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Disrespect for nature means applying a single approach to forest management and forest
harvesting over forests that vary in their ecological characteristics.
Kolb, Wagner and Covington 1994
There is no objective or scientific measure of an ideal forest condition that is uninfluenced by
human desires, norms, or needs.
Warren 2007
The terms “healthy forest” and “forest health” are used often in natural resources, yet rarely are
they qualified or standardized. The confusion surrounding the term forest health is
understandable, as there is no single, scientifically derived definition. However, there are some
recurring themes in the literature that create a basis for understanding the many existing
definitions.

Cultural values vs. scientific scrutiny
Forest health is not exclusively a scientific concept (Kimmins 1997). Forest health is often
defined by the social, cultural or economic values of a specific audience. For example, those with
an interest in forest products and sustained local economies may define forest health as a
sustainable, actively managed forest that is free of disease, with a diversity of tree species for
future product markets (Lankford and Craig 1994). This definition is largely concerned with
trees and trees alone. However, an audience interested in maintaining vigorous wildlife
populations may insist that the definition be expanded beyond tree health to include the capacity
of a forest to maintain viable populations of native species and retain biodiversity of flora and
fauna (Dellasalla et al. 1995). The first definition measures disease and species diversity of trees,
and the second measures wildlife populations. Both definitions of the “forest health” may mean
opposite management regimes. Ultimately, forest health becomes a social construct, defined not
by an inherent, “scientifically correct” state (Warren 2007) but by variables society considers
most important.

Utilitarian vs. ecosystem perspectives
Many definitions of forest health fall under the general term “utilitarian”: a forest is healthy if its
condition does not threaten management objectives, current or future (Kolb, Wagner and
Convington 1994). While it is easy to diagnose an unhealthy forest under this definition (i.e., a
forest is threatening management objectives), the concept can suffer from its own circular logic,
where a “forest health” is defined by meeting management objectives, yet “forest health” is the
management objective.

In contract with anthropocentric utilitarian definitions, forest health has also been defined by
specific types and rates of ecological processes- quantitative information. Unfortunately, this
definition comes with its own set of management problems; quantitative rates and data are not
widely available for many ecosystems (Kolb, Wager and Covington 1994), and there is no gold
standard for all rates and processes. Using historical rates and patterns is also tricky. Changing
climate and land uses by humans make the selection of the desired parameters difficult, and even
if parameters were chosen, it is unlikely that our knowledge of past ecosystem processes is
sufficient to design a management regime (Wagner et al. 2000).

Resilience and sustainability
Often in the literature, a forest is considered healthy if is resilient or sustainable. Under this
guise, a healthy forest is “one that is resilient to changes” (Joseph et al. 1991); “resistant to
catastrophic change and/or ability to recover after catastrophe” (Kolb, Wagner and Convington
1994) and has “sustained ecosystem functioning” (Wagner et al. 2000). This definition is also
troublesome because resilience is very difficult to measure. The resilience of a forest remains a
relative unknown until exposure to catastrophic disturbance or stress.

Scale
The concept of “forest health” is difficult to apply to landscape-level processes because its
origins lie at the individual level. Ecosystem health is a metaphor borrowed from human health
(Kimmins 1997) and is problematic when applied to whole ecosystems, just as human health is
difficult to apply to whole populations (Raffa et al. 2009). A dead or dying single tree is
inherently unhealthy, but a dead or dying stand is more difficult to diagnose. Kolb, Wagner and

Covington (1994) define an unhealthy stand as only unhealthy if the rate of mortality exceeds the
capacity for stand replacement, but this may not necessarily apply at a forest or landscape level.

FFEH approach
For the SNAMP project, we have built on the idea that tree survivorship is an essential
component of forest health. It is also a parameter that we think we can quantify the impact of
landscape treatments at a relevant management scale (i.e., the fireshed). We acknowledge that
canopy tree survivorship does not encompass the totality of the forest ecosystem. But at the same
time, it is hard to envision classifying any forest as “healthy” with an abundance of dead and
dying trees. In short, we are arguing that tree survivorship is a necessary but not sufficient
condition of forest health. Determining a sustainable level of tree mortality is an important
question but given our BACI design, we have narrowed our question to:

Does forest management in the treated firesheds significantly shift the tree vulnerability
profiles relative to the changes observed in the reference firesheds?

See attached perspective for details.

SNAMP approach
Although forest health is not easily defined and can be problematic under scientific scrutiny, it
remains an important link between scientists and non-scientists in communicating shared values
from forest management (Kolb Wagner and Covington 1994, Patel et al. 1999). It is likely to be a
featured aspect of USFS forest management goals in the future. SNAMP has the opportunity to
inform the definition, interpretation, and measurement of forest health. It is important for us to
consider how to incorporate the full spectrum of our data, results, and perspectives.
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A perspective: Forest health and tree mortality in the Sierran mixed conifer forests
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Sep 8, 2009
Premise: The annual survival probability of adult trees in a population is an indicative
and quantifiable measure of forest health.
Support
1. Adult trees (dbh >19.5cm) account for the vast majority of forest biomass and are the
major engines of energy, water, and nutrient cycling.
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2. Tree population growth is most dependent on survival rates of adults.
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3. Forest decline is potentially a positive feedback process.
Loehle. C. 1988. Forest decline: Endogenous dynamics, tree defenses, and the
elimination of spurious correlation. Vegetatio 77: 65-78.
4. Minor changes in tree death rates translate into major changes in ecosystem structure
and function.
Stepheson, N, and P. van Mantgem. 2005. Forest turnover rates follow global and
regional patterns of productivity. Ecology Letters 8: 524-531.

Corollary 1: Any measure of forest health based on tree mortality must recognize key
aspects of this demographic process.
Community level implications
Theoretical and applied models of tree mortality share a common perspective.
Mortality is divided into two components one predictable and the other stochastic.
Estimating the predictable component takes various forms but essentially it is the result
of competition. The slower growing or smaller trees are killed as resources becoming
limiting and the more vigorous, larger trees co-opt these scarce resources. Familiar
implementation include mortality algorithms that depend on the 3/2 power “thinning law”
and ones that depend on an inverse relationship between recent tree growth and the
probability of mortality. The unpredictable component encompasses all other causes of
mortality and is most commonly explained as tree deaths due to rare, abiotic events
(lightening strikes, windstorms, soil instability). It is a density independent process in
contrast to the strong density dependence in competition mortality. In every
implementation I have seen, the predictable component of mortality is the dominant
process with the unpredictable component limited to little more than background
demographic noise.

Population level implications
The risk of mortality is dynamic and changes over the lifespan of an individual
tree. It stands to reason that the drivers of mortality change over the lifetime of the tree.
Just about any biotic or abiotic stress can kill a young germinant. In contrast, it often
requires a suite of mortality agents acting in concert to kill a mature tree.
Table 1. Demographic information for white fir and sugar pine. Built from
BFRS database and BFRS demography information. Values in parentheses are
assumed.
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Individual level implications (adapted from Das et al. 2007).
Trees are long-lived organisms and like all long-lived organisms (e.g. humans),
their prospects for the future depend on their past. The idea that tree death can be a lifelong accumulation of injuries (sensu Mangel and Bonsall 2004) was implicit in Franklin
et al.’s (1987) landmark paper. They presented a conceptual model based on Manion’s
(1981) disease spiral to characterize the events that eventually lead to the demise of a
tree. The key insight was that past events that reduce vigor increase future susceptibility
to mortality agents. These mortality agents can include competition, biotic attack, and
environmental stress that contribute either independently or synergistically to the death of
a tree (Franklin et al. 1987, Keane et al. 2001).
In a broad sense then, mortality can be conceptualized in terms of a cumulative
process (Anderson 2000) where the events over the lifetime of an organism influence its
likelihood of future survival (Mangel and Bonsall 2004). Temperate trees are particularly
amenable to such an approach, as many species record a detailed history of these life
events in their annual growth rings. A given tree's growth then can be understood as an
integrated measure of the physiological realities that contribute to its likelihood of
survival (Kyto et al. 1996).
Anderson, J. J. 2000. A vitality-based model relating stressors and environmental
properties to organism survival. Ecol. Monogr. 70:445-470.
Das, A., J.J. Battles, N.L. Stephenson, and P.J. van Mantgem. 2007. The relationship
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Complications/Opportunities
1. Das et al. (In review. Inferring Process from Pattern: A Biologically-Informed
Approach to Studying Tree Mortality. Ecological Monographs) demonstrate that density
independent mortality processes account for about half the observed mortalities in an oldgrowth forest. Clearly the balance between density dependent and density independent
processes changes with the development of the forest community.

2. Das et al. (2008. Spatial elements of mortality risk in old-growth forests. Ecology 89:
1744-1756) showed that not all density-independent processes are stochastic. In fact,
some can be predicted.
3. Das et al. (2008) also found that the identity of a tree’s neighbors mattered to its
probability of survival and that these effects were independent of density. For example, a
white fir tree surrounded by a given density of neighbors had higher survival if those
neighbors were also white fir. In contrast, a pine tree surrounded by a given density of
neighbors had lower higher survival if those neighbors were also pine trees.
Corollary 2: The distribution of annual survival probabilities represents the health of the
trees in the forest.
Given the complex interplay among community, population, and individual
ecologies, the probability of survival will vary among trees in a forest. However the
distribution of probabilities represents the status of the forest as a whole. Typically
annual mortality rates among canopy trees in mature Sierran forests are < 1%/yr. Thus we
expect survival probabilities to be strongly skewed. Most trees will have a very high
chance (99% or greater) of surviving. This distribution toward the extremes makes
detection of change difficult. Indeed we do not often know we have a declining forest
until we start observing increased tree death. Thus our responses, both in terms of
management and research, are reactive rather than proactive. However if there were a
means to measure the distribution of survival probabilities and a way to detect subtle
changes in this distribution, we could enhance both our response time and understanding.
We would detect decreases in tree health before trees were dying en masse.
Demonstration: Vulnerability profiles as a measure of forest health.
Battles et al. (2008. Climate change impacts on forest growth and tree mortality: a datadriven modeling study in a mixed-conifer forest of the Sierra Nevada. Climatic Change
87: S193-S213) described an approach to measure changes in forest health by
constructing empirically based tree vulnerability profiles (see diagram). Profiles are
based on a representative sample of trees where the annual survival probability is
predicted using the long term growth record (Das et al. 2007). The sample is then scaledup to the entire population using inventory information on tree size and species. Repeated
sampling is used to quantify changes and a new statistical measure (Menning et al. 2007.
Quantifying change in distributions: A new departure index that detects, measures and
describes change in distributions from population structures, size-classes and other
ordered data. Oecologia 154: 75-84) can detect small departures from the status quo.
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Survival Probability
Challenges
1. Vulnerability profiles require extensive data collection and model development.
Practical only in a research context or when forest of interest is of very high value (e.g.,
giant sequoia groves).
2. Only in pilot stage. First wholesale test is underway as part of the SNAMP project.
3. Predictive equations require long-term growth records and are somewhat sensitive to
stand conditions, although we have made progress in calibrating a species model to
different conditions.

