GLOBAL
CHANGE

The greenhouse effect is real — a natural function of
varigus constituent gases in the atmosphere that limit
the radiation of heat energy from the Earth to outer
space. Without the greenhouse effect. the Earth's sur-
face would be about 60 degrees C cooler.

The overarching indicator of glebal change is a per-
sistent trend toward worldwide climate change that
goes beyond so-called normal vanation and that
seems likely to lead fo intensified and unpredictable
avents in nature.

The concern of the world's governments and the
scienlific community 18 manifest in unprecedented
basic research initialives to delect. understand. and
predict global change. These initiatives involve an
expanding network for cooperation in setting research
priorities and objectives and gathering. sharing. stor-
ing, refrieving, and utilizing relevant data. U.S. par-
ticipation in these initiatives is backed by a substantial
budget for glcbal change research (see Table 1).

The greenhouse elfect has become an issue of
giobal concern because

+ the cumulative effects of human (anthropogenic)
influences in increasing the concentration of green-
house gases appears to be either causing climate
change or accelerating natural cycles and trends, and

« these changes seem {o be occurring at arate 10 to
60 times faster than any known previous climate
change.

The evidence so far shows the Earth to have
warmed about 0.5 degree C (about 1 degree F) in the
past 100 years. Although a number of periods of bath
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decade-fo-century time scale. Arrows refer to the seven first research priority questions as described in The IGBP

Global Change Report, #12, 1550.

cooling and warming taok ptace during that time, the Six
warmest years on recard all have occurred within the
pastdecade. The Earth now is warmer than at any time
in recorded histary.

If global warming is in fact occurring. the actual mean
temperature increase involved will not be the primary
focus of concern for natural resource managers.

Rather, it will be the magnitude, frequency, geographic
extent, and duration of the climatic “events” - the epi-
sodic events of wildfire, hurricanes, drought. etc. - that
could accompany even a modest overall warming.
These are the kinds of events that are known t0 cause
significant changes in ecosystems. These changes, if

Continued on page 2

Table 1: FY 1990-1991 U.S. Global Change Research Program Focused Budget  (Doilars in Millions)
s nogn | oo (e | P e ] B | i | P | i

FY90 FY91 | FY9 FY91 | Y9 FY9l | FYQ FY9l | Fy90 FY9l FY9 FY91| FYS0 FY91| FY9 FY9l1
Agency Tolals 659.3 103.1 [ 2917 4615 | 1987 2658 90.2 178.6 17 19.1 4.8 15.0 57.4 809 88 132
DOC/NOAA 18.0 87.0 14.2 67.6 33 135 0.0 49 0.5 1.0 0.0 0.0 0.0 0.0 00 0.0
DOE 500 66.0 320 440 1.0 9.0 9.0 10.0 00 0.0 2.0 3.0 0.0 00 00 0.0
DOL 1313 437 4.9 122 0.8 2.0 09 10.3 24 80 09 5.3 3.4 5.9 0.0 0.0
EPA 13.2 26.0 1.0 33 25 3.1 9.7 196 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NASA 488.6 661.0 § 2214 3025 |1622 1983 510 90.0 0.0 0.0 0.0 0.0 47.7 63.0 6.3 7.2
NSF 550 103.0 16.8 29.8 20.2 322 35 8.5 4.5 9.0 1.2 5.5 6.3 12.0 25 6.0
USDA 21.2 474 14 2.1 2.7 .9 16.1 353 0.3 1.1 0.7 1.2 0.0 0.0 Q.0 0.0
Scientific Objecuve
Observations 137.2 2550 89.1 1489 17.2 389 14.1 396 00 02 0.0 22 13.1 20.8 17 44
Dala Management | 652 1294 29 4.0 212 34.7 55 17.7 0.5 22 04 10 38 88 09 10
Understanding 409.7 5600 | 1431 2003 | 1481 1762 65.5 103.2 6.1 13.1 29 10.6 40.5 50.1 3.5 6.5
Prediction 472 89.7 266 483 122 16.0 5.1 181 1.1 16 1.5 12 0.0 1.2 0.7 13

The Assisiant Secrefary of the Interior for Fish, Wildlife, and Parks is the Departmental overseer of the NPS Global Change Program, which is headed by NPS Assistant
Director for Natural Resources Eugene Hester. The Global Change Program organizational chart is availabie from the Regional Chief Scientists and from the new Washington
Oflice Global Change Program Coordinator, Pete Comanor (See bio, page 8. (Table: From USGC Research Program Report for FY 1391, pp. 18-19.)



and when they accur, will define the new fimits within
which resource managers will have to operate,

Circumstantial Evidence

The evidence on the climatologicai effects of
anthropogenic increases in carbon dioxide. methane,
nitrous oxide. chlorofiuarocarbons {CFCs), and sev-
eral minor greenhouse gases is circumstantial. But
most global circulation models {GCMs) indicate that,
with an equivalent doubling of CO2 levels by mid-21st
Century. the average gtobal temperature can be
expected to increase by 3 t0 5 degrees C (510 9
degrees F) {Intergovernmental Panel on Climate
Change. May 2,1990). The probability of an increase of
this magnitude is subject to considerable debate.
although even conservative authorities concede it at
least a 50-50 chance - a probability level that, from a
policy perspective, warrants significant concern.

In addition 1o the direct effects of ciimate change. an
accelerated rise in sea level is expected as a result of
warming-induced expansion of the oceans and poten-
tial melting of polar ice. According to the IPCC Repart
ireferenced abover:

“By 2030, even if greenhouse forcing increased no
further. there would stil be a commitment to a continu-
ing sea level rise for many decades and even cen-
turies, due to delays in climate, ocean. and ice mass
responses, Sea jevel would go on rising from 2030 to
2100 by as much again as from 1990 to 2030. due to
the effects of pre-2030 greenhguse gas increases
alone.” {See Figures., p. 7}

Changes much larger than those suggested by the
GCMs have occurred many times in the Earth's geo-
logic history and no doubt are likely to occur naturally
sametime in the planetary future. However. never in
human reccrded histary have such global climatic and
related changes occurred at the rate projected and
with the degree of human involvement that is now
being investigated.

Uncertainties Abound

Many uncertainties cloud our predictions. particu-
larly with regard to the timing. magnitude. and regional
patterns of climate change. These uncertainties stem
particularly from our incomplete understanding of:

« the sources and sinks of greenhouse gases, which
affect predictions of fulure concentrations:

+ the role of clouds, which strongly influence the
magnitude of chmate changes:

+ the role of the oceans. which influence the timing
and patterns of climate change:

+ the role of poiar ice sheets, which affect predic-
tions of sea-level rse.

These dynamic earth syslem processes are par-
tially understood. Proposed researcn wil reduce the
uncertainties. but the complexity of the overalt system
means that surprises cannot be ruted out. particularly
wth regard to natural systems.

Potential Management Problems

Tne potential ecological effects of a 3 to 5 degree G
annuJal globa warming projecled tc occur by mid-21st
Century were discussed in the Conference on Conse-
quences of the Greenhouse Effect for Biological Diver-
s ty. arganized by the Wor'd wildlife Funa and cospon-
sored by the NPS and other agencies in October, 1988,
The Canference provided a valuable summary of the
k.nds of effects lixely to be of special inlerest to natural
resource managers.

Some netanle examples nclude changes in tming
anc -ates of snowmelt, and assoc.ated eftects such as
acid puise; and changes n tne frequency of hur-
rcanes. with reduced produchvity of mangroves and

Carbon Dioxide 55%
Methane 15%

- Nitrous Oxide &%

[:] CFCs 4%

The contribution from each of the man-made greenhause gases to the change in radiative forcing from 1980 to
1990, The contribution from tropospheric ozone may also be significant but it is difficult to quantily.

GLOBAL WARMING POTENTIALS OF
GREENHOUSE GASES RELATIVE TO CO,

Time Horizon

20 yr.
Carbon dioxide 1
Methane 63
Nitrous oxide 270
Chiloro- 4100-
fluorocarbons 7100

100 yr. 500 yr.
1 1
21 9
290 190
1500- 510-
7300 4500

{Figures are best estimates calcuiated on basis of present day atmosphere.)

other hurricane-influenced ecosystems. For some
plant species. the direct effects of rising levels of CO2
inincreasing the rate of photesynthesis {the so-called
“C02 fertilization™ effect) and reducing evap-
otranspiration could be significant. with potentiai rami-
fications af the ecosystem. biome. and biosphere jev-
els. Robin Graham. Monica Turner. and Virginia Dale
have provided an excellent overview cf the state of
knowledge of the effects of CO2 and climate change
on forests inthe Seplember 1980 issue of BioScience.

There may be major shifts in distribution of comman
forest trees. Preliminary research indicates that the
range of such important deciduous forest species as
sugar maple. beech, yellow birch. and eastern hemlock
might have to shift 500 km northward under global
warming. with accompanying extinction throughout
much of their existing ranges. Failure of reproduction in
areas outside a species climatological fimits 1s likely to
be an early sign of change.

Targets of Heat Stress

Animals that require multiple habitats for completing
their life cycles. such as amphibians and migratory
birds. could experience significant stress. Heat stress
coud affect the survival of embryos of ground-nesting
biris. animals such as pocket mice that burrow under-
ground to reduce heat loads. and celd-blooded spe-
cies. such as many desert lizards. with distributions
determined by temperature. It also ccula encourage
increased agaression. competition. and other behav-
ioral impacts on many animals. Natural shifts in ranges
may be especiaily difficult for animals with low fecun-
dity or 10w natural rates of dispersal. Animais known o
pe subject to temperature-induced switching of sex
ratios, such as some turtles and geckos. could be at a
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particular disadvantage.

Species refationships, such as plant-herbivore inter-
actions. and the distribution ang abundance of para-
sites could change. The possibility of rapid proliferation
of species. including disease organisms. able to
invade habitais affected by climatic stress and related
disturbances, such as wildfire, is a major concern,

A Letter To The Parks

The list of ecolegical resources and regions likely to
be especiaily vuinerable lo the effects of climate
change reads like a letter to the National Park System:
Arctic tundra, and boreal forests: alpine. subalpine and
relict communities; western forests; ccastal lagoons,
marshes, and coastal barriers; coral reefs; and many
populations of endangered. threatened. rare. and
endemic species. GCMs are in general agreement that
the magnitude of global warming is likely to be greater
athigh latitudes and in mid-continental areas. In North
Amenca. these are areas where the National Park
System 1s particularly well represented.

A large invenlory of the nation's cultural resources
also 15 potentially at risk from the effects of global
change. Sea level rise could threaten lighthouses,
coastal fortifications. archaeclogical sites, and other
cultural resources in coastal areas. Rising groundwa-
ter levels could result in structural damage to founda-
tions of historic structures in affected areas. Increased
precipitation in arid areas would adversely atfect
adobe and other climate-sensitive materials.

Overall, the ecofogical and cultural heritage
included in the National Park System, by any measure.
ranks high on the list of resources at risk from the
effects of global change.

Continued on page 7









