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Abstract
llcalthy ibrcns and rangclands arc rcsiUcnl to dislurbanccs within a cc(ain range of variation.In eastem OregoD and lhshington,
ecos,vstenrs have evolred in the presence ofsporadic disturbances such as firc, tlood!. and insccl and disease outbreaks. Ecologi-
cal and human facrors have combined io change disturbance regimes. structure. and pattcms rcsul!ing in dcclining health and
producti!ity in forest and rangeland ecosystems. We expect that with impro\ed understanding of dislurbance proccsscs and
careful management of the dri\ers of disturbance it is possible to enhance ecosystem resiliency. As an aid to managcrs in deler
mining actions that may be sLrccessful in restodng resilience to ecoslstems, we describe linkages among componcnts thal mar
enahle managers to hamess beneficial effects of disturbances whjle mininizing the advcrsc cffccls. A conceplual liamework
presented here idendfies relaiions among factors that managers can influence. and that arc important 1o ecological processes nd
outcomes. lntegrating social and economic componenrs helps managcrs to balance whal thc land will allow. whar people want,
and \lhat societ,v can aftbrd. lnfluence diagrams help idendfy inrportant linkages and the arcas rvhcrc rcscarch nay help to weigh

lntroduction

Healthy forests and rangelands are a basic com-
ponentin theeconomic. social. and physical health
of human communities. In subsistence commu-
nities, the connection is clear; items people need
for food, shcltcr, clothing, and health are obtaincd
from the land local to tbe community. As com-
munities depend more on trade lbr goods and
services, the connection becomes less clear. How-
ever, many rural communities in eastern Oregon
and Washington continue to depend on the pro-
ductivity of the land fbr goods and services and
the jobs they provide. Many people who are not
directly employed in natural resource industries
are drawn to the area as residents or visitors for
recreation, clean air and water, and other ameni-
ties providcd by hcalthy forcsts and rangelands.
The issue that faces society now is whether the
productivity and health of these ecosystems of
eastern Oregon and Washington is at risk, and if
so. what options managers have to restore their
resil ience and maintain their integrity.

The purpose ofthis paper is to provide a fiame-
work for thinking about forcst health and pro-
ductivity and the many facton that influence them.

The papers that follow will provide infomation
to "flesh out" the tiamework.

Bole of Disturbance

Healthy forests and rangelands require a mix of
plant and animal species adapted to the site, suit
able stocking levels and age distributions ofthose
species, a variety of stand structures. and lunc-
tioning ecological processes. Healthy ecosystenrs
are dynamic, not static. They are resilient to dis-
turbances within a range of variation and are. in
many cases, dependent on them (White andPickctt
1985). Ecosystcms in the Pacific Nofihwest have
evolved in the prcsence of sporadic disturbances
such as fire. floods, and insect and disease out-
breaks (Agee 1990, Quigley et al. 1996). Such
disturbances conribute to nutrient cycling and cre
ate canopy gaps and a mosaic of structures nec-
essary lbr a rich diversity of plants and animals
(Gast et al. 1991. Hessburg et al. 1994, Johnson
1994, Youngblood and Wickman, 1tl press).

Unfortunatell factors have combined to change
disturbance regimes and structural pattems and
have resulted in declining health and productiv
ity offorest and rangelard ecosystems in the interior
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Northwest (Gast et al. 1991, Caraher et al. l992,
O 'Laugh l in  e t  a l .  1993,  Evere t t  e t  a l .  1994,
Langston 199,1. Sampson andAdams I994, Agee
lqq8) .  Thc  . )s lcnr  i '  J I  r i sk .  and \ome spec ie . .
slructures, rnd l irnctions are diminishcd or in
danger of being lost.

Thc primary causes relate to changes that have
occurred over the last 150 years (Covington et al.
1994. Everett et al. 1994, Quigley ct al. 1996,
Jaindl and Quigley 1996. NationalResearch Coun
cr l  200t l r .  f r r l l  .e r t le rs  u .ed  lopg ing  pr rc l i ces
that removed high value, large old trees liorn fbr-
c\l\ lhal \\crr.tn!r\ l aiie.' ible. Eirrl l  grazing prrc-
tices emphasized numbcrs of l ivestock resulting
in substuntild overgrazing. Fire was viewed asbeing
detdmental, and e1lbfts to suppress fire werc largely
successtul after airplanes were enlistcd in the ef-
fofis. When insect cpidemics were widespread,
larious insecticides were applied to millions of
acres. These factors all contributed to the cunent
lbrest health situation in the inland Wcst.

There are many examples of diminished func-
tion. Many sites more suited to droughG and firc-
resistant ponderosa pine are now donrinated by
dense stands of fir-species susceptible to drcught,
fire. and insect and disease outbreaks (Wickman
1992). Supprcssion of tires that were part of the
frequent,lo$' intensity fue regimchas led to build-
up of fuels and set the stage for huge crown fires
that are difllcult to contain (Mutch et al. 1993,
Cevington et al. 199,+) and that havc severe et'-
fects on vegetation, soil, and habitat. Habitat for
manv species is increasingly fragmented and iso-
lated (Trombulak and Frissell 2000, Wisdom et
al. 2000). Aquatic habitat has suffered increascd
sedimentation, less shading leadingto higher water
temperatures, Ioss of pools, and is isolated by
baniers to passage (Trombulak and Frissell2000,
Howell200l).Forestandrangclandshavebecome
depleted in nativc species and invaded by non-
native plants (Quigley et al. 1996). Social and
economic systems influence tbrest health and
productivity and are also influenccd by lbrest hurlth
conditions (Blatner et al. 1996, Tanaka and Bolon
r996).

Either cunent management approaches or taking
a hands-off approach wil l l ikely result in ecosys-
tenr conditions at the laldscape scale that con-
tinue to decline, or. at best. slowly improve over
hundreds of years. Managemcnt actions that change
species composition, density. and stmcturc while
considering ecosystem processes and capabilities.
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may hclp to restore healthy. resilient, productive
ecosystems (Quigley et al. 1996). Actions or "trear

ments" that have been undertaken with the ex-
pcctation of improved forest health and produc
tivity include "passive" approaches such as
l i r  cs to , . l ,  e r r  lu r ion  or  chrngc .  in  g r lz ing  reg  ime.
"Active" approaches include teatments to modily
stand composition. structure, and stocking level
such as thinning, salvage logging, mcchanical fuel
treatment, and prescribed fire; or to control nox-
ious weeds or insect pest outbreaks such as using
herbicides, pesticides, B acillu s thuring ie ns is, or
pheronones, or by introducing natural encmies
of noxious weeds or inscct pests.

Research Focus

To focus rcsearch on these issues, the Pacific
Northwest Research Station formed a Research
Initiative for Improving Forest Ecosystem Health
and Productivity in Oregon and Washington by
Managing Ecosystem Disturbance. Its specifi c goal
is 'to develop science-based information and tech-
no log ic \  to  J . \ i . t  lundouners  lnd  mrnager '  in
managing risks associated with fire, insects, and
diseases. . .conscrving the beneficial effects ofthese
agents, while maintaining ecosystem integrity at
multiple scales with the mix ofproducts and con-
ditions valued by society" (Hayes et al. 2000).
To effcctively deal with such complexity rnd geo,
graphic (cope. ue organiu eLl inlormarion in remt.
of ccological and socioeconomic structures and
processesi agents that influence the processes!
which we tenn "drivers": and outcomes such as
timber products. increase or decrease in endan-
gered spccies, recreation, and water supply (Fig-
ure l). We furthcr eramined rhese drirer'. pro-
casses, and outcomes at various spatial scales.
Temporal scale was also included but was dilli-
cult to address consistently. The expectation is
that by careful nlanagement of the drivers and
continual evaluation. we can enhance ecosystem
resilience and improve outcomes (Figure 2). Ex-
arnples of cu[ent outcomes that people would
like to change jnclude the loss of potential rim
berproducts andrelatcd jobs, degradation of eco-
logical processes (hydrologic cycle, nutrient cy
cling, carbon sequestration), and risk to homes
from catasfophic forest tlres; loss of timber pro-
,luction und increased fire ri.k frum iniecr out-
breaksl threats to species survival; and loss of
amenities and rccreation opportunities. Many
environmeltal drivers that afTect ecological
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processes {cean cyoles. volcanic activlty. topog-
raphy-are beyond the influence of management
activities. Many ofthe disturbancc and socio-eco-
nomic drivcrs can be influenced, however, and
the research initiative aims to ofler infomation,
rnodels, and other decision support tools to as-
sist managers in that task. In the a icles that 1it-
low we fbcus on fire, insects. diseasc. ungulate
grazing. and. because we recoglize that manage-
ment can be a disturbance agcnt. we also exam-
ine  the  c f lee ts  o f  t reJ lmen l  i rc l i \  i t i es .

Influence Diagrams

As a start in deternlining what infbrmation is
needed, PNW Research Station scientists engaged
in the Forest Hcalth and Productivity lnitiative
were asked to use thcir bestjudgment to identify
the main components of ecosystem integrity, to
idenlify the causative factors ofthose components,
and to rate their degree ofconfidence intheklowl-
edge base about the various relations and factors.
Ecosystem integrity was defined to include whole-
ness, resiliency, and diversity of biophysical and
socioeconomic factors across time and space
(Haynes et al. 1996, Quigley et al. .an press). Thus,

Socio-Economic
Rosilioncy

Figure 3. Broad-scale ecosysten intcgrit,v influence model.

an ecological system with high integrity would
include a mosaic of plant and animal communi
ties consisting of welJ-connectcd, high quality
habitats that support a diverse assemblage of na-
tive and desired non native species. all relevant
l i le  h i : lo r '1  \ rcge . .  rnd  the  genet ic  d rver : i t1  nec-
essary tbr long term persistencc and adaptation
in a variable environment (Quiglcy et al.,an presJ).

The main components of broad-scale (sub
basin) ecosystem integrity identified by the team
of scientists were: aquatic integrity. tenestrial
integrity, social acccptability, socioeconomrc rc-
siliency. and air resource integrity. The team then
identified the three rnost dominant lactors intlu-
encing each component. The telun recognized therc
were many other factors intluencing each com-
ponent, but they rcstricted the intluence tactors
to the thrce most dominant. Each of these, in tun,
was described by factors inlluencing iL, and so
on to no more than five levels. Creation of these
inlluence diagrams atboth the broad and mid scales
(wirtershed or sub watershed) werc then used to
identify knowledge gaps (components ard link-
ages lacking infomation) and to gain insights into
how the scientists collcctively viewed interactions

Framework for Forest Health and Productivity



and influences. (Diagrams were not completed at
the fl ne scale (stand or site), because of the relative
abundance of intbrmation at that scale. ) There was
no attempt to 1ufiher rant inlluence factors fbr im-
poftanca, but only fbrknowledge about the factors
;ind linkages. The degree to which science explains
each of these lactors and connections between
them was giveo a ranking of good. fair, or poor
The rankings were based on the ability to mea-
sure the lactor directly or indirectly and avail-
ability of literaturc. i.e., empirical studies.

Figure 3 shows the overall diagram at the
broad scale. Figure 4 shows a single branch of
the mid-scale diagram as an example. Following
thls example, terrestuial integrity at the mid scale
was considered by the expens to be influcnced
most by vegetatton pattem. species diversity, and
cond i t ion  o I  sour (e  h rb i r r r .  Veperar ion  p l t te rn  i s

@ o

Good understanding
Fair Understanding
Poor Understanding

Figure,l. Mid-scale rerrcsrrial integrily branch ofthc inlluence nrodel.
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in turn influenced by disturbance regimcs. -qco-
morphology, and climate rclated sffess, and so on.

Symbols on the diagram indicate goocl. inir,
or poor for level ofunderstanding. For disturbaoce
regime. the influential factors are fairly well un
derstood as are their influences on disturbance
except lbr the influence ofherbivory. The chronic
nature of herbivory scts it apart from the more
sporadic and often catastrophic disturbance fac-
tors such as firc and insect and disease outbreaks.
There are numerous empirical studies at the l lne
scale and, to a lesser extent, at the mid scale that
address cause-and-efl-ect relations of t'ire. insects.
and disease, and manipulalion of these factors.
As we move up the bmnch we find that the over-
all tactor of disturbance and the interactivc influ-
ence o f  d rs lu rbance leg : i rne .  on  reget l t ion  pu t -
terns have not been :rs wcll studied. and therefore
are considered poorly understood. Understand-
ing of the other factors in this portion of the dia-
gram is rated fair or good.

For terestrial species diversity. the influences
and linkages are poorly understood. with the ex-
ccptions of hazards/lrortality. The introductions
of non-native species and supplcmcntation of
native populations and their influence on the
higher-order factor of tcrrestrial exotic species
are reasonably well understood or at least readily
measured.

For source habitat condition tbrterrestrial fauna
and f1ora, the factors seen to be most influential
were habjtat connectivity (fragmentation), habi-
tat sffucture. and biophysical capability. Habitat
structure was seen to bc most influenced by dis
lurbance regine dsk (the same factors that inllu-
ence vegetation pattern), climatc, and managc-
ment activitics. ln thisbranch ofthe diagram, roads
and climate related strcss are relatively well un-
derstood-in pan becausc these are readily mea
surable factors. Hou'ever, the influence of thesc
factors on thc next level is not as \\, ell understood.

Knowledge Gaps

This framework helps identily $ here research is
most needed, such as causative factors that are
important to ecosystetlr processes and outconles,
that managers can alter, and about which infor-
mation is lacking. The detailed tindings of infor-
mation available or needed iue summrLrized in Table
1 organized by category ofuse: understanding of
disturbance regime, assessment of ecosysten)

integrity. risk modcling, and managemcnt options.
Items judged by the science team to be highest
priority u'ere identified as critical knowledge gaps.
(Although Tablc I shows incomplete knowl-
edge for disturbance drivers in modeling fu
ture risk, they \\, ere deemed lou'er priority than

TABLE 1.  Kno\\ lcdge avai labi l i ty  a.dgaps ident l f ied i .  in
llucncc diagrams,

Element l.)f

Undcrnanding or lnquiry

Dcgrcc !o Which \Vc
Know or Understand

(Critical Knowledge Cap)

Cuffenl Fulure

DISTURBANCE I tEGIN, lES
(Ddvert

Fire

Diseases
MglrxActions

I * +
I * *

r + +

C HAIiACTERIZE/ASSESSMENT
(Biophls ical  & Socioeconomic
Con4ronents of EcoslsleIn Integrit))

Tcffcsrrial Habirai
\\'ater (Fish)

Soi l
Sociocul tural

I
+
+

r * +

RISK NIODELLINC' (Drilcrs)

Insects
Discascs
l \ {gmi Acl ions

(Bi0physical & Socioecononic
Components)

Tcrrcslrial Habi!a!

Rural lnlcrlacc
SociocultLrral

I  + +

I  i +

+  * i !

I

I
I  + +

1  * *

I  + *

I  i i

r * *
MANACEME\T OPTIONS (Acdons)

Ivlitigadon Trcatmcnts 1
Renoration Actions I
Risk Reduction I
Moni|oring

= poor undcrsundingt+ = bcttcr understanding:
I = incomplctc undcrstanding
** clclrrcnts identified as critical knowledge gap

i Risk is probabilit! lhat adverse outcomes happen.
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the biophysical and socioeconomic components
of risk modeling.) Factors and linkages were ex-
amined from the vie$'ofmanaging risks not to
clinlinate disturbances, but to hamess the benefi-
cial effects while minimizing the adverse effects.
The infbrmation was then further organized into
areas ofpotcntial study andprioritized. These areas
lbrmed the tbcus of the Forcst Health and Pro-
ductivity Init iativc of PNW Research Station
(Hayes et al. 200()).

Examining the linkages at difltrent scales il-
luminates the fact that infonnation is limited when
looking beyond finc-scale (stand or site level)
intcractions. More tools are needed to help evaluate
cumulative effects, understand interactions of
various agents. and assist in landscape planning.
Priorit izing where to spend limited dollars is
assisted if need and outcome are understood
for a specific site relative to other sites, and
1br the watershed and the subbasin within which
the site l ies.

Identif ication ofkcy indicators that can seNe
as mcasures of both beneflcial and adverse ef-
fects of risk management and the means of
monitoring thern are also needed. The influence
diagrams can help identily factors that may offer
efficient means of quantifying change in impor-
tant drivcrs, processgs. or outcomes.

Examining the influence diagrams helps re-
vcal areas where new knowledge may benefit
management actions for a pafticular site while
fulfilling ecological and sociocconomic require-
ments at the larger scalc. Ways to partition land-
scapes into areas with similar characteristics (to
pography. riparian area. old-growth forest. fuel
load. stocking level, plant community) would al-
low managemeDt appropriate to that category of
sites, rather than prcscribing a one-size-fits-all
management standard. Managers would be assisted
in chcxrsing among management altcmatives by tools
that would allow them to (1) predict disturbance
ep i .odes .  r2 )  p rcd i i l  rc l i \  i r y  ou lcomes on  i5sues
of interest (fire risk, timber haNest, jobs, water
quality). and (3) weight the various factors that
drivemanagcmentactivities (endangered species,
discases. recreation areas, noxious weeds, insect
outbreaks. fuel loads. introduced specics). Many
assessment lrnd predictive tools are available, but
othgrs are needed for larger scales or for manag-
ing multiple issucs sirnultaneously.

Integrating social and economic components
wi th  ec , ' lng ic r l  p ro (e \ \e \  i :  a lso  needed

balancing what the land will allow, what people
want, and what society can afford (Quigley and
Bigler Cole 1997).

Information Availabil ity

The inlluence diagrams help to identify lactors
impoftantto understand, and the ratings help iden-
tily what is unde$tood about the lactors and link-
ages between factors. The next step, undertaken
in this set of papers, was to organize and present
lh:rt bod) of inlbrmation in a way rhi] l i . acce\-
sible to interested land managers. In order to ini-
tiate appropriate management activities, manag-
ers need several types of information. Fint, they
need basic ecological information. Managers also
need treatment options and understanding of the
intended and unintended effects of those treat-
ments on ecosystem components and processes.
Furthcr. manrgers need to be able to monitor I
broad range of resources and processes in order
to detect when risks to the system increase and to
detect system responses to managemgnt actions.
Finally, manage$ need tools to help determine
what actions to take when faced with multiple
disturbances and issues, and how to prioritize lim-
ited time, money, and personnel. These decision
suppofi tools must be effective yet practical to
help determine if treatments are ecologically ef
fective, economically feasible, and socially ac-
ceptable. They need to help identity tradeoffs
among ecological effects and community values
and economics.

Research has provided a wealth ofthis needed
information about forest health and productivity
and disturbance agents in the inland Northwest.
The following papers survey the information avail-
able on a selection of ecosystem drivers and is-
sues of interest to managers. In preparing these
papers, scientists were asked to tbcus on the re-
ciprocal effccts between a particular topic and forest
health and productivity, as well as effects of feat-
ments designed to improve some aspect of forest
health and productivity. They were to attempt to
identify to what scale the infbrmation applies, and
any decision-support tools or monitodng thresholds
that may have been determined. ln the conclud-
ing papeq solutions based on the body of infor-
mation presented in this collection ofpapers will
be offered that may help improve forest and range-
land ecosystem resilience to disturbances.

Starr. Hayes. Quigley, Daterman, and Brown
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