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Abstract

The Expansion of Texas Land Use/Land Cover through Class Crosswallig deig:ction and rangingidar)
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 Comprehensiv
Air Quality Model with ensions (CAMx) domain. The project consisted of crosswalking classes from the LANDFIRE &
Texas Parks and Wildlife Vegetation classes and classifying LandSat imagery to the Texas Land Classification System
to derive forest composition characteriss 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 usilidar andthe 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
subtasksTable). Tasks 1 and 2 required the PI to return an approved grant activity description (workndifile

monthly progress reports, respectively. Task 5 addresses the issuance of thivepioidl Discussion of these tasks is
unnecessary anis 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 adiingss taskTask references

including a full description of tasks, are founddRPENDIX. A

Task

Description

Task 3 Identification of LULC classes that have analogues with
NLCD vs. classes without direct correlation to NLCD:

Identification of LULC classes that have analogues with the
NLCD vs. classegthout direct correlation to NLCD

Task 3.k Identification and integration of ancillary GIS data:

Identification and integration of ancillary Gl&td

Task 3.2

Field Work

Task 3.3 Supplemental Imagery Classification:

Supplemental Imagery Classification

Task 3.4 Conversion Routines for converting NLCD to TX LU

Conversion Routines for converting NLCD to TX LULC

Task 3.5 Final Classification and Shapefiles:

Final Classification and Shapefiles

Task 4.@&¢ Canopy Height Model

Canopy Height Mogl

Task 4.k Aboveground Biomass Map:

Aboveground Biomass Map

Task 4.2 Surface Roughness:

Surface Roughness

Task 4.3 Groundbased LiDAR field measurements:

Groundbased lidar field measements

Task 4.4 Maps of individual tree crown dimensions:

Maps of individual tree crown dimensions

Task 4.5 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.% Investigation of groundbased methodology for LAl ang
LMD assessment and comparisoraidoorne data:

Investigation of groundbased methodology for LAl and LMD
assessment and comparison to airborne data

Task 4.8 2009 LiDAR Acquisition:

2009 Lidar Acquisition

Task 4.9 Hyperion Acquisition:

Hyperion Acquisition

Tablel. Itemized list of Tasks and a brief description of each.



Introduction

The Texas Land Use/Land Cover (TX LULC) map was genathtidding from the Texas Commission on

Environmental Quality (TCE@) order to provide a more detailed and accurate map of land cover necessary for air
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Comprehensive Air Quality Model with ExtensidﬁAI(/Ix) domain. This project extends the TX LULC classes to the 12km

CAMx domainKigureld 6& AGONRaagl f (1 Ay3Aé oYl LILdmsHilaeLASDFIQE dagsash FA OF
SOlIdzaS GKS MHlY R2YIFIAY O2@SNA I I+ NBS I NBdomphcatedbK S & :

changes in vegetation composition within each class resulting from climatological heterogeneity. Theimchjdes

fieldwork and detailed image analysis necessary to reconcile changes in vegetation across the domain (i.e., the NLCD
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This croswalk will enable future LULC input files to be quickbatedfrom LANDFIRE data fime TCE®iogenic

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

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

Biogenic emissions are affected laf MassDensity(LMD) species type and density within each land cover category.
Lidardata 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 gitmaset Ldar were used to measure

tree dimensions in atady areacontainingforests and woodlandsepresentativeof East Texas. The airborhear for

4



this part of the project was collected in 2004 from a 5x5 mile area near Huntsville, TX that contains a diverse assembla
of vegetation representative of EaBexas, including pine and deciduous stands of various ages. This area shall hereafte
be referred to as the Huntsville study area. Additional information about the Huetstildy area was collected

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

Land Use/Land Cover Classification of the 12km CAMx Domain

This study was created tpplyexistingland cover classification and supplementdata to create a LULdataset

classified to théTexas Land Classification 8ys (TXLCElexas Geographic Information Council, 1998he TXLGS a
vegetationcentric Anderson classification scheme teaparates land use/land cover into 26 classes, including multiple
classes in the Developed, Forest, WoodlaWetlandand Shrulzategories Table?).

Thegrant activities description for thiand use/land cover classification of the 12km CAMx dormaémdedto

crosswalk the2001 National Land Cover Dataset (NLCD) to the THlCGSter trying to crosswalk the 2001 NLCD to the
TXLCS, it was determined to ibsufficient {Task 3 Identification of LULC classes that have analogues with the NLCD vs.
classes without direct correlation to NL.[The main shortfall of crosswalking the 2001 NLCD to the TXLCS was the
inadequate(or absence dffoliage typng in the 2001 NLCD for forest and shrub clas€sddDeciduous 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 needikeafedand broadleafed evergreenincorporating the 2001 NLCD Canopy Cover dataset
allowed for the separation of woodlands from the C@ldciduous Forestlass but onlygeneral Evergreen Woodland
classwas extracted because of the inadequate foliage typologh®2001 NLCbeeded to cosswalk to the TXLCS

2 AG0K GKS RAFTFSNBYUAFIGAZ2Y 2F SOSNHNBSy OflFraasSa Ay (GKS
translated to the TXLCS. The Mixed Forest class in the TXLCS can be a mixture-lefafeddieergreens and broad

leafed evergreens, but the 2001 NLCD only recognizes a mix edecidlious anavergreen.Also, he 2001 NLCD only

has a single class for shrubs where the TXLCS divides shrubs into five clas€escj@addis, Broatbafed Evergreen,
Needleleafed Evergren, Mixed, and DesertSimilar 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 ofatecshbet

2001 NLCD for a direct crosswalk te thXLCS are outlinedliable3.

During his November 1"7presentation at the American Society for Photogrammetry and Remote Sensing (ASPRS) and
Management Association for Private Photogrammetric Surveyors (MAPPS) 2009tgp@aiderence in San Antonio, TX,
Andrew Grogan used the LANDFIRE dataset in his spatial analysis model for generating composite co$b sleféctes
cross country mobility inatural 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 tha®ieCS required (classified vegetation by species rather than foliage
type for eah vegetation type), which made it a prime candidate for crosswalkihg.EXisting Vegetation Type dataset
within the LANDFIRE dataset was of primary importance. The Existing Vegetation Type dataset is a raster dataset witl
an attribute table. The attribute table hasghtdifferent classification schemes for the vegetatioonsisting of Existing
Vegetation Type (EVT_Name), Existing Vegetation Group (EVG_Name), Society of American Foresters and Society fo
Range Management (SAF_SRNgtional Vegetation Classification Standard Order (NVCSORDER), National Vegetation
Classificabn Standard Class (NVCSCLAS&SIpnal Vegetation Classification Standard Subclass (NVCSS\8y6tief)

Group 1 (SYSTEMGRaigl System Group (SYSTEMGR. Alhe EVT_Name classification classified the vegetation into
general vegetation types by ecologizones. The EVG_Name classification added a better description of species within
the EVT_Name classification in some cases. The SAF_SRM classifisatified eaclhegetation clasby species. The

set of National Vegetation Classification Standdassifications (NVCSORDER, NVCSCLASS, and NVCSSUBCLA) class
by dominant vegetation type (i.e. tre@ominant, shrubdominant), described the canopy structure (j@en-canopy,
closedcanopy), and combined the NVCSORDER and NVC8laksiS&tionsnd added foliage typology (i.e. mixed
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evergreendeciduous open tree canopy), respective§YSTEMGR_1 indicated species (i.e., Bigtooth Maple Woodland)
andSYSTEMGR_2 described the vegetation type (i.e., hardwood, conifeflecpyimary benefit ofie 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 NL@fer discussing the benefits of the LANDFIRE dataset over the 2001 NLCD with
the TCEQrgect Manager, it was determined that the LANDFIRE dataset should be the foundation of the crosswalk
rather than the 2001 NLCIO"he LANDFIRE website (http://www.landfire.gov/background.php) describes the LANDFIRE
projectas follows

OLANDFIRE was also known as the Landscape Fire and Resource Management Planning Tools Project
from 2004 to 2009. As a mulbartner project, it produced consistent maps and data describing
vegetation, wildland fuel, and fire regimes across the United Staewy a shared project between the
wildland fire management programs of the U.S. Department of Agriculture Forest Service and U.S.
Department of the Interiok



Class Numbe Class Abbreviated Clasg
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 Sh BL
7 Herbaceous Natural HN
8 Herbaceous Cultivated HC
9 Riparian Forested Wetland RFW
10 Swamp Forestevetland SFW
11 Shrub Wetland SW
12 Herbaceous Emergent Wetland HEW
13 ColdDeciduous Forest CDF
14 Broadleafed Evergreen Forest BEF
15 Needleleafed Evergreen Forest NEF
16 Mixed Forest MF
17 Cultivated Woody Vegetation Ccwv
18 ColdDeciduoudNoodland CDW
19 Broadleafed Evergreen Woodland BEW
20 Needleleafed Evergreen Woodland NEW
21 Mixed Woodland MW
22 ColdDeciduous Shrub CDS
23 Broadleafed Evergreen Shrub BES
24 Needleleafed Evergreen Shrub NES
25 Mixed Shrub MS
26 Desert Scrub DS

Table2. Texas Land Classification System classes.



FreekkeekkeekClass analogies based on definitions of NLCD 2001 and TXLCS 199Q*** ikt

NLCD 2001 TXLCS Class
NLCD 2001 Class CanopyCover (Phase | and Il 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 N/A 4 - Developed, Medium Intensity
Intensity
24 - Developed, High Intensity N/A 5 - Developed, High Intensity
31-Barren Land N/A 6 - Barren Land (Rock/Sand/Clay/Unconsolidat
Shore)
) > 50% 13- Cold Deciduous Forest
41 - Deciduous Forest X
< 50% 18- Cold Deciduous Woodland
> 50% 14 - Broadleafed Evergreen Forest
< 50% 19- BroadleafedEvergreen Woodland No way to differentiate broadeafed and needieafed through NLCL
42 - Evergreen Forest
> 50% 15- Needleleafed Evergreen Forest alone
<50% 20- Needleleafed Evergreen Woodland
. > 50% 16- Mixed Forest TXLCS Class could include mix of bteated and needléeafed
43 - Mixed Forest hile NLCD i v mixietid q
<50% 21 - Mixed Woodland evergreens while is only mixe€iduous and evergreen
N/A 22 - ColdDeciduous Shrub
N/A 23- Broadleafed Evergreen Shrub
52- Scrub/Shrub N/A 24 - Needleleafed Evergreen Shrub No way to differentiate shrub type through NLCD alone
N/A 25- Mixed Shrub
N/A 26- Desert Scrub
71- Grassland/Herbaceous N/A 7 - Herbaceous Natural
81- Pasture/Hay N/A )
N/A 8 - Herbaceous Cultivated
82 - Cultivated Crops - - -
N/A 17 - Cultivated Woody Vegetation No way to separate from other woody vegetatitmough NLCD
N/A 9 - Riparian Forested Wetland
90- Woody Wetlands N/A 10- Swamp Forested Wetland
N/A 11- Shrub Wetland No way to separate Woody Wetland types
95- Emergent Herbaceous N/A 12 - Herbaceous Emergent Wetland

Wetland

Table3. Defines the NLCD classes analogous to the TXLCS.



The LANDFIRE dataset covers the entire United States and is the foundationT@EGEAMx 12km land cover dataset
(TCEQLC_2010hhe LANDFIRE dataséferentiates between individual species and species mixes, viditiore
detailed than the TXLCS requirestts® LANDFIRE classes waggregated to the TXLCS clasSesaggregate the
LANDFIRE classes to the TXLCS class level, the LANDFIRE datdyzedsgSYSTEMGR_1, SYSTEMGR_2 and
NVCSSUBCIPask 3.4 Conversion Routines for converting NLCD to TX)LIBYSTEMGR_1 was used to directly
crosswalk the notvegetated classes to the TXLCS. SYSTEMGR\NY@8&UBClakre used to translate thevegetated
LANDFIRE classes to the TXiyaging tle SYSTEMGR_2 classification to classtfie general type (Hardwood went to
ColdDeciduous, Conifer to Needleafed Evergreen, and Shrubland went to Shrub). The SYSTEMGR _2 classified
Hardwoods were then investigated according to their NVCSSUBCLAceléssif When the SYSTEMGR_2 classification
matched the NVCSSUBCLA (Hardwood and Deciduous), the TXLCS class sthgetiGolss; however, when the two
did not match (Hardwood and Evergreen), the TXLCS class changed téeBfeddEvergreen. The classearmarked

as shrublands were then classified according to their species found in SYSTEM@&plocess crosswalked all the
LANDFIRE classes to the TX&@Sexceptseparatng Forest from WoodlandWhile NVCSCLASS distinction between
open and clsedtree 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 rliteovercome this shortfalhe LANDFIRE data was combined
with the NLCD Canopy Cover to differentidte Forest and Woodlandlassegusing 50% canopy cover as the dividing
line), completingthe crosswalk foundation.

The final classification is an amalgamation of 5 GIS layers (4 used directly and 1 indirectly) anddf senate
sensing datgTask 3.X Identification and integration of ancillary GIS datarhe list of GIS data includes:

LANDFIRE
NLCD Canopy Cover

TPWD

LbobDLQa [lYR 'aS FyR xS8S3SGrdAz2y I yR
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TheTexas Parks and Wildlife Department (TPWE&Xas Ecological Systems Classification Project
(http://mvww.tpwd.state.tx.us/landwater/land/maps/gis/tescp/index.phtmj was used to enhance the TCEQLC_2M10
provided land cover resolved at 10m and finer vegetation classes for East and Central Texas, making it easier to separ
mixed classes into their individual TXLCS class. The TPWD data was overthi DBEQLQ010foundationafter
aggregating classes to the TXLCS level and separating Forest and Woodland classes with the NLCD Canopy Cover d:

While the LANDFIRE dataset covers the entire United States, the 12km CAMx grid extends into northern Mexico and
required classification of LandSat imagery. Tatasets created by the Mexicanstituto Nacional de Estadistica y
Geografia, National Institute of Statistics and Geography, (INEGI) were used to supplement the LandSat image
classification. The 250 meters@ution 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 (rasg
hidrograficos) data for water bodies were useddentify the water class for the portion of the study area in Mexico.

To classify the entire 12km CAMx extent, LandSat imagery had to be cla@siBed.3 Supplemental Imagery
Classificatior): LandSat imagery was chosen because it has global coverage, is free, and matches the resolution of the
LANDFIRE dat#t least two images were obtained for each LandSat scene, onerneaid one leabff. The leafon
imageryindicates where all vegetation is, while the ledf only shows the evergreen and winter vegetation. This is a
simple way to differentiate deciduous from evergreen vegetatibables lists the82 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% betmon-zeropixel valuegor each band Ater performing the dark subtract, a

normalized difference vegetation index (NDVI) layer was calculated for each imag&asiaigpnl, below. NDVI is

used to quickly identify areas of green vegetatidinhe 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-dhdreage comprising the
first 7 bands and leadff being the last 7 barg] illustrated in following flow chart

NIR - R
NDVI=NIR + R

Equationl. Equation for calculating NDVI where NIR is the near infrared band and R is thieanedl
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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
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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

Table4. List of LandSat scenes used for supplemental image classification.

Each othe 14 bandmageswere imported into the Definiengbjectbased classification software package for
classification. Each image wsegmented to group similar contiguous pixafgl segments werthen classified. The

INEGI Land Use and Vegetation data, along with Google Earth, were used to guide tiensHlémining areas.

Training areas were selected from the areas of overlap between images as much as possible to minimize incongruenc
between neighboring images which can cause seams in the final dataset. All classes were considered in thtaassific
except the four Urban classes and the Water class. The Urban classes were not considered because many of the urbe
areas were too spectrally similar to the Shrub classes, specifically Desert Scrub, and the INEGI Land Use and Vegetat
dataset conténed an Urban clagbat could be overlaid onto the classificatioihe 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 igleing needed.

The final classification was a combination of the classification created from the LANDFIRE, TPWD ez, Cover
datasets, and the classified LandSat images and INEQ[Tdata3.% Final Classification and Shapefije&irst, he data
covering the portion of the study area in Mexico was assemblédun, he classifications of the LandSat imagery were
mosaicked ¢ create a base layer. The Urban areas from the INEGI Land Use and Vegetation dataset were to be overle
onto the base layer next. The Urban class was split into three clbased on the sizé:ow, Medium, and High
IntensityDeveloped Intensity clases 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 togudartiles, respectively. With the Urban areas in place, the

13



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?).
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Figure2. Final classification of the 12km CAMx domain, TCEQLC_201
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The classification was then ssdi by county/parish for areas within the U.S. and by state for areas within Mexico and
converted to a shapefileTo automatically use the TCEQLC_2010 dataset and a shapefile consisting of all the
counties/parishes and Mexican stategpyhon script wasvritten. A Python script was written to automatically subset

the TCEQLC_2010 raster dataset by U.S. county/parish and Mexican state and ¢bavester 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 fodrigHENDIR.

An accuracy assessment was not conducted on the finished product because accuracy could not be reliably determine
for Mexico due to a lack of ancillary data with high enough resolution and deételihsses ar-sitdin-situ data.

However, accuracy assessments were conducted for super zones in the LandFire data. The lowest accuracy reported
a super zone within the study area was 44%. Although this is low, it was calculated at a more italildthn needed

for the TXLCS. When aggregated to the TXLCS level, the accuracy should be much higher. The results of each accu
assessment within the study area are summarizedahble5 and can be found, in full, at:

http://www.landfire.gov/dp_quality assessment.php

Super Zone Overall Agreement
Southwest 44.0%
South_Central_West 59.1%
Southern Appalachian 66.2%
Northern Plains 68.3%
South_Central_East 84.0%

Table5. Results of regional accuraagsessmentsf the LANDFIRE dataset.

This crosswalk of LANDFIRE data to TXLOSad8at image classification providdd H lassification that has not

been available before for air quality modelinghis classification should provide a better base for air quality modeling
because it has a detailed classification of the portiorhef 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 datase
updates to the LANDFIRE dataset become available.

! Follow the link and scroll down to the map. To download the accuracy tables, click the super zone of interest in the map.
16
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Deriving Individual Tree Chartaristics from Airborne Lidar Data

While the TCEQLC_2010 allows for air quality modeling on a largdasalkon emission variables estimated based on
the land coverlidar can be used to better estimate the emissions at the local ldvar is an active remote sensing
technology that can measure the distance to an object by illuminating an object with light in the form of pubsser

and timing the duration it takes the pulse to return to the sen@opescu et al2004). In forestedareas, lidar data can
be used to derive tree height, diameter at breast height (diohdwn baséeight(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 undetesti

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

The study site was a 47km?2 area located just east of Huntsville, TX, in the Sam Houston Nation&liore3t (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 sounban interface and open fields. The lidar data was acquired in March of 2004, leaf
off season.Sixtytwo plots were surveyed and measurements were takertdtal tree height, crown diameter, height

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

Figure3. Study area with plot locations indicated by yellow dots.

The first step taken to derive the variables listed abpMesk 4.4 Maps of individual tree crown dimensiohwith the

lidar datawasto create a Canopy Height Model (CHM). A CHMK 4.&¢c Canopy Height Modpis 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 mode{(DSM)were created to dtermine ground level and uppermost return, respectively. The bare earth
model was subtracted from thBSMto create a relative height to ground dataset. ThidMwas created at 015
resolution. At 0.5m, there were holes in t@#Mdue 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 4depicts the height above ground at 0.5m resolution.

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

Once the CHM was createtireeVaW (Popescu and Wynne, 2004) was used to identify each tree and output XY
location, tree height, and crown diameter. eBVaw 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 fielileasured trees, dbh was estimatadth 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) estimateddividual tree CBH from lidar height bin produatgl used it to estimate individual tree
biomass Height binswerectelil SR 6& daftAOAy3Ié GKS LRAYy(d Of 2dzR K2 NAT 2
for estimatingCBHused 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 Ilgéit bins were cut vertically, centered at the tree location with a diameter equal to
the TreeVaw identified crown widthThe cylinder of height bins wased to create a vertical frequency profile, with

CBH being identified as the height at which an abdrpp in the vertical profile occurd?opescu and Zhao (2008) used

this approach and achieved an RMSE less than 2.0m.

The dbhisthe most common variable used to estimate biomasssk 4.1 Aboveground Biomass Mapthrough the

use of allometric equations; however, lidar dat@nnot beused to directly measure dbh. Two regression analyses (one
for pines and one for deciduous) were used to estinddtib from the lidarderived height, crown width and CBH by
relating the fieldmeasured dbh to the lidaglerived tree dimension variables. The estimated dbh was then plugged into
general allometric equations to calculate total above ground biomass foridantified 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 branchvi@mass
distributed with a 2D Gaussian distribution over the pixels covered by the crown. Bsltwve resulting biomass map.
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Figure5. Image of the distribution of the biomass map.
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Surface Roughness

Surface roughneg9ask 4.2 Surface Roughnegss a variable used to model turbulence. This report investigates the
effectiveness of using the Shuttle Radar TopographyitigSRTM) data along with the National Elevation Dataset
(NED) to create a CHM for use in estimating surface roughness by comparing thel SREMCHM to a lidaderived
CHM. Surface roughness was calculated to coincide with the 4km grid used fomgdxetalculating 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 ear
between 60° North latitude and 56° South latitude, roughly 80% of all earth lafateu For North America, the data is
available at 3 resolution. The Jet Propulsion Lab (JPL) has reported accuracies for the SRTM data as 12.6m, 9.0m, :
7.0m for absolute geolocation error, absolute height error, and relative height errgpectively (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. CHild CHM was then resampled to 0.5m to match the
lidar-derivedCHM forthe following reasons: (1)hE lidarderived CHM had to be cleaned to remove obvious errors in

the data, such as points above 50m and belém. Even though there were less than twenty of these errors, the
following procedures would have drasilty increased the errors above 50A&s mentioneckarlier, the lidarderived

CHM also had holes in(lbecause of high resolutiomjhere there were gaps in the tree canopy. These holes would bias
the surface roughness value by inflating the variancemifoic the SRTMRSNA GSR /1 aQa onY NBa?2
holes in the CHM, a maximum filter was passed over the-tidaved CHM. The maximum filter replaces the center

pixel of the window with the highest value within the window. A window of 59 pix8& pixels (29.5m x 29.5m) was

used to replicate the SRTFerived CHM resolution. Although tfitlering window was very large, the pixel size

remainedat 0.5m.(2) Resampling the lidaderived CHM to 30m presents a probldmecause itould possib change

the heightvaluesmore than the maximum filtemeducing the accuracy of the CHNIhere are two options for

resampling in ENVI, pixel aggregate and nearest neighbor. Pixel aggregate simply averages the pixels that will go into
the 30mpixel, 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 theéeSRIMCHM

to 0.5m using nearest neighbor, thesgors were avoided.

To compare the two CHMs, the SRd@btived CHM wasubtracted from the cleaned, mafiltered lidarderived CHM.
Also, the two CHMs were imported into ArcMap for zonal statistics to be run at the 4km grid cell size to compare
varianceburface roughness.

The table(Table6) below shows the min and max of the SRd&tived, lidarderived, and max filtered lidaderived
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

Table6. Table of minimum and maximum heights for each dataset.

The following figureshow the CHIdfrom the SRTMFigure6), original lidarFigure7), and cleard, max filtered lidar
(Figure8) (tiff images in the CHM folder)The first three images are shown in ArcMaging the same value range-G#4
to 136 to match the original lidadterivedCHM, and the last two figureBifure9 and Figurel0) use a value range ef
to 50 to match the full range of the SRTM and cleaned, max filtereddigl@edCHMs.
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SRTM
High : 136

Low : -14

Figure6. SRTM canopy heiglmodel using the full range of values.
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Figure7. Original Lidar canopy height model using the full range of values.
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