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Abstract 
The Expansion of Texas Land Use/Land Cover through Class Crosswalking and light detection and ranging (lidar) 

Parameterization of Arboreal Vegetation project was initiated by the Texas Commission on Environmental Quality to 

provide a more detailed and accurate map of land cover necessary for air quality modeling for the 12km Comprehensive 

Air Quality Model with Extensions (CAMx) domain.  The project consisted of crosswalking classes from the LANDFIRE and 

Texas Parks and Wildlife Vegetation classes and classifying LandSat imagery to the Texas Land Classification System, and 

to derive forest composition characteristics with lidar for more accurate biogenic emission modeling.  Lidar was used to 

estimate tree height, canopy base height, diameter at breast height, individual tree biomass, and canopy bulk density.  

Individual trees were identified through using lidar and the TreeVaw software, which uses a local maxima varying filter.   
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Description of the Grant Activity 

The grant activity description received from the TCEQ was written as an itemized list of 5 overall tasks and a total of 21 

subtasks (Table1).  Tasks 1 and 2 required the PI to return an approved grant activity description (work plan) and file 

monthly progress reports, respectively.  Task 5 addresses the issuance of this Final Report.  Discussion of these tasks is 

unnecessary and is not included in the report.  This report is organized into seven chapters which detail the steps taken 

to complete the tasks.  Some chapters encompassing several tasks and some address a single task.  Task references, 

including a full description of tasks, are found in APPENDIX A. 

 

Task Description 

Task 3 ς Identification of LULC classes that have analogues with the 

NLCD vs. classes without direct correlation to NLCD: 

Identification of LULC classes that have analogues with the 

NLCD vs. classes without direct correlation to NLCD 

Task 3.1 ς Identification and integration of ancillary GIS data: Identification and integration of ancillary GIS data 

Task 3.2 Field Work 

Task 3.3 ς Supplemental Imagery Classification: Supplemental Imagery Classification 

Task 3.4 ς Conversion Routines for converting NLCD to TX LULC Conversion Routines for converting NLCD to TX LULC 

Task 3.5 ς Final Classification and Shapefiles: Final Classification and Shapefiles 

Task 4.0 ς Canopy Height Model Canopy Height Model 

Task 4.1 ς Above-ground Biomass Map: Above-ground Biomass Map 

Task 4.2 ς Surface Roughness: Surface Roughness 

Task 4.3 ς Ground-based LiDAR field measurements: Ground-based lidar field measurements 

Task 4.4 ς Maps of individual tree crown dimensions: Maps of individual tree crown dimensions 

Task 4.5 ς Comparison of ground and airborne LiDAR 

measurements compared 

Comparison of ground and airborne lidar measurements 

compared 

 

 4.6 

Crown bulk density or LMD 

Task 4.7 ς Investigation of ground-based methodology for LAI and 

LMD assessment and comparison to airborne data: 

Investigation of ground-based methodology for LAI and LMD 

assessment and comparison to airborne data 

Task 4.8 ς 2009 LiDAR Acquisition: 2009 Lidar Acquisition 

Task 4.9 ς Hyperion Acquisition: Hyperion Acquisition 

Table 1.  Itemized list of Tasks and a brief description of each. 
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Introduction 
The Texas Land Use/Land Cover (TX LULC) map was generated, with funding from the Texas Commission on 

Environmental Quality (TCEQ), in order to provide a more detailed and accurate map of land cover necessary for air 

ǉǳŀƭƛǘȅ ƳƻŘŜƭƛƴƎΦ  !ǘ ǇǊŜǎŜƴǘΣ ǘƘŜ ¢· [¦[/ ŜȄǘŜƴŘǎ ŦŀǊ ŜƴƻǳƎƘ ǘƻ ŦǳƭŦƛƭƭ ǘƘŜ ¢/9vΩǎ ƳƻŘŜƭƛƴƎ ƴŜŜŘǎ ƛƴ ǘƘŜ 9ŀǎǘ ¢ŜȄŀǎ пƪƳ 

Comprehensive Air Quality Model with Extensions (CAMx) domain.  This project extends the TX LULC classes to the 12km 

CAMx domain (Figure 1ύ ōȅ άŎǊƻǎǎǿŀƭƪƛƴƎέ όƳŀǇǇƛƴƎ ƻƴŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǘƻ ŀƴƻǘƘŜǊύ ŦǊom similar LANDFIRE classes.  

.ŜŎŀǳǎŜ ǘƘŜ мнƪƳ ŘƻƳŀƛƴ ŎƻǾŜǊǎ ŀ ƭŀǊƎŜ ŀǊŜŀ ƻŦ ǘƘŜ ǎƻǳǘƘŜŀǎǘŜǊƴ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ǘƘƛǎ άŎǊƻǎǎǿŀƭƪƛƴƎέ ƛǎ complicated by 

changes in vegetation composition within each class resulting from climatological heterogeneity.  The project includes 

fieldwork and detailed image analysis necessary to reconcile changes in vegetation across the domain (i.e., the NLCD 

ŎŀǘŜƎƻǊȅ άōǊƻŀŘƭŜŀŦ ŦƻǊŜǎǘέ ƛƴ ¢ŜȄŀǎ Ƴŀȅ ƴƻǘ Ŏƻƴǘŀƛƴ ǘƘŜ ǎŀƳŜ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ǘǊŜŜǎ ŀǎ άōǊƻŀŘƭŜŀŦ ŦƻǊŜǎǘέ ƛƴ CƭƻǊƛŘŀύΦ  

This crosswalk will enable future LULC input files to be quickly created from LANDFIRE data for the TCEQ biogenic 

emissions model, Global Biosphere Emissions and Interactions System (GloBEIS). 

 

Figure 1.  Extent of the 12km CAMx domain with the border between the United States and Mexico indicating the separation between 
LANDFIRE and LandSat data used for classification. 

Biogenic emissions are affected by Leaf Mass Density (LMD), species type and density within each land cover category. 

Lidar data is ideally suited to the measurement of vegetation because it captures the shape of target objects, is spatially 

accurate, and can penetrate through the vegetated canopy.  Airborne and ground-based Lidar were used to measure 

tree dimensions in a study area containing forests and woodlands representative of East Texas.  The airborne lidar for 
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this part of the project was collected in 2004 from a 5x5 mile area near Huntsville, TX that contains a diverse assemblage 

of vegetation representative of East Texas, including pine and deciduous stands of various ages.  This area shall hereafter 

be referred to as the Huntsville study area.  Additional information about the Huntsville study area was collected 

through field work, including tree diameter at breast height (dbh), and tree species.   

Land Use/Land Cover Classification of the 12km CAMx Domain 
This study was created to apply existing land cover classification and supplementary data to create a LULC dataset 

classified to the Texas Land Classification System (TXLCS)(Texas Geographic Information Council, 1999) .  The TXLCS is a 

vegetation-centric Anderson classification scheme that separates land use/land cover into 26 classes, including multiple 

classes in the Developed, Forest, Woodland, Wetland and Shrub categories (Table 2).  

The grant activities description for the land use/land cover classification of the 12km CAMx domain intended to 

crosswalk the 2001 National Land Cover Dataset (NLCD) to the TXLCS, but after trying to crosswalk the 2001 NLCD to the 

TXLCS, it was determined to be insufficient (Task 3 ς Identification of LULC classes that have analogues with the NLCD vs. 

classes without direct correlation to NLCD:). The main shortfall of crosswalking the 2001 NLCD to the TXLCS was the 

inadequate (or absence of) foliage typing in the 2001 NLCD for forest and shrub classes.  Cold-Deciduous Forest is easily 

crosswalked from the 2001 NLCD to the TXLCS, but the 2001 NLCD only has one Evergreen class where the TXLCS 

differentiates between needle-leafed and broad-leafed evergreen.  Incorporating the 2001 NLCD Canopy Cover dataset 

allowed for the separation of woodlands from the Cold-Deciduous Forest class, but only general Evergreen Woodland 

class was extracted because of the inadequate foliage typology of the 2001 NLCD needed to crosswalk to the TXLCS. 

²ƛǘƘ ǘƘŜ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ƻŦ ŜǾŜǊƎǊŜŜƴ ŎƭŀǎǎŜǎ ƛƴ ǘƘŜ ¢·[/{Σ ǘƘŜ нллм b[/5Ωǎ aƛȄŜŘ CƻǊŜǎǘ Ŏƭŀǎǎ Ŏŀƴƴƻǘ ōŜ ŘƛǊŜŎǘƭȅ 

translated to the TXLCS.  The Mixed Forest class in the TXLCS can be a mixture of needle-leafed evergreens and broad-

leafed evergreens, but the 2001 NLCD only recognizes a mix of cold-deciduous and evergreen.  Also, the 2001 NLCD only 

has a single class for shrubs where the TXLCS divides shrubs into five classes (Cold-Deciduous, Broad-leafed Evergreen, 

Needle-leafed Evergreen, Mixed, and Desert).  Similar to the inadequacy for shrubs, the 2001 NLCD only has one class 

for woody wetlands, where the TXLCS calls for three (Riparian, Swamp Forested, and Shrub).  All of the shortfalls of the 

2001 NLCD for a direct crosswalk to the TXLCS are outlined in Table 3. 

 During his November 17th presentation at the American Society for Photogrammetry and Remote Sensing (ASPRS) and 

Management Association for Private Photogrammetric Surveyors (MAPPS) 2009 Specialty Conference in San Antonio, TX, 

Andrew Grogan used the LANDFIRE dataset in his spatial analysis model for generating composite cost surfaces to depict 

cross country mobility in natural terrain.  The LANDFIRE dataset he described sounded like a promising alternative to the 

2001 NLCD and required further investigation.  After the conference, the LANDFIRE dataset was investigated.  The 

LANDFIRE dataset was much more detailed than the TXLCS required (classified vegetation by species rather than foliage 

type for each vegetation type), which made it a prime candidate for crosswalking.  The Existing Vegetation Type dataset 

within the LANDFIRE dataset was of primary importance.  The Existing Vegetation Type dataset is a raster dataset with 

an attribute table.  The attribute table has eight different classification schemes for the vegetation, consisting of Existing 

Vegetation Type (EVT_Name), Existing Vegetation Group (EVG_Name), Society of American Foresters and Society for 

Range Management (SAF_SRM), National Vegetation Classification Standard Order (NVCSORDER), National Vegetation 

Classification Standard Class (NVCSCLASS), National Vegetation Classification Standard Subclass (NVCSSUBCLA), System 

Group 1 (SYSTEMGR_1) and System Group 2 (SYSTEMGR_2).  The EVT_Name classification classified the vegetation into 

general vegetation types by ecological zones.  The EVG_Name classification added a better description of species within 

the EVT_Name classification in some cases.  The SAF_SRM classification classified each vegetation class by species.  The 

set of National Vegetation Classification Standard classifications (NVCSORDER, NVCSCLASS, and NVCSSUBCLA) classified 

by dominant vegetation type (i.e. tree-dominant, shrub-dominant), described the canopy structure (i.e., open-canopy, 

closed-canopy), and combined the NVCSORDER and NVCSCLASS classifications and added foliage typology (i.e. mixed 
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evergreen-deciduous open tree canopy), respectively.  SYSTEMGR_1 indicated species (i.e., Bigtooth Maple Woodland) 

and SYSTEMGR_2 described the vegetation type (i.e., hardwood, conifer, etc.)  The primary benefit of the LANDFIRE 

dataset is the need to aggregate classes that are more detailed than needed rather than split classes that are not 

detailed enough, as in the 2001 NLCD. After discussing the benefits of the LANDFIRE dataset over the 2001 NLCD with 

the  TCEQ Project Manager , it was  determined that the LANDFIRE dataset should be the foundation of the crosswalk 

rather than the 2001 NLCD.  The LANDFIRE website (http://www.landfire.gov/background.php) describes the LANDFIRE 

project as follows: 

άLANDFIRE was also known as the Landscape Fire and Resource Management Planning Tools Project 

from 2004 to 2009. As a multi-partner project, it produced consistent maps and data describing 

vegetation, wildland fuel, and fire regimes across the United States being a shared project between the 

wildland fire management programs of the U.S. Department of Agriculture Forest Service and U.S. 

Department of the Interior.έ 
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Class Number Class Abbreviated Class 

1 Open Water OW 

2 Developed Open Space DOS 

3 Developed Low Intensity DL 

4 Developed Medium Intensity DM 

5 Developed High Intensity DH 

6 Barren Land (Rock/Sand/Clay/Unconsolidated Shore) BL 

7 Herbaceous Natural HN 

8 Herbaceous Cultivated HC 

9 Riparian Forested Wetland RFW 

10 Swamp Forested Wetland SFW 

11 Shrub Wetland SW 

12 Herbaceous Emergent Wetland HEW 

13 Cold-Deciduous Forest CDF 

14 Broad-leafed Evergreen Forest BEF 

15 Needle-leafed Evergreen Forest NEF 

16 Mixed Forest MF 

17 Cultivated Woody Vegetation CWV 

18 Cold-Deciduous Woodland CDW 

19 Broad-leafed Evergreen Woodland BEW 

20 Needle-leafed Evergreen Woodland NEW 

21 Mixed Woodland MW 

22 Cold-Deciduous Shrub CDS 

23 Broad-leafed Evergreen Shrub BES 

24 Needle-leafed Evergreen Shrub NES 

25 Mixed Shrub MS 

26 Desert Scrub DS 
Table 2. Texas Land Classification System classes. 
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************Class analogies based on definitions of NLCD 2001 and TXLCS 1999************ 

NLCD 2001 Class 
NLCD 2001 

Canopy Cover 
TXLCS Class                                                                     

(Phase I and II Class Numbers) 
Comments 

 11 - Open water N/A  1 - Open water  

21 - Developed, Open Space N/A 2 - Developed, Open Space  

22 - Developed, Low Intensity N/A 3 - Developed, Low Intensity  

23 - Developed, Medium 
Intensity 

N/A 4 - Developed, Medium Intensity  

24 - Developed, High Intensity N/A 5 - Developed, High Intensity  

31 - Barren Land N/A 
6 - Barren Land (Rock/Sand/Clay/Unconsolidated 
Shore) 

 

41 - Deciduous Forest 
> 50% 13 - Cold Deciduous Forest  

< 50% 18 - Cold Deciduous Woodland  

42 - Evergreen Forest 

> 50% 14 - Broad-leafed Evergreen Forest 

No way to differentiate broad-leafed and needle-leafed through NLCD 
alone 

< 50% 19 - Broad-leafed Evergreen Woodland 

> 50% 15 - Needle-leafed Evergreen Forest 

< 50% 20 - Needle-leafed Evergreen Woodland 

43 - Mixed Forest 
> 50% 16 - Mixed Forest TXLCS Class could include mix of broad-leafed and needle-leafed 

evergreens while NLCD is only mix of deciduous and evergreen < 50% 21 - Mixed Woodland 

52 - Scrub/Shrub 

N/A 22 - Cold-Deciduous Shrub 

No way to differentiate shrub type through NLCD alone 

N/A 23 - Broad-leafed Evergreen Shrub 

N/A 24 - Needle-leafed Evergreen Shrub 

N/A 25 - Mixed Shrub 

N/A 26 - Desert Scrub 

71 - Grassland/Herbaceous N/A 7 - Herbaceous Natural  

81 - Pasture/Hay N/A 
8 - Herbaceous Cultivated 

 

82 - Cultivated Crops 
N/A  

N/A 17 - Cultivated Woody Vegetation No way to separate from other woody vegetation through NLCD 

90 - Woody Wetlands 

N/A 9 - Riparian Forested Wetland  

N/A 10 - Swamp Forested Wetland  

N/A 11 - Shrub Wetland No way to separate Woody Wetland types 

95 - Emergent Herbaceous 
Wetland 

N/A 12 - Herbaceous Emergent Wetland  

Table 3. Defines the NLCD classes analogous to the TXLCS.
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The LANDFIRE dataset covers the entire United States and is the foundation for the TCEQ CAMx 12km land cover dataset 

(TCEQLC_2010).  The LANDFIRE dataset differentiates between individual species and species mixes, which is more 

detailed than the TXLCS requires, so the LANDFIRE classes were aggregated to the TXLCS classes.  To aggregate the 

LANDFIRE classes to the TXLCS class level, the LANDFIRE data were analyzed by SYSTEMGR_1, SYSTEMGR_2 and 

NVCSSUBCLA (Task 3.4 ς Conversion Routines for converting NLCD to TX LULC).   SYSTEMGR_1 was used to directly 

crosswalk the non-vegetated classes to the TXLCS.  SYSTEMGR_2 and NVCSSUBCLA were used to translate the vegetated 

LANDFIRE classes to the TXLCS by using the SYSTEMGR_2 classification to classify to the general type (Hardwood went to 

Cold-Deciduous, Conifer to Needle-leafed Evergreen, and Shrubland went to Shrub). The SYSTEMGR_2 classified 

Hardwoods were then investigated according to their NVCSSUBCLA classification.  When the SYSTEMGR_2 classification 

matched the NVCSSUBCLA (Hardwood and Deciduous), the TXLCS class stayed Cold-Deciduous; however, when the two 

did not match (Hardwood and Evergreen), the TXLCS class changed to Broad-leafed Evergreen.  The classes earmarked 

as shrublands were then classified according to their species found in SYSTEMGR_1.  This process crosswalked all the 

LANDFIRE classes to the TXLCS level except separating Forest from Woodland.  While NVCSCLASS distinction between 

open- and closed-tree canopy could have been used to separate Forest and Woodland classes, the terms open and 

closed tree canopy were too ambiguous to use as a rule.  To overcome this shortfall the LANDFIRE data was combined 

with the NLCD Canopy Cover to differentiate the Forest and Woodland classes (using 50% canopy cover as the dividing 

line), completing the crosswalk foundation.   

The final classification is an amalgamation of 5 GIS layers (4 used directly and 1 indirectly) and 1 source of remote 

sensing data (Task 3.1 ς Identification and integration of ancillary GIS data:).  The list of GIS data includes: 

LANDFIRE 
 NLCD Canopy Cover                                                                                                                                                
TPWD                                                                                                                                                                      
Lb9DLΩǎ [ŀƴŘ ¦ǎŜ ŀƴŘ ±ŜƎŜǘŀǘƛƻƴ ŀƴŘ                                                                                                              
Lb9DLΩǎ IȅŘǊƻƎǊŀǇƘƛŎ CŜŀǘǳǊŜǎ 
 
The Texas Parks and Wildlife Department (TPWD) Texas Ecological Systems Classification Project 

(http://www.tpwd.state.tx.us/landwater/land/maps/gis/tescp/index.phtml ) was used to enhance the TCEQLC_2010.  It 

provided land cover resolved at 10m and finer vegetation classes for East and Central Texas, making it easier to separate 

mixed classes into their individual TXLCS class.   The TPWD data was overlaid onto the TCEQLC_2010 foundation after 

aggregating classes to the TXLCS level and separating Forest and Woodland classes with the NLCD Canopy Cover dataset. 

While the LANDFIRE dataset covers the entire United States, the 12km CAMx grid extends into northern Mexico and 

required classification of LandSat imagery.  Two datasets created by the Mexican Instituto Nacional de Estadistica y 

Geografia, National Institute of Statistics and Geography, (INEGI) were used to supplement the LandSat image 

classification.  The 250 meter resolution Land Use and Vegetation (Uso de Suelo y Vegetacion) was used to guide the 

classification as to what land cover was in the area because site visits were not possible.  Hydrographic Features (rasgos 

hidrograficos) data for water bodies were used to identify the water class for the portion of the study area in Mexico. 

To classify the entire 12km CAMx extent, LandSat imagery had to be classified (Task 3.3 ς Supplemental Imagery 
Classification:).  LandSat imagery was chosen because it has global coverage, is free, and matches the resolution of the 
LANDFIRE data.  At least two images were obtained for each LandSat scene, one leaf-on and one leaf-off.  The leaf-on 
imagery indicates where all vegetation is, while the leaf-off only shows the evergreen and winter vegetation.  This is a 
simple way to differentiate deciduous from evergreen vegetation. Table 4  lists the 82 LandSat images that were 
classified to create the TCEQLC_2010 dataset.  Dark subtract was used for atmospheric correction by subtracting the 
lowest pixel value making up 1% of the non-zero pixel values for each band.  After performing the dark subtract, a 
normalized difference vegetation index (NDVI) layer was calculated for each image using Equation 1, below.  NDVI is 
used to quickly identify areas of green vegetation.  The NDVI layer was then stacked onto the original image creating a 7 
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band image.  Same scene images were then stacked to create a 14 band image with the leaf-on image comprising the 
first 7 bands and leaf-off being the last 7 bands, illustrated in following flow chart. 

 

NDVI =  

Equation 1.  Equation for calculating NDVI where NIR is the near infrared band and R is the red band. 

 

 

 

For each LandSat path/row: 

 
Path Row Year Day of Year 

26 42 2003 129 

26 42 2003 353 

26 42 2005 102 

26 43 2001 203 

26 43 2002 14 

26 43 2005 102 

27 42 2000 96 

hǊƛƎƛƴŀƭ [ŜŀŦ-ƻƴ [ŀƴŘǎŀǘ ƛƳŀƎŜ hǊƛƎƛƴŀƭ [ŜŀŦ-ƻƴ [ŀƴŘǎŀǘ ƛƳŀƎŜ 

tŜǊŦƻǊƳ ŘŀǊƪ ǎǳōǘǊŀŎǘ Ґ 
ŀǘƳƻǎǇƘŜǊƛŎŀƭƭȅ ŎƻǊǊŜŎǘŜŘ ƛƳŀƎŜ   

/ŀƭŎǳƭŀǘŜ b5±L 

ǎǘŀŎƪ b5±L ƻƴǘƻ ŀǘƳƻǎǇƘŜǊƛŎŀƭƭȅ ŎƻǊǊŜŎǘŜŘ 
ƛƳŀƎŜ Ґ т ōŀƴŘΣ ƭŜŀŦ-ƻƴΣ ŀǘƳƻǎǇƘŜǊƛŎŀƭƭȅ 

ŎƻǊǊŜŎǘŜŘ ƛƳŀƎŜ ǿƛǘƘ b5±L  

ǎǘŀŎƪ b5±L ƻƴǘƻ ŀǘƳƻǎǇƘŜǊƛŎŀƭƭȅ ŎƻǊǊŜŎǘŜŘ 
ƛƳŀƎŜ Ґ т ōŀƴŘΣ ƭŜŀŦ-ƻŦŦΣ ŀǘƳƻǎǇƘŜǊƛŎŀƭƭȅ 

ŎƻǊǊŜŎǘŜŘ ƛƳŀƎŜ ǿƛǘƘ b5±L  

{ǘŀŎƪ т ōŀƴŘΣ ƭŜŀŦ-ƻƴ ƛƳŀƎŜ ǿƛǘƘ b5±L ŀƴŘ т ōŀƴŘΣ ƭŜŀŦ-ƻŦŦ ƛƳŀƎŜ ǿƛǘƘ b5±L Ґ мп ōŀƴŘΣ 
ŀǘƳƻǎǇƘŜǊƛŎŀƭƭȅ ŎƻǊǊŜŎǘŜŘ ƛƳŀƎŜ ǿƛǘƘ ƭŜŀŦ-ƻƴ ŀǎ ŦƛǊǎǘ т ōŀƴŘǎ ŀƴŘ ƭŜŀŦ-ƻŦŦ ŀǎ ƭŀǎǘ т ōŀƴŘǎΦ    
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27 42 2001 290 

27 42 2002 5 

27 42 2004 27 

27 43 2000 96 

27 43 2001 290 

27 43 2001 50 

27 43 2002 53 

28 40 2001 297 

28 40 2003 47 

28 41 2001 297 

28 41 2002 268 

28 41 2003 351 

28 42 2001 329 

28 42 2001 361 

28 42 2002 268 

28 43 2001 329 

28 43 2003 335 

29 40 2001 288 

29 40 2002 51 

29 41 2001 288 

29 41 2003 54 

Path Row Year Day of Year 

29 42 2002 291 

29 42 2003 54 

29 43 2002 291 

29 43 2003 54 

30 39 2001 295 

30 39 2002 346 

30 40 2001 295 
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30 40 2002 362 

30 41 2001 295 

30 41 2003 29 

30 42 2001 7 

30 42 2001 295 

30 42 2003 333 

30 43 2001 7 

30 43 2001 279 

31 39 2001 14 

31 39 2001 270 

31 40 2001 270 

31 40 2002 17 

31 41 2002 17 

31 41 2002 241 

31 42 2002 17 

31 42 2002 241 

31 42 2002 273 

31 43 2002 1 

31 43 2002 273 

32 39 2001 53 

32 39 2002 8 

Path Row Year Day of Year 

32 39 2003 139 

32 40 2002 8 

32 40 2004 254 

32 41 2002 8 

32 41 2004 254 

32 42 2001 293 

32 42 2003 27 
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32 43 2001 21 

32 43 2004 286 

33 38 2003 194 

33 38 2003 34 

33 39 2003 194 

33 39 2003 18 

33 40 2001 156 

33 40 2001 252 

33 40 2003 18 

33 41 2001 156 

33 41 2003 130 

33 41 2005 7 

33 42 2003 2 

33 42 2004 165 

33 42 2004 309 

Table 4.  List of LandSat scenes used for supplemental image classification. 

 

Each of the 14 band images were imported into the Definiens object-based classification software package for 

classification.  Each image was segmented to group similar contiguous pixels and segments were then classified.  The 

INEGI Land Use and Vegetation data, along with Google Earth, were used to guide the selection of training areas.  

Training areas were selected from the areas of overlap between images as much as possible to minimize incongruence 

between neighboring images which can cause seams in the final dataset.  All classes were considered in the classification 

except the four Urban classes and the Water class.  The Urban classes were not considered because many of the urban 

areas were too spectrally similar to the Shrub classes, specifically Desert Scrub, and the INEGI Land Use and Vegetation 

dataset contained an Urban class that could be overlaid onto the classification.  The Water class was not used because 

shadows in mountainous regions would be classified as Water, causing a gross overestimation, and the INEGI 

Hydrographic Features dataset contained everything needed. 

The final classification was a combination of the classification created from the LANDFIRE, TPWD and NLCD canopy cover 

datasets, and the classified LandSat images and INEGI data (Task 3.5 ς Final Classification and Shapefiles:).  First, the data 

covering the portion of the study area in Mexico was assembled.  Then, the classifications of the LandSat imagery were 

mosaicked to create a base layer.  The Urban areas from the INEGI Land Use and Vegetation dataset were to be overlaid 

onto the base layer next.  The Urban class was split into three classes based on the size: Low, Medium, and High 

Intensity Developed.  Intensity classes were determined by which quartile the Urban class fell into.  Urban areas whose 

area was within the first two quartiles were designated as Low Intensity, with Medium and High Intensity classes 

designated to Urban areas with sizes in the third and fourth quartiles, respectively.  With the Urban areas in place, the 
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Water class was overlaid.  Next the U.S. and Mexico classifications were mosaicked, with the U.S. classification taking 

precedence in areas of overlap, creating the TCEQLC_2010 dataset (Figure 2).
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Figure 2.  Final classification of the 12km CAMx domain, TCEQLC_2010.
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The classification was then subset by county/parish for areas within the U.S. and by state for areas within Mexico and 

converted to a shapefile.  To automatically use the TCEQLC_2010 dataset and a shapefile consisting of all the 

counties/parishes and Mexican states, a python script was written. A Python script was written to automatically subset 

the TCEQLC_2010 raster dataset by U.S. county/parish and Mexican state and converts the raster subsets to shapefiles.  

The code creates a folder for Mexico with a shapefile for each Mexican state and a folder for USA with folders for each 

state containing shapefiles for each county/parish.  The code can be found in APPENDIX B. 

An accuracy assessment was not conducted on the finished product because accuracy could not be reliably determined 

for Mexico due to a lack of ancillary data with high enough resolution and detailed classes or in situin-situ data.  

However, accuracy assessments were conducted for super zones in the LandFire data.  The lowest accuracy reported for 

a super zone within the study area was 44%.  Although this is low, it was calculated at a more detailed level than needed 

for the TXLCS.  When aggregated to the TXLCS level, the accuracy should be much higher.   The results of each accuracy 

assessment within the study area are summarized in Table 5 and can be found, in full, at: 

 http://www.landfire.gov/dp_quality_assessment.php1 

Super Zone Overall Agreement 

Southwest 44.0% 

South_Central_West 59.1% 

Southern Appalachians 66.2% 

Northern Plains 68.3% 

South_Central_East 84.0% 
Table 5.  Results of regional accuracy assessments of the LANDFIRE dataset. 

 

This crosswalk of LANDFIRE data to TXLCS and LandSat image classification provides a LULC classification that has not 

been available before for air quality modeling.  This classification should provide a better base for air quality modeling 

because it has a detailed classification of the portion of the 12km CAMx domain in Mexico.  Previous models have used 

more general classes than the TXLCS.  The TCEQLC_2010 dataset is intended to be updated when new LULC datasets and 

updates to the LANDFIRE dataset become available. 

  

                                                           
1
 Follow the link and scroll down to the map.  To download the accuracy tables, click the super zone of interest in the map. 

http://www.landfire.gov/dp_quality_assessment.php
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Deriving Individual Tree Characteristics from Airborne Lidar Data 
While the TCEQLC_2010 allows for air quality modeling on a large scale based on emission variables estimated based on 

the land cover, lidar can be used to better estimate the emissions at the local level.  Lidar is an active remote sensing 

technology that can measure the distance to an object by illuminating an object with light in the form of a laser pulse 

and timing the duration it takes the pulse to return to the sensor (Popescu et al., 2004).  In forested areas, lidar data can 

be used to derive tree height, diameter at breast height (dbh), crown base height (CBH), crown diameter, and biomass. 

Lidar is known to not intercept the exact treetop and rather the shoulder of the tree leading to a slight underestimation 

of tree height by around 1-2 meters. Knowing all of these variables can help to calibrate the air quality models for the 

area. 

The study site was a 47km² area located just east of Huntsville, TX, in the Sam Houston National Forest (Figure 3).  The 

area is dominated by loblolly pines, made up of both plantations and natural stands, with some hardwoods along creek 

beds.  The area also contains some urban interface and open fields.  The lidar data was acquired in March of 2004, leaf-

off season.  Sixty-two plots were surveyed and measurements were taken for total tree height, crown diameter, height 

to crown base, and dbh for each tree as well as tree location (Task 3.2 ς Field Work:). 

 

Figure 3.  Study area with plot locations indicated by yellow dots. 

 

The first step taken to derive the variables listed above (Task 4.4 ς Maps of individual tree crown dimensions:) with the 

lidar data was to create a Canopy Height Model (CHM).  A CHM (Task 4.0 ς Canopy Height Model) is a gridded surface 

that depicts the height above ground of the highest lidar return within each grid cell.  A bare earth model and digital 

surface model (DSM) were created to determine ground level and uppermost return, respectively.  The bare earth 

model was subtracted from the DSM to create a relative height to ground dataset.  The CHM was created at 0.5m 

resolution.  At 0.5m, there were holes in the CHM due to no lidar hits within the grid cell.  A 3x3 moving window 

¯
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maximum filter was applied to remove the holes by replacing the center cell with the maximum value within the 9 cells.  

Figure 4 depicts the height above ground at 0.5m resolution. 

 

Figure 4.  0.5 meter resolution canopy height model of the Huntsville, TX study area. 

 

Once the CHM was created, TreeVaW (Popescu and Wynne, 2004) was used to identify each tree and output XY 

location, tree height, and crown diameter.  TreeVaw uses a local maxima filter with a variable, circular window.  The size 

of the window is determined by the height of the tree, with the assumption that taller trees have wider crowns.  

Through regression of the field-measured trees, dbh was estimated with an RMSE of 4.5cm using the relationship of tree 

height and crown diameter to dbh (Popescu, 2007).   
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Zhao et al., (2009) estimated individual tree CBH from lidar height bin products and used it to estimate individual tree 

biomass.  Height bins were creŀǘŜŘ ōȅ άǎƭƛŎƛƴƎέ ǘƘŜ Ǉƻƛƴǘ ŎƭƻǳŘ ƘƻǊƛȊƻƴǘŀƭƭȅ ŀǘ ŀ ǾŜǊǘƛŎŀƭ ƛƴǘŜǊǾŀƭΦ  ¢ƘŜ ƘŜƛƎƘǘ ōƛƴǎ ŎǊŜŀǘŜŘ 

for estimating CBH used voxel dimensions of 0.5 x 0.5 x 1.0 m (x, y, z), with up to 31 height bins starting at 0.0 m.  For 

each TreeVaw identified tree, the height bins were cut vertically, centered at the tree location with a diameter equal to 

the TreeVaw identified crown width.  The cylinder of height bins was used to create a vertical frequency profile, with 

CBH being identified as the height at which an abrupt drop in the vertical profile occurs.  Popescu and Zhao (2008) used 

this approach and achieved an RMSE less than 2.0m. 

The dbh is the most common variable used to estimate biomass (Task 4.1 ς Above-ground Biomass Map:) through the 

use of allometric equations; however, lidar data cannot be used to directly measure dbh. Two regression analyses (one 

for pines and one for deciduous) were used to estimate dbh from the lidar-derived height, crown width and CBH by 

relating the field-measured dbh to the lidar-derived tree dimension variables.  The estimated dbh was then plugged into 

general allometric equations to calculate total above ground biomass for each identified tree.  The above ground 

biomass estimate of each tree was then apportioned into stem and foliage and branch biomass according to ratio 

equations.  The stem biomass was assigned to the pixel at the tree location and the foliage and branch biomass was 

distributed with a 2-D Gaussian distribution over the pixels covered by the crown.  Below is the resulting biomass map. 
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Figure 5.  Image of the distribution of the biomass map. 
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Surface Roughness 
Surface roughness (Task 4.2 ς Surface Roughness:) is a variable used to model turbulence.  This report investigates the 

effectiveness of using the Shuttle Radar Topography Mission (SRTM) data along with the National Elevation Dataset 

(NED) to create a CHM for use in estimating surface roughness by comparing the SRTM-derived CHM to a lidar-derived 

CHM.  Surface roughness was calculated to coincide with the 4km grid used for modeling by calculating the variance 

within each 4km grid cell. 

The SRTM data was collected between February 11, 2000 and February 22, 2000 and covered the land surface of earth 

between 60° North latitude and 56° South latitude, roughly 80% of all earth land surface.  For North America, the data is 

available at 30m resolution.  The Jet Propulsion Lab (JPL) has reported accuracies for the SRTM data as 12.6m, 9.0m, and 

7.0m for absolute geolocation error, absolute height error, and relative height error, respectively (Farr et al., 2007). 

The SRTM and NED data were projected from Global Coordinate System to UTM Zone 15N in the NAD83 datum.  The 

NED was then subtracted from the SRTM data to create a CHM.  The CHM was then resampled to 0.5m to match the 

lidar-derived CHM for the following reasons: (1) The lidar-derived CHM had to be cleaned to remove obvious errors in 

the data, such as points above 50m and below  -5m.  Even though there were less than twenty of these errors, the 

following procedures would have drastically increased the errors above 50m. As mentioned earlier, the lidar-derived 

CHM also had holes in it (because of high resolution) where there were gaps in the tree canopy.   These holes would bias 

the surface roughness value by inflating the variance.  To mimic the SRTM-ŘŜǊƛǾŜŘ /IaΩǎ олƳ ǊŜǎƻƭǳǘƛƻƴ ŀƴŘ ǇƭǳƎ ǘƘŜ 

holes in the CHM, a maximum filter was passed over the lidar-derived CHM.  The maximum filter replaces the center 

pixel of the window with the highest value within the window.  A window of 59 pixels x 59 pixels (29.5m x 29.5m) was 

used to replicate the SRTM-derived CHM resolution.  Although the filtering window was very large, the pixel size 

remained at 0.5m. (2) Resampling the lidar-derived CHM to 30m presents a problem because it could possibly change 

the height values more than the maximum filter, reducing the accuracy of the CHM.  There are two options for 

resampling in ENVI, pixel aggregate and nearest neighbor.  Pixel aggregate simply averages the pixels that will go into 

the 30m pixel, intrinsically lowering the value of the CHM.  Nearest neighbor uses the nearest pixel value as the output 

value, possibly selecting a lower value than representative of the full 30m pixel.    By resampling the SRTM-derived CHM 

to 0.5m using nearest neighbor, these errors were avoided. 

To compare the two CHMs, the SRTM-derived CHM was subtracted from the cleaned, max-filtered lidar-derived CHM.  

Also, the two CHMs were imported into ArcMap for zonal statistics to be run at the 4km grid cell size to compare 

variance/surface roughness. 

The table (Table 6) below shows the min and max of the SRTM-derived, lidar-derived, and max filtered lidar-derived 

CHMs (full stats files found in statistics folder). 

CHM Min Max 

SRTM -6.087448 26.828003 

Lidar -13.858839 135.996715 

Cleaned, Max Filtered Lidar -0.242327 49.955784 
Table 6.  Table of minimum and maximum heights for each dataset. 

The following figures show the CHMs from the SRTM (Figure 6), original lidar (Figure 7), and cleaned, max filtered lidar 

(Figure 8) (tiff images in the CHM folder).  The first three images are shown in ArcMap using the same value range of -14 

to 136 to match the original lidar-derived CHM, and the last two figures (Figure 9 and Figure 10) use a value range of -7 

to 50 to match the full range of the SRTM and cleaned, max filtered lidar-derived CHMs. 
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Figure 6. SRTM canopy height model using the full range of values. 
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Figure 7.  Original Lidar canopy height model using the full range of values. 






























































