modeling 

incorporating the latest field 

data and modeling techniques 



%U %U

# #

%U $T #S

$T %U %U #0 $T

%U $T #

$T %U %U %U %U

$T # %U %U %U #

%U $T #0

$T %U %U %U %U #

%U %U %U %U $T %U %U #0

%U $T %U $T %U %U %U %U %U

%U %U $T %U %U $T #0 #

%U %U %U %U #0 #0 %U # %U %U

%U %U $T %U %U %U %U # #0 %U %U

%U %U $T %U # $T %U # #0 #S # %U

%U %U # #S #S #0 %U #0 #0 #S # #0 %U %U

$T %U #S #S #0 #S #0 #0 #0 #S #0 #0 #0 %U %U

%U %U #0 #S #0 #S #0 #0 #0 #0 %U %U %U

%U #0 #0 #0 #0 # #0 #0 #0 # #S # % %U %U

%U %U #S #0 #0 #0 # #0 #0 # #S # # %U

%U #S #0 #0 #S #0 #0 #S # #0 #0 # #0 #0 % %U

%U $T %U #S #0 #S #0 # #0 # #S #S #S #0 #0 $ $T

$T %U #S #0 # #0 # #0 #S $ #0 % $T % %U

%U %U # #0 # #0 #0 #0 $ $Z % $T $T

%U %U %U #0 #0 #0 #0 # #S $T $ % %

%U %U % #0 #S # #S # #S #0 % % $ %

%U % #0 #S #0 $ #0 #0 $ $ $T % $T

%U #S % % % $ #0 $T % $T # $Z

%U % % % $Z $ $Z % $ $T

% $ $ $ #0 # $T $ $ % $

$ % $T % #0 #0 #0 $T $Z $Z $T

% % % % $ $T $

% $ #0 % % $ $Z $Z

% $T $T $T # $Z $Z

% % $T $ $ #

$ $T % % $Z

% $T $T $

%

$

UF O R E  Plo t L o ca tion s

North_A g-R ange%

North_Forest-B L

North_Forest-C ON F

North_Forest-M ixed

Resident ia l#0

South_A g-Range%U

South_Forest$T

Urban -  B u ilt#

Urban -  G reen#S

water#

Ho u s to n  Urb a n ize d  A re a

E ig h t C o u n ty  S tu d y  A re a

$

$T

$Z

Field Data Collection 

• 332 1/6 acre 

plots with 1/75 

microplots for 

trees less than 5” 

dbh 

 

 

Land-use type 
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Land Cover / Use Classification 

    Combined latest satellite 

imagery to classify land 

use and land cover 

Land cover/use maps produced by  

Global Environmental 

Management, Inc. (GEM, Inc.) 



Cover Types 

• Ag/Range lands      48% 

 North             13% 
 South             35% 

• Forest    28% 

 North      22% 
 South        6% 

 

• Developed lands       24% 

 Residential          13% 
 Urban Built     5.5% 
 Urban Green     5.5% 

Houston Area Results 



Houston Area Results 

•Number of trees: 663 million 

•Most common species: Chinese tallow (23%) 

•All oak species: 14.6% 

•Regional tree cover: 23.6% 

•Annual benefits: $455 million 

•Structural value: $206 billion 



Tree Density’s 

South Forest 

North Forest 

South Ag/Range 

North Ag/Range 

Residential 

Urban – Green 

Urban – Built 

 

Total 

Land Cover Type 
Area 

Sq.Miles 
Trees  

Millions 
Density 

Trees Sq/Mile 

Species 

  400.2           88.8                  221,771                20 

1,321.9            382.3                  289,209                69 

2,110.1              71.8                    34,009                12 

   794.3              36.6                    90,345                15 

   782.2              43.9                    56,137                36 

   327.4              33.9                  103,434                26             

   327.4                5.9                    18,097                14 

 

6063.6          663.1               106,951*            70** 

   *Average Density 

** Total Primary Tree Species Identified in analysis 

 

Houston Area Results 



Most Common Trees 

• Chinese tallow tree             23.0% 

• Loblolly pine  18.7% 

• All Oaks   14.6% 

• Cedar elm   6.9% 

• Water oak    5.4% 

• Hawthorn   4.8% 

• Sweetgum   4.6% 

• Sugarberry   4.1% 

• Green ash   3.7% 

• Baldcypress  3.3% 



Exotics 

Americas

EuroAsia

North America

Asia

The percent exotic from each of  the land classifications are: 

N. Ag/Range – 8.5% 

N Forest BL – 19.7% 

N. Forest Co – 12.4% 

N Forest Mi – 14.4% 

Residential – 38.1% 

S. Ag/Range – 78.7% 

S. Forest – 24.9% 

Urban Built – 14% 
  

Most of  the trees found within the study were native to North America (72%) and out of  the 

native trees (65%) are native to the State of  Texas.  



Urban Forest Benefits Status: 

State of the Urban Forest  

 
•Report Complete analysis 

of urban forest health, 

structure, function and 

benefits 

•Air Quality Report 



 

December 2004 
 

Houston Metropolitan Area 

Report: 
 

 

 

 

 

 

 

Analytical Assessment of 

Structure, Function, and Value 



Air Pollution Removal 

• 166 tons/day 

• $295.2 million / year 
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Carbon Storage and Sequestration 

Trees in the Houston area store 39 million tons of carbon ($721 million 

value) and annually sequesters 1.6 million tons of atmospheric carbon ($29 

million value).   



Tree Effects on Building Energy Use  

Trees in the Houston region provide $131 million 

annually in direct and indirect energy savings. 
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Monetary Value of the Regional Forest  

Structural Values: 

•Replacement or Compensatory value: $205.8 billion (based 

on CTLA guidelines) 

•Carbon Storage: $721 million 

Functional (Annual) Values: 

•Carbon Sequestration: $29 million 

•Pollution Removal: $295 million 

•Energy Savings: $131 million 

 

 

  

Total Monetary Value is over $206 billion  
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Houston’s Region Forest Future  

At at 7% mortality rate, approximately 2 million additional trees per year 

would be needed to maintain existing canopy coverage. 

 



University of Houston 

• Conduct meteorological, emissions, and air quality 

sensitivity modeling  

• Incorporate most up-to-date detailed land use and land 

cover data  

• Working with latest air quality models to determine the 

effects of tree cover changes on ozone 

• Integrates field data within models 

 

 

Effects of Land Cover Changes on the Air 

Quality in the  

Houston-Galveston Area 















•ISOP emissions/voc’s decrease 

•Ambient air temperature increase 

•Some (minimal) increase in overall 

ozone 

University of Houston 

Effects of Land Cover Changes on the Air Quality in 

the  

Houston-Galveston Area 

 
Preliminary Findings: 

 
 



GIS and Computer Tools 







GIS and Computer Tools Status 

 

•Development of Windows based program to help 

partners/cooperators in determining best tree species for 

specific planting objectives. 

•Development of GIS program that estimates future urban 

forest effects across the Houston area based on growth 

rates, mortality rates and changes in land use classes. 

 

 

 



 30 year grow-out 

scenarios 

 Tree mortality 

 Tree planting 

 Tree growth 

 Land use change 

FUTURE EFFECTS 



Questions? 


