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• understand fi re impacts on timber and nontimber 
values 

• defi ne salvage logging opportunities
• understand the effect of climate change and feedback 

processes on forest fi re occurrence
• quantify the infl uence of fi re on regional, national, and 

global carbon budgets (Kasischke and Stocks 2000).
To address this range of issues, foresters employ a multi-

tude of fi eld, global positioning system (GPS), and remote 
sensing (airborne and satellite) methods and data sources. 
Integrated remote sensing and GIS fi re support systems are 
used in real-time, near real-time, and post-fi re applications. 
For example, infrared and thermal-infrared cameras with 
integrated GPS/INS (inertial navigation system) technolo-
gies can observe fi re hot-spots, active fi res, and fi re perim-
eters in real-time. Data on fi re location and size is sent from 
the aircraft to fi eld-based systems from which precise direc-
tions can be given to water-bombers and fi refi ghting crews. 
Near real-time remote sensing and GIS systems are generally 
based on daily observations from coarse-resolution satellites 
such as the AVHRR (1 km pixel) and MODIS (250 m to 
1 km pixel) satellites. Daily hot-spot information identifi es 
the occurrence of fi re activity over large areas and helps to 
target locations to collect more detailed information. Post-
fi re applications largely entail mapping the extent of burned 
areas from aerial photographs or satellite imagery and assess-
ing fi re damage to vegetation. 

The Canadian Wildland Fire Information System (CWFIS) 
and the Fire Monitoring, Mapping, and Modeling System 
(Fire M3) are integrated remote-sensing- and GIS-based 
systems providing nationwide coverage to support fi re man-
agement and global change research. NOAA AVHRR and 
SPOT VEGETATION remote sensing products can be used 
to monitor actively burning large fi res in near real-time (fig-
ure x13_Wulder 2) to estimate burned areas and model fi re 
behavior, biomass consumption, and carbon emissions (Fra-
ser et al. 2000, Lee et al. 2002). 
The rapid fi re detection and response system implemented 

by the U.S. Forest Service Remote Sensing Applications 
Center, in cooperation with NASA and the University of 
Maryland, uses MODIS satellite imagery to identify hot 
spots throughout the United States. MODIS Active Fire 
Map products are compiled daily at 3:00 A.M. and 3:00 P.M. 
mountain time and are available over the Internet approxi-
mately two hours later. In addition to forest fi re detection, 
the center provides image data from several different sensor 
sources in support of fi re response and post-fi re assessment 

activities (Quayle et al. 2002, Orlemann et al. 2002). An 
example of MODIS data for forest fi re detection is shown in 
fi gure x7-6 in chapter 7. 

Landscape ecology, habitat, and biodiversity
Sustainable forest management requires that landscape eco-
logical characteristics related to habitat and biodiversity be 
included in forest inventory and certifi cation procedures 
(Vogt et al. 1999). The characteristics of interest are (1) spa-
tial patterns within the landscape, (2) specifi c habitat-related 
forest conditions, and (3) the ecological processes that link 
spatial pattern, habitat, and ecosystem functioning. 

Land-cover information is one example of spatial patterns 
readily obtainable by classifying remotely sensed data. Other 
useful datasets include forest canopy information (e.g., crown 
closure or leaf area estimates), understory information (Hall 
et al. 2000), and measures of the distribution and boundar-
ies of landscape units such as forest fragmentation (Debin-
ski et al. 1999). Remote sensing can provide repeatable and 
consistent methods to develop these data layers such that 
changes over time can be monitored and habitat models can 
be developed and validated for individual species. 

Habitat assessment is typically GIS-based; it involves select-
ing data layers likely to be of value in developing predictive 
models for the occurrence and distribution of individual spe-
cies or species assemblages, as well as the identifi cation of spe-
cies useful as indicators of ecological condition (see example 
by Franklin below). The use of remotely sensed data together 
with other spatial datasets integrated within a GIS environ-
ment has greatly enhanced the habitat assessment process.

Figure x13_Wulder2 Sample of Canada-wide burn area mapping 
from Fire M3 depicting an area in the Northwest Territories.

Source: ©Natural Resources Canada.
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Improvements in forest management also depend on 
increased understanding of ecological processes within the 
carbon, nutrient, and hydrological cycles. Remotely sensed 
data provides key inputs to models of carbon fl ux, nutrient 
uptake and the infl uence of fertilization, and drought and 
water stress indicators (Lucas and Curran 1999). 

Future directions of remote sensing in forestry
A key development in remote sensing has been the increased 
availability of high-spatial- and high-spectral-resolution 
remotely sensed data from a wide range of sensors and plat-
forms including photographic and digital cameras, video 
capture, and airborne and spaceborne multispectral sen-
sors. Hyperspectral imagery promises to provide improved 
discrimination of forest cover and physiological attributes. 
Radar applications are being developed that penetrate the 
forest canopy to reveal characteristics of the forest fl oor (dis-
cussed in chapter 8). New technologies such as LIDAR can 
provide estimates of forest biomass, height, and the vertical 
distribution of forest structure with unprecedented accuracy 

(Lim et al. 2003). The use of advanced digital analysis meth-
ods and selective use of complementary data have provided 
more detailed information about forest structure, function, 
and ecosystem processes than ever before (Culvenor 2003, 
Hill and Leckie 1999).

As the availability of multiresolution remotely sensed imag-
ery and multisource data increases, so will the capability to 
generate timely and accurate maps of forest composition and 
structure. Operational capabilities continue to improve for-
est attribute mapping with a precision commensurate with 
forest management scales. This, in turn, will contribute to 
efforts aimed at assessing the sustainability of our forests 
through better forest practices and improved decision-mak-
ing in forest management. 
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