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ABSTRACT- - Land managers need tools to enable themto classify,
estimate, and nmonitor fuel loading, and to predict wildfire risk and
behavi or based on inputs of fuel, weather, and topography for a
specific location. Spatially and tenporally explicit estimtes of
veget ation | andcover, canopy density, tree height, and bi omass need to
be assessed to inprove wildfire risk assessnments. Forest fuel |oading
bi omass estimates can be spatially displayed across the | andscape of
the eastern U S. to identify areas of lowto high wildfire risk.
Additionally, forest productivity nmodeling provides projections of
future forest biomass across the | andscape that enabl es | and managers
to identify areas for fuel reductions. Live and coarse woody debris
forest biomass estinmates were nodeled for the eastern U S. Live biomass
was estimated using the forest productivity nodel PnET-11, FIA data,
speci es-specific forest allometric biomass equati ons, and renotely
sensed | and cover. Live tree biomss was augnented with estimates of
coarse woody debris nodeled from avail abl e FI A vari abl es and di aneter -
based forest biomass equati ons.

| NTRODUCTI ON

Fire is one of the dom nant disturbances in the US forests. Fire is a
primary process that influences the vegetation conposition and
structure of any given location and hel ps to shape the | andscape
nosai c. Forest structure and composition in the past, present, and in
the future are influenced by fire regime. Areas burned by prescribed
and wild forest fires in North America can exceed 30 mllion hectares
per year. Burning activity is projected to increase as nmanagers on
federal, private, and industrial |ands seek to reduce dry fue

accunul ation and mninmze wildland fire risk. Wldfires can consune
even | arger areas than prescribed fires and typically have much hi gher
fuel consunption rates per unit area.

If the projected changes in clinmate are realized during this century,
an altered fire regine could have the nost inmedi ate and significant
i npact on forest ecosystens. Recent studies on the interaction of
climte change and forest fires suggest that projected increases in
at nospheric carbon dioxide, air tenperature, and variability in
precipitation will increase fire seasonal severity ratings by 10-50%
over nmost of North Anerica. The area burned in the US from wil dl and
fire is projected to increase by 25-50% by the middle of the 21%
century with nmost of the increases occurring in Al aska and the

sout heastern US (Flannigan et al., 2000).


Administrator
Chojnacky, and Linda S. Heath


Administrator


The objective of the research described here is to utilize renotely
sensed forest cover data linked to a productivity nodel to determ ne
eval uate, project, and map forest productivity from 1992 to 2050 in the
eastern U.S. This approach was devel oped with the goal of integrating
existing forest inventory data, climte, soil, |andcover data, and the
Hadl ey2Sul climte scenario for the eastern US as input parameters to
forest process nodels to predict, validate, and project forest growh
and forest biomass. This paper will introduce nethodol ogies for |inking
renotely sensed Landsat Thematic Mapper |and cover, Forest Inventory
and Analysis (FIA) inventory data, and a productivity nmodel (PnET) to
estimate and spatially display forest productivity.

MATERI ALS AND METHODS
St udy Regi on

The study regi on enconpasses 534,523,000 acres in 13 states fromthe
M d- Atl antic coast west to Texas and Okl ahoma. The region represents
approximately 24% of the |land area, 60% of the forest |and, 25% of the
agricultural land for the entire U S. In 1992, forest |and-land at

| east 10% stocked by forest trees regardl ess of size-covered
211,838,000 acres or about 40% of the total land area in the region
(Powel |l et al., 1993).

Forest Inventory Data

The primary source of forest |and area, growh, and harvest estinmates
is the field sanpling inventory data reported by the Forest I|Inventory
and Analysis (FIA) unit. FIA data for the nost recent field surveys
(spanni ng 1988-1995) for the southern 13 states were obtained fromthe
Eastwi de Data Base(http://srsfia.usfs.nmsstate. edu/scripts/ew htnm). The
predom nant forest type of the field plot area and the nunber of acres
that the plot represents was determned fromthe records. Forest type
groups and forest type nanmes were grouped into three forest classes
(evergreen, deciduous, and m xed) that corresponded to Anderson Leve
Il forest classes for each state. The area for each forest class was
sunmari zed and totaled for each state.

Remot el y Sensed Forest Cl assification

Landsat Thematic Mapper and ancillary data in the NLCD set was acquired
for the 13 southeastern U S. states from MRLC

(http://ww. epa.gov/nmrlc/nlcd.htm ). Forest area was displayed and
sumarized for NLCD | and cover classes: deciduous forest (class 41),
evergreen forest (class 42), and m xed forest (class 43). The m xed
forest class was supplemented with woody wetland (class 91) for a new
conmbi ned m xed forest class.

Climate Scenari os

To predict forest growh, historic and future nmonthly climte data were
used as nodel inputs. An historic ~100-year gridded nmonthly and daily
time series of climate for the conterm nous United States that includes
realistic interannual variability (Kittel et al., 1997) was acquired
(http://ww. cgd. ucar. edu/ vemap/ datasets. htm ). Two forest productivity
nodel experiments were run. First, a forest productivity nodel was run
with historic climte data from 1895 to 1993 to sinulate current forest



productivity. Second, this same nodel was integrated forward using the
output fromthe Hadl ey2Sul scenario (http://ww. met-

of fice.gov. uk/ research/ hadl eycentre/index. htm) using climte results
translated into a grid for the sinulated period 1993-2100. Forest area
for evergreen, deciduous, and m xed forest was sumari zed.

Soi | Data

The State soil Geographic Data Base (STATSGO was devel oped by the US
Nat ural Resources conservation Service to store and distribute soil-
survey information for US | ands (Soil Conservation Service, 1991).
STATSGO maps were conpiled fromnore detailed soil-survey maps into
soi| associations at a scale (1:250,000) nore appropriate for regiona
anal ysis. Soil water hol ding capacity (SWHC) derived from CONUS- Soi
dataset (MIller and Wiite, 1998) was converted into the 0.5° x 0.5° grid
via area-wei ghted averagi ng of the CONUS soil series SWHC pol ygons.

Forest Productivity Mdeling

We generated regional estimates of current and future aboveground live
woody net primary production with the PnET nodel (Aber and Federer
1992). PnET is a physiologically based, nonthly tinme step nmodel that
has been used to predict changes in forest carbon, water, and nutrient
cycling across the eastern US. Predictions of forest biomass from PnET
have been well correlated with average annual basal area growth
measured at sites across the region (McNulty et al., 1998). Forest

bi omass predictions for 1992 were estinmated using a mean of NPP for the
years 1991 to 1993 from the PnET nodel. Projections of forest NPP in
2050 are a decadal mnmean of NPP for the period 2046 to 2055.

Li ve Bi omass and Coarse Whody Debris

Live tree biomass was predicted from bi onass equati ons (Schroeder et
al. 1997; Brown et al. 1999). County-level estinmates of standing
deadwood for all dead trees available in FIA's Eastwi de web-site

dat abase were assenbl ed. Model predictions of county-I|evel down
deadwood (DDW bi omass were devel oped for the dead tree data. DDW was
nodel ed as a function of average nonthly maximum tenperature,
nortality/harvest disturbance, and quadratic nmean di aneter of live
trees.

RESULTS AND DI SCUSSI ON

The future conposition of forest ecosystens due to the effects of

gl obal climate change and soci o-econoni c responses to that change can
only be hypot hesi zed upon. The reported anal ysis provides an estinmate
of forest production for 1992 and 2050 for the Eastern U.S. using an
uncal i brated nodel of forest carbon bal ance and forest cover from
Landsat TM data. Future trends in clinate suggest tenperature
limtations will be a contributing factor in lowering future forest
productivity along the East and Gulf Coastal Plains, especially for
evergreen forests (Fig. 1). Forest productivity for deciduous and

m xed forest types is predicted to increase in the future for the

Pi ednont and Mount ai n physi ographi ¢ provi nces. Productivity increases
for these two forest types contribute to a general trend of increased
forest productivity at the regional scale, assunmng a warnmer and wetter



climate projected under the Hadl ey2Sul scenario (Fig. 2.). Live biomass
and coarse woody debris was nodeled for the eastern U.S. (Fig. 3 and
4) .
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Figure 1. Change in net primary production for evergreen (a), deciduous
(b), and mixed (c) forest type group fromcurrent to 2050.

Figure 2. Current (a) and 2050 (b) total forest net primary production.
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Figure 3. Predicted live forest biomass for eastern U.S.
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Figure 4. Predicted coarse down deadwood (>12.7 cm di ameter) for
eastern U. S
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