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Digital Forestry has been proposed as “the science, technology, and art of systematically acquiring,
integrating, analyzing, and applying digital information to support sustainable forests.” Although rooted
in traditional forestry disciplines, Digital Forestry draws from a host of other fields that, in the past few
decades, have become important for implementing the concept of forest ecosystem management and
the principle of sustainable forestry. Digital Forestry is a framework that links all facets of forestry
information at lacal, national, and global levels through an organized digital network. It is anticipated
that a new set of principles will be established when practicing Digital Forestry concept for the evolution
of forestry education, research, and practices as the 21° century unfolds.
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ew  computationally intensive

quantitative methods and digical

technologies have been evolving
for the past several decades. Enormous
amounts of digital dara and informacion are
available about the distriburions, scruccures,
and dynamies of global vegeration cover, re-
gional forest ecosvstems, forested  land-
scapes, stands and trees; much of it in data-
bases on terrain, soil, climarte, streams and
rivers, wildlite, flora, transportation, and/or
human activides, or caprured as information
in modecls about chese features. Even more
exists as a vasc archive of raw, remotely
sensed data. T'he synergetic use of geo-spa-
dal, statistical, and modeling technologies
together with informadon technologies are
perhaps the most important development
inHucncing the way forestry is practiced.
taughe, and researched.

‘I'he potential tor the integrated appli-
cation of these new technologics is tremen-
dous. Imagine, for example, a forest planner
scheduling a complex timber harvest opera-

tion. Afrer roadside-parking her truck by a

timber tract in which she plans to harvest,
she turns ou her laplop with wireless net-
wotk connection, she sees "a digital repre-
sentation of the forests” on the screen: trees,
logeing roads, decks, streamside zoning
boundarics, and skid crails of the trace sur-
rounding her. After examining details, she
visually “flies through™ adjacent tracts o
have “birds-eye” view of surrounding tracts.
A couple more clicks, and information
about the trace's [op()gl‘dpll)’ (.slopc and ex-
posure). soil conditions, hydrology, and cs-
tmated timber volume appears. With a
handheld PC equipped widh GPS, she sceps
out o her truck, walks around and starts to
collect information on ch;mgca in crees,
roads. soil conditions. water, and zoning
boundaries. She svnchronizes the handheld
PC with a laprop o upload updaces and
download new lavers to her handheld PC
GIS. She then opens a pre-harvest quality
assessment component on the laprop and
begins 1o assess the quality of some pruned
trees scheduled for cutting. She predices the

dCl"CC[ core SiZC, []1(’ ]()g gl‘adc mix illld mea-

sures the amount of juvenile wood, com-
pression wood, and resin cracks. She even
suggests cutting alernatives, the logging sys-
tem, and the most appropriate cquipment
using a forest simulation model. Back in the
oftice she reviews timber sale contractudl
terms and related cimber laws and regula-
tdons. Finally, after days of ticldwork and of-
fice rescarch, she drafts a harvesting plan in
which she proposes the best cucting alterna-
tive that promises the highest operational ef-
ficiency, wich a minimal impact on the en-
vironment and hydrologic eycle.

The scenario described above ts not en-
trely Actitiouss many aspects are already
here. Data, sofeware and hardware svstems,
and applications developed uilizing these
rechnologics, have spread widely into vari-
ous forestry organizations worldwide. allow-
ing foresters to work more cthelently and
make more informed decisions in less time.
Digiral technologies have become a core of
modern forestry operations in many coun-
tries. Efficiencies have been achieved in such
arcas as pre-harvest quality assessment, pro-
duction planning, resource assessment, sys-
tems analysis, management. field operaton,
environmental impact, and day-to-day deci-
sion-making,

In short, torestry technologies have be-
come, and are contnuing to become, in-
crcusingly digiml. Unibr(unntcly, the lack of
a framework for the integrated application
of these technologies impedes the continued
advancement of technological developments
in forestry. We propose, theretore, the rec-
ognition of a new fiedd, which we term “Dig-
ital Foreseryv.” and which we define as “the

science, technology, and art of systematically
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acquiring, integrating, analvzing and apply-
ing digital information to support sustain-
able forests.” The dosely related erm, " Dig-
" digi[;l]

il Forese,” iy dehned  as

representation of  forestrv informadon.”
These coneepts and definitons were devel-
oped ac The 1M International Workshop on
Forestry,” June 13-19, 2004 in Bei-

jing, China. which was joindy sponsored by

Digita

Chinese and American forestry institutions
and organizations and participating scien-
China.

United States, Germany, Canada, and Grea

tsts. oxperts and officials from

Britain.
Although rooted in traditional forestry

disciplines, Digital Forescry draws from a
host of other hields thad in the pase few de-
cades, have become imporrant tor imple-
menting the concept ol forest ecosvstem
managenent and che principle of sustain-
able foresery, These other fields and cheir as-
sociated technologies include geographic in-
formation  science and  systems, remorte
sensing, digital image processing. forest bio-
metrics,  bioinformatics,  statistics,  forest
modeling and simulation, decision support
svstems, forese survey and measurement,
nerwork  communicadon,  computer  sci-
ences, knowledge management, digital 1i-
braries. and global  positioning  svscems

(GPS) Digital Foresery, however, is envi-

sioned as much more than just a suite ol

different technologies. Tuis a framework tha
links all tacets of forestry information at lo-
cal. nadonal, and global levels through an
organized digital network, making use of all
the aforementioned tools and  techniques
(Figure 1), This svstematic framework ap-
proach cmphasives novel linkages among
various tools and techniques thac have the
potential to bind them into a powerful inee-

grated framework. rather than tocusing on

questions and problems that are already be-
ing addressed within the component disci-
plines (Figure 1), This approach also paves
dheway tor the incegracion ol addidonal dig-
il wehnologies as ver unforeseen.
Specificadlv. Digical Forestry recognizes

haviors under s frame-

Four basic system be
work 1o factlicue the storage. al~traction,
feedback. and integradon of forestry infor-
mation: (1) a nerwork of daa and informa-
don svstems comprising an overall inte-
orated torestry information infrastrocture

(2) daca and informadion abstracted au vari-

ous scales from che local foresin depariment
to the top cencralized national or global sys-
tems o lorm muldlevel decision-making

svstemss 131 intenvention from higher svstem

Digital Farestr, pragrs
! all computational technia
and diaital technalogies
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Figure 1. The components and processes of Digital Forestry programs.

prompts a drill down query 1o the lower sub-
systems for relevant daca exploration and re-
scarchrand (4) higher subsvetems depend on
overall linkage and performance of the lower
subsystets in which all necessary compo-
nend technologies play their roles w inerease
overall efficiency.

Creating new  terms o respond o

changes i knowledge, use, and practices of

forestry s not surprising. “Precision Por-
ety s an example of Tutilizing high twedh-

nology sensing and analytical tools 10 sup-

port site-spedilic, cconomic, environmenta

and sustainable decision-making for the
lorestry sector” (hep://www.ctrawashington.
cdu/rescarch.plc/about/index.him). The
“chorest” represents a collaborauve effort
between  rescarchers and  torest resource
managers integrating satcllice weehnologies
into forest inventory and  management

(heepd//eforestgisumn.edu/). We o regard

both of these as differenc aspects of Diglia

Foresury.,

Nost sdi-
|

within the DYaial Foresaory framework are

Theoretical Challenges.

ences, disciplines. and wdhnologies that fa

cicher available todav, or are rapidhv being
developed. Nevertheless, the Digial For-

OSry C()H(L’Pl i b\ 1ts nature, L'_\'H;llﬂiL. :‘\L{»
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vancing the principles underlying the con-
ceptof Digital Forestny onaworldwide basis
faces many challenges.,

The preeminent challenge is the articu-

ation of an initial theory for che integrated

application ol the various disciplines and

teehnologies chac will allow foresters to work
more ctficiendy and o get things done faster
and beteer. Any such a cheory cannot be
wholly dependent on purely wehnological
solutions, but will need o remain raithful wo
the initial motivating concepts ol ccosystem
management and principles of sustainable
forests. Taking into accounc both the tech-
nological and non-technical components ot
the Digial Forestry coneept. a theory of
Digital Forestrv will need 1o account for the
values, standards, svetems,  applications,

practices, education, and technologies that

support all Tacets ol sustainable torests at lo-
cal, national and global levels. We also envi-

sion that such a theony would Facilicaee a

shift from compartmentalized to holistic ap-
proaches to problem solving.

Technological Challenges. I'ven if we

succeed in delivering an cttective theoretical

Framework for todav, echnological chal-
lenges remain because every science and
technology that is induded under o Digical
Forestry umbrellz will continue o evolve.

Below are juse @ tew examplos:
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» Daw Acquisition. Remote sensing
will likely continue to serve as the primary
Jata-acquisition ool for assessment of forest
healch, hydrology, environmental and cli-
matic conditons, and spread of forest fire
and insect damage ar various scales. Ad-
vances in high—rcsnlution remote-sensing
technologies, along width effective image-
processing methods, are required 1o prm'idc
berter capabilities for estimating forest in-
ventory parameters ina timely, accurae. and
cost-cfrective manner. Furcher development
and validadon ol stadistical models, using
high-resolution. remotely sensed daca, are
necessary and chelr applications to different
forest tvpes worldwide are also required.

Combinations of high resolution, multi-

spectral- and hy perspectral-imagery data
will be needed o provide detail digital infor-
macion on the coverage of sustainable for-
ests. LIDAR offers the potential to measure
foreststructure artributes directy (Malamo

ctal. 2004, inscead of the indirect approach

required with traditional imaging technolo-
gies. Mass storage. new darabasc-aceess
tools, and a mendata standard must also
evolve.

o Lorest Visualization. Uhe rapid in-
crease ol graphics hardware capabilides in

recent years, largely driven by the gaming

il]dllsll'}', ]]1]5 L‘ll‘.]blk’d [l]L‘ &lL‘\'Cl()p]ﬂL’[l[ ()f‘

ever more realistic graphical 1‘cndcrings of

forested landscapes. Informadion derived
from swnd inventory dabases or remote
seising technologies can be used to generate
accurate and nearly photo-realistic visual
representations ol the Torest tAger and Me-
Craughey 1997). Such virtual perspectives
(Fisher and Unwin 2002) will be usetul for
harvest planning, resource management, fire
fighting, and operational decision-making,
To be valid. the forestry information must
be available for update in @ dmely manner,
and not be cost prohibitve, The visualiza-
ton must be linked wich environmental and
operational parameters and allow interacrive

query to SUPP(H‘[ L'U[npl'L‘IlL‘I]\i\'k’ (ll]lll_\'\is, A5-

sessment, and p
2004}

« Wircless Communication Systems.

Jllllill%r (5[0'([]];11] et ‘1].

Wircless communicacion already plays a key
role i many v pes of foresury Oprrations.
Web-enabled wireless systems already in
place, such as Tumber, inventory, sale, and
management, are primary wols for foresiers
in the feld in many countries. Porential ap-
plications ol Digital Foresin would be sig-
llitiL;llltl)’ enhanced worldwide, i wireless

capabilinyand GPS satellite communication

~
were extended and enhanced in forest arcas
where mobile laprop PCs and Pocker PCs
can be connected with strong signal strength

to provide high-speed data services.

« Forest Modeling. Simulation models
predicting forest growth are uselul wols for
planning forest management. Dillerent for-
est management strategies can be simulated
with these models and analvzed using difter-
ent indicators describing vield, stand sirue-

ture, and species composition. Well-tested

forest models are often available at the loca
scale for ditferent forests worldwide (Shua-
gart 1998, Vanclay 1994). A new challenge
would be o develop regional level forest
models thacare simple o use and can simu-
late o wide range of different management
options to ltnk with the global modecls.

+ Global Interoperability. Interoper-
abilitv is an essendal atribute of foresery da-
rabase - and itformation systems. Standards
and cammon wrminology are therefore the
building blocks of the foundation on which
innovative and scalable products in the Dig-
ital Forestry field con be buile. Witch data and
metadata standards and common middie-
ware, digital information will How cfhiciendy
throughout the foresery svsrems managed by
an organization, a nation, ora global agency,

Potential Implications. Digiul For-
estry remains largelv a coneept and sdll
leaves much o be developed. Forest scien-
tists and practitioners are now starting o
face this new challenge and may ask how the
concept can be bever studied and applied w
theirown ficlds. Below, a few conjectures are
presenced.

« To Add Values. Application of Digi-
tal Forestry concept could add values w the
existing programs in nacural resources edu-
cation by providing students with a beteer
understanding of the integrated use of tweeh-
nology 1o support sustainable forestry. We
must recognize the importance ol mainain-
ing a highly trained community of "Digical
Foresters™ who can carry out duties using the
most appropriate data and wechnologies o
support ground operacons. To train a new
aencration of Digital Foresters, altimarely it
will be necessary o develop new curricula
focused i this arca. For example, graduate
students in forestry or natural resonree man-
agement might take separace classes such as
forest management. remote sensing, and
gcographic information svstems. Alter com-

pleting these courses, the scudent will Tikel

be able to plan and conducta timber iven-
cory, build groweh and vield models vaing

appropriate regression technigues, manage

and analvze stand databases in a GIS, and
usce high resolution remotcly sensed data 1o
delineare stand boundaries and classify land
cover. respectively, However, the course-
work in cach of the separate courses will not
address medhods for linking GIS data sets
with forest growth madels 1o project the spa-
tial distribution of forest resources in future
Jandscapes, or for linking these simulated
landscapes widh graphics programs o pro-
duce photorealistic 3-D visualizations. As
such cross-disciplinary applications become
more common in forestry, it will beeome
imperative for students w have the skills co
implement them and the abilicy o develop
novel linkages as new questions and prob-
lemy arise. Te s recommended thac foresury
schools examine their available resources

and expertise and establish incerdisciplinary

rescarch and educadon programs in Digica
Forestry, Cooperation with other disci-

plines, such as geography, informatics. and

compurer scicnces could greatly enhance the
programs.

o lo Increase Lfhaeney. Digital Tor-
estry could improve the effectiveness of al-
ready existing government programs. The

China Forestry Adminisiration, for vxam-

ple. has been working for several vears o
build the country’s digital forestry informa-
tion system. This ongoing program is ¢x-
pected to greatly improve China's weehnical
capability in forestry in the vears to come.
However, withour a decp and clear under-
standing ol che integrated values the Digiaal
FForestry concept may be a system of discon-
nected rechnologics: a nadonal system that
may not have the organization and hierar-
chical linkages necessary o provide true op-
portunities for cross-linking and mulddisci-
plinary cooperadon. Tor example, national
auidelines for forest inventory and mapping
will need o be compatible across a broad
range ol larest ccosystems, ranging from the
rundra to the tropics. The data collected in
forest inventories will need o be comparible
with models used to project stand growth,
fire visk, and wildlite habitatsuitabilicy, The
intormation derived trom these dat sets

must be nseful tor strategic planning ac the

navional level, and for implemencadon of

specific management practices ar the local

[evel, Tois recommended thac dhe nacional or

federal governmenc agencies explore the

Digital Forestry programs within suitable
agencies i partnerships with universties
and develop and implement che coneepr.

o Lo Implement Inwegrations. The In-

cernational Union of Forest Research Orga-
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nizations (International Union of Forestry
Research Organizations (IUFRQO)) global
forestry information system (GFIS) pro-
gram is onc of the primary cases from which
the concepr of Digital Forestry is originated,
and this concept in turn adds a new perspec-
tive to the future development of GIFIS. The
realization of GFIS provides multiple bene-
fits to information users and providers
worldwide, including facilitating user-
friendly access to a greater amount of forest-
related information (htp://www.gfis.net/).
However, forestry organizations must be
aware that many systems may not produce
the right information in the right formar

when critical information ts needed to ﬁg 1
against threats, and therefore backup and
rescue systems may need to be integrated
into the overall system. Digital Forestry ap-
proaches are the means of addressing these
challenges and allow the integration of com-

ponent technologics together with non-
technical clements to support a successful
suite of responses to threats and disturbances
of forest ccosystems at a global scale.

On The Next Level. Human socictics
and individuals depend on forests for tim-
ber, fuel, paper, food, medicine, rubber, and
hundreds of chemical products. There are
also the jssues of maintaining species diver-
sity and overall ecosystem health. Itis there-
fore alarming thar globally, forests are being
cut down more rapidly than they can be re-
generated. The biodiversity that is being lost
with the lost forests means that potential
new medicinal und chemical resources, yet
to be discovered or exploited, will also be
lost. Sustainable forestry, both in terms of
torest renewal, and in bi()divcrsity conserva-
tion, still remains as a global priority, and
there are many barriers to managing for sus-
tainable  forests  including  population
growth, land-use conversion, legal con-
strains, and technological limitations (Iloyd
2002).

With the initiation of Digital Foresuy,
toresters of the world will be able to consider
an entirely new approach necessary to ad-
dress the challenges of deforestation, biodi-
versity loss, and sustainable forestryv. It is an-
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A

ucipated that the Digital Forestry concept
will provide a conceptual basis for the evo-
lution of forestry cducation, tesearch, and
practices as the 21" century unfolds. Look-
ing ahead one thing is clear: with a focused
vision of the techniques and technology of
Digital Forestry, we will have a view of the
path ahead, and will be able to rapidly move
forward on that path o new levels of inte-
grated forestry.
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