cific Morthwest
Research Statlon o E

Are We Sure the Globe is Warming? ... ... 2
Wiew From the
T Th
Too Many Varia,

the Questian | 4
ar Not Enough? ... .. 4

Feedback Loops . .

Con We Manage for Global Warn

F I N D ' N G S issue fourtean / may 1999
“Science affecty the way we think together.”

Lewis Thomas

MORE RAIN, MORE DROUGHT:
WILL THE FORESTS THRIVE OR DIE?

IN SUMMARY

(ilobal Warming: Is it real or noi?
Ran Neilion, PNW Research Station
bioclimatologise, has been studving
the phenomena for about 25 years. He
also is the lead author on one of three
madels in the world designed to rack
climate-driven vegeranion change
patterns on the planet.

Neilzons findings. feaiured in this

issue of “Science F

dings," may be
able to assisy land managers to pre-
pare for global warming impacts.
WNeilon and his colleagues developed
arcas under most elimate change scenarios, and e ol Ve opy ek e
« companics in the United States, where i
phere-plant-seil system (MAPSS ).

The MAPSS model can simulate
changes in vegetarion disiriburion
and ruraff under altered climare and
carban divxide concentration. Key

ter fountain:

Conversation gverheard a

Man: Hey, that glotal warming

stuff. Showld I believe that, or iy
it just another crock?

y [indings from Neilsan's work reveal
says ?A: Meilson. “But a i that the Pac
Waman: Youw better believe if; just as firmby that the error

buededy. The inswrance w"pe is too great to make any definitive
companies de. gt

Naorthwest is an area

of WRCErLainy.

Qeher key findings reveal thar there
is long past age of querying is a shifting of vegetation to the north,
hr- truth of gl A biclimatelo- dieback of boreal forests, and con-
rinned warming remperarures thar
have the potential to strain warer

. Future forest 2
plans should rake into account the
range of possibilities under climate

he overwhelming majority of
the planet is warming, change scenarios.

mou;

sgientists a




He has sew analytical and 1 wological
reasons for feeling the confidence he does
in the value of climate ch 2e maodeling,
But one of the more compelling reasons,
and certainly the maost gratifying, has
evolved out of work he did 25 years ago as
a graduite studest tromping through the
woods and the desert compiling field data,

“The model and that old emperical data on
wegetation, cimate, and runoff characteris-
s 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 cour
d. The medel m
even though it was running across the
entire continental landscag

L= KEY FINDINGS =4

* The MAPSS model can simulate the changes in vegetation distribution and
runoff under altered climate and carbon dioxide concentration, It simulates
bath type of vegetation and density, for all upland vegetation from deserts
to wat 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 “ne change” arcas within the
United States, and the Morthwest is an area of uncertaincy.

* Early stages of global warming could see increases in pmductl\uty and dansicy
of forests worldwide, as increased carbon dioxide aces as a ferdlizer. Con-
tinued clevated 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 pmductwe vegeration gmwrh could
be offset by pulses of carbon into the atmasphere from increased wildfire.

ARE WE SURE THE GLOBE IS WARMING?

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

L

Global temperature recards take us back
as s 200 years in Europe, with some
local sites, with fewer instruments, stretch-
ing even further. Tree rings take us back
ousand years. koe cores and deen
oean sediments reach beyond that.

“There is excellent evidence in instrument
ring measurements that the planet

is warming, that it is hotter than at any time
over the lzst 2,000 years.” says Mailson "
currently heading towards
mperatures since the last
ch occurred during the
thermat maximum of-around- 5,000 pears
ago!" He notes that there [s clear evidence
alse of ather expected s of global
warming, such as increases in ronfall and
caoling of the upper atmosphere as a
result of the heat-trapping gre
effect below it.
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What's causing this? "It could be natural
variaticns, internal oscillations in weatk
patterns or wvari n solar output, or it
could be human- i~cu\ed pree..hcuse
s prot-
t .50 )c"cm cacn—natu-al versus

hat th
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VIEW FROM THE CRYSTAL BALL

uppesing, then, we accept the

premise and agree that the planet is

warming. 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 going an. They've noticed
the increase in their disaster payouts.
Electric utilities have questions. And now
Senators are asking,

MNeslson presented recent findings in 1996
for 2 Roundtable Discussion on Local and
Regional Effects of Global Climate Change,
for the Environment and Public Works
Committee, at the invitation of Senator
Josaph Lieberman {D-Conn). He was asked
to address several key issues: What specific
regionzl impacts become apparent under
simulations? Howe well, really, can we simu-
late thesa local effects of climate change on
forests and native vegetation? Do different
medels produce consistency about paten-
tial effects? and How useful are the models
for multisector assessments invol waker
ildlife, industry, and urban

“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 managemer
unit they recognize, and by trying to find
patterns, to. extract a larger synthesis from
seemingly disparats pieces of information”

Patterns. Under all potential future climate
scenarios, forests are projected to shift
northward into curmently nonforested areas.
Vegetation mass a8 a whale, and thus the
Earth's carbon stocks, would lkely increase
in the beginning, acting 2s a sa-called nega-
tive feedback to global warming, If climat
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

o, if left on the
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

of i

include carbon sequestration.

* With global warming and the ibili
sions control treaties, the forest management missian could expand further to

g EA5 omis-

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

tion to

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

the range of p

under climate change scenarios.

digxide into the atmosphere, 3 pasitive
feedback that would exacerbate global
warnning,” Meilson told the committee.

Although there are significant differences
among the many simulations run, they all
suggest there are few “na change™ areas in
the United States, he said. And all simula-
tions shaw growing amaunts of forest
susceptible to drought-induced dieback as
ternperatures increase.

The other most notable pattern, he added, is
t within the temperate 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?

“Regional 1o lecal ‘winners’ and Tasers’ are
mest easily displayed by looki
change in vegetatian dengit
lated via beaf area” MNeflzon 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
Frarida, the Southeast could be at consider-
able risk. Consistent “winners’ seem 1o be
the central valley of California, the
Southwest deserts, and Florida. The
IMortiwest is quite uncerta

A closer book at the Morthwest and its un
certain futue flustrates well the larger ques-
ions of uncertainty in dynamic modelng.

GETTING FROM NOW TO THEMN: POSSIBELE THRESHOLDS

Forest Dieback

Evapotranspiration

NOW

THEN

A Early global warming may increase productivity and density of vegetation in cerlain areas,
buat at the point where vegetation ontsirips its awn water necds, dronght-induced diehack
could begin and eventially reach large proportions.




TO THRIVE OR TO DIE? THAT IS THE QUESTION

uppose the planet’s increase in car
Shan dioxide—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 eutstrips 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
dichack. Such landscape-scale stress would
increase susceptibility to fire and diseass,
ard the eventual loss of forest cover could
far outweigh the early gains,

“Motably, the areas most susceptible to this
phenomenon are the Morthwest and the

the two biggest timber-p E

TOO MANY VARIABLES, OR NOT ENOUGH?

ehind all the maps and the simula-
Btians 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
uplend vegetation on-the-Earth, based on
climate and soils, and relies on current
knawledge of both vegetation and hydro-
logic processes. Foe example, it tracks the
physiclogical effects of elevated carbon
dicxide on the water use efficiency and
praductivity of plants

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

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
will happen, he says. In such areas with high
winter rainfall, but dry summers, the water
runcif-yegetation relation is more comple.
Both can increase, largely because of the
offset of their seasens of activity Thus in
the Merthwest, the timing of rainfll 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 inalterable. Simulations show
that under continued warming in' the West

tem modeling and anzlysis praject (VEMAF)
models that are then able to be truly
dynamic over large areas, and through time,
one of them all the way from 1695 to 2100,

“MAPSS challenges the long-standing
assumption that medels cannot operate
across large scales. Models have histarically
been built for very small scales. The early
ones grew vegetation and included some
nutrient cycling. but they couldn’t move veg-
etatian around, MAPSS can.” says Meilsan.

Mot only that. it pravides intemally consis-
tent and pyblished simulations at global,
continental, and regional scales, the latter
with 2 resolution of about & miles. A proto-
type version of the medel is bringing it
down 1o 2 resolution close to the size of a
footkall 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 decline,
they would use less water In combination
with less snow formation and earlier melt,
this could result in increased winter flows
with passible flooding, Meilsan points out
these changes in annual runcff alsa could
hinve: profound implications for the availabil-
ity of water for irrigation, domestic uses, elec-
tracity generation, and freshwater fishersas.

The reason Meilson and his colleagues can
#ven make these surmises about water in
an area of regional uncertainty such as the
Morthwest, is that the medels they are
using teday have the vegetation processes
fully coupled to the hydrologic progesses,
Things under the head, it seems, are getting
pretty complicated.

exchange between the atmosphers and the
bicsphere, and address the role of the bio-
sphere in affecting climate change. It is cne
of the medels in VEMAR which was formed
to closely examine the new models and
apply them to LLS. assesement activities.

“The more variables you can incorporate
into a model, the greater your confidence
<an be" Meilson says, “and yet the quest is
abways 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 alsa
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 Carvallis, Orcgon,



RECOGNIZING FEEDBACEK LOOFPS

he MAPSS model assumes that

maximum leal area index is con-
2 strained either by the availzbility of
water or by the availability of energy.
The medels work from such highly local-
ized measurements as leal area index, to
suggest what might happen on a global
scale through time. But they are designed
to address the kinds of atmosphere/bic-
sphere-level feedbacks that could have
farests first thriving, then dying.

Caupling fully dynamic eceans and all their
system processes with atmospheric madals,
for example, has allowed simulations to
capture negative and positive feedbacks
that play a critical rede in the regional distr-
bution of temperature and rainfzll changes,
Meilson says.

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

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

Some simulations are programmed to show
what the world will loak like under an equi-
libriurn canditien in which there is double
the current amount of carban dicxide in
the atmosphere, But how likely is an equi-
librium condition?

Meilson and his collsagues recognize clearty
that the biosphera’s response to transient
climate thange could differ significantly
from that simulated under equilibrium
climates, "It's easier o build an eguilibrium
maodel than one that reflects the transition
states during the process of carbon dioxide
buildup. Bust although the planet is not Beety

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

In one of its new dynamic versicns, MCI
(MAPSS-CENTURY) has incorperated a
wildfire model, in recognition of the huge
rale fire plays in carbon release, and in
vegetation change. The fire component
tracks the change in intensity and the
spatial distribution of fires thraugh time,

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

CAN WE MANAGE FOR GLOBAL WARMING?

an we really hope to modal soma-
‘ thing as complicated as Earth's
climatic systems, its vegetation and
water systerns, and get any kind of reasan-

able picture!

Glebal medeling 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 poficymakers when
they ask whether there are consistent
responses from different medels 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 more. 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 1o this approach might be to
use the landscape in some locations as a
Yearben pump’ moving wood from rapidly
growing forests over short rotations inta
long-lived forest products. he suggests.

“The idea here is not that we as re-
searchers can come up with definitive
answers or recommendations. its eur role
te present options—if you do this, that s

likely to result—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
explone alternatrves 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 marketplace. 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 2 stable climate, he
says. The Northwest Forest Plan and Interer
Columbia Bazin Ecosystem Management
Praject are two obvious examples,

"The expectations of fture growth trajec-
tories in the current plans would need
significant medification, and balancing the
management of these issues is not about ta
gt any easier” cays Meilion

The grewing power and complexity af
climate change madeling nesds continuing
institutional support, he believes, to prepare
us as well as possible for uncertain out-
comes. After all, if the insurance companias
are invohved, you know well pay for it one
way ar the other.

“Ah what a-dusly ansgwer gety
the soul — When hot for
certainties in this owr Lifeld”
Gearge Maredith (1828- 1909}

FOR FURTHER READING

Lenihan, [ M. [and athers] | 998, Simudaring broad-scale fire severity in a dynamic global
vegetarion madel, Morthwest Science 7L [Spacia] issua).

Meilsan, B 1995, A madel for p

Jiamit e

water balance. Ecologieal Applications. 5(2) 362-335.

Meilson, R Drapek, R, 1998, F

v complex biogp

o transient global

warming. Global Change Biology, 4 505-521.

Meilson, R Running, S, 1996, Glabal dynamic vegeration modelling: coupling biogea-
chemisiry and biogeography models. inc\Walker, B. [and others], eds. Glabal change and
terrestrial ecosystems. [Cambricge, England} Cambridge Unhversity Press.

Watsen, BT [and athers]. eds. 1998, The regional impaces of climate change: an assess-
ment of vulnerability. Specil report of IPCC working greup I [Cambridge, England]:
Camnbridge University Press,



.

FINDINGS

US. Departrmant af Agriculturs
Pacific Morthwest Research Station
333 S First Avenue

PO, Bos 3890

Partland, Oregon 97208-3820

Oificial Business
Panalty far Private Use, $300

BULK RATE
POSTAGE +
FEES PAID
USDA - F5
PERMIT MNo. G-40

SCIENTIST PROFILE

COLLABORATORS

Ronald B Medson i a bi gist and
team leader of the MAPSS Team, Managng
Disturbance Regimes Research, Development
and Application Program, Pacific Nortbwest
Research Station. He received his B.A, MS,
and B0 degroes in bickogy with increasing
emphasis on plant ecology and bicgeography.
His publshed dissertation work resulied in the
1987 WS, Cooper Award firom the Ecological
Saciety of America for excellence in physicgraphic ecology. For the
past 25 years his research has focuzed on understanding and simu-
lating the mechanisms of vegetation distrbution and functicn.

Meailsan can b reached at:

Pacific Morthwest Research Station/USDA Forest Service
3200 5 Jeflerson Wy

Corvallis, Oregon 97331

Phone: (541) 7507303

E-mail: rneilsonfréprw_corvallisiifs.fed.us

Dominique Bachelet, Oregon State Untversity

Chnis Dby, Oregon State University

Jim Lenihan, Oregon State University

Ry Drapes, Qregon State Unhersity

Phil Sofins, Oregen State University

Susan Stafford, Oregon State University

Sue Ferguson, USDHA, Forest Service

Rutry Leurg, Battelle, Pacilic Northwest Laboratony
MarkWigmosta, Pacific Northwest Laboratory

Steve Runnng, University of Mentana

Dennis Cimna, Colorade State University

Bl Parton, Colorade State University

Tirn Kittel, Mational Center for Atmospheric Research
Linda Mearns, Mational Center for Atmaspheric Research
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