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Thresholdsand Environmental Change
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A threshold is usually defined by dictionaries as a
beginning, or the plate of a door opening. An
environmental threshold isoften described asatipping
point. One of the most enduring metaphorsdescribing a
tipping point is“the straw that broke the camel’ sback”:
the camel wasfineuntil onemore, small unit of burden
was added, and then the situation changed dramatically.

Think of bringing water to aboil. If we observewater in
avessd over heat, it just sitstherestill and camuntil it
suddenly changesto aboil— the threshold or “tipping
point” where the water temperature exceeds the
barometric pressure of the atmosphere that holds
molecular activity of thewater in check, and thewater
beginsto changefrom aliquid to steam, or itsgaseous
state. Most of us know the temperature threshold of
water boiling is212 degrees Fahrenheit. Many people
also know this temperature threshold changes with
altitude. At higher elevations, the atmospheric
(barometric) pressureisless, and water boilsat adightly
lower temperature. Thus, environmentd thresholdsvary
with the setting, and even small variations such asthe
bailing point of water can havebig effects. (e.g., the*high
elevation” directionswe see on many packaged food
products and baking recipes). Ignorance or failureto
respond to thresholdsmay just result in pancakes better
suited to throwing asfrishies, but it could also lead to
fatal botulismif home-canned food isnot boiled longer
during processing at high el evations. Understanding
natural thresholdsand environmental consequencescan
beincidenta or profound.

Intheforest, and other natural environments, countless
thresholdsareinvolvedinsmpleto complex rdaionships.
Some of these have been studied and documented; the
temperaturethresholdsof ignition for variousfue types
ontheforest floor, or the angle of repose and moisture
content thresholdsfor landdidesand avalanches. More

complex thresholdsaredescribed withlessprecisonfor
predator/prey complexes such aswolves and elk, or
bark beetlesand conifers. Some benign thresholdsare
caledthe* point of marginal returns’ by economists, in
that inputshave an effect up to apoint, then adding more
hasno additiond effect. Thismight beillustrated by some
fertilizers, although an additional threshold of toxicity
might operateat very highlevels.

Discussions and dial ogue about thresholdsfor carbon
monoxide, 0zone, temperatureand other climaticfactors
related to climate change or “ global warming” can be
contentious. Often, people are confused when
measurements of real changearevery small. yet both
scientists and non-sci entists cite them as evidence of
environmental changewe are experiencing now or will
be soon. Many peopleunderstandably scoff at thenotion
that aoneor two degreechangeinaverageannud global
temperature could melt polar icecaps, raise oceans, and
flood coastal cities. A lot of the confusion may result
from poor communi cation about how thresholdsoperate
andwhichlimitsarebeing reached or exceeded and how
they relateto both naturd processesand humanimpacts.
Thereisa so confusion and continuing research about
therdiability of these estimated and predicted changes.

Carbondioxide, for instance, providesmany threshold
complexities. Just about everyoneknowsthat webresthe
inair including oxygen and breath out air containing an
increased amount of carbon dioxide. Many peoplethink
plants actually breathein carbon dioxide and breathe
out oxygen. Thisissmply not true; plantsrespirejust as
wedo. They do use carbon dioxidein photosynthesis,
releasing off oxygen from the water they use in the
process. By removing more carbon dioxide from the
aimaospherethanthey rel easethrough respiration, plants
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canbeanet carbon“sink” or storagemechanism. Thus,
oxygenislimiting and hasathreshold for respiration,
and carbon dioxideislimiting and hasathreshold for
plant growth. There are many similar processes for
respiration, also called oxidation, and thesearethemaor
factorsin human-caused increasesin thetotal carbon
dioxide on our planet. Burning (fire), rusting, and
decomposition areall oxidation processesthat humans
haveagreat impact on. Thebiggest culpritinincreasing
carbon dioxide concentrations (and contributing to global
warming), isburning oil, gasoline, coal and other fossil
fuels. Thebiggest counter toincreased carbon dioxide
is“sinking” carbon through plant growth which captures
and sorescarbonin plant materid, releasing oxygenfrom
themolecule, asdescribed earlier.

The threshold of concern is the point where carbon
(dioxide) increasesfaster than it is captured in plant
growth. Rusting is the same process as burning, but
contributeslittleto theglobal equation, but decomposition
hasthe potential to contributeenormoudly if thehighly-
organic permafrost zones continueto warm, melt and
decompose.

Most people know and accept that increased global
carbon dioxide holds more of the earth’sheat in and
increases temperature. The argument seems to be
whether carbon dioxideisreally increasing, how much
human activity contributes, and whether reducing carbon
emissonscan haveasgnificant impact. Understanding
the concept of thresholds can help usunderstand and
accept substantial changes predicted based on small
environmenta changes.

Multiplethresholdsof concern are being approached
by real and potentia/predicted climate change. Some of
these have already been documented, such asmelting
glaciersandicecaps, thawing permafrost, ocean plankton
die-off, etc. One current, dramatic event clearly
associated with aclimatic threshold isthevast outbreak
of mountain pinebeetlekillinglodgepolepinein British
Columbia, covering millionsof acreswith nearly al of
these pinesdead or expected to diewithin the next few
years. Higtorically, the averagewinter [ow temperatures
were below thethreshold for beetle survival, otherwise
many of these, otherwise susceptible monoculture, old
and over-denseforestswould have succumbed to beetles
long ago. Theentireforest management regimeinthese

areas must change in response to this new threat,
including dramatic changesindecidingwhichtreespecies
tofavor, andinthewildlife habitat and economic systems
that depended onthetraditional forest. Thisisjust one
example of how many things we know about forest
management (and food and other agricultura crops) can
be dramatically challenged by climate change, whether
it beincreasing global warming asforecast, or justin
dedlingwith changesin dimatethresholdsthat aredready
soundly documented.

Other climatic threshold effects may be predicted by
using our knowledge of habitat or other environmental
thresholds for various species. For example, should
current climatic trendscontinue, polar bearswill gpproach
extinction, and western larch and Engel mann spruce may
disappear from our western landscape. Some of the
many predictionsbeing madewill unfold as projected
and somewill not. Two problemshinder our ability to
make asensiblescientific approach predicting climate
changeand itseffects, and providing an informative,
effective public education effort, especialy through the
media. We either lack scientific information on the
thresholdsfor many relationships(and | have seen many
cause-effect relationshipsthat operate on athreshold
versusagradual basis) or weknow thethresholds(e.g.:
minimum annual precipitation on south slopes for
ponderosapine), but don’ t know how much changethere
will be.

In the case of public information, the impacts and
challenges of dealing with the social, political, and
economic impactsof climate change are so enormous
and challenging. The subjectsof the oceansrising, and
agricultural zonesshifting into desert, for example, are
so interesting and subject to sensationalism, that it will
takealongtime, and theredity of afew disasters, | fear,
for any large-scale policy to take effect. But asforest
scientists, educators, managers and owners we are
particularly challenged NOW to makeasmuch senseas
we can of the dataavailable, seeking to understand and
plan for change, because the decisionswe maketoday
will bewith usfor decades, or perhaps centuries.
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