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IN SUMMARY

Gilobal Warming: Is it real or noi?
Ran Neilsan, PNW Research Station
bisclimatologist, has been shudying
the phenomena for about 25 years. He
also is the lead author on one of three
madels in the world designed to frack
climate-driven vegerarion change
patterans on Hie planet.

WNeilzon's findings. featured in this
trsine of “Science Findings,” may be
able to assist land managers to pre-
pire for global warming impacts
Neilzon and his colleagues developed
@ model called the mapped aimos-
phere-plant-sail system (MAPSS)

The MAPSS model can simplate
changes in vegetarion disiribution
and rurcff under altered climare and
carban divxide concentration. Key
Jindings from Neilson's work reveal
that the Pacific Northwest is an areq
af WRCEFIainey.

Orher key findings reveal thar there

iz a shifting of vegeration to the north,
dieback of boreal forests, and con-
rinned wWarming remperarures thar
have the potential to strain warer

. Future forest
plans should rake into account e
range of possibilities wnder climate
change seenarios.



He has several anabdical and technological
reasons for feeling the confidence he does
in the value of climate change modeling.
But one of the more compelling reasens,
and certainly the most gratifying, has
evolved out of work he did 25 years ago as
a graduate student tromping through the
woods and the dasert compiling field data.

“The model and that old empirical data on
wegetation, cimate, and runoff characteris-
tics came up with almast exactly the same
predictions about distribution of certain
kinds of vegetation,” he says. “And remem-
ber, that field work was of course very
localized. The medel matched up with it
even though it was running across the
entire continental landscag

= KEY FINDINGS =4

* The MAPSS model can simulate the changes in vegetation distribution and
runcff under altered climate and carbon dioxide concentration, It simulates
baoth type of vegeration and density, for all upland vegetation from deserts
to waet forests.

* Overall pacterns include a shifting to the north of vegetation, some dieback
of boreal forests, particularly along edges of interiar grasslands, and a grim
outlook for the Eastern United States as an area that will likely suffer negative
impacts under global warming. There are few “no change” areas within the
United Seates, and the Morthwest is an area of uncertaincy.

* Early stages of global warming could see increases in productivity and densicy
of forests worldwide, as increased carbon dioxide acts as a ferdlizer. Con-
tinued elevated temperatures, however, could strain water resources, in time
preducing dreught-induced stress and broad-scale dieback, with associated
wildfire increases.

* Increased carbon sequestration from more productive vegetation growth could
be offset by pulses of carbon into the atmosphere from increased wildfire.

ARE WE SURE THE GLOBE IS WARMING?

et's back up briefly to the accepted
evidence—the mostly accepted
evidence.

Global termperature recards take us back
as far as 200 years in Europe, with some
local sites, with fewer instruments, stretch-
ing even further Tree rings take us back
several thousand years. kee cores and deep
o¢ean sedirments reach beyond that.

“There is excellent evidence in instrument
and tree fing measurements that the planet

AREA OF

is warming, that it is hotter than at any time
over the last 2,000 years” says Meailson "In
fact, we are currently heading towards
mperatures since the last
h pocurred during the
thermat maximum of arownd 5,600 pears
ago” He notes that there is clear evidence
alse of other expected results of global
warming, such as increases in ranfall and
cooling of the upper atmosphere as a
result of the heat-trapping greenhouse
effect below it.
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A Dark blocks show average area of decline of current forest cover in five regions of the
Unired Stares. Verttcal "whiskers™ show the possible range of decline areas.
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What's cau
variaticns, int
pattemns ar var

g this? "It could be natural
rnal oscillations in weathar
ns in solar output, or it
could be human-induced greenhouse
effects The current thinking is that it’s prob-
abdy-aboet 50 percent each—natural versus
human-induced.” Meilson says
add: “That thinking is based cn da
not palitical expediency”
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VIEW FROM THE CRYSTAL BALL

uppesing, then, we accept the

premize and agree that the planet is

wirming. Mew what? International
scientific studies have been underway far
some years, and 2t least in the United
States, insurance companies really do want
to know what's geing on. They've noticed
the increase in their disaster payouts.
Electric utilities have questions. And now
Senators are asking,

MNedlson presented recent findings in 1996
for a Roundtable Discussion on Lecal and
Regional Effects of Glebal Climate Change,
for the Environment and Public Works
Committee, at the invitation of Senator
Josaph Lieberman (D-Conn). He was asked
1o address several key issues: What specific
regionzl impacts become apparent under
sirulations? How well, really, can we simu-
late these local effects of climate change on
forests and native vegetation? Do different
= produce consistency about paten-
57 and How useful are the models
for multisector assessments invobvang waten
agriculiure, wildlife, industry, and urban
areas?

“That the policymakers are even asking
these questions is encouraging,” says
Meilson, “but they absolutely do not like
uncertainty. | try to address this by aggre-
gating data to the levels of management
unit they recognize, and by trying to find
pattermns, to extract a larger synthesis from
seemingly disparate pieces of information”

Patterns. Under all potential future climate
scenarios, forests are prajected to shift
northward into currently nonforested areas.
Wegetation mass a8 a whale, and thus the
Earth's carbon stocks, would lkely increase
in the beginning, acting as a sa-called nega-
tive feedback to global warming. If clima
change is rapid encugh, hawever, simula-
tions through time suggest that there could
be widespread boreal (Narthern, predomi-
nantly conifer} forest dieback along its
southern edge, especially next to interior
grazslands.

“Such dieback coubd inject large amounts of
alvage’ timber into the global marketplace
o, if left on the land, could cause massive
fires and possibly large injections of carbon

M MANAGEMENT IMPLICATIONS A

maintain managament opticns,

+ Integrated assessments of climate change across management sectors (agricul-
‘wre, industry, forestry, urban planning, and athers) are crucial o preparing for
glebal warming effeces Various alternative futures cught to be considered to

include carbon sequestration.

With global warming and the possibilicy of international greenhouse gas emis-
sions control treaties, the forest management missian could expand further to

Shifting distributions and changing productivity of forests would alter regional
forest markets and affect the global forest marketplace. Mational and regicnal
economies could be altered, with national and global warkforce effects.

tion to

+ Lang-term forest management plans are constructed under the assumption of a
stable climate. Future expectations within these plans need significant madifica-

the range of p

under climate change scenarios.

digxide into the atmosphere, 3 pasitive
feedback that would exacerbate glabal
warming,” Meikzon told the committee,

Although there are significant differences
among the many simulations run, they all
suggest there are few “no change” areas in
the United States, he said. And all simula-
tions show growing amounts of forest
susceptible to drought-induced dieback as
ternperatures increase.

The other most notable pattern, he added, is
that within the termperate zone, the Eastern
United States seems to be the most sensitive
large region on the planet to potential
negative impacts from global warming.

And the good news?

GETTING FROM NOW TO THE

“Regional to local 'winners” and Jasers’ are
mast easily displayed by locking at maps of
change in vegetation density, which is simu-
lated via leaf area” Meitzon explained. “The
Lake States appear to suffer under all simu-
lated scenarios, as does much of the
Eastern United States, particularly the
Appalachian axis. With the exception of
Flarda, the Southeast could be at consider-
able risk. Consistent “winners' seem to ke
the central walley of California, the
Southwest deserts, and

Morthwest s quite uncertain.”

Florida. The

A closer book at the Morthwest and its un
certain future flustrates well the larger ques-
tions of uncertainty in dynamic modakng,.

POSSIBLE THRE

OLDS

Forest Dieback

Evapotranspiration

NOW

THEN

A Early global warming may increase productivity and density of vegetation in cerlain areas.
baat at the point where vegetation ontsivips its ewn water necds, dronght-induced diehack
could begin and eventieally reach large proporions.




TO THRIVE OR TO DIE? THAT IS THE QUESTION

uppose the planet's increase in car
Sbon diexide—one of the causes of
global warming—acts first as a fertil-
izer for forests. Legically, they would love
it, and expand. But then imagine that ther
increase cutstrips the available water
resources, and they start to die back This is
called a threshold response—the point at
which the forest changes from increased
productivity to rapid drought-induced
dicback. Such landscape-scale stress would
increase susceptibility to fire and disease,
ard the eventual loss of forest cover could
far outweigh the early gains,
“Motably, the areas most susceptible to this
phenamenon are the Morthwest and the
the two biggest timber-producing

TOO MANY VARIABLES, OR NOT ENOUGH?

ehind all the maps and the simula-
Btions is a biogeography model

constructed by Meilson and his
colleagues, called the mapped atmaosphere-
plant-soil system (MAPSS). The MAPSS
model simulates the distribution of all
uplard vegetation on-the Earth, based on
climate and soils, and relies on current
knawledge of both vegetation and hydro-
logic processes. For example, it tracks the
physiclogical effects of elevated carbon
dioxide on the water use efficiency and
praductivity of plants.

Given an average chmate, Neilson explains,
MAPSS calculates the type of vegetation
that can exist on a site, its density in terms
of leaf area per unit ground arez, and 2
water balance for the site, including monthly
sail meisture and runaff. It simulates 45
different kinds of upland vegetation from
deserts to wet forests, and has been
coupled with twe other vegetation ecasys-

WRITER'S PROFILE

areas in the country” Meilson paoints out.
Once again, "salvage” timber and wide-
spread fire would become critical issues.

It's net completely clear. however, that this
wil happen, he says. In such areas with high
winter rainfall, but dry summers, the water
runcif-vegetation relation is more comple.
Both can increase, largely because of the
offset of their seasons of activity. Thus in
the Merthwest, the timing of rainfall could
be a variable that alters the outcome of the
eternal competition between water re-
saurces and biotic rescurces.

The link between vegetation and water,
naturally, is inafterable. Simulations show
that under continued warming in the West

tam modeling and analysis project (VEMAR)
maodels that are then able te be truly
dynamic over large areas, and through time.
one of them all the way from 1595 to 2100,

“MAFSS challenges the long-standing
assumption that models cannot aperate
across large scales, Models have historically
been built for very small scales. The sarly
ones grew vegetation and included some
nutrient cycling. but they couldn’t meve veg-
etation araund, MAPSS can.” says Meilson.

Mot only that, it pravides intemally consis-
tent and published simulations at' global,
continental, and regional scales, the latter
with & resalution of about & miles. A proto-
type version of the medel is bringing it
down 1o & resolution close to the size of a
football field.

The MAFSS-based hybrid models are part
of a new generation of dynamic madels
that include water, energy, and carbon

and Morthwest, if forests begin to decling,
thay would use less water, In combination
with less snow formation and earlier melt,
this could result in increased winter flows
with possible flooding. Meilson points out
these changes in annual runcff also could
hive profound implications for the availabil-
ity of water for irrigation, domestic uses, elec-
tricity peneration, and freshwater fisheries,

The reasan Meilson and his colleagues can
even make these surmises about water in
an area of regional uncertainty such as the
MNorthwest, is that the models they are
wsing today have the vegetation processes
fully coupled to the hydrologic processes,
Things under the hood, it seems, are getting
pretty complicated.

exchange between the atmosphere and the
bicsphere, and address the role of the bio-
sphere in affecting climate change. It is one
of the models in VEMAR which was formed
to closely examine the new models and
apply them to LS. assessment activities.

“The meore variables you can incorporate
inte a model, the greater your confidence
can be" Neilson says, “and yet the quest is
always for the minimum amount af com-
plexity that will still capture the processes
you're modeling™

A balancing act, indeed. and one that is
constantly challenged to prove itself capable
of supporting its claims. That's why the
matchup with the field data from 25 years
ago has been so important, Such models as
MAPSS cannat hope to be credible without
this kind of real-warld validation, They also
are vetted internally by large-scale compar-
isons with many different data sets,

Sally Duncan is a science communications planner and writer specializing in forest resource issues. She lives in Corvallis, Orcgon,



RECOGNIZING FEEDBACK LOOFPS

he MAPSS model assumes that
Z maximum leal area index is con-
strained either by the availzbility of
water or by the availability of energy.
The models wark from such highly lacal-
ized measurements as leafl area index, to
suggest what might happen on a global
scale through time. But they are designed
to address the kinds of atmosphere/bio-
sphere-level feedbacks that could have
farests first thriving, then dying.

Caupling fully dynamic eceans and all their
system processes with atmospheric modals,
for example, has allowed simulations to
capture negative and positive feedbacks
that play 2 eritical role in the regional distri-
bution of temperature and rainfall changes,
Mailson says.

“The conclusion from our studies is that
the feedbacks betwesn the atmosphere

and the biosphere could have profound
influences on both systems. The nature of
the feedbacks span the full range of
processes from complex biophysics 1o
physiological, structural and ecclogical
processes”

Some simulations are programmed to show
what the world will lock like under an equi-
libriurn condition in which there is double
the current amount of carbon dicxide in
the atmasphare, But haw likely is an equi-
librium condition?

Meilson and his colleagues recognize clearly
that the biosphere’s response to transient
climate ¢hange could differ significantly
from that simulated under equilibrium
climates. "It's easier o build an equilibrium
madel than one that reflects the transition
states during the process of carbon dioxide
buildup. But althcugh the planet is not Bty

to settle into an equibrium state, simulat-
ing for something like a doubled carbon
dioxide supply tells you what your end
point tendency under climate change
should be teward” he explains,

In ane of its new dynamic versions, MCI
(MAPSS-CENTURY) has incorporated a
wildfire model, in recognition of the huge
role fire plays in carbon release, and in
wegetation change. The fire component
tracks the change in intensity and the
spatial distribution of fires through time,

‘What's under the hood is indeed compli-
cated, and it's only going to get more 5o, as
processing speed and parallel processing
continue to improve. Just imagine, then,
what inchuding such elements as insect infes-
fation, dispersal of seeds, and vegetation
establishment in their calculations will do.

CAN WE MANAGE FOR GLOBAL WARMING?

an we really hope to model soma-
thing as complicated as Earth's
climatic systems, its vegetation and

water systerns, and get any kind of reasan-
able pacturel

Global modeling teams always use more
than one model for comparative purposes,
Meilson points cut They do it for their awn
cross-checking purposes, but it also allows
them to answer those policymakers when
they ask whether there are consistent
responses from different models in differ-
ent regions of the country, under different
SCEnanos.

Meilson believes the implications of the
madels as tools for planning futures must
become a central management issue.
“Managers can't afford to look at their own
sectors exclusively any mare. Integrated
assessments are essentizl to try to deal
with decisions about whether you grow
trees to sequester carbon, for example, and
then how you pratect your water
resources from drying up.”

An alternative 10 this approach might be to
use the landscape in some locations as a
Vearben pump” moving wood from rapidly
growing forests over short rotations inta
long-lved forest products. he suggests.

"The idea here is not that we as re-
searchers can come up with definitive
answers or recommendations. s cur rale
te present opticns—if you do this, that is

likely to resuli—and wherever possible,
start zeraing in, narrowing the uncertain-
ties. That way, manitoring <an be structured
ta detect early wamings of dimate change,
and research can be coordinated to help
explore altermateves in managing resources.”

OF course, there are multifaceted global
implications, Meilson points out that shifting
distributions and changing productivity of
forests would affect regional forest markets
within the global forest marketpiace. Mational
and regional economies could be aitered.

‘Within this context, it is crucial to recognize
that almest all regicnal plans are constructed
on the assumption of a stable climate, he
sy The Morthrest Forest Plan and Interior
Columbia Basin Ecosystem Management
Praject are two obwious examples.

"The expectations of fdure growth trajec-
taries in the current plans would nesd
significant medification, and balancing the
management of these issues is not about 1o
get any easier” says Meilon.

The growing power and complexity af
climate change modeling needs continuing
institutional support, he believes, to prepare
us as well as possible for uncertain out-
comes. After all, if the insurance companies
are involved, you know well pay for it one
way or the other

“Ah what a-dusly ansgwer gety
the soul — When hot for
certainties in this ouwr Lifed”

Gearge Maredith (1828- 1909}
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