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SUMMARY 

Data from the 1992 east Texas forest survey were used to derive 
fresh and dry biomass estimates for all trees, on timberland, 
greater than 1.0 inch in diameter at breast height (d.b.h.1. There 
are 382.2 million fresh tons in softwood species and 492.9 million 
fresh tons in hardwood species. The woody biomass resource aver- 
ages 43.2 and 45.4 tons per acre for softwoods and hardwoods where 
they occur, respectively. Most of this biomass is in the stem portion 
of the trees-84 percent for softwoods and 74 percent for hard- 
woods. Nonindustrial private landowners hold 56 and 71 percent of 
the total softwood and hardwood biomass resource, respectively. 
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Figure 1.-East Texas counties 
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INTRODUCTION METHODS 

Data from the most recent east Texas forest survey 
were used to derive estimates of wood and bark bio- 
mass by counties (fig. I). The information is important 
to resource managers, legislators, policymakers, and 
procurement specialists in regard to the extent, loca- 
tion, and potential availability of the woody biomass 
resource in the State. The survey is designed to pro- 
duce reliable estimates at the State level. To provide 
flexibility in analysis, however, information is pres- 
ented by individual counties. Subsequently, users may 
combine county statistics for their particular area of 
interest. Fairly reliable estimates will result from 
aggregations of several counties (see statistical reliabil- 
ity section). Magnitude of standard errors dictates not 
using these data on a county-by-county basis. 

Wood and bark biomass estimates for all trees on 
timberland are summarized in this report. The 
resource is described by dimension (size), forest type, 
ownership, species, stand attributes, and tree merchan- 
tability class. Shrub and herbaceous vegetation data 
were not included in these estimates. Also, only esti- 
mates pertaining to timberland acreage were included. 
Definitions of terms are given in appendix 1. A species 
list of all trees occurring in the sample, alphabetized by 
scientific name, is given in appendix 2. - - 

All 62 resource tables are presented in appendix 3. 
Tables 1 through 4 describe timberland area by owner- 
ship class, forest type group, stand-size class, and basal 
area class, respectively. Tables 5 through 61 describe 
the biomass resource of species group by county (5-71, 
ownership class by county (8-131, forest type group by 
county (14-191, ownership class by forest type group 
(20-251, diameter class by species (26311, diameter 
class by county (32-3'71, height class by species (38--43), 
height class by county (44-491, tree class by county 
(50-551, and basal area class by county (5661). Table 
62 gives sampling errors for individual counties. Major 
resource attributes are shown in appendix 4 (figs. 1 
through 81. 

The inclusive dates for the east Texas survey were 
February 1991 to August 1992. A total of 2,056 timber- 
land sample plots on a 3-mile square grid were visited 
by field crews during this period. At each forested sam- 
ple plot, all trees 25.0 inches in diameter at breast 
height (d.b.h.1 were tallied with a 37.5 basal area factor 
(BAF) prism on 10 satellite points distributed over an 
areaofapproximately 1 acre. Trees 21.0 but <5.0 inches 
in d.b.h. were tallied on three 0.0036-acre plots (7.1- 
foot radius circular plot). Twenty-three variables were 
assessed on each tree 25.0 inches in d.b.h. Thevariables 
most important to the assessment of biomass esti- 
mates were total tree height and stem d.b.h. Diameters 
were measured with metal tape, and total heights with 
a clinometer. 

Weights were derived for each inventory sample tree 
by applying regression equations and coefficients devel- 
oped by the USDA Forest Service's Southeastern For- 
est Experiment Station headquartered at Asheville, 
North Carolina (Clark and others 1985, 1986a, 198613; 
Clark and Saucier 1990; Clark and Schroeder 1986; 
Saucier and Clark 1985). 

The following equations were used: 
for trees 21.0 inch and <5.0 inches in d.h.h. 

Y = a'(D2jb 

for softwood trees 25.0 inches and <9.0 inches in 
d.b.h. and hardwood trses 25.0 inches and <11.0 
inches in d.b.h. 

Y = ~ ' ( D ~ T H ) ~  

for softwood trees 29.0 inches in d.b.h. and hard- 
wood trees 211.0 inches in d.h.h. 

Y = ~ " ( D ~ ) * ( T H ) ~  
where: 

Y = fresh or ovendry weight (based upon 
coefficients used) 

D  = tree d.b.h. 
T H  = total height of tree 

a ' ,  a", b, c = regression coefficients. 

James F. Rasson, Jr., is a research [orester, Forest Inventory and Analysis, U.S. Department Department of Agriculture, Forest Service. Southern 
Forest Experiment Station, Starkville, MS 39759. 
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Species-specific coeffients were used to estimate 
fresh and dry weights of trees 21.0 inch in d.b.h. When 
species-specific coeffients were not available for a par- 
ticular species, general coeffients for softwoods, soft 
hardwoods (specific gravity <0.50), and hard hard- 
woods (specific gravity >0.50) were substituted. I t  has 
been demonstrated that these general coefficients 
derived from grouped species produce reliable esti- 
mates for regional surveys (Freedman 1984). 

Wood and bark weights were computed for two com- 
ponents of each tree: (1) the total tree above a 1-foot 
stump to the uppermost twig tips and (2) the main 
stem (above a 1-foot stump to a stem terminus of 4 
inches in diameter outside the bark). A third tree com- 
ponent, crown weight, was derived by subtracting stem 
weight from total tree weight. No merchantability 
standard of quality was applied to individual trees; all 
stem estimates were made to a 4-inch top. 

STATISTICAL RELIABILITY 

Three types of error were associated with these esti- 
mates: (1) estimating error, (2) application error, and 
(3) sampling error. The standard of accuracy of the 
statistics in these tables was governed by temporal and 
economic constraints. In large regional surveys, it is 
imperative that the factors of time and budget be main- 
tained at optimum levels. 

Estimating error involves three basic areas: (1) 
biased error, caused by instruments not properly cali- 
brated; (2) compensating error, caused by instruments 
of moderate precision; and (3) accidental error, caused 
by human error in measuring and compiling. All of 
these errors were held to a minimum by a system that 
incorporates training, check plots, and an edit (consis- 
tency) check. Field personnel undergo training for 3 to 
4 months under the guidance of field-experienced per- 
sonnel. Field work was checked by supervisors. Editing 
checks in the office screened out logical and data entry 
errors on all plots. I t  is not possible to measure estimat- 
ing error statistically, but the Southern Forest Experi- 
ment Station Forest Inventory and Analysis (SO-FIA) 
unit holds it to a minimum by adequate training, expe- 
rienced supervision, and emphasis on careful work. 

Application error comes from applying biomass 
estimator equations to deterministic measurements 
made on inventory sample trees. There were five princi- 
pal errors: (1) some species may have had no equations 
developed; therefore, coefficients for other "similar" 
species were substituted, (2) the size range of biomass 
sample trees may not cover the full range of sizes 
encountered in a large-scale inventory, (3) the geo- 
graphic range of the inventory may be outside that of 
the biomass sample trees, (4) trees used in developing 
biomass coefficients were from fully stocked stands; 
inventory plots ranged from nonstocked to overstocked, 

and (5) a statistical error was associated with the bio- 
mass equations. None of these errors were accounted 
for in the tables. 

Sampling error is the error associated with natural 
and expected deviation of the sample from the popula- 
tion mean. Thus, the deviation was susceptible to a 
mathematical evaluation of the probability of error. 
Sampling errors in table 62 were based on one standard 
deviation. That is, the chances are two out of three that 
if the results of a 100-percent census were known, the 
sample results would be within the limits indicated. 

Estimates smaller than State totals will have resul- 
tant larger sampling errors. The smaller the area 
examined, the larger the sampling error. In addition, as 
area or biomass totals are stratified by forest type, 
species, diameter class, ownership, or other subunits, 
the sampling error increases and is greatest for the 
smallest divisions. The computed sampling error takes 
the area estimate error into account. The following 
formula was used to derive the sampling error for this 
report: 

where: 

SE = sampling error 
A = area of timberland 
2 S- = variance of weighted mean biomass 
Y 

- estimate 

Y ,  = weighted mean of biomass estimate 
S = variance of timberland area estimate 

The error of the area estimate contributed very little 
to the sampling area error at the State level (=0.1 per- 
cent) but could be substantial at sub-state levels of 
computation. 

Biomass resource information is reported by indi- 
vidual east Texas counties, thereby allowing computa- 
tion of statistical confidence for any combination of 
counties. Sampling error may be estimated by using the 
following formula: 

where: 

SE = standard error of estimate (expressed as a 
percentage) 

X = variable of intereat (area or volume) 
g = group of counties to be combined 
t = total for the unit. 

For example, statistics for dry weight of hardwood 
stems in Harrison, Panola, and Rusk counties are 
derived as follows: 



The 95-percent confidence interval is: 

38,331.7 * 1.96 (0.068 X 38,331.71 = 38,331.7 15,108.9 

The sampling error for hardwood stem dry weight 
for the three counties is 6.8 percent. The 95-percent 
confidence interval is 33,222.9 to 43,440.7 million dry 
pounds. This means that this interval covers the true 
biomass dry weight of hardwood stems for these three 
counties unless a 1 in 20 chance of a random event has 
occurred. 

RESOURCE HIGHLIGHTS 

Timberland Area 

There are 11.8 million acres of timberland in east 
Texas according to the 1992 survey. The nonindustrial 
private forest (NIPF) owners hold 62 percent (7.3 mil- 
lion acres) of the total, forest industry holds 32 percent 
(3.7 million acres), with the remaining 7 percent (0.8 
million acres) in the public domain. 

Most of the timberland in east Texas is in the 
loblolly-shortleaf pine forest type, 4.1 million acres. 
There are 2.5 and 3.2 million acres, respectively, in the 
oak-pine and oak-hickory types. The remaining tim- 
berland is in bottomland hardwood types (1.8 million 
acres) and the longleaf-slash pine type. 

Softwood Biomass 

The 1992 survey shows there are 382.2 million fresh 
tons of softwood biomass in east Texas. Most of this is 
in the stem component, 321.3 million tons, whereas 
60.9 million tons are in the crown component (appen- 
dix 4, fig. 1). Dry weight biomass for softwoods is 189.8 
million tons - 161.3 million tons in the stem component 
and 28.5 million tons in the crown component. Fifty- 
nine percent of east Texas timberland holds only 
21 percent of total softwood biomass (appendix 4, fig. 
2). 

Hardwood Biomass 

A total of 492.9 million fresh tons of hardwood bio- 
mass is on east Texas's timberland. Most of this, 367.2 
million tons, is in the stem component; 125.8 million 
tons is in the crown component (appendix 4, fig. 1). Dry 
weight hardwood biomass is 264.8, 198.0, and 66.8 
million tons for total tree, stem, and crown compo- 
nents, respectively. Fifty-four percent of east Texas 
timberland holds only 19 percent of total hardwood 
biomass (appendix 4, fig. 3). 

Ownership 

Nonindustrial private owners have 566.0 million 
fresh tons of biomass (295.1 million dry tons) (appen- 
dix 4, fig. 4). This is 65 percent of the total forest 
resource. Forest industry holds 222.0 million fresh 
tons (115.3 million dry tons). The remaining 87.2 mil- 
lion fresh tons is in the public domain. 

Forest m e  

The loblolly-shortleaf pine forest type has 336.3 mil- 
lion fresh tons of biomass (488.8 million dry tons), 
followed by 183.7, 172.8, and 165.9 million fresh tons in 
the oak-pine, oak-hickory, and bottomland hardwood 
types (94.4, 92.2, and 91.0 million dry tons), respec- 
tively. These three forest types collectively account for 
98 percent of all fresh weight biomass (appendix 4, fig. 
5). The remaining 2 percent of fresh biomass is in the 
longleaf-slash pine type. 

Diameter Class 

A major portion of the State's biomass is in trees 2 7.0 
and <17.0 inches in d.b.h. Trees in this diameter 
class account for 462.2 million fresh tons (239.4 million 
dry tons). These diameter classes account for 53 per- 
cent of the total biomass resource (appendix 4, fig. 6). 

Tree Class 

There are 665.9 million fresh tons (267.9 million dry 
tons) of biomass in growing-stock trees 25.0 inches in 
d.h.h. (appendix 4, fig. 7). Rough and rotten trees 
account for 104.4 million fresh tons (39.1 million dry 
tons) of biomass. Salvable dead trees account for only 
3.2 million fresh tons, less than one-half of 1 percent of 
the total biomass resource. 

Species 

The predominant tree species in east Texas is loblolly 
pine, with 272.6 million fresh tons (135.4 million dry 
tons) of biomass. Shortleaf pine ranked second in domi- 
nance, with 84.7 million fresh tons (41.1 million dry 
tons), followed closely by sweetgum, with 80.6 million 
fresh tons (38.6 million dry tons). Together, these three 
species account for 50 percent of the State's fresh 
weight biomass. 
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Appendix 1. -Definitions of Terms 

Forest Land Classes 

Forest land-Land at least 10 percent stocked by 
forest trees of any size or formerly having such tree 
cover and not currently developed for nonforest uses. 
Minimum area considered for classification is 1 acre. 
The USDA Forest Service inventory defines three types 
of forest land: reserved forest land, timberland, and 
woodland, all defined below. 

Reserved forest land - Productive public forest land 
withdrawn from timber utilization through statutes or 
administrative regulations. 

Timberland-Forest land that is producing, or is 
capable of producing, crops of industrial wood and not 
withdrawn from timber utilization. Timberland is syn- 
onymous with "commercial forest land" in prior 
reports. 

Woodland - Forest land incapable of yielding crops of 
industrial wood because of adverse site conditions. 

Tree Classes 

Commercial species -Tree species currently or pro- 
spectively suitable for industrial wood products. 
Excluded are noncommercial species. See species list. 

Cull trees -Rough or rotten trees. 
Growing-stock trees - Living trees of commercial 

species. Trees must have one 12-foot or two 8-foot logs, 
currently or potentially, to he classified as growing 
stock. The log(s) must meet dimension and merchant- 
ability standards to qualify. Dees must also have, cur- 
rently or potentially (if too small to qualify), one-third 
of the gross board-foot volume in sound wood. 

Hardwoods-Dicotyledonous trees, usually broad 
leaved and deciduous. 

Live trees-All trees that are alive. Included are all 
size classes (21.0 inch in d.b.h.1, all tree classes, and 
both commercial and noncommercial species. 

Noncommercial species - Tree species of typically 
small size, poor form, or inferior quality that normally 
do not develop into trees suitable for industrial wood 
products. See species list. 

Nonsaluable dead trees -Standing or downed dead 
trees that were formerly growing stock or cull and are 
not considered merchantable at the time of the survey. 
(Do not meet soundness, tree class, or size require- 
ments under salvable dead tree definition.) 

Rotten trees-Live trees of commercial species that 
are unmerchantable for sawlogs, currently or poten- 
tially, because of rot deduction in the sawlog portion. 
See growing-stock trees. 

Rough trees-live trees of commercial species that 
are unmerchantable for sawlogs, currently or poten- 
tially, because of roughness or poor form in the sawlog 
portion. Also includes all live trees of noncommercial 
species. See growing-stock trees. 

Saluable dead trees -Standing or downed dead trees 
that were formerly growing stock and are considered 
merchantable. One-third of the board-foot volume 
must be sound in softwoods 29.0 inches in d.b.h. and 
one-half of the board-foot volume, sound in hardwoods 
211.0 inches in d.b.h.; one-half of the cubic-foot volume 
must be soundin softwoods ~ 9 . 0  inches in d.b.h. and in 
hardwoods ~ 1 1 . 0  inches in d.b.h. All salvable dead trees 
must be 25.0 inches in d.h.h. to qualify. 

Softwoods - Coniferous trees, usually evergreen, 
having needles or scalelike leaves. 

Forest m e  Groups 

Elm-ash-cottonwood -Forests in which elms, ashes, 
or cottonwood, singly or in combination, comprises a 
plurality of the stocking. Common associates include 
willow, sycamore, beech, and maples. 

Loblolly-shortleaf pine - Forests in which pines 
(except longleaf or slash pines) or eastern redcedar, 
singly or in combination, comprises a plurality of the 
stocking. Common associates include oaks, hickories, 
and gums. 

Longleaf-slash pine-Forests in which longleaf or - ,  
slash pines, singly or in combination, comprise a plu- 
rality of the stocking. Common associates include oaks, 
hickories, and gums. 

Nontyped - Timberland currently unoccupied by any 
live trees or seedlings; very recent clearcut areas. 

Oak-gum-cypress - Bottomland forests in which 
tupelo, blackgum, sweetgum, oaks, or cypress, singly or 
in combination, comprises a plurality of the stocking, 
except where pines comprise 25 to 49 percent, in which 
case the stand would be classified oak-pine. Common 
associates include cottonwood, willow, ashes, elms, 
hackberries, and maples. 

Oak-hickory-Forests in which upland oaks or 
hickories, singly or in combination, comprise a plu- 
rality of the stocking, except where pines comprise 25 
to 49 percent, in wbich case the stand would be classi- 
fied oak-pine. Common associates include yellow- 
poplar, elms, maples, and black walnut. 

Oak-pine -Forests in which hardwoods (usually 
upland oaks) comprise a plurality of the stocking but in 
which pines comprise 25 to 49 percent of the stocking. 
Common associates include gums, hickories, and 
yellow-poplar. 

Biomass 

Crown weight - Weight of wood and hark in upper 
branches. Crown weight equals total tree weight minus 
stem weight. 

Dry weight-Mass of tree component when 
ovendried to a const,ant weight at 215 "F. 



Fresh weight-Mass of tree component at time of 
cutting. 

Stem weight-Weight of wood and bark in central 
stem from a l-foot stump to a 4-inch top. No merchan- 
tability standards are used to define the terminus of 
thestem; all trees ~5.0inches in d.b.h. are configured to 
a 4-inch top; trees ~ 5 . 0  inches in d.b.h. are configured 
from a l-foot stump to the central stem twig tip. 

Total tree weight -Weight of wood and hark from a 
l-foot stump to twig tips. Leaves, flowers, fruits, and 
roots are not included. 

Ownership Classes 

I Forest industry lands-Lands owned by companies 
or individuals operating wood-using plants (either pri- 

I mary or secondary). 
Public lands (include the following): 

National forest lands-Federal lands that have 
been legally designated as national forests or pur- 
chase units and other lands under the administra- 
tion of the USDA Forest Service, including 
experimental areas. 
Other Federal lands - Federal lands other than 

j 
national forests. 

State, county, and municipal lands-Lands owned 
by States, counties, and local public agencies or munici- 
palities, or lands leased to these governmental units for 
50 years or more. 

Nonzndustrzal pnuate lands; NIPF (include the fol- 

Farmer-owned lands -Lands operated as a unit of 
10 acres or more from which the sale of agri- 
cultural products totals $1,000 or more annually. 
Nonindustrial private lands (corporate)-Lands 
privately owned by corporations other than forest 
industries and incorporated farms. 
Nonindustrial private lands (individual)-Lands 
privately owned by individuals other than forest 
industries, farmers, or miscellaneous private cor- 
porations. 

Miscellaneous Definitions 

Basal area-The area in square feet of the cross 
section at breast height of a single tree (or summation 
of all the trees) in a stand, usually expressed in square 
feet per acre. 

Diameter at breast height (d.b.h.1-Tree diameter in 
inches, outside bark, usually measured at 4'12 feet 
above ground. 

Natural pine - Pine trees on timberland that show 
no evidence of artificial regeneration. 

Natural stands-Stands with no evidence of artifi- 
cial regeneration, including stands established by seed 
tree regeneration methods. 

Pines - Tree species of the genus Pinus. 
Plantations - Stands regenerated by planting or 

seeding. 
Planted pines -Pine trees on timberland that show 

evidence of planting or artificial seeding. 
lowing): 



Appendix 2. - Species List 

Species list* of  trees 2 1.0 inch in d.b.h. occurring in the F I A  sample, east Texas, 1992 

Genus Specific epithet Common name 

Gymnosperms 
Juniperus uirginiana 
Pinus echinata 
P. elliottii 
l? palustris 
l? taeda 
Taxodium distichum 

Angiosperms 
Acer 
A. 
A. 
A. 
A. 
Betula 
Bumelia 
Carpinus 

Carya 
c. 
c. 
C. 
c. 
c. 
C. 
C. 
c. 
Castanea 
C. 
Catalpa 
Celtis 
C. 
Cercis 
Cornus 
Crataegus 
Diospyros 
Fagus 
Fraxinus 
F. 
Gleditsia 
G. 
Ilex 
Juglans 
Liquidambar 
Maclura 
Magnolia 
M. 
M. 
Melia 
Morus 
M. 

barbatum 
negundo 
rubrum 
saccharinum 
saccharurn 
nigra 
SPP.t 
carolinianai 

SPP.~: 
aquatica 
cordiformis 
glabra 
illinoensis 
laciniosa 
ouata 
texana 
tomentosa 
S P P . t  
pumila 
SPP.  
laevigata 
occidentalis 
canadensist 
florida 
spp.t 
uirginiana 
grandifolia 
americana 
pennsyluanica 
aquatica 
triacanthos 
opaca 
nigra 
styraciflua 
pomifera 
acuminate 
grandiflora 
uirginiana 
azedaracht 
albat 
rubra 

Eastern redcedar 
Shortleaf pine 
Slash pine 
Longleaf pine 
Loblolly pine 
Baldcypress 

Florida maple 
Boxelder 
Red maple 
Silver maple 
Sugar maple 
River birch 
Bumelia 
Blue beech, American 

hornbearn 
Hickories 
Water hickory 
Bitternut hickory 
Pignut hickory 
Pecan 
Shellbark hickory 
Shagbark hickory 
Black hickory 
Mockernut hickory 
Chinkapin 
Allegheny chinkapin 
Catalpa 
Sugarberry 
Hackberry 
Eastern redbud 
Flowering dogwood 
Hawthorn 
Common persimmon 
American beech 
White ash 
Green ash 
Waterlocust 
Honeylocust 
American holly 
Black walnut 
Sweetgum 
Osage-orange 
Cucumbertree 
Southern magnolia 
Sweetbay 
Chinaberry 
White mulberry 
Red mulberry 



Appendix 2. - Species List 

Species list* o f  trees 21.0 inch in d.b.h. occurring in the FIA sample, east Texas, 1992 

Genus Specific epithet Common name 

Nyssa quat ica  Water tupelo 
N .  sylvatica Blackgum, black tupelo 
N .  sylvatica var. biflora Swamp tupelo 
Ostrya uirginianat Ironwood, eastern 

hophornbeam 
Oxydendrum arboreumt Sourwood 
Persea borbonia Redbay 
Planera quat icat  Water-elm 
Platanus occidentalis American sycamore 
Populus deltoides Eastern cottonwood 
Prunus serotina Black cherry 
P. S P P . ~  Plums, cherries (except 

black cherry) 
Quercus alba White oak 
8. bicolor Swamp white oak 
8. coccinea Scarlet oak 
Q. durandii Durand oak 
Q. falcnta Southern red oak 
8 .  falcata var. pagodifulia Cherrybark oak 
&. incanat Bluejack oak 
&. laeuist Turkey oak 
Q. laurifolia Laurel oak 
8 .  lyrata Overcup oak 
8. macrocarpa Bur oak 
&. marilandicat Blackjack oak 
8 .  michauxii Swamp chestnut oak 
&. muehlenbergii Chinkapin oak 
&. nigra Water oak 
8. nuttallii Nuttall oak 
&. phellos Willow oak 
8 .  prinus Chestnut oak 
8. shumardii Shumard oak 
&. stellata Post oak 
Q. uelutina Black oak 
8. uirginianat Live oak 
Robinia pseudoacacia Black locust 
S a l k  nigra Black willow 
Sapium sebiferumt Chinese tallowtree 
Sassafras albidum Sassafras 
Tilia americana American basswood 
T. heterophylla White basswood 
Ulmus alata Winged elm 
U. americana American elm 
U. crassifolia Cedar elm 
U. rubra Slippery elm 
Vaccinium arboreumt Tree sparkleberry 

*Nomenclature after: Little, E.L., Jr. 1979. Checklist o f  United States trees 
(native and naturalized). Agric. Handb. 541. Washington, DC: U.S. Department 
o f  Agriculture. 375 p. 

tNoncommercial species. 
$Hickories not identified to  species. 
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