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Abstract

This report presents a summary of the most recent inventory of New Mexico’s forests
based on field data collected between 2008 and 2012. The report includes descriptive
highlights and tables of area, numbers of trees, biomass, volume, growth, mortality, and
removals. Most sections and tables are organized by forest type or forest type group,
species group, diameter class, or owner group. The report also describes the inventory’s
design, inventory terminology, and data reliability. Results show that New Mexico’s forest
land covers 24.8 million acres. Forty-four percent (10.8 million acres) of this forest land is
privately owned, and another 31 percent (7.8 million acres) is administered by the USDA
Forest Service. The State’s most abundant forest type is pinyon/juniper woodland, which
covers more than 10 million acres. Pinyon/juniper woodlands, combined with pure juniper
woodland, cover a total of 13.6 million acres, or more than half of New Mexico’s forest land
area. Gambel oak is the most abundant tree species by number of trees, and ponderosa
pine is the most abundant by volume or biomass. New Mexico’s forests contain 17.5 billion
cubic feet of net volume in trees 5.0 inches diameter and larger. Gross growth of all live
trees 5.0 inches diameter and larger averaged 211.5 million cubic feet per year. Average
annual mortality totaled 165.1 million cubic feet per year, and net growth was 46.4 million
cubic feet per year, or 0.26 percent of the State’s total wood volume.
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Report Highlights

Forest Area

e New Mexico’s forest land area totals 24.8 million acres.

e Unreserved forest land accounts for most of the forest land in New Mexico (94 per-
cent) and totals 23.4 million acres.

e More than 18 percent, or 4.3 million acres, of New Mexico’s unreserved forest land
is classified as timberland and the remaining 82 percent is classified as unproductive
forest land.

e Privately owned forest land totals 10.8 million acres, or 44 percent of New
Mexico’s total forest land area.

e About 31 percent of New Mexico’s total forest land area, or 7.8 million acres, is
administered by the USDA Forest Service.

e Pinyon/juniper woodlands are the most abundant forest type in New Mexico, cover-
ing over 10 million acres and accounting for 41 percent of forest land.

e The combination of all pinyon/juniper, Rocky Mountain juniper, and pure juniper
woodlands covers 13.6 million acres.

e Mesquite woodlands cover nearly 3.5 million acres and are the second most abun-
dant forest type.

Numbers of Trees. Volume, and Biomass

e There are nearly 6.7 billion live trees in New Mexico.

e Softwood species total more than 4.3 billion trees or 65 percent of all live trees.

e Numbers of Gambel oak trees total nearly 1.7 billion, making this species the single
most abundant tree in New Mexico.

e The net volume of live trees in New Mexico on forest land totals 17.5 billion cubic
feet.

e Growing-stock volume on timberland in New Mexico totals 7.4 billion cubic feet,
or 42 percent of the total live volume on forest land. Most of this volume occurs
on National Forest System lands (67 percent), with 29 percent on private lands and
3 percent on State lands.

e The net volume of sawtimber trees on timberland is more than 32 billion board feet.

e The above-ground weight for all trees on New Mexico forest land is 318 million
tons of oven-dry biomass.

Forest Growth, Mortality, and Removals

e Gross annual growth of all live trees 5.0 inches diameter and larger on New Mexico
forest land totaled 211.5 million cubic feet. Net growth totaled about 46.4 million
cubic feet.

e Average annual mortality of trees 5.0 inches diameter and larger totaled about 165.1
million cubic feet. The leading causes of mortality were insects (35 percent of all
mortality), fire (22 percent), and diseases (13 percent).

e Mortality exceeded gross growth for four of the eight tree species with the greatest
volume in New Mexico, including Douglas-fir, Engelmann spruce, white fir, and
aspen.



Total removals in 2007 were slightly less than 47.5 million cubic feet.

Commercial timber harvest in 2007 was 39.8 million board feet (Scribner), most of
which came from private and tribal lands (83 percent). Ponderosa pine accounted
for more harvested timber volume than any other species (47 percent).

Current Issves in New Mexico’s Forests

Pinyon/juniper woodlands that are old enough to produce harvest-worthy quantities
of pine nuts occupy about 8 million acres in New Mexico.

Pinyon/juniper woodlands, followed by spruce/fir forests, contain the greatest num-
ber of suitable snags for two cavity-nesting bird species, the northern flicker and the
acorn woodpecker.

About 18 percent of New Mexico’s forest land area occurs in stands older than 150
years.

During the drought-related die-off of trees in pinyon/juniper woodlands just prior to
New Mexico’s annual forest inventory, about 8 percent of pinyon basal area and less
than 2 percent of juniper basal area died.

Aspen forests cover more than 380 thousand acres in New Mexico, and aspen trees
occur on 1.6 million acres. The area and volume of aspen have not changed appre-
ciably over the past decade.

Damages to live trees in New Mexico consist primarily of form-related damage
agents, while low rates of disease and insect damage were also recorded.

Less than 1 percent of all forest plots fell within the perimeters of recent large fires.
Ten different invasive species were found on 35 plots, or only 1 percent of all forest
plots. Three species — saltcedar, bull thistle, and musk thistle — accounted for more
than 70 percent of all occurrences.

Since the last periodic forest inventory of New Mexico, live tree volume has de-
creased and total tree volume has changed very little. Average annual mortality in-
creased and growth decreased during that time.
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Introduction

For the first time in many years, forest scientists, managers, and users have access
to a comprehensive forest inventory dataset for the State of New Mexico. New Mexico
encompasses a wide variety of environments and forest types that are valued for their
scenic beauty, wood products, traditional forms of food and shelter, wildlife habitat, and
ecological functions. This report contains highlights of the status of New Mexico’s forest
resources, with discussions of pertinent issues based on the first few years of inventory
under the new Forest Inventory and Analysis (FIA) annual system (Gillespie 1999).

This chapter briefly describes the recent implementation of the national FIA sample
design in New Mexico, as well as some basic differences between this inventory and
previous inventories of New Mexico’s forests. The following chapters describe specific
inventory methods; an overview of traditional forest attributes measured by the FIA
program, such as forest land area and timber volume; descriptions of selected resources
that New Mexico’s forests provide; current issues and events affecting New Mexico’s
forests; and comparisons of current forest attributes with previous forest inventories.
The appendices include supplemental information, including a glossary of terms used
in this report, standard forest resource tables, descriptions of forest types and forest type
groups, lists of tree species, and documentation for the equations used to estimate tree
volume and site index.

New Mexico’s Annval Forest Inventory

The annual forest inventory of New Mexico’s forests follows sampling procedures
specified by Federal legislation and the national FIA program. In 1998, the Agricultural
Research Extension and Education Reform Act, also known as the Farm Bill, mandated
that inventories would be conducted throughout the forests of the United States on an
annual basis. This annual system integrates FIA and Forest Health Monitoring (FHM)
sampling designs into a mapped-plot design, which includes a nationally consistent
plot configuration with four fixed-radius subplots; a systematic national sampling de-
sign consisting of one plot per approximately 6,000 acres; annual measurement of a
constant proportion of permanent plots; data or data summaries within 6 months after
yearly sampling is completed; and a State summary report after 5 years. The inventory
strategy for the Western United States involves measurement of 10 systematic samples,
or subpanels, where one subpanel is completed each year and all subpanels are measured
over a 10-year period. Each subpanel is pre-assigned to be surveyed during a specific
calendar year, which is referred to as inventory year (see Appendix A for standard FIA
terminology). The year in which each plot was actually surveyed is recorded as its
measurement year. In most States, inventory year and measurement year are the same
for the vast majority of field plots, but this does not hold true for New Mexico’s annual
forest inventory thus far.

Interior West Forest Inventory and Analysis (IWFIA) implemented the new annual
inventory strategy in New Mexico in 2008. In 2009, the State of New Mexico received
funding from the American Recovery and Reinvestment Act (ARRA) to accelerate sam-
pling and broaden the data collection effort to subpanels that would have been measured
had the inventory started in 2005. Under this accelerated sampling, eight subpanels were
completed within the 3-year period between 2010 and 2012. These eight subpanels rep-
resent inventory years 2005-2007 and 2009-2013, so their inventory years are typically
not the same as their measurement years. Data from these subpanels were combined
with data from the 2008 subpanel, which was collected primarily in 2008 and 2009.

This report is based on the aggregated data collected in measurement years 2008-
2012 from nine subpanels whose scheduled inventory years range from 2005 to 2013.
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The aggregated dataset includes a total of 11,792 plots, where 3,444 plots contained at
least one forested condition, 7,340 plots were entirely nonforest, and 1,008 plots were
not sampled. Specific details on the ARRA contracts and the Federal/State partnership
that galvanized New Mexico’s annual forest inventory are presented by Stuever and
Capuano (in prep.).

The New Mexico inventory will resume a regular inventory schedule in 2014. Annual
inventory summaries are updated each spring to include the most recent subpanels of
data available to the public. After 2014, an assessment of the full cycle of data from ten
subpanels will be included in the upcoming 10-year report. In 2015, the remeasurement
phase of the inventory will begin as plots from the 2005 subpanel are re-measured, and
the new plot data can then be compared to the data collected in 2010-2012. Note that
remeasurement periods for the first few subpanels will range from 3 years, for portions
of the 2005 subpanel that were measured as late as 2012, to 10 years for plots that were
measured during their scheduled inventory years, such as plots from the 2008 subpanel
and subsequent subpanels. Future estimates of growth, removals, and mortality will
account for these different remeasurement periods.

Previovus Inventories of New Mexico’s Forests

Prior to implementation of the annual forestinventory, New Mexico’s forests attributes
were estimated from inventories that were conducted over a period of 2 to 5 years and
repeated roughly every 10 years. Because these inventories were conducted periodically,
they are referred to as periodic inventories. The most recent periodic inventories of New
Mexico’s forest resources were completed in 2000 (O’ Brien 2003) and 1993 (Van Hooser
and others 1993). The nominal years assigned to these inventories, 1993 and 2000, do
not specifically represent years that field surveys were completed but rather represent the
year the dataset was compiled and analyzed for reporting purposes. The 1993 inventory
included measurements from 1985 through 1987 that used a variety of plot designs. A
separate 1994 inventory was conducted on the Gila National Forest (Shaw 2008). Be-
tween 1996 and 2000, another periodic inventory was conducted throughout most of the
State, and this inventory’s plot design was very similar to the design currently used for
the annual inventory. The 2000 statewide inventory was combined with the 1994 Gila
National Forest inventory in O’Brien’s (2003) summary of the State’s forest resources.
Other periodic inventories were conducted as far back as 1952. However, inventories
from 1952 to the early 1980s were primarily conducted using aerial photographs rather
than measurements at ground plots, so the national FIA database does not include any
data for these earlier inventories.

Data from new inventories are often compared with data from earlier inventories to
quantify forest trends. However, for the comparisons to be valid, the procedures used in
the inventories must be compatible. New Mexico’s procedures for past inventories are
different enough from present procedures that direct comparisons between them are not
recommended. However, it is possible to compare individual plots that were measured
during both inventories. The plot design used during the 2000 periodic inventory was
very similar to the annual inventory’s plot design. Therefore, plots on forest land that
were sampled during both inventories can be compared to evaluate changes in attributes
such as per-acre estimates of live volume, mortality, growth, and biomass. A more de-
tailed description of the differences between the periodic and annual forest inventories
of New Mexico, as well as results of plot-to-plot comparisons of periodic and annual
inventory data, can be found in this report in the section “Comparisons Between New
Mexico’s Periodic and Annual Forest Inventories.”
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Accessing New Mexico’s Forest Inventory Data

FIA data are publicly available from the national FIA website at fia.fs.fed.us. This site
includes data downloads; online tools that allow users to perform custom queries; and
documentation of FIA’s field inventory protocols, database structure, and publications.
Plot data may be downloaded in table form or summarized using a variety of online tools
(http://fia.fs.fed.us/tools-data/default.asp). For assistance with finding information on
this site or with performing custom analyses, data users are encouraged to contact one
of the members of the Analysis Team of the Interior West FIA Program who are listed
as authors at the beginning of this report.

The national FIA database contains data from the 1993 and 2000 periodic invento-
ries as well as annual forest inventory data, which is updated each year as additional
measurements are collected. Note that within the FIA database, the 2000 inventory is
assigned an inventory year of 1999. However, here it is referred to as the 2000 inven-
tory to be consistent with the previous report by O’Brien (2003). The 1993 inventory
is assigned an inventory year of 1993. Data collected as part of the annual inventory is
assigned an inventory year that corresponds to the year in which the plot was scheduled
for measurement on a 10-year remeasurement cycle.

Overview of Standard and Supplemental Tables

Forest Inventory and Analysis produces a set of standard tables that incorporates most
of the core FIA program, using both Phase 2 and Phase 3 data. Appendix B presents
tables B1-B39, which summarize annual forest inventory data collected in New Mexico
between 2008 and 2012 in terms of traditional FIA attributes. These tables encompass
statistics for land area, numbers of trees, wood volume, biomass (oven-dry weight),
growth, mortality, and sampling errors. Table B1 is the only table that includes all land
cover types, and it summarizes the proportions of sample plots that were recorded as
forest, nonforest, and nonsampled (e.g., due to inaccessibility). All other tables exclude
nonforest land and therefore include only accessible forest land or timberland (see Ap-
pendix A for definitions). Table B37 shows sampling errors for area, volume, net growth,
and mortality at the 67 percent confidence level.

This report also contains supplemental tables within the body of the report. To avoid
confusion between supplemental tables found in individual report chapters and the
standard FIA tables found in Appendix B, supplemental tables in the body of this report
are labeled consecutively as they appear, beginning with table 1. Standard tables will
be referred to beginning with the appendix letter followed by the table number (e.g.,
table B1).

Inventory Methods

This chapter briefly describes five key aspects of the FIA program. The first four sec-
tions describe configuration of field plots, the national sample design, the three-phase
inventory system, and sources of error, which are consistent among all states. The last
section describes FIA’s quality assurance program and presents the results of quality
assessments in the current forest inventory of New Mexico.
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Plot Configuration

The national FIA plot design consists of four 24-foot radius subplots configured as a
central subplot and three peripheral subplots (USDA Forest Service 2011; see figure 1).
Centers of the peripheral subplots are located at distances of 120 feet and at azimuths
of 360 degrees, 120 degrees, and 240 degrees from the center of the central subplot.
Each standing tree with a diameter at breast height (d.b.h.) for timber trees, or a diam-
eter at root collar (d.r.c.) for woodland trees, of five inches or larger is measured on
these subplots. Each subplot contains a 6.8-foot radius microplot with its center located
12 feet east of the subplot center on which each tree with a d.b.h./d.r.c. from one inch
to 4.9-inches is also measured.

Subplot (24.0-ft radius) _

Microplot (6.8-ft radius)

Distance between
subplots is 120 feet

1-acre circle

Figure 1. Plot configuration used by the Forest Inventory and Analysis program.
Each plot consists of four subplots with a 24-foot radius. The three outer
subplots are located 120 feet from the central subplot’'s center at azimuths
of 0, 120, and 240 degrees. Microplots with radii of 6.8 feet are located on
each subplot, and the microplot centers are located 12 feet from the subplot
center at an azimuth of 90 degrees.
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Sample Design

To enable division of the forest into various domains of interest for analysis, it is
important that the tree data recorded on these plots are properly associated with stand-
level data. In addition to the tree data recorded on FIA plots, data are also gathered
about the condition class in which the trees are located. A condition class (or condition)
is the combination of discrete landscape and forest attributes that define and describe
the area associated with a plot. The six variables that define distinct condition classes
are forest type, stand origin, stand size, ownership group, reserved status, and stand
density (Bechtold and Patterson 2005). In some cases, the plot footprint spans two or
more conditions if there is a distinct change in any of these six variables. For example,
the four subplots on a plot may intersect both forest and nonforest areas, the plot may
include distinct stands differentiated by forest type and/or stand size, or the plot may
straddle an ownership boundary. All three of these examples would result in more than
one condition per plot. Field crews assign numbers to condition classes in the order they
are encountered on a plot. Each tree is assigned the number of the condition class in
which it stands to enable partitioning of tree data into meaningful categories for analysis.

Based on historic national standards, a sampling intensity of approximately one plot
per 6,000 acres is necessary to satisfy national FIA precision guidelines for area and
volume. Therefore, FIA divided the area of the United States into non-overlapping,
5,937-acre hexagons and established one plot in each hexagon using procedures de-
signed to preserve existing plot locations from previous inventories. These sample plots,
designated as the Federal base sample, were divided into five spatially interpenetrating
panels and ten subpanels, where each panel consists of two subpanels. In the eastern
United States, two subpanels are measured each year such that the inventory cycle is
on a 5-year rotation, while in the western United States, including New Mexico, one
subpanel is measured each year and inventory cycles are completed on a 10-year rotation
(Gillespie 1999). For estimation purposes, the measurement of each subpanel of plots
can be considered an independent, equal probability sample of all lands in a State, or
all plots can be combined to represent the State.

Three-Phase Inventory

FIA conducts inventories in three phases. In Phase 1, remote sensing data are digitally
analyzed to stratify each State into homogeneous groups such as forest and nonforest
areas. Phase 2 relates to a permanent network of ground plots, where traditional inven-
tory variables such as forest type and tree diameter are measured. In Phase 3, additional
variables associated with forest and ecosystem health are measured on a subset of Phase
2 plots. The three phases of the enhanced FIA program are discussed in the following
sections.

Phase 1—Phase 1 uses remote sensing data to delineate homogeneous areas, or strata,
throughout the entire State. Currently in the Interior West, only forest and nonforest
strata are identified. The purpose of this delineation is to reduce the variance of FIA
estimates through post-sampling stratification of field data. The initial Phase 1 strata
map consisted of forest, nonforest, and census water strata (see Appendix A for defini-
tions), which were delineated at a spatial resolution of 250 meters using a combination
of 2004 MODIS satellite imagery, other geospatial datasets, and plot-based calibration
data (Blackard and others 2008). Calibration data in New Mexico consisted of periodic
inventory plot locations that had been classified as forest, nonforest, or census water,
based on field surveys or human interpretation of aerial photographs. Due to the small
amount of census water in New Mexico, the census water stratum was combined with
the nonforest stratum.

USDA Forest Service Resour. Bull. RMRS-RB-18. 2014 5



In most Interior West States, post-sampling stratification is based solely on forest and
nonforest strata under the assumption that any nonresponse plots occur randomly across
the plot grid. Nonresponse plots are defined as plot locations that cannot be sampled
by a field crew. These situations typically occur when land owners or managers do not
grant permission for field crews to access plot locations on their lands, although some
plots are not sampled due to hazardous conditions that may be permanent in nature,
such as sheer cliffs, or temporary hazards, such as current wildfires or active logging
operations. A large proportion of private land plots in New Mexico were not sampled
because some landowners denied requests for permission to access plot locations on
their property. Only 2.1 percent of plots on non-private lands were not sampled, while
13.9 percent of plots located on private lands were not sampled. The percentage of non-
sampled plots on privately owned land in New Mexico is comparable to the percentages
in some other western States, but higher than for many States in the Midwest and East.
The fact that nonresponse plots occurred at higher proportions on private lands than on
non-private lands required modifying the stratification scheme to reduce nonresponse
bias (Patterson and others 2012). Therefore, the stratification for the New Mexico inven-
tory was based on ownership strata (private and non-private) in addition to the forest
and nonforest strata described above (figure 2). Goeking and Patterson (2013) describe
the stratification process for the New Mexico forest inventory in detail.

FIA produces estimates at the scale of individual States, which can then be aggre-
gated into regional estimates, as well as at smaller scales within each State. Within-state
population estimates are constructed at two scales: survey units that are comprised of
groups of counties, and smaller estimation units that represent individual counties.
New Mexico consists of four survey units and 33 estimation units denoted as g, each
containing n, ground plots. The area of each estimation unit is divided into strata of
known size using the State’s stratification map (figure 2), which divides the total area
of the estimation unit into 250-meter pixels and assigns each pixel to one of H strata.
Each stratum, 4, within an estimation unit, g, then contains Mg ground plots where the
Phase 2 attributes of interest are observed.

To illustrate, the area estimator for forest land within an estimation unit in New
Mexico is defined as:

nhg

H Z Yihg

1 _ i=1
A =AWy,
h=1 I’lh

8

where:

Ag = total forest area (acres) for estimation unit g

Ar, =total land area (acres) in estimation unit g
H  =number of strata
W,,, = proportion of Phase 1 pixels in estimation unit g that occur in stratum /

Yy, = forest land condition proportion on Phase 2 plot i stratum / in estimation
unit g

ny, = total number of Phase 2 plots in stratum 4 in estimation unit g
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Phase 2—Phase 2 pertains to FIA’s network of permanent plot locations,
where each plot is assigned spatial coordinates and represents roughly 6,000 acres.
To minimize inventory costs, plots that are obviously and entirely nonforest are
not designated for field sampling, and these plots are recorded as nonforest. A
human interpreter examines each plot location using digital imagery from the Na-
tional Agriculture Imagery Program and distinguishes plots that potentially contain
forest or wooded land from those that do not intersect any forest or wooded land.

Miles
Strata
[ Nonforest / not private I Forest / not private
Nonforest / private I Forest/ private

Figure 2. The four strata used for post-stratification of New Mexico’s forest inventory, 2008-2012;
background shows shaded relief and county boundaries.
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This process is known as prefield interpretation, and it was historically considered
part of Phase 1 because both prefield interpretation and Phase 1 relied on remote
sensing data. However, Phase 1 delineation of forest and nonforest strata occurs
independently of current prefield interpretation of the Phase 2 grid. Therefore, pre-
field data collection is considered part of Phase 2 and not part of Phase 1.

The status of each plot in the Phase 2 grid is eventually assigned as accessible for-
est land, nonforest land, or not sampled (figure 3). Plots that were not designated for
field sampling by prefield interpreters are automatically recorded as nonforest plots.

Miles

Plot status

* Forest * Nonforest * Not sampled

Figure 3. Plot status of the 11,792 Phase 2 plots in New Mexico’s annual forest inventory, 2008-2012.
(Note: plot locations are approximate; some plots on private land were randomly swapped.)
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Sovrces of Error

For plots that are designated for field sampling, field crews record the plot status as
accessible forest land if (a) they can physically visit the plot location, and (b) the plot
satisfies FIA’s definition of forest land (see Appendix A). Some field plots are recorded
as nonforest because the field crew determines that they do not meet FIA’s definition of
forest land. A field plot may be recorded as non-sampled if a field crew cannot safely
measure the plot or if they cannot obtain permission to access the plot location. Before
visiting privately owned plot locations, FIA crews identify each plot’s ownership status
by consulting county land records and then seek permission from private landowners to
measure plots on their lands. Information about individual landowners and the existence
of FIA plots on their property is considered confidential and is never shared outside the
FIA program, regardless of whether permission to access the plot location is granted.
Table B1 shows the total percentage of Phase 2 plot areas that represent forest, nonforest,
and non-sampled conditions. Note that figure 3 and table B1 are the only portions of this
report that include summaries of non-sampled plots; all other summaries of forest and
nonforest are based on sampled plots, and estimates have been adjusted to account for
missing observations at non-sampled plots as described in Goeking and Patterson (2013).

Field crews record a variety of data on plot locations that contain accessible forest
land. Crews locate the geographic center of the plot using geographic positioning system
(GPS) receivers and then establish markers to facilitate relocation of the plot for future
remeasurement. They record condition-level variables that include land use, forest type,
stand origin, stand-size class, stand age, site productivity class, forest disturbance his-
tory, silvicultural treatment, slope, aspect, and physiographic class. Some of these area
attributes are measured or observed (e.g., regeneration status), some are assigned by
definition (e.g., ownership group), and some are computed from tree data (e.g., percent
stocking). For each tree on the plot, field crews record a variety of attributes including
species, live/dead status, diameter, height, crown ratio, crown class, damage, and decay
status. The field procedures used in New Mexico’s forest inventory are described in
detail in the FIA field guide (USDA Forest Service 2006; USDA Forest Service 2011).
Data analysts apply statistical models using field measurements to calculate additional
variables such as volume and biomass for individual trees, as well as volume, biomass,
growth, mortality, and number of trees per unit area.

Phase 3—The third phase of the enhanced FIA program focuses on forest and eco-
system health. The Phase 3 sample consists of a 1/16 subset of the Phase 2 plots, which
equates to one Phase 3 plot for approximately every 96,000 acres. Phase 3 plots include
all the measurements collected on Phase 2 plots, plus an extended suite of ecological
data pertaining to soil samples,down woody materials, lichen communities, tree crowns,
and understory vegetation structure. Phase 3 measurements are obtained by field crews
during the growing season. The entire suite of Phase 2 measurements is collected on
each Phase 3 plot at the same time as the Phase 3 measurements.

Sampling error —The process of sampling (selecting a random subset of a popula-
tion and calculating estimates from this subset) causes estimates to contain error they
would not have if every member of the population had been observed and included in
the estimate. The 2008-2012 FIA inventory of New Mexico is based on a sample of
10,784 plots systematically located across the State. The total area of New Mexico is
77.8 million acres, so the sampling rate is approximately one plot for every 7,216 acres.

The statistical estimation procedures used to provide the estimates of the population
totals presented in this report are described in detail in Bechtold and Patterson (2005).
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Along with every estimate is an associated sampling error that is typically expressed
as a percentage of the estimated value, but can also be expressed in the same units as
the estimate or as a confidence interval (the estimated value plus or minus the sampling
error). This sampling error is the primary measure of the reliability of an estimate. An
approximate 67 percent confidence interval constructed from the sampling error can be
interpreted to mean that under hypothetical repeated sampling, approximately 67 percent
of the confidence intervals calculated from the individual repeat samples would include
the true population parameter if it were computed from a 100-percent inventory. The
sampling errors for State-level estimates are presented in table B37.

Because sampling error increases as the area or volume considered decreases, users
should aggregate data categories as much as possible. Sampling errors obtained from
this method are only approximations of reliability because homogeneity of variances
is assumed. Users may compute statistical confidence for subdivisions of the reported
data using the formula below:

SE, = SE, VX

s

SE, =SE,
SE; = sampling error for subdivision of State total.
SE, = sampling error for State total.

X, = sum of values for the variable of interest (area, volume, biomass, etc.) for
subdivision of State total.

X, = sum of values (area, volume, biomass, etc.) for State total.

Measurement error — Measurementerrors are errors associated with the methods and
instruments used to observe and record the sample attributes. On FIA plots, attributes
such as the diameter and height of a tree are measured with specialized instruments; other
attributes, such as species and crown class, are observed without the aid of an instrument.
On a typical FIA plot, 30 to 70 trees are observed with 15 to 20 attributes recorded on
each tree. In addition, many attributes that describe the plot and conditions on the plot
are observed. Errors in any of these observations affect the quality of the estimates. If a
measurement is biased--such as tree diameters consistently taken at a height other than
4.5 feet from the ground--then the estimates that use this observation (e.g., calculated
volume) will reflect this bias. Even if measurements are unbiased, high levels of random
error in the measurements will add to the total random error of the estimation process.
To ensure that FIA observations meet the highest standards possible, a quality assur-
ance program, described below, is integrated throughout all FIA data collection efforts.

Prediction error —Prediction errors are associated with using mathematical mod-
els (such as volume models) to provide information about attributes of interest based
on sample attributes. Area, number of trees, volume, biomass, growth, removals, and
mortality are the primary attributes of interest presented in this report. FIA estimates of
area and number of trees are based on direct observations and do not involve the use of
prediction models; however, estimates of volume, biomass, growth, and mortality use
model-based predictions in the estimation process and are thus subject to prediction errors.
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Quality Assurance

FIA employs a Quality Assurance (QA) program to ensure the quality of all collected
data. The goal of the QA program is to provide a framework to assure the production
of complete, accurate, and unbiased forest information of known quality. There are two
primary facets of FIA’s QA program: quality control and quality assessment.

FIA’s quality control process operates via data quality inspectors, who assess indi-
vidual field crews and then provide timely feedback to improve the crews’ performance.
This is accomplished by means of hot checks and cold checks. During a hot check, an
inspector accompanies a field crew to a plot and provides immediate feedback on the
quality of their measurements. Cold checks occur when an inspector visits a recently
completed plot, typically in possession of the original crew’s data but without the crew
present, and then verifies each measurement and provides the crew an overall score as
well as feedback on measurements that did not meet FIA specifications. Typically, the
overall score for each plot must be above 90 percent. During the 2010 field season in
New Mexico, plots measured by private contractors were subject to a minimum score
of 85 percent; nonetheless, nearly all cold checks that year still met the higher standard
of 90 percent. Hot checks were conducted for about one percent, and cold checks were
completed for about 11 percent, of all field plots.

The second facet of FIA’s QA program is quality assessment, which serves to assess
the overall precision of field measurements by comparing two independent measure-
ments of the same plot. Specific Measurement Quality Objectives (MQO) for precision
are designed to provide a performance objective that FIA strives to achieve for every
field measurement. These data quality objectives were developed from knowledge of
measurement processes in forestry and forest ecology, and based on the requirements
of the FIA program. MQOs for each variable consist of a compliance standard and a
measurement tolerance. The practicality of these MQOs, as well as the measurement
uncertainty associated with a given field measurement, can be tested by comparing data
from blind check plots. Blind check data consist of paired observations where, in ad-
dition to the field measurements of the standard FIA crew, a second QA measurement
of the plot is taken by a crew without knowledge of the first crew’s results (Pollard and
others 2006). Therefore, for many FIA variables, the data quality is measured by the
repeatability of two independent measurements.

Quality assessment data for New Mexico’s current inventory were collected between
2011 and 2012. The results of the QA analysis for this reporting period are presented
in tables 1 and 2. Table 1 describes tolerances for condition-level variables, and table
2 describes tree-level variables. Tolerances define the acceptable range of variability
between two independent observations. Each variable and its associated tolerance are
followed by the percentage of total paired records that fall within one, two, three, and
four times the tolerance. The last four columns show the number of times out of the total
records the data fell outside the tolerance. For example, table 1 shows that there were
145 paired records for the variable “percent crown cover.” At the 1X tolerance level,
about 88 percent of those records fell within plus or minus 10 percent of each other. This
percentage is referred to as the observed compliance rate, which can be compared to the
compliance standard for each variable’s MQO to determine that variable’s performance.

The information in tables 1 and 2 shows variables with varying degrees of repeat-
ability. For example, one condition-level regional variable that appears to be fairly
repeatable is “forest type.” At the 1X tolerance level, its observed compliance rate was
95 percent for 147 paired observations. In contrast, the compliance rate for “habitat
type 1,” which has no tolerance variability, was only 71 percent. This low compliance
rate warrants further investigation into the potential repeatability issues associated
with evaluating habitat type, which can provide insight into successional status when
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Table 1. Results of quality assessment for condition-level variables, New Mexico, 2008-2012.

Variable

National variables

Percentage of data within Number of times data
tolerance exceeded tolerance

Tolerance @1x @2x (@K)'¢ @4x @1x @2x @3x @4x Records

Condition status No tolerance | 100.0 0 161
Reserve status No tolerance | 100.0 0 154
Owner group No tolerance | 100.0 0 161
Forest type (type) No tolerance | 94.6 8 147
Stand-size class No tolerance | 81.6 27 147
Regeneration status No tolerance | 99.3 1 147
Tree density No tolerance | 100.0 0 147
Owner class No tolerance | 100.0 0 161
Stand age +10 % 95.9 | 96.6 97.3 | 97.3 6 5 4 4 147
Disturbance 1 No tolerance | 89.1 16 147
Disturbance 1 year +1yr 50.0 571 64.3 71.4 7 6 5 4 14
Disturbance 2 No tolerance | 64.3 5 14
Disturbance 2 year +1yr 100.0 0 2

Disturbance 3 No tolerance | 100.0 0 2

Disturbance 3 year

+1yr

Treatment 1

N
—
N
\l

No tolerance 97.3

Treatment year 1 1 yr 75.0 | 100.0 1 0 4
Treatment 2 No tolerance | 100.0 0 4
Treatment year 2 £1yr

Treatment 3 No tolerance

Treatment year 3 1 yr

Physiographic class No tolerance | 59.9 59 147
Regional variables

Percent crown cover +10 % 87.6 97.2 97.9 98.6 18 4 3 2 145
Percent bare ground +10 % 84.4 | 93.9 952 | 98.6 23 9 7 2 147
Habitat type 1 No tolerance | 71.4 42 147
Habitat type 2 No tolerance | 68.0 47 147

combined with existing vegetation (such as tree numbers, size class, and species by
habitat types or series). Habitat types are represented as a categorical value; it is likely
that the compliance rate for habitat types would be higher if we could consider habitat
type groups (or groups of types that are very similar) in our quality assurance analysis.
Table 1 also demonstrates the strengths and weaknesses of condition-level variables
describing forest disturbances. Up to three disturbance codes may be recorded on each
condition, where the variable “disturbance 1” represents the primary disturbance, and
the variables “disturbance 2" and “disturbance 3” represent increasingly less important
disturbances. The variable “disturbance 1,” which indicates presence/absence as well
as type of disturbance, has no tolerance variability. Compliance for this variable was
fairly high at 89 percent, while compliance for the variable “disturbance 1 year” was
low at only 50 percent. This implies that disturbance type is a repeatable variable, but
the exact year of the disturbance is repeatable only half of the time.
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Table 2. Results of quality assessment for tree-level variables, New Mexico, 2008-2012.

Number of times data

Percentage of data within

tolerance exceeded tolerance
Variable Tolerance @1x @2x @3x @4x @Ix @2x @3x @4x Records

National variables

D.b.h. (timber tree species) +0.1/20 in. 929 | 975 | 989 | 99.3 | 124 44 19 13 1,748
D.r.c. (woodland tree species) | #0.2in. X # stems | 86.6 | 93.9 | 96.3 | 97.3 | 270 | 122 75 55 2,012
Azimuth +10° 98.8 | 99.7 | 99.8 | 99.8 | 44 13 8 8 3,760
Horizontal distance +0.2/1.0 ft 67.7 | 78.6 | 83.1 | 871 65 43 34 26 201
Tree species No tolerance 98.8 44 3,760
Tree status No tolerance 99.5 17 3,760
Rotten/missing cull +10 % 96.6 | 98.1 | 98.7 | 99.1 | 117 67 45 30 3,446
Total length +10 % 86.0 | 96.7 | 98.9 | 99.6 | 525 | 124 43 16 3,760
Actual length +10 % 85.3 | 96.5 | 98.6 | 99.4 | 553 | 133 51 23 3,760
Compacted crown ratio +10 % 100.0 0 3,286
Uncompacted crown ratio (P3) +10 % 823 | 940 | 974 |98.8 | 527 | 179 76 35 2,972
Crown class No tolerance 15.8 2,766 3,286
Decay class +1 class 100.0 0 457
Mortality year No tolerance 38.8 186 304
Condition class No tolerance 99.1 34 3,760
Regional variables

Mistletoe +1 class 96.6 | 98.2 | 99.5 | 99.8 | 113 59 17 7 3,286
Number of Stems +1 stem 954 | 97.9 | 99.2 | 99.6 93 42 16 9 2,012
Percent missing top +10 % 97.0 | 97.0 | 97.0 | 97.0 | 1083 103 103 | 1083 3,446
Sound dead +10 % 574 | 57.4 | 57.4 | 57.4 | 1,467 | 1,467 | 1,467 | 1,467 3,446
Form defect +10 % 67.7 | 67.7 | 67.7 | 67.7 | 203 | 203 | 203 | 203 628
Current tree class No tolerance 97.9 79 3,760
Tree age +5 % 38.7 | 484 | 56.3 | 61.8 | 233 | 196 | 166 | 145 380
Horiz Dist-timberland +0.2/1.0 ft 714 | 743 | 77.1 | 80.0 10 9 8 7 35
Horiz Dist-woodland +0.2/1.0 ft 66.9 | 79.5 | 843 |88.6 | 55 34 26 19 166
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The tree measurements that have the biggest influence on estimates of forest volume
are tree species, tree diameter, and tree height. As shown in table 2, the compliance rate
for the variable “tree species” was almost 99 percent. The variables “d.b.h.” and “d.r.c.”
represent the respective diameters of timber and woodland tree species (see Appendix
D). For timber species, which are measured at breast height (4.5 feet above ground
level), the tolerance for d.b.h. is plus or minus 0.1 inches per 20.0 inches of diameter
observed. Woodland species are measured near ground level at root collar, and toler-
ance for d.r.c. is plus or minus 0.2 inches per stem, which allows for larger tolerances
on multi-stemmed woodland trees. The 1X compliance rate for d.b.h. was 93 percent
based on the 0.1-inch tolerance. The 1X compliance rate for d.r.c. was lower, at 87
percent for the 0.2-inch per stem tolerance. Tree height is represented by the variables
“total length” and “actual length.” Both variables have a tolerance level of 10 percent
of the observed length, and compliance rates at the 1X level were about 86 percent and
85 percent, respectively.

As more blind check information becomes available, it might become apparent that a
variable’s MQO needs to be adjusted accordingly to better reflect the realistic expecta-
tion of quality for that variable. As a result, MQOs should be used not only to assess the
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reliability of FIA measurements and their ability to meet current standards, but also to
identify areas of improvement of data collection protocols and training. This ongoing
process can improve repeatability or even lead to elimination of variables that prove
to be unrepeatable.

Overview of New Mexico’s Forests

This chapter summarizes the current status of New Mexico’s forests in terms of
traditional forest attributes such as forest ownership, forest type, stand age, numbers of
trees, volume, biomass, growth, mortality, removals, and stand density index. Nearly
all attributes are based directly on FIA measurements, except where noted in individual
sections.

Ecoregion Provinces of New Mexico

14

The multitude of factors that influence forest conditions often occur across political
and ownership boundaries. Forest scientists and land managers must assess and manage
for these issues regardless of such boundaries. Ecological units provide an alternative
spatial framework for assessing and managing forest resources because they characterize
areas of similar vegetation, climate, soils, hydrologic processes, disturbance regimes,
topography, geology, and other processes such as nutrient cycling and plant community
succession (Cleland and others 1997). Each ecological unit is therefore similar with
regard to natural processes and probable responses to management activities (Bailey
1983). Ecoregions in the United States are hierarchically subdivided, in descending
order of size, into domains, divisions, provinces, sections, and subsections. Provinces
are defined largely by vegetation patterns and are therefore the most relevant units for
describing forest lands.

FIA uses the modifications to Bailey (1995) of Cleland and others (2007) to assign
plotstoecological provinces, sections, and subsections. New Mexico spans six ecological
provinces (figure 4): (1) the Southern Rocky Mountains Steppe — Open Woodland —
Coniferous Forest — Alpine Meadow; (2) the Arizona-New Mexico Mountains Semi-
Desert—Open Woodland — Coniferous Forest—Alpine Meadow; (3) the Colorado Plateau
Semi-Desert; (4) the Great Plains — Palouse Dry Steppe; (5) the Southwest Plateau and
Plains Dry Steppe and Shrub; and (6) the Chihuahuan Semi-Desert. All six provinces
contain some amount of forest land, although the composition and extent varies widely.
The percentage of all plots in each province that include forest land, as well as the major
forest types and tree species in each province, are described below.

The Southern Rocky Mountains Steppe — Open Woodland — Coniferous Forest —
Alpine Meadow ecological province contains a higher proportion of forest inventory
plots on forest land (86 percent) than any other province in New Mexico, and it is the
only province where timber forest types are more abundant than woodland forest types
(see Appendix C). This province occurs in the southern Rocky Mountains of northern
New Mexico and is subject to a seasonal moisture regime with relatively dry winters
and rainy summers, similar to adjacent lowland areas. Vegetation patterns exhibit zona-
tion that is controlled by a combination of elevation, latitude, direction of prevailing
winds, and slope exposure. The three most common forest types in this province are
ponderosa pine (25 percent of forest plots), pinyon/juniper (20 percent), and Douglas-fir
(14 percent). Most other plots occur in timber forest types such as white fir, Engelmann
spruce, Engelmann spruce/subalpine fir, and aspen, although a small proportion occur
within the oak woodlands forest type. The most abundant tree species is ponderosa pine,
followed by Douglas-fir, aspen, Engelmann spruce, common pinyon, Gambel oak, and
oneseed juniper.
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Ecological provinces

- 313: Colorado Plateau Semi-Desert
ﬁ 315: Southwest Plateau and Plains Dry Steppe and Shrub
- 321: Chihuahuan Semi-Desert
- 331: Great Plains — Palouse Dry Steppe
M313: Arizona-New Mexico Mountains Semi-Desert — Open Woodland — Coniferous Forest — Alpine Meadow
~ M331: Southern Rocky Mountains Steppe — Open Woodland — Coniferous Forest — Alpine Meadow

Figure 4. The six ecological provinces in New Mexico; background shows shaded relief and county
boundaries.
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The Arizona-New Mexico Mountains Semi-Desert — Open Woodland — Coniferous
Forest — Alpine Meadow province occurs farther south in the central mountains of New
Mexico and Arizona. While this province may receive snow during winter months, most
of its precipitation falls during summer rains. More than half of the plots in this province
are on forest land (61 percent). Common forest types are pinyon/juniper (51 percent
of forest plots), ponderosa pine (18 percent), Douglas-fir (6 percent), and pure juniper
woodlands (6 percent). The most abundant tree species in this province, in order of
decreasing numbers of trees, are common pinyon, oneseed juniper, ponderosa pine,
alligator juniper, Gambel oak, Douglas-fir, and gray oak.

The Colorado Plateau Semi-Desert province and the Great Plains — Palouse Dry
Steppe province cover the lower elevations of northern New Mexico. Although these
two provinces contain different proportions of forest land (43 and 17 percent of plots,
respectively), they are described together here because they encompass the same types
of forest vegetation. Both provinces are subject to cold winters and seasonally variable
precipitation. The Colorado Plateau Semi-Desert province occurs in northwestern New
Mexico as well as parts of Colorado, Utah, and Arizona, and receives most of its precipi-
tation in winter. The Great Plains — Palouse Dry Steppe province occurs in northeastern
New Mexico, east of the Southern Rocky Mountains and in their rain shadow. Within
both provinces, about 62 percent of forest plots contain pinyon/juniper woodland forest
types, with smaller proportions of plots occurring in ponderosa pine forest types and
pure juniper woodland forest types. The pure juniper woodland forest types within the
Colorado Plateau Semi-Desert province consist of mainly oneseed juniper, with some
Rocky Mountain and Utah juniper. In contrast, pure juniper woodland forest types within
the Great Plains — Palouse Dry Steppe province have approximately equal numbers of
oneseed and Rocky Mountain juniper, but Utah juniper is absent.

The Southwest Plateau and Plains Dry Steppe and Shrub province has the lowest
proportion of forested plots of any province (14 percent). This province occurs in eastern
New Mexico and extends into western Texas, and is characterized by mean temperatures
greater than 32 degrees Fahrenheit during every month of the year. Forest types in this
province are primarily mesquite woodland (41 percent), pinyon/juniper woodland (25
percent), or pure juniper woodland comprised primarily of one-seed juniper (16 per-
cent). Nearly all of the State’s mesquite woodland forest types occur within either this
province or the Chihuahuan Semi-Desert province, which spans southern New Mexico
from southeastern Arizona to western Texas. Its climate is characterized by extremely
high temperatures and less than 8 inches of annual precipitation. Only 21 percent of the
plots in this province occur on forest land, and the vast majority of those (83 percent)
fall in mesquite woodlands.

Forest Land Classification

16

/New Mexico’s forest land area A
totals 24.8 million acres. Unre-
served forest land accounts for
most of the forest land in New
Mexico (94 percent) and totals 23 .4
million acres. More than 18 per-
cent, or 4.3 million acres, of New
Mexico’s unreserved forest land
is classified as timberland and the
remaining 82 percent is classified

\_2s unproductive forest land. J

FIAuses anationally consistent standard for defining different cat-
egories of forest land based on reserved status and productivity. These
categories were originally developed for the purpose of separating
forest land deemed suitable for timber production from forest land
that was either not suitable or unavailable for timber harvesting activ-
ity, which includes woodland forest types. The first division of forest
land is unreserved forest land and reserved forest land. Unreserved
forest land is considered available for harvesting activity where wood
volume can be removed for wood products. Reserved forest land is
considered unavailable for any type of wood utilization management
practice through administrative proclamation or legislation.
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Both unreserved and reserved forest lands are further divided based on productivity.
Unreserved forest land is subdivided into timberland and unproductive forests. Timber-
land is defined as unreserved forest land capable of producing 20 cubic feet of wood per
acre per year of trees designated as a timber species. Unproductive forests, because of
a combination of species’ characteristics and site conditions, are not capable of produc-
ing 20 cubic feet of wood per acre per year of trees designated as a timber species (see
Appendix A). Reserved forest land is also divided into productive and nonproductive
forests. Some characteristics that contribute to productivity can be visibly obvious,
such as the presence or absence of non-commercial species, rocky substrates, steep
slopes, and high elevation. While these distinctions may be important for understand-
ing reserved area management concerns (e.g., their effect on visitor experience), wood
production capability on reserved forest land is useful only as a potential indicator of
non-timber values.

The State of New Mexico encompasses 77.8 million acres of land area, of which 24.8
million acres (32 percent) are estimated to be forest land by FIA. Unreserved forest land
accounts for 94 percent of the forest land in New Mexico and totals 23.4 million acres
(table B2). Timberland constitutes more than 18 percent (4.3 million acres) of New
Mexico’s unreserved forest land, and the remaining 82 percent (19.1 million acres) is
classified as unproductive forest land. Reserved forests account for less than 6 percent
(1.4 million acres) of total forest land, with nearly equal proportions of productive and
unproductive forests on reserved lands.

Forest Land Ownership

/Privately owned forest
land totals 10.8 million
acres, or 44 percent of
New Mexico’s total for-
est land area. About 31
percent of New Mexico’s
total forest land area, or
7.8 million acres, is ad-
ministered by the USDA

\Forest Service.

Private landowners manage more forest land in New Mexico than any other land own-
ership or management group (table B2). Privately owned forest land totals 10.8 million
acres, or 44 percent of the State’s total forest land area (figure 5). New Mexico’s diverse
array of private landowners consists of private individuals/families, corporations, tribes,
and non-governmental organizations such as private associations or conservation groups.
Although conservation easements cover thousands of acres of private land, all private
forest land is categorized as unreserved. More than 1.4 million acres, or 13 percent of all
private forest land, are classified as timberland while 9.4 million acres are classified as
unproductive forest land. Average annual net growth is higher overall on private lands
than any other owner class (table B21).

New Mexico’s second-largest manager of forest land is the USDA Forest Service’s
National Forest System (NFS), which manages about 7.8 million acres of forest land.
This represents nearly 10 percent of New Mexico’s total land area and 31 percent of its
forest land area. NFS lands in New Mexico consist of five different National Forests and
portions of several National Grasslands. More than 85 percent, or 6.7 million acres, of
the forest land managed by NFS is classified as unreserved forest land. About 34 percent,
or 2.7 million acres, of unreserved forest land managed by NFS is further classified as
unreserved timberland, while the remaining 66 percent is classified as unproductive
(table B2). The net volume of live trees (table B12), as well as the average annual tree
mortality (table B25), is higher on NFS lands than any other owner class.

Other public agencies managing large portions of New Mexico’s forest land include
the Bureau of Land Management (BLM), the Departments of Defense and Energy (DOD/
DOE), the National Park Service (NPS), the U.S. Fish and Wildlife Service (FWS), and
the State of New Mexico. The BLM manages nearly 3 million acres, or 12 percent of
the State’s forest land, and the DOD/DOE manages 698 thousand acres, or three per-
cent. Another 127 thousand acres are managed by the NPS, and 59 thousand acres are
managed by the FWS. The State government manages 2.3 million acres, or 9 percent,
of the forest land in New Mexico. All of New Mexico’s State-managed forest land is
classified as unreserved, and about 128 thousand acres qualify as unreserved timberland.
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All other owners, 1%

Owner class
* Forest Service © Other Federal Agency
* National Park Service » State of New Mexico
* Bureau of Land Management “ Local Government
* Fish and Wildlife Service Private

* Depts. of Defense/Energy

Figure 5. Distribution and percentage of inventory plots on forest land by
owner class, New Mexico, 2008-2012. (Note: plotlocations are approximate;
some plots on private land were randomly swapped.)
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Most State land is managed by the New Mexico State Land Office, although the New
Mexico Department of Game and Fish and the New Mexico State Parks Division also
hold substantial properties.

Forest Types and Forest Type Groups

4 The pinyon/juniper A

forest type group includes
three forest types (pinyon/
juniper, Rocky Mountain
juniper, and pure juniper
woodlands) and covers
13.6 million acres. The
pinyon/juniper woodlands
forest type is the most
abundant forest type in
New Mexico, covering
over 10 million acres and
accounting for 41 percent
of forest land. Mesquite
woodlands cover nearly
3.5 million acres and are
the second most abundant

\forest type. Y,

Fir / spruce / mountain hemlock group

Woodland hardwoods group

Other western softwoods group

Elm / ash / cottonwood group

Forest type is a classification of forest land based on the species forming a plural-
ity of living trees growing in a particular forest. Forest type names may be based on a
single species or groups of species. Forest types are an important measure of diversity,
structure, and successional stage. The distribution of forest types across the landscape
is determined by factors such as climate, soil, elevation, aspect, and disturbance his-
tory. The loss or gain of a particular forest type over time can help assess the impact of
major disturbances related to fire, weather, climate, insects, disease, and human-caused
disturbances such as timber harvesting or ecosystem restoration.

Forest types are aggregated into forest type groups to simplify interpretation of large-
scale forest trends. New Mexico’s forests represent 11 forest type groups that are further
classified into 21 distinct forest types, all of which are described in Appendix C. Some
forest type groups contain only one forest type, while other forest type groups include
several individual forest types. An example of a forest type group with multiple forest
types is the pinyon/juniper forest type group, which consists of the Rocky Mountain
juniper forest type, the pinyon/juniper forest type, and the juniper woodland forest type.
The distribution of forest types as well as individual tree species may vary among eco-
logical provinces. Figure 6 shows the area occupied by each forest type group in New
Mexico. Figures 7-10 illustrate the spatial distribution of inventory plots in the most
common forest type groups and the forest types within those groups.

Pinyon / juniper group
Ponderosa pine group
Nonstocked

Douglas-fir group

Aspen / birch group

““l[{

Exotic hardwoods group

Other hardwoods group

(=]

5,000,000 10,000,000 15,000,000

Area, in acres

Figure 6. Area of land by forest type group, New Mexico, 2008-2012. See Appendix C for forest types
and tree species included in each group.
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Figure 7. Distribution of inventory plots in the pinyon/juniper forest type group, by forest type and basal
area class, New Mexico, 2008-2012. (Note: plot locations are approximate; some plots on private land
were randomly swapped.)
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Figure 8. Distribution of inventory plots in the woodland hardwoods forest type group, by forest type and
basal area class, New Mexico, 2008-2012. (Note: plot locations are approximate; some plots on private
land were randomly swapped.)
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Figure 9. Distribution of inventory plots in the aspen/birch, Douglas-fir, and ponderosa pine forest
type groups, by forest type and basal area class, New Mexico, 2008-2012. Each of these forest type
groups contains only one forest type. (Note: plot locations are approximate; some plots on private
land were randomly swapped.)
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Figure 10. Distribution of inventory plots in the fir/spruce/mountain hemlock forest type group, by forest
type and basal area class, New Mexico, 2008-2012. (Note: plot locations are approximate; some plots on
private land were randomly swapped.)

USDA Forest Service Resour. Bull. RMRS-RB-18. 2014



Stand Age

24

New Mexico’s most abundant forest type group is the pinyon/juniper group, which
covers more than 13.6 million acres and accounts for 55 percent of forest land in the State
(table B3). Within this forest type group, the pinyon/juniper forest type is most abundant
(10.3 million acres), followed by the juniper woodlands forest type (2.6 million acres)
and the Rocky Mountain juniper forest type (0.8 million acres). New Mexico’s second
most abundant forest type group is the woodland hardwoods group, which comprises 4.8
million acres and 19 percent of the State’s forest land. This forest type group includes
the mesquite forest type (3.5 million acres), the deciduous oak woodland forest type
(0.9 million acres), and the evergreen oak woodland forest type (0.5 million acres). The
ponderosa pine forest type group is New Mexico’s third most abundant group, covering
2.6 million acres and more than 10 percent of the State’s forest land. Next in order of
areal extent are nonstocked forests (1.5 million acres), the Douglas-fir forest type group
(922 thousand acres), the fir/spruce/mountain hemlock group (858 thousand acres), the
aspen/birch group (388 thousand acres), and the other western softwoods group (113
thousand acres). New Mexico’s forests include three other forest type groups that col-
lectively occupy less than 100 thousand acres (table B3): the elm/ash/cottonwood, other
hardwoods, and exotic hardwoods forest type groups.

The age structure of forest land provides insight into prospective shifts in stand
structure and composition over time. On every FIA plot that samples forest land and
includes suitable trees for increment core extraction, stand age is estimated based on the
average age of only those trees that fall within the calculated stand-size category. For
example, suppose an FIA plot sampled a softwood forest type where about 30 percent of
the live trees were in the large diameter stand-size class (trees at least 9.0 inches d.b.h.
and larger) and 70 percent were in the medium diameter size class (trees between 5.0
and 9.0 inches d.b.h.). The stand would be classified as a medium diameter stand-size
class, and therefore only the medium size trees would be used in determining stand age.

There are limitations to collecting data for stand age computation. Repeatable mea-
surements of increment cores are difficult to collect from certain tree species, particularly
woodland species or those that may be very long-lived. Stand age may not accurately
depict the age structure of uneven-aged stands, which encompass multiple age classes.
Stand ages are difficult to accurately determine for stands that are predominated by
small-diameter tree species such as Gambel oak trees. Stand ages are not assigned to
nonstocked conditions, which are stands that contain less than 10 percent stocking of
live trees because of disturbance.

Table B6 shows the area of forest land, by age class and forest type group, with 20-
year intervals representing stand-age classes. Nearly half of New Mexico’s forest land,
or 12.1 million acres, is between 60 and 140 years of age. Stands between 80 and 100
years of age represent the largest single 20-year age class and comprise 3.7 million acres,
or 15 percent of New Mexico’s forest land area. Forests younger than 60 years cover
5.8 million acres, while forests older than 140 years cover 5.5 million acres. About 12
percent of New Mexico’s forest land, or 2.9 million acres, is in stands less than 20 years
of age; 6 percent, or 1.4 million acres, is over 200 years of age.

There is a considerable difference in stand age distribution among the major forest
type groups in the State (figure 11). Four of the six most abundant forest type groups
have more forest land area in the 81-100 year age class than any other class. The pinyon/
juniper forest type group has the most even distribution among age classes, with 24
percent of its area younger than 80 years old, 42 percent between 80 and 140 years old,
and 33 percent older than 140 years. The ponderosa pine, Douglas-fir, and fir/spruce/
mountain hemlock forest type groups all have a very small proportion of forest land
area that is younger than 60 years (8 percent, 2 percent, and 2 percent, respectively).
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Figure 11. Distribution of forest land by stand age class for major forest type groups, New Mexico, 2008-2012.

Numbers of Trees

/There are nearly A
6.7 billion live trees in
New Mexico. Softwood
species total more than
4.3 billion trees or 65
percent of all live trees.
Numbers of Gambel oak
trees total nearly 1.7 bil-
lion, making this species
the single most abundant

\tree in New Mexico. Y,

Compared to these coniferous forest type groups, aspen forests have a slightly higher
percentage of area that is younger than 60 years (16 percent). More than 12 percent of
aspen forest area is less than 20 years old, less than four percent is between 20 and 60
years old, about 30 percent is between 60 and 80 years old, and almost 54 percent is
older than 80 years. A very small percentage of aspen stands are older than 120 years
(6 percent). Compared to other forest type groups, the woodland hardwoods group has
the greatest proportion of its area in young stands: 53 percent is younger than 20 years,
and another 20 percent is in the 21-40 year age class.

Estimates of the numbers of trees are beneficial to a variety of silvicultural, forest
health, and habitat management applications. These estimates are typically combined
with information about the size and species of the trees to provide meaningful summaries
of forest dynamics and stand structure. Younger forest stands usually consist of large
numbers of small-diameter trees, whereas older forest stands contain small numbers of
large-diameter trees. FIA classifies individual tree species into species groups, and also
categorizes each species and species group as either softwood or hardwood (Appendix D).

New Mexico contains an estimated 6.7 billion live trees 1 inch in diameter or larger
(table B10) and almost 321 million dead trees 5 inches in diameter or larger. Softwood
species total 4.3 billion trees or 65 percent of the State’s live trees. Almost 51 percent
of live softwood trees are under 5.0 inches in diameter and 6 percent are 15.0 inches
and larger in diameter. The woodland softwoods species group accounts for 66 percent
(2.9 billion live trees) of the softwood trees (figure 12). Oneseed juniper and common
pinyon are the most abundant tree species in this group, which also includes Pinchot
juniper, redberry juniper, alligator juniper, Utah juniper, Rocky Mountain juniper,
Mexican pinyon, and Arizona pinyon. The second most abundant softwood group is
the ponderosa and Jeffrey pine group with 606 million trees, all of which are ponderosa
pines. Third and fourth in abundance are, respectively, the Douglas-fir species group
with 334 million trees and the true fir species group with 275 million trees. The true fir
species group consists of white fir, corkbark fir, and a small number of subalpine fir.
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Figure 12. Number of live trees 1.0 inch diameter and larger on forest land, by species group, New Mexico,
2008-2012. (Note that the number of live trees in the “Other western hardwoods” species group is too small to
appear on this graph.)

Hardwood species account for 2.3 million trees, or 35 percent of New Mexico’s live
trees. The woodland hardwoods species group comprises the majority (92 percent) of
the hardwood species occurring in New Mexico. The hardwood species group also
includes Gambel oak (which constitutes about two-thirds of the trees in this group),
bigtooth maple, honey mesquite, velvet mesquite, Arizona white oak, Emory oak,
Mexican blue oak, silverleaf oak, gray oak, and netleaf oak. The second most abundant
hardwood group is the cottonwood and aspen species group, which consists of 162 mil-
lion quaking aspen and much smaller numbers of Fremont cottonwood and narrowleaf
cottonwood. Most aspen trees in New Mexico are concentrated in the smaller diameter
classes. Forty-seven percent of all live aspen stems are less than 5 inches in diameter,
and more than half of these are smaller than 3 inches.

Figure 13 shows the number of live trees by diameter class for seven species groups
in New Mexico. The pattern of many smaller trees compared to larger ones is expected
for most species, but it also illustrates the different life histories of various species
groups. For example, 89 percent of the trees in the woodland hardwoods species group,
which includes several species of oak and mesquite, occur in the small diameter classes
(less than 5 diameter). In contrast, all other species groups have between 40 percent
(ponderosa pine) and 63 percent (true firs) in these small diameter classes. Twenty-one
percent of ponderosa pines are 11 inches diameter or larger, while only 16 percent of
Douglas-firs and 15 percent of Engelmann and other spruces are that large.
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Figure 13. Number of live trees on forest land, by species group and diameter class, New Mexico, 2008-2012.

Tree Volume and Biomass

The net volume
of live trees in New
Mexico on forest land
totals 17.5 billion
cubic feet.

The amount of cubic-foot volume of wood in a forest is important for determining
the sustainability of current and future wood utilization. The forest products industry
and forest managers are interested in knowing the tree species composition and size
distribution, as well as the geographic location and ownership status, of available wood
volume. Estimates of gross and net volume include only the merchantable portion or
sawlog portion (e.g., cubic-foot or board-foot) of live trees 1.0-inch in diameter and
larger. Net volume is computed by deducting rotten, missing, or form defects from
gross volume. Net volume is reported below as net volume of all live trees, net volume
of growing-stock trees, net volume of sawtimber, and net volume of sawlogs. All of
these terms are defined below as well as in Appendix A. Tree biomass estimates are
based on gross volumes and describe aboveground tree weight (oven-dry) by various
components (merchantable bole and bark, tops and limbs, saplings). This method of
estimating tree biomass is referred to as the component ratio method, and is described
by Woudenberg and others (2010, Appendix J). Note that FIA’s biomass estimates are
produced in units of oven-dry weight; estimates of bone-dry weight can be calculated
using the following conversion: one bone-dry unit equals 2,400 pounds of oven-dry
wood (Morgan and others 2006).

Tables B12 through B16 show the net volume of all live trees 5.0 inches diameter
and larger on New Mexico’s forest land, by various categories. The net volume of all
live trees on New Mexico’s forest land totals 17.5 billion cubic feet (table B12). More
than 56 percent of the live volume, or 9.8 billion cubic feet, is located on lands managed
by the National Forest System (NFS). About 21 percent of the NFS-managed volume
exists on reserved lands and is unavailable for harvest. Privately owned forests contain
35 percent of the State’s total live volume, or 6.1 billion cubic feet. Five percent, or
0.9 billion cubic feet, exists on lands managed by various Federal agencies other than
the National Forest System. The remainder, about 0.8 billion cubic feet, is on lands
managed by State and local government. Among all owner classes, unreserved forests
include approximately equal volumes on timberland and unproductive forest land. The
total live volume on unreserved timberland is 7.7 billion cubic feet.
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Live tree volume can also be reported by forest type group and tree species group.
The pinyon/juniper forest type group contains more live tree volume than any other
forest type group (table B13). Similarly, the woodland softwoods species group, which
includes all of New Mexico’s pinyon and juniper species, contains more live tree volume
than any other species group (tables B14 and B15). The woodland softwoods include
38 percent of the State’s live tree volume and 35 percent of the standing dead volume
(figure 14). Pinyon and juniper species are not considered to be timber species, so they
are not included in the estimates of growing-stock volume and sawtimber volume that
are presented below and in tables B17-B20. When the volumes of individual tree species
are compared, ponderosa pine has more volume than any other species with 4.6 billion
cubic feet statewide.
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Figure 14. Net cubic-foot volume of trees 5.0 inches diameter or larger on forest land, by species group,
New Mexico, 2008-2012. (Note that the volume of trees in the “Other western hardwoods” species
group is too small to appear on this graph.)

The availability of timber volume for harvest is affected by three
primary factors: reserved status, productivity, and merchantability.
Timberland is defined as unreserved forest land capable of producing
in excess of 20 cubic feet per acre per year of wood at culmination
of mean annual increment. Merchantability refers to growing-stock
trees, which are at least 5 inches in diameter and contain, or have the
potential to produce, an 8-foot sawlog that is reasonably free of defects.
Therefore, growing-stock volume on timberland represents the amount

lands. The net volume of sawtimber trees on of timber that is potentially available for harvest. The net volume of
\_timberland is more than 32 billion board feet. ) orowing-stock trees on timberland in New Mexico totals 7.4 billion cubic
feet (table B17), or 42 percent of the total live volume on forest land.

The distribution of growing-stock volume varies by species or species group and also

by owner class (table B18). Across all owner classes, nearly two-thirds of the State’s

growing-stock volume is composed of two species: ponderosa pine and Douglas-fir

(figure 14). Ponderosa pine constitutes 45 percent of New Mexico’s growing-stock

volume, or 3.3 billion cubic feet, and Douglas-fir contains 20 percent, or 1.5 billion

cubic feet (table B18). The true fir species group makes up 12 percent (851 million cubic

feet) of the State’s growing stock; Engelmann and other spruces represent roughly 10

/Growing-stock volume on timberland in A
New Mexico totals 7.4 billion cubic feet, or

42 percent of the total live volume on forest
land. Most of this volume occurs on National
Forest System lands (67 percent), with 29
percent on private lands and 3 percent on State
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The above-ground
weight for all trees on
New Mexico forest land
is 318 million tons of

oven-dry biomass.

percent, and the cottonwood and aspen species group represents another 10 percent.
The remaining 3 percent consists of the other western softwoods species group, which
consists primarily of pinyon pine and various juniper species. National Forest System
lands include 5 billion cubic feet, or 67 percent of the State’s growing stock. Almost
2.2 billion cubic feet, or 29 percent of the total growing stock, occur on privately
owned lands. State-managed lands contain 215 million cubic feet of growing stock, or
3 percent of the State’s total. Live volume is also reported for sawtimber trees, which
are defined as softwood trees 9.0 inches in diameter or larger, or hardwood trees 11.0
inches in diameter or larger (International '4-inch rule). The net volume of sawtimber
trees on timberland totals 32.3 billion board feet (table B19).

The total weight of oven-dry above-ground biomass on New Mexico’s forest land is
318 million tons, 66 percent (209 million tons) of which exists on public lands (table
B29). Although biomass is typically sold by green weight, the water content of wood
is highly variable geographically, seasonally, and even across portions of a single tree.
Therefore, live-tree inventory estimates of green biomass may be unreliable or even
misleading. In contrast, oven-dry weight does not change due to fluctuations in tree
water content.

Volume and biomass can also be expressed in terms of the amount per acre. Table 3
shows live tree volume (in cubic feet per acre) and biomass (in tons per acre) by forest
type. The estimates for each forest type include all of the different species that occur
within that forest type. Because estimates for forest types with small samples may not
be representative, only forest types sampled on at least 20 plots are included in this
discussion. The Engelmann spruce/subalpine fir forest type has the highest per-acre
net volume of live trees 5.0 inches diameter and larger, with 3,199 cubic feet per acre,
and also has the highest biomass of live trees 1.0 inches diameter and larger with 52.5
dry tons per acre. Not surprisingly, the forest types with the six largest net volumes and
biomasses are all timber types. The woodland forest type with the highest per-acre net
volume i