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NOTE TO EILEEN AND KATIE FROM DAN

RE: T

Y’S IWG MEETINGS

3/29/93

Just a quick update on the two IWG meetings I attended

today: Antarctica; and Forests. In each meeting, we reviewed
text for the IWG report.

Antarctica

(o]

The 3/26 draft paper we reviewed focused almost exclusively
on the implementation of the Protocol on Environmental
Protection to the Antarctic Treaty.

To this end, the paper contrasts the relative merits of two
bills introduced this session to implement the provisions of
the Protocol:

1) introduced by Rep. Boucher, Chair of the Subcommittee
of Science of the Committee on Science, Space and
Technology (based on a proposal by the Bush
Administration)

2) introduced by Rep. Studds, Chair of the Committee on
Merchant Marine and Fisheries (reintroducing former
chair Jones’ bill from last session)

In general, Studds’ bill goes further than Boucher’s. The
biggest difference between the bills regards agency
responsibilities and oversight. 1In both bills, NSF would
continue to run the US Antarctic Program, but Studds’ bill
would give most of NSF’s regulatory functions to NOAA.

I asked whether this is the full extent of the scope of this
issue, and if it is the only issue, to be reviewed.

+ The response from State (Tucker Scully) is that other
upcoming issues and meetings (e.g., leading up to Japan
in 1994)are not ripe to be discussed. I suggested that
we could at least flag any additional upcoming issues
in the paper.

+ NOAA suggested, and State agreed, that we should have a
separate section on the Convention on the Conservation
of Antarctic Marine Living Resources (CCAMLR)



Forests

o We reviewed the 3/28 draft paper in detail. One of the
biggest (and most immediate) issues in the paper is on the
ITTA renegotiations. I raised several points:

+ it would be helpful to lay out clearly who the
different groups are on this issue and what exactly
they want

- this is actually tougher than it sounds because
several issues are easily confused: whether there
should be a commodity agreement for temperate/
boreal timber; whether there should be forest
management principles (e.g,. Target 2000) for
temperate/boreal forests; and whether the ITTA
renegotiations are the appropriate vehicle for
anything other than improving the ITTA in its
current function regarding tropical timber

- it is especially tough because the ITTA is itself
neither a true commodity agreement nor a true
forests management agreement, instead it has
elements of both: it is supposed to be a
commodity agreement, but it doesn’t address
pricing or supply issues (only data/transparency
issues) and the ITTO funds projects toward a
sustainable management target

- thus, if someone says they want to expand the ITTA
to all timber, it is not necessarily clear what
they mean (a commodity agreement or a forest
management agreement) For example, LDCs say they
want to expand ITTA to all timber, but what do
they mean? They have insisted vehemently that
they don’t want any global forest management
principles, but what possible stake/interest could
they have in a temperate/boreal "commodity"
agreement? It seems like a diversionary tactic
whose bluff could be called by saying "OK we
expand the ITTA ‘commodity’ agreement to cover all
timber, but we also expand it to fully embrace the
global forest management principles agreed at Rio"

+ it would also be helpful to include any factual data on
the levels of timber production and trade in both
producer and consumer countries

+ that OEP/NSC should be involved in the USTR working
group on the ITTA renegotiations

- I talked to Duane Sams and Jennifer Havenkamp, who
promised to include me in the group



Another issue that came is the Forest for the Future
Initiative (FFI).

+ CEA pushed to remove the option to abandon FFI after
meeting the $16m FY93 commitment because $30m in FY94
is included in Clinton’s "A Vision for Change" package.

+ I resisted, saying that the point of the review is to
have all the options on the table, and that it was not
good government to have a single preliminary funding
decision drive the discussion on the entire issue

+ However, there seemed to be consensus in the group to
drop it and I didn’t want to impede progress, but I
emphasized that it is dangerous to assume that
something is a fait accompli just because it is in the
proposed package
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3/5/93

Katie:

Enclosed is a comparison between NEPA and the Antarctic
Protocol Environmental Impact Assessment requirements. It simply
confirms what was stated at the interagency meeting today - that
is, the United States has already made the commitment to do at
least as much as NEPA requires (note that the protocol applies to
non-governmental activities as well as federal actions). The
protocol requirements are a major step for the National Science
Foundation which has hitherto been slow to comply with even the
executive order, and very reluctant to involve the interested
public. The one big difference remaining between it and NEPA, of
course, is judicial enforceability. Let me know if you need more
detail or want this in a different format.

Also enclosed is information related to the most recent and
dramatic environmental accident in Antarctica. As you can see,
even an NSF lawyer stated that "we should be more deliberate in
conducting an environmental assessment, whenever possible.

I am working on the analysis we discussed and also
identifying environmental impacts of typical naval activities in
the high seas, and if possible, any specific "incidents". I will
have both for you Sunday evening or Monday morning, but if you
need anything in the meantime, don’t hesitate to call. I should
be easily reachable at either home (291-7273) or office (5754).

el



COMPARISON OF ENVIRONMENTAL IMPACT ASSESSMENT PROVISIONS
IN NEPA/CEQ REGULATIONS AND THE ANTARCTIC PROTOCOL/ANNEX 1

PURPOSE/PRINCIPLES

NEPA: Basic national charter for protection of the environment. To ensure
environmental information is available to public officials and citizens before decisions
are made, and before actions are taken. The NEPA process is intended to help public
officials make decisions based on an understanding of environmental impacts, and take
actions that protect, restore and enhance the environment.

PROTOCOL: To ensure that the protection of the Antarctic environment and
dependent and associated ecosystems are fundamental considerations in the planning
and conduct of all activities in the Antarctic Treaty area. Accordingly, activities in
Antarctica shall be planned and conducted on the basis of information sufficient to allow
prior assessments of, and informed judgments about, their impacts on the Antarctic
environment.

APPLICABILITY

NEPA: Applies to federal actions, including plans, policies, rules, regulations.

PROTOCOL: Applies to both governmental and non-governmental actions, including
those pursuant to scientific research programs and tourism

SCOPING

NEPA: Provides for scoping process at an early stage in the process to identify
significant environmental issues, and to deemphasize insignificant issues

PROTOCOL: Does not articulate scoping process (presumably because the Antarctic

Treaty Parties recognized the particulars of EIA implementation would be drafted by
each individual Party)

2-Part Process (EA/EIS-- IEE/CEE)

NEPA: Environmental Assessment (EA) prepared to determine whether federal action
may have a significant impact on the environment; if so, then the more comprehensive
Environmental Impact Statement (EIS) is required in both a draft and final form

PROTOCOL: Requires preparation of an Initial Environmental Evaluation (IEE) for
any proposed action that may have at least a "minor or transitory" impact on the
environment; if so, then preparation of a Comprehensive Environmental Evaluation
(CEE) is required in both a draft and final form



THRESHOLD STANDARDS

NEPA: EA prepared to determine whether an action might have a significant impact on
the environment; if there is a finding of no significant impact, the action may proceed,
as no EIS is required

PROTOCOL: IEE to determine whether action may reasonably be expected to have a
significant impact; if IEE indicates that the action is likely to have no more than a
minor or transitory on the environment, then the activity may proceed, as no CEE is
required

DOCUMENTATION

NEPA AND PROTOCOL: EIS and CEE to include, inter alia, a description of the
proposed activity, including alternatives to that activity; a description of the character of
the likely impacts of the proposed activity; consideration of indirect and cumulative
impacts; identification of measures, including monitoring, to mitigate impacts and detect
unforeseen impacts; identification of unavoidable impacts

PUBLIC INVOLVEMENT

NEPA: Requires public involvement in preparation of EA; requires public involvement
for the preparation of draft and final EIS

PROTOCOL: Does not address public involvement in preparation of IEE; requires
public involvement in preparation of draft and final CEE

CIRCULATION OF, COMMENT ON, DOCUMENTS

NEPA: Requires EA, draft and final EIS be made available to the public for comment.
Final EIS must address comments received on draft EIS, and must be circulated for at
least 45 days before the commencement of the proposed activity

PROTOCOL: Does not address circulation/comment regarding IEE; requires draft and
final CEE be circulated to all Parties for comment, and at the same time forwarded to
the Committee for Environmental Protection. Final CEE is to address and include or
summarize comments received, and shall be circulated to all Parties at least 60 days
before the commencement of the proposed activity

EMERGENCIES

NEPA: Where emergency circumstances, make it necessary to take an action with
significant environmental impacts without observing NEPA and CEQ regulations, then
federal agency should consult with the Council on Environmental Quality about
alternative arrangements. These arrangements would be limited to actions necessary to



control the immediate impact of the emergency

PROTOCOL: Provides exception to EIA process in cases of emergency relating to the
safety of human life or of ships, aircraft or equipment and facilities of high value, or the
protection of the environment. Immediate notification of activities undertaken in such
circumstances is required, and subsequently a full explanation of those activities

LEGAL RECOURSE

NEPA: No criminal or civil penalties. Pursuant to tenets of administrative law, citizens
may file lawsuits where agencies do not comply with NEPA and CEQ regulations

PROTOCOL: Obligates Parties to take appropriate measures within their competence,
including the adoption of laws and regulations, administrative actions and enforcement
measures, to ensure compliance with the Protocol and Annexes.
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LETTERS TO NATURE

is fairly succescful for a variety offiquids over extended pressure,
compression and viscosity ranges, and vields physicallv reason-
gble predictions.

The empirical Vogel-Tammann-Fulcher (VTF) equation,
log n— A+ B/(T—-T,), Is an excellent representation for the
temperature-dependent viscosity data of glycers! over 12 orders
of magnitude’, where T, i roughly the Kaucuiann tem-
perature™ fat which the liquid and ciystal are isentropi¢). A
modified form of the VTF equation, in which T, is astumed to
depend linearly on P, has been ysed 1o fit high-pressure conduc.
tivity*#* and Brillouin scattering data®® but does not deszribe
Qut viscosity data. Following the assumption that the parameters
A and B are constants™ ¥, independent of both pressure and
temperature, then the isothermal high-pressure viscosity daia
can be used with the VTF fqQuation to calculate To(P), Applying
the amhienr-pressure resuit™ that T,= Tyl 55K, we gblain
T(P) as shown in Fig. 4. This plot has several impenunt
features. First, the resuiting T,0P) are nonlinear with pressure
and agree witk estimates from high-pressure measurements of
heat capacity and dielectric constani®®, Such nonlinearity is not
Widely recognized but was theoretically predicted?? and has been
seen (or other liquids™’. We do, however, find a linear relatjon-
ship between 7, und volume iinset to Fig. 4).

Alternatively, one can assume that A and the ratio B/ T, are
constant, a< found for methanol over a limited pressuie range’.
This leaves unaltered the nonlinear behaviour of To( P), but now
T, — Ty must increase with pressure 10 agree with experimental
dawa. The nearly linear relationship between T, and volume is
preserved. The key difference between these two models is
whether the tragiiity parameter B/ T, (ref. 20) is independent
of pressure. This parameter is retated to. the rate of structural
breakdown in ihe liquid adove T, and is used for the
classification of glass-forming liquids. But past studies have not
addressed its pressure dependence. Evaluation of this requires

————

variable-temperature, high-pressure data, and the sing.e g,
ahle viscosity point for glycerol” suggests that 8/ T, i3 ndegy
dent of pressure. This suggests that the combined edects -
temperature and pressuce on glycerol are cych that an izothe -
crossing of T,, atany pressure, would vield a constant oDy -
ational entropy change. Fusmher data are clearly requires -
clarify this issue.
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Recent change of Arctic tundra
ecosystems from a net carbon
dioxide sink to a source

Walter C. Oachef*t, Steven J. Hastings®,
Gocrge Vourlitis®, Mitchell Jenkins®,
George Riechersi & Narcy Gruike$

* Systame Ecolegy Acaserch Growy o frepartment of Biiogy.
Sen Diego State Unversity, San Diego. California 92182 LSA

1 Statawioe Alr Poliution Research Center. Lnivergity of California
Riversioe, California 92521, USA

§ LSDA Forest Service. 3200 Southwes: jeferson Way. Corvaltis,
Qregon 97331, USA

ARCTIC tundra has beeo a net sink for carbon dioxide during
historic und recent geological times'**, and large amounts of
carbon are stoted in the soils of northern ecosystems. Many regions
of the Arctic are warmer now than they have been in the past®?,
and this warming may cause the soil 10 change from a carbon
dioxide sink to a sourve by lowertng the water table'"*?, thereby
accelerating the rate of solt decomposicion (CO, source)'*'* 5o
thet this dominsres over photosyathesls (CO; sink). Here we
present dats {odicating that the rundra on the North Slope of
Alaska has ludeed become & source of carhan Aloxide 1o the
dtmosphere. This change colncides with recent watming In the
Arctle, whether this Is due to increases ia greenhouse gascoacentra-
tions In the wtmosphere or to some other cause. Oxr results suggest

that tundra ecosystems may exer! u poslibve feedback on atmas-
pheric vurboa dioxide nnd greenbouse warining.

" 70 whom co'@400maB"CE $°0u'C D¢ DAY eased.

The current, reczntand future carbon Aux of terrestriaf ecosyy
teme is cantroversial'®”, und at present, the caroon bucget coe.
not balance, implying unceriainty as to the current terres ric.
carbon flux. It may be that over the past 30-40 ycars, i
terrestrial biosphere has been » net sink for carpon'!'* large
enough 10 account for the "missing carbon’ injected into the
atmosphere and not accounted for in oceanic uptake or atmos.
pheric storage'®, Analvses by Tans er al'® concluded -he
likelihood ufa net terresirial sink with high-latitude CO, sourees
to the atmosphers.

Northern acosystems tontain vp 1w 443 Gt (petageams) of
in the s0il active layer and the upper levels of the permafrost,
Of up t0 ~60% of the ~750 Gt C cuetently in the atmosplicic
a5 CO; (eefs 1-4). Arctic tundra ccosystems alone contain more
than 56 Gt C below ground as dead ofganic maiter In the
historic and recent geological past. rates of carbon dccumulation
in tundra worldwide have been ~0.1-0.3 Gt C per veari Tl
Tussock tuudra is estimated 10 have accumulated carbon at the
rate of 23gCm~ye™' 10.02Gt C per vear worldwide), wet
tundea at the rate ¢0 27 gCm™ y¢™' 10.03 Gt ¢ per year world-
wide™) (0 40-120 g m ™" vr™! (refs 24, 387,

High-latitude ecosvstems are expected o undergo the greatc:t
increases in surface temperature with 3 doubling of atmaspheric
CO,. Surface temperature increases of 4 °C in summer and s
much as 17 °C 1n winter have been predicied for high nonhern
tatitudes™ ™, providing the potential for large abso'vie and rela.
tive inercasey in tquiperatire (n arclic regions. The imponancy
of permafrost, ice and snow in controlling arctic ecosvstamn
Droce_ssesu alsa makes the Aretic paticularhy  sensitive (g
warnming®. .

Regional warmins of surface aif lemperartres’ > and perma-
frost temperatures™™ hag been cxperiencad over arctic Alasky
and Canada and/or central Siberia over the past ceqtury. ln
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LETTERS TO NATURE

Rarrow™. regional summer WAImITE uver the past U oand N
rears at Barrow ang Prughoe Bay. respeciivein, seems 1o be
rellected in their temperatyre records ‘Fig. 1oand agraes witk
the general trend in global temperaiure desiation,: 19 But
a'though the direciion of the change observed on the noah slape
ol Alaska is that predicted by general circulation models and
cimate (evonsiruclions, the lemperature rise cannot definitely
ke 2icribed 1o greenhouse warming'”

Here we teport measurenicayy of Whole.zcasvsiem CO,y fux
meastred over five seasons (]983-1084 1987, 19901 at Toelik
Lake and along a laritudinal iransect in 1990, frum the Arctic
Oceun at Prudhoe Bay to Toolik Lake, Aluska (Fig.2). The
miti«l measurements (1983- 1985, 1983, were made at Toolik
Lahs using a closed, CO, and long-1erm lemperature-cantrolled.
roll balance greenhouse chamber (CO.LT charber) system™!
Duriag dic summer of 1990, we mad» diutnal and seasonal
Measurements of ecosystem CC. Ruy along a nomh-south
transact from the Aectic Occdn a1 Pradhoe Ba\v te Toolik Lake,
20k 10 the south, using a portadle ecosysiem cutette and gas
exchange system™

The repeated summer measurements of diurna! CO. Aux at
Toolih Lake made bewween 1983 and 1983 indicated a loss of
¢ U from the tussock tundra of 0.92-39g Cm™" ¢ (Table 1),
lae ussume a nominal acrive seagon of 125 days, these annual
fuier of CQ; effux varied from 33 (0 266 gCm™ Y, reflecting
he vesrto-year variability in eavironmental conditions

Table 11, We may have slighuly underesumated CO. loss by

missing some periods of sail and plantrespirationin caily sprne
and late autumn (S, A, Zimov, personal communication;.

Diurnal and seasonal patterns of carbon flux wers dAominared
by periods of carbon Joss (o the atmosphere. For exampie,
Happy Valley show; a seascnal inCrease in the rate of oss of
carbon at 'night’ flum early season (o peak season. This increzte
is presumably due ty increasing soil temperatures, soi| dcraon
and depth of thuw over this peried. Prax ner €cosy sem carbon
uptake also increases from early 10 mid-seasan, but on no dévs
measured is the carbon balance positive. snd so;l deconipusiiion
and plant respiration always exceed photasyathetic uptake for
the diurnal period. By mid-season, despite increaces in middzy
Taces of carbon uptake, carbon loss has increased mare (hin
has phetosynthetic uptake, sad the net loss of carbon has
increased compaicd v eariy season rates. The measurerert
petiod was extended in 199! to cover almost the entire snow .fres
period, reducing the extrupolation nouenary (W.C.0., unpyt.
lished datay. The resyits SUpport those presented here a-c
conflirm the carbon loss fram SPring thow melt w auium:
freeze-up along the transect measured.

Net seasonal carhon lass to the atmosphere was found ar ¢!
Sltes measured. Carbon loss tg the aimosphere during the |99
season generally increused from north 1o sowh (Fig, 2, 8nd or
the drier accas within a site (Fig 2, Table 11, The site closest 1o
the coast, Prudhoe Bay Wet, was the wenest site measuresd
{Tahle 1). The southern tussock undra sites, loolik Lake an¢
Happy Valley, were better drained, und had greater thaw depths

= e o alsuinmer une througt: Aug.s:
AL Cum 1921 1o 1990 3t Barrow
L7250 1ev 1970 10 1090 at Prushoe Boy
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whereas at longer intervals, invasion by shrub znd tree tpecies
may result in increased above-ground warbun storage, Other
compenatory procesies wdude cooling of the sall surface (fol-
lowing increased insulatian from drying of the <oil suface and
livter or Livmass dceumiation from elevated (). and, ot other
¢limatic effectsi. Currently there is no evidence that these com.
pensaiofy processes are acting v will act cuick!y. Field and
laboratory cxperimenis indicate litle or no stimuiation of photo-
synthesis in the Arctic by elavated atiwcspheeic CO. (ref. 36,
luiy likely that global warming will lead to Significant outgassing
of carbon from wet and moist tundra before other processes
remcorporate this carbon inte arctiv areas. Global warming
could accelerate the rate of carbon loss in arctic tundra ecosys-
lems by increasing the depth of thaw, increasing soil drainage
and acration, and increasing rates of soil decompositicn end
plant respiration mare than gross primary productiviny,

The recent climate patterns may be part of the normal climate
variation or an early indication of greenhouse v.arming. In either
cage, it Is ¢lear Uiat (hey have aftected the current carbon Hux
from the arctic ecosystem, and that arctic apd horeal forest
4coaystems could provide g atong pusitive feedback on atmos.
pheriv carbon dioxide concentration. -
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The transient response of
terrestrial carbon storage
to a perturbed climate

T. M. Smith & H. K. Shugart

Depariment of Environmenial Scivices. University of Virgnia,
Chariottesville. Yirginia 22603, USA

MoDpEL simulations suggest thut ut equittbrium, global warming
driven by higher atmospheric coucentrations of greenhouse gases
will lead to increased terrastrial carbon storage'?, implylag a
segative feedback between the globul vegetatlon/soil system aad
the atmospheric CO; concentrution. But changes in vegetation 2nd
soil type that result in a aet releasc of CO, 10 the atmosphere
(such as those caused by wildfires) could be more rapid than
changes (hat resuit In & pet increasc In terrestrial cacbon storage
{such as species immigration and svil formation), so that ig its
\raosicnt respouse (o climste chaoge, the terrestrial vegetation/soit
nystem could be 2 net source of carboa to the atmosphere, Here
we use two general clrculation models™ to catimate the trausient
response of the terrestrial surface to a step doudling of atmospheric
CO,. We fiod that vegetation and soll changes cauld prove to be
% sigaificant source of CO, in the first 50~100 years followiog a
climate warming, [ocreasing the atmospheric CO, concentration
DY up to 8 third ot the present level.

Several estimaies have been made {or the carbon reserves of
the terrestnal surface’®, These estimmies are obiained by
classifving the vegetation and soils, and then multiplving area
estimates for each clussificarinn rategony by the carbon con.
centration of soil and vegetation in research sites tvpical of that
category. Vegetation and soil classifications have also heen

NATURE - VOL 361 * 11 FEBRUARY 1§93

related 1o climate variables and used in assessments of possible
global 1espunses 1o climate changes' ™7, for example 1o estimate
changes in potential terrestrial carbon storage. Such calculations
presumably estimate & long-term equilibrium response 10 a
climate chiange. In the case of a ‘greenhouse gas’ ¢chimate warm:
tg, the long.acmm response of the terrestrial surtace is 10 siore
more carbon ',

Here we exiend the methodology used by Smith e al’ 1c
cstimare the wransient terrestrial surface response 0 a step
change in climate. in brief, the method of determining present
and future carbon reserves was this. (1) Expected current global
distributions of vegetation were mapped ata 0.5°x 0.57 i latitude
and longitude) resolution using the Holdrdge life-zonc
classification® and a climaie database of monthly precipitation
and temperature’. (2) Estimates of carbon storage per unit area
for each Holdridge life zonc® were derived for abuse-ground
biomass using dats from Qlsor ¢/ al® and (or soil carbon from
Post ez al'®. These estimates were applisd to the map produced
in step 1 to obtain global terrestrial-surface carbon pools®. 1)
Simulations of current (1x CO,) and 2 x CO, climates from-the
general circulation mode!s developed by the Goddard Instiwte
for Space Studies® and the Geophysica! Fluid Dvramic: Labora-
101 * were used 1o consitucl climate change schemes®. (4} The
climate database was altered according to the change: implied
by the ¢climate change schemes, and steps 1 and 2 {abuve weie
repeated to obtain estimates of carbon starage {presumably afier
along period of equilibration) for the alterad climate condition:.

To obtain an estimate of the change in source-sink relations
between the rerrestrial surface und the atmospherc, we
developed u simple companment mode! of terresitial carbon
reserves (above-ground biomass and soils) and applied thiy
modecl to the globally mapped vegetatton changes in response
to the two climate-change schemes. The compartment model
used in thic amzlvsis parallels the approach used in vuiren,
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© Statement by the Dapgrinent of Jg grice on FRF V, MaBgEey

WASHINGTON, D.C. —-— In declining to seek & rehearing in this
case today, the administration has_decided not to challenge the
court's precise helding =~ namely, that the National
Environmental Policy Act applies to the National Science
roundation’s activities in Antartica described in the opinion.
However, the admiristration does not embrace languag2 in the

opinion which may be intarpreted to extend beyond this holding.
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T
house warming over the arctic
ocean in the past forty years

Jonathan D, Kshi*, Donna J. Charfevolx®,

Nina A, Zaltsevat, Russel C. Schneli
& Mark C, Serrezed

" Department of Geosclences, University of Wisconsin-Milwaukes,

PO Box 413, Miiwaukee, Wigoonsin 83201, USA

t Central Aerologieal Observatory, State Committee for Mydrometeorology,
Dolgoprueny, Moscow Reglon, 141700, Russia

 Mauna Lea Gbservotory, Climate Monitoring and Diegnastics Laboratory,
Natlonal Ocaanic and Atmospheric Administeation, Mio,

Hawali 96721.0275, USA

§ Cooperative Institute for Research in Environmental Sclences,

Divislon of Cryspharic and Polar Processes, Univeraity of Colorado,
Bouider, Colorado 80305.0448, USA

ATMOSPHERIC general circulation modcls predict enbanced
grecahouse warmiing at high latitudes® owlng to positive feedbacks
between alr temperature, ke extent and surface albedo™. Previous
analyses of Arctle temperature trends have been reatricted to

land-based measuraments on the perlphery of the Arctic Ocean®™.

Here we present temperatures measured In the lower troposphere
over the Arctle Ocean during the period 1950-90, We have analysed
more thas 27,000 temperature profilcs, measured by radlosonde
at Russian drifting ice statlons and by dropsonde from US ‘Ptar-
migan’ weather reconnalssance alrcraft, for trends as a function
of scason and altitude. Mast of the trends sre mot statistically
significant. In particular, we do mot observe the large surface
warming trends predicted by models; Indecd, we detect signlficant
surface coollng trends over the western Arctic Ocean during winter
snd autuma. This discrepancy suggests that preseat climate models
do 2ot adequately Incorporate the physical processes that affect
the polar reglons.

According to genera! ¢irculation model (GCM) studies, both
with and without coupled occan mode! components, high-lati-
tude wurming in response to increasing greenhouse gas ¢on-
sentrations should occur rapidly both at the surface and at
higher clevations in the troposphere'. In one simulation’, Arctic
surfece air temperatures for the 1980s were predicted 1o increase
by 2°C relative to 1958 lovels. There is marked disagreement,
however, among simulations of the present-day Arctic climate.
Walsh and Crane® found significant differences among five
GCMs in reproducing basic meteorological fields, including
sea-level pressure and surface air temperature, As the causes
for the large intrs. and interannual differences in the Arctic

K

FIG. 1 Locations of 16850 temperature profiles measured by radiesonde
8t Russlan drifting ice stations during 1654-1950. The stations drift with
tho provalling winds and surface curronts In the Arctic Ocaen, typlcolly
moving ~300km aach month. Taken together, the measuremants provide
roesonsbly complete coverage over the Arctlc ice chp. At any given time,
however, data are only available at locations #long the drift path.

circulation and hence tropospheric temperutures are still poerly
underitood?, it is not surprising that the interannual variubility
in tropospherlc temperatures may be poorly simulated. [n addi-
tion, many GCMs lack thermodynamic scu-ice model com.-
ponents which are obviously of great importance in the polar
reglons.

As predicted by theory, Arctic surface temperatures have
shown accelerated warming trends during the past century®,
Temperatures above the surfuce, however, have shawn little
evidence of enhunced warming during the past several

“decades'®', Tropospheric cooling has even been detected in

some regions of the Arctic”, So far snalyses of Arctle tem-
perature trends have focused on measurements at lund-dased
weather stations located along the periphery of the nearly unin-
habited Arctic Ocean. Hers we snalyse temperature measure-
ments made over the Arctie Ocean during the peried 1950-1990.

Two independent meteerological databases were assembled
for analysis. The first consists of 16,850 lower tropospheric
temperature profiles measured at the *North Pole' series of

TABLEY Temparatre trends over contral and western Arctic Ocean

Surface 850 hee

Sosson Trend N s Trend N
Contral Arctic Ocean

Winter 081 0 03 4 20

Spring 0.02 6 000 108 27

Summer 041 28 062 081 2

Autumn -2.50 29 0.79 =-0.02 2
Waestern Arctic Ocean )

Winter ~4.40 0 097 IR 20

Spring 158 2 0.27 239 20

Summaer - ~0.28 23 Q.19 ~-0.49 23

Autumn 49 21 0.08 ~1.14 a

700 hPs 850.700 hPa layer
s Trend N s Trend N s
0.9 214 0 0.94 230 30 0.99
0.38 233 26 0.78 328 26 0.1
0.60 012 26 0.08 1.31 8B 0.80
001 -0,07 29 0.04 o.rt 29 0.42
0.97 284 0 0.96 374 20 0.89
0.54 251 20 0.88 248 20 0.58
0.38 -0.21 2 0.20 048 22 014
0.48 -1.34 a 0.68 =1.06 2 0.51

Yemperature trends (*C
" lavel (3), Bold entries are

par 40 yr) over the central and wastern Arctic Ocean, slong with the length of the data record in years (N) and the confidonca

vignificant et the B3% confidence level or groster, Note that most trends are not significant, and thet slgnificant woreming in

surface alr temperatures is not observed.
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TABLE 2 Temperature tronds over Argtic Ocepn

o e pememe . 4

Surface 8§50 hPy 700 WPy 850- 700 hPs |ayor
Season Trend N $ Treng N ] Trand N ] Trend N 3
Winter -2.44 38 0.85 2% 38 097 14 38 094 77 38 0.99
Spring 0.70 3 019 2.08 38 o.rr 212 36 0.84 268 38 0.90
Summer 0.00 38 0.04 =041 38 0.11 -0.21 k"] 0.24 0.64 38 0.59
Autumn ~414 37 0.99 -107 37 077 -1.18 37 088 -0.62 7 0.52

Temperature trénds (*C per 40 yr) over the Arctic Ocean, along with the length of the data recerd in yoars (N) and the contidence level (s). Boid entries

are significant at the 9% confidonce level or greater, Results are shown for

codling in surface alr temperatures Is abserved Quring winter ang sutumn,

Russian drifting ice stations during the period 19541990 (Fig.
1). Temperature profiles were measured 1.2 times daily by
radiosondes (balloon-borne meteorological instrument pack-
ages). Portions of this database have been used pnviousl¥ in
investigations of the thermal structure overthe Arctic Ocean'®*!8,
convection helghts above leads'? and Arctle temperature Auety-
stions'®, The second database contains 10,326 dropsondc tem-
perature soundings measured during the ‘Ptarmigan’ air weuther
reconnaissance missions condyeted by the United States Air
Force during the period 1950-1961 (ref, 19) (Fig. 2). The drop-
sondes, meteorological instrument "packages carried by para-
chutes, provided temperature profiles throughout the lower
troposphere,

Temperatures at the surface, the 850hPa (~1.4 km) and
700 hPa (~2.8 km) pressure 8litudes, and mean virtual tem.
peraturcs within the 850-700 hPy layer were extracted from each
profile and subjected to quality-control proceduces?®2!, Virtual
temperature is the temperature that dry air would have if it had
the same density as moist air at the same pressure. Mean virtual
temperature is a convenlent Quantity for moaitoring climate
change, s it characterizes gn atmospheric layer and may be
calculated from pressure and height data. It is a usefu) surrogate
for temperature in the Arctic where moisture [evels are low,
Scasonal mean temperatures for each level or layer, based on
t minimym requirement of 10 values per season, were calculated
with scasons defined as winter (Deccmber-February), spring
(March-May), summer (June-August) and autumn (Septem-
ber-November). Trends were computed by linear regression on
seasonal anomalies for the 41-year period 1950-1990.

Statistical significance levels (for rejecting the aull hypothesis
that there is no trend) were determined through a bootstrap
procedure® as follows. The anomaly time series were first
detrended by subtracting the linear fegression vajues from the
N anomalies, where N is the number of points (years) in the
lime series, Bootstrap anomaly scrles were then obtained by
drawing N values at rendom from the detrended snomaly series,
allowing values to be drawn multiple times. The trend given by
the linear regression was then added to the bootstrap anomaly
serles, and & new trend was subsequently dalculuted. This pro-
cedure was repeated 10* times for each scason, level and layer,
yielding gaussian frequency distributions of simulated trends
with mead 4 and standard deviation o. The significance level,
the probability that the trend i significantly different from zero,
was obtained by determining the number of standard devia-
tions between 4 and zero (us/o) and integrating over the range

aplo.

“Our analysls focused on twe regions (Fig. 2): the ‘central
Arctic Ocean’ (82-90° N) and the ‘Western Arctic Ocean' (73-
82° N and 90-180° W), These reglons were defined through an
iterative process in which we tried to optimize the aumber of
annua! observations within esch region, while keeping the
regions as small as possible. Possible sources of bias arising
from the spatial and temporal inhomogenteity of the database
will be discussed below:

The calculated temperature trends are shown in Table 1. For
the central and western Arctic Ocean respectively, 26-30-and
20-23 years are represented in the anomaly time aeries analysed.

138

all available measurements. Most trends are mot significant, ang significant

Most of the trends ‘are not signiflcant ut thg 984 conlidence
level. Winter trends are mostly positive and significant, par-
ticularly at above-surfuce lovels in the western Arciic QOceun,
although the Iarge surfuce warming predicted by GCMs is not
found in either reglon. Rather, large, stutistically significant
surflace cooling (negative) trend is found in the western Arctic
during winter and autuma.

Wo conducted tests (o asscss the sensitivity of the computed
trends to three possible sourees of bias arising (rom the spatiyl
and temporal non-unifermity of the datn base: (1) the large
degree of spatial anisotropy in the *Ptarmigan’ soundings (Fig.
2); (2) the temporal non-uniformity of the data base, as more
observations were avallable for analysis during the yeary 1954-
1961 (when both ‘Parmigan’ and Russian ice station soundings
were available) than during other years; and (3) the selection
of analysis regions. The first two sources of possible bias were
investigated by ¢xcluding the 'Prarmigan’ soundings from (he
trend analyses, Without this portion of the dawmbase, the
mcasurements were considerably mora uniform in both space
(Fig. 1) and time, The results were similar to those shown in
Table 1. We addressed the third possible source of bias by
computing teends for the entire Arctic Ocean using all available
soundings including those outside the ceniral and western Arctic
Occan analysls reglons (Figs 1,2). The reaults of this latter
analysis (Table 2) are again similar to those shown in Table 1.

.fl-- 180 €

b 1 e
fiogtarn arcuc 3
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PG, 2 Locations of 10,328 temperaturo proflos mersured by dropsonde
from U.S, Ptarmigan woather reconnalssance alrcraft during 1950-1961.
The alreraft typically flew diamond-shagod pattorns extending from central
Alaska to the North Pole, Portions of the fiight paths ara visible as ‘strecks’
of dropsonde positlons, Drops were often mace 4L pre-datermined looatlons,

" with a8 many as 500 soundings made at specific points, More than 100

soundings were made t the North Pole. The 'Contra! Arctic Ocean' and
‘Western Acctic Oosan’ snalysis regiona are identifiod.
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Few of the trends are significant, large surfuce warming trends
8¢ not obscrved, and like the Western Arctic Ocean analysis
in Table 1, significant sutface cooling trends are found during
winter and autumn. Significant warming trends ace obscrved at
the 850 hPa level and the 850-700 hPa layer during winter, in
Agreement with OCM simulations, buq the surface trend is
negative. The trends presented in Table 2 are more representative
temporally, us they use 36-38 years out of a possible 41, s
compared with 20-30 years in the regional analysis (Table 1),
On the basls of these tests, we feel that any possible bjas
introduced by the non-uniform database is smuj),

The lack of widespread significant warming treads leads us

——— e

to conclude that there is no atrong cvidence to support model
simulations of greenhoyse warming over the Arctic Oceun for
the period 1950-1990, Oyr results, combined with the incon.
flslent performance of model simulations of Arctic climate®
indicate & need to understand better the physical processes that
affect the polar regions, especially atmosphere-ico-occan inter-
sclions, ocean heat transfer and cloud radiative effects, and to
incorporate thermodynamic sea.ice ¢omponcats into future
models. We consider the retrieval of temperature profiles from
satellite sounding instruments to be an important mcuns of
f\.mher resolving the spatlul and tempora! gradicnts in Aretic
air temperatures, a
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Detection of crustal deformation
from the Landers earthquake
sequence using continuous
geodetic measurements
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THE measurement of crustal motions In tectonically active reglons
Is deing performed Increasingly by the satellite-based Global
Positlonlng System (GPS)'2, which offers considerable advantages
over conveational goodetic techniques™, Contlavously operating
GPS arrays with ground-based recelvers spaced tens of kilometres
apart have boen established In central Japan®® and southern
Califorais to moaltor the spatisl and temporal detalls of crustal
deformation, Here we teport the first measurements for a najor
earthquske by a continvously operating GPS network, the Per-
mancat GPS Geodetle Array (PGGA)™ In soutbern Californla,
The Landers (magnitude M, of 1.3) and Blg Bear M, 62)
earthquakes of 28 June 1992 were monitored by dally observations.
Tea weeks of measurenients, contred oa the earthquake events,
indicate signlficant coselsmic motion at all PGCA sites, significant
post-seismic motlon at one slte for two weeks after the earthqnakes,
and no significant preselsmic motion, These measurements demop-
strate the potentisl of GPS moniltoring for pracise detection of

NATURE - VOL 381 « 28 JANUARY 1993

prec;rsory and aftershock sclomie deformation In the ncar and
far ficld.

The PQOW, established in sauthern Californiu (Fig. 1) in the
spring of 1990, Is a network of Ave continuously oporating GPS
receivers providing an unintorrupted record of crustal motion
in near real-time. At each sjte there is u precise P-code GPS
receiver with its antenna mounted on « geodetic monument.
Twenty-four hours of data are sutomaticuily collscted from cach
site once & day; the operational analysis provides the site position
averuged over the day (0-24 h Universal Time Coordinated,
UTC), although finer resolution is possible. The precision of
the daily relative position between any two sites in the network,
based on long-term scatter of neurly 2 years of measurcments,
is ~Smm in the horizontal and 10-20mm in the vertical. To
obtain this precision, and to achieve near-real-time solutions,
we compute orblws for all GPS satellites, using data eollccted
by a globally distributed network of about 28 permanent tracking
Stations'® (Fig, 1), and corrections to tabulated predictions!! of
the orientation of the Barth's rotation axis (polar motion). The
worldwide tracking network dcfines a global reference frame in
which coordinates for the PGGA stations, in unstable southern
Californis, can be computed with respect to rigid plate interiors
(for example, the North American plate).

Hece we report measurements of selsmically induced displace-
ments of the PGGA stations due 1o the Landers (M, 7.3, 11:58
UTC, 34.22° N, 116,43° W) and Big Bear (M, 6.2, 15:07 UTC,
3421°N, 116.83° W) earthquakes of 28 June 1992, We examined
the scries of PGGA station positions in the 10-week period
centred on the day of the earthquakes using a Kalman-filter
formulation'? to analyse the daily 24-hour PGGA solutions. For
the day of the earthquakes, we computed the station positions
sepurately from the 12 hours of duta before the Landers
earthquake and the 9 hours of data Alter the Big Bear event,
The global tracking network was flh’l{ oxtensive as the 3-month
Internationsl GPS Service campaign!® began on 21 June (Fig.
1). Displacements of the PGGA sites, listed in Table 1, were
determined by oxamining the variation in the positions before

- and ufter the carthquakes with respect to a# global reference

frime defined by the coordinates of the tracking network
stations. The horizontal displacements of the PGGA sitex urc
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There is nevertheless good cvidence that
neuromuscular  uctivity influcnces the
morphogencsis of body-wall Synapses, at
least when assayed in’ the uva, Where
clectrical excitubility i increased using
potissium channel mutants, there iy u
cotresponding  clabortion of (e Sive
and complexity of the motor endings!,

The new paper by Broadie and Baie!
looks at the effeets of total bodly-wall
denervation  op (e muscle  celly,
Embryos mutant for the provperg gene
have extensive errors in the CNS, with
many efferent nburons failing to exit the
CNS. The prospero product iy localieed
o the nuclei of neurpt precursor celly,
and is involved jn establishing  the
appropriate cell lineages. “The mutation
wils used to separale genctically those
cvenls in synaptogenesis tha are -
duced by motor neurons Irom those that
vceur intrinsically in the musculature. 1t
turns out that innervation plays no parg
in the norm accumulation of cither
fasciclin 1N or conneetin 1o synaptic
Sites, or in the jnitial expression of
glotamate receptors, Nevertheless, the
localization of (he receptons 1o the pre-
dicted synaptie sites did not oceur in the
abscnce  of  (he innerviting  motor
neuron, and the seeond wave of receplor
expression which normally follows in-
pervation was  also distupted in (e
denervated prospere musele  fibres,
When the few developing motor neurons
in prospero mutans oceasionally estab.
lished connections  on cetopic  sites,
receplons accumulined at those focy.
tons. In Drosophit, glutamate recep-
tors accumalute Letopic innervalion
sites” even when native motor ncurons
have made functional conncetions  at
their correet locations, s is xeen for
cetopic neuromuyscular synipses in the
hitherux mutan",

Lveuts involved in the expression dmd
localizution or Dravophila seurotrans-
mitter receptors are reminiscent of trose

oceurring al vertebrate neuromuseular
junctions, raising  (he possibility that

common mechanisms may be at” work,
Muny  questions  are  rajsed by
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| use (hc-‘
observations e in the frujt fly. 1s the

feecptor  expression  and  loculization
activity - dependent? Does the notor
newron release reeeplor-inducing activi-
ties. vesembling the vertebrate ARIAs?
Are there moleeules involved that orga.
nize  receplors, similar to vertebre
apein? In & sysiem ustng multiple neuro-
transmitters, how do the appropeiate
receplors nssociate with the  correct
Presynaptic processes? Drosophila, with

CLIMATE CHANGE - - - s

ts beautifully patternod array of body.
wall synapses ix Just (he organism for
tekling these and  other uestion,
where hypotheses abou develapment
“an often be pluased in terns of single
neurons and single penes, ]

Holg Keshishian is in the Biology Deport-

ment, Yale University, PO Box GGG, New
Haven, Connecticut G511, Usa,
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The elusive Arctic warming

John E. Walsh

TuMPERATURE ity obtained from drift-
Ing iec stations and airerult over the
Arctic Ocean provide no cvitlenee of

sweface warming in the reglon over (he

past four decades. This finding, reported

by Kahl etal. on puge 335 of this issuc’,
apparedly cuns counter to (e grain of
the greenhouse-induced elimage changes
projecied by global elimate models, 1ix-
perinients with cimate models have indi-
citted that the greenhouse wirming will
be ampliticd in the polar regions, at leust
during the winier half of the yeard, "The
new results are all the more Htriking
because they indieate 3 Statistically signi.
ficant decrease in surfuce lemperatures
in the western Aretic Ocean (70-8° N,
Y0-180° W) during winter and adtumn of
the 1950-90 peried., Interesting, the win-
fer temperatures at 1-1.5 ki altitude
hawve apparently warmed by 3.4 °C over
40 yeurs, while the surfuce has cooled by
4.4°C, therely increasing the strength of
the temperature inversion  over  this
tnge by a striking 7.8 G,

When viewed in g broader contoxt,
these lindings (apast from the inversion)
e ot mecessiily at odds with climates
madel  projections,  The drifting  ice
stations, from which were launched the
balloon-borne radiosondes that provided
“ll authors’ temperature profiles for
1962-90, are togistically constrained to
be sited on the thick piek ice of the
central Arctie QOcean. So they do not
sample the poteatially sensitive marginal
icc zone, where the jee retrea generally
results in the  greatest witrming i
COpdoubling  cxperiments of climate
models®,

The broad Iatituding| ringe of way
model-derived Aretic warming patterns
is attributable to the sensonal migration
of the bowadary of 4 reduced jce cover: a
model’s newly created open waler typi-
lly extends i few degrees north of {he
present ice edge in winter, but it extends
well into the central Arctic QOcean (or
even 1o the pole) during summer, 'Ihe
distribution of Russian drifting station
tracks in Kahl er al,s Vig, | (see page
33S) indicates tha only one teack exe

tends as far south as 75° N in the
Western Arctic donnain, and one other
trick cxtends as far south us 75° N in
Fram Strait. Muny of (e dropsonde
profiles were obtained from the climate-
logically warmer marginal ice zone of the
western Arctic, but all these measure-
menly were mikle in the fivst 12 yeurs of
the 40-yeur study periol,

The contrast” between  the central
Arclic Ocean and the sulyretic asswiney
Brealer gignificane: when one examines
the  temperture trends derived from
other duta sources”; Land-station and
‘marine-ship reports. From such data, we
bave found® a4 high-latiqude wiuing
over the past 30 years, but primaily
over the northeen land rens® (see
figure). The few arens of noleworthy
oceanic .warming (nogth  of Svalburd,
Kara-Laptev Seas) are south of the icg-
station and dropsonde data, Interesting-
ly, aecording to the 1992 Supplementary
Report of the Intergovernmental Pinel
on Climate Change®, COy-doubling ex-
perlments with some of (e more adve
Ameed  coupled atmosphere-acean  ¢li-
mule  models (UK Meteorological
Office, Geophysical  Fluid Dyuiumics
Laboratory, Princeton) project 2 pattern
simllar to that emerging from all the
datn:  strongest warming over  and,
weaker  warming  over (e subpolay
accans, and little warming (or even 3
cooling) over the climatically delicnte
North - Adantic Qcean near southern
Uretnland, As is the case in the recent
(1961=90) data, the projected warining
over land is stronger in winter than in
Summer, Andecd, (he summer  trends
must be negligible over ice-covered
vceans,  where  the  summer  surfuce
lemperatures are constrained to ) °C by
melting snow and ice. The land—sca
contrast of the reeent wiarming is consis-
ot witl a foreed variation of climate,

Data-based indications of high-latitude
wiurming are not limited to the past Tew
decades, Trecering chironologics  from
high-Ltitude sites live been used 1o
reconstruct annual temperntures for an
“Arctic wone" and for e Northern
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Hemisphere”. ‘Ihe low-frequency virias
tions are similar in the Aretic and hewmi-
sphere time serics, ancd the Arctic varia
tions generally appear as amplilications
of the latter. Interestingly, the Arctic
temperitures  dedueed  from the tree
rings show i cenlury-xeale wiarning in-
terrupted by a cooling from the 19105
approximately  1970; the instrumental
femperatures indicate that the warming
over the high-latitude fand
NECIS  Was  most  pro-
nounced after the  tate
1900,

A highly relevant audel
experiment  has  recently
been performed by Oples
by and Saltzman® as a part
of MECCA (Model Lva-
luation Consortivm for Ci-
nade  Assessment), A
short-lerm climate simula-
tion using COy coneentrit-
tions that increased from
330 to 342 parts per million
(corresponding — approxi-
mately to the inerease from
1973 w 1983) showed no
significant warming in the
Arclic, cven in winter,
However, when the maxdel
was run with COyp pre-
seribed  to inerease  from
330 1o 450 parts per million
(the change projected for
2048), significant warming
oceurred in the Arctic, The implication
it Ut naturnd varinbility will overwhely
the greenhouse signal in the Arctic over
the deeadal timeseale, but that the Are-
tic warming is detectable as a statistically
significant signal fn a model simulition
of 70-1(K years,

These studies indicate that ¢limate
model results are not necessarily ut odds
with recent temperature  variations in
high lutitudes, Onc may also point Lo
compatibilitics  between  precipitation
data of recent deeudes and model pro-
jeetions of an Inerease of high-latitude
precipitation as greenhouse-gas coneen-
trations increase. Wetter condlitions in
high latitudes are quite plausible it the
grecnhouse  seenario  inchudes  surface
warming, higher evaporation rates, and
a greater moisture-holding capacity of
the warmer atmosphere, Reeent dita
anatyses have shown an increase of pre-
cipitation in the northern extratropics
during the twentieth century”"Y, and the
increase  over northern Canada
Alaska during the past few  deades
is especinlly lege!'.

One may conchule that the preen-
house projections of climate models are

consistent, in several respects, with highe

Iatitudde datis from the past few decades.
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ing of the wintertime lemperature inver-
sions reported by Kabl ¢f al, from over
the Arctic Ocean, Subtletics in the mod-
¢l formulations of Arctic boundury-layer
processes (including cloud/radintive n-
tesactions) may well be at the root of
this discrepaney, Certainly, the vertical
resolution of current models is Tund-
equate, Alternatively, the changing spas
tinl and temporal distributions of the

-Teands of annual temperature ('C per decude) for 4961~90

based on land-station and marine-ship reports, Data from
the Arclic Ocean arc not Inclyded, The analysis was
oblali:o by spatially fitering local trends using a 400-km
radius of Influence. Al polnts In black arca at centre are
more than 400 km from loculions for which data were
consistently avallable, (From ref. S.)

temperature data relative 1o the climato-
logical spatial pattern may contribute to
the apparent discrepancy. As the break-
down of the near-surface temperatuse.
inversion contributes substantially to the
polar amplification of the grecnhouss
warming projected by models, the re-
solution  of (his diserepancy  deserves
bigh priority. One possible approach to
resolving the discrepangy is u replication
of Kahl ¢f al.’s sampling strategy. both
spatinlly and temporally, using output
from a climate model run with the
changing €O, coneentrations  of  the
peeiod 1950-9), i

John E. Waish is in the Department of
Atmospheric Sciences, Universily of 1lli-
nols, Utbana, Minols 61801, USA.
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ATTACHMENT A

COMPARISON OF ENVIRONMENTAL IMPACT ASSESSMENT PROVISIONS
IN NEPA/CEQ REGULATIONS AND THE ANTARCTIC PROTOCOL/ANNEX 1

PURPOSE/PRINCIPLES

NEPA: Basic national charter for protection of the environment. To ensure
environmental information is available to public officials and citizens before decisions
are made, and before actions are taken. The NEPA process is intended to help public
officials make decisions based on an understanding of environmental impacts, and take
actions that protect, restore and enhance the environment.

PROTOCOL: To ensure that the protection of the Antarctic environment and
dependent and associated ecosystems are fundamental considerations in the planning
and conduct of all activities in the Antarctic Treaty area. Accordingly, activities in
Antarctica shall be planned and conducted on the basis of information sufficient to allow
prior assessments of, and informed judgments about, their impacts on the Antarctic
environment.

APPLICABILITY

NEPA: Applies to federal actions, including plans, policies, rules, regulations.

PROTOCOL: Applies to both governmental and non-governmental actions, including
those pursuant to scientific research programs and tourism

SCOPING

NEPA: Provides for scoping process at an early stage in the process to identify
significant environmental issues, and to deemphasize insignificant issues

PROTOCOL: Does not articulate scoping process (presumably because the Antarctic

Treaty Parties recognized the particulars of EIA implementation would be drafted by
each individual Party) -

2-Part Process (EA/EIS-- IEE/CEE)

NEPA: Environmental Assessment (EA) prepared to determine whether federal action
may have a significant im,pact on the environment; if so, then the more comprehensive
Environmental Impact Statement (EIS) is required in both a draft and final form

PROTOCOL: Requires preparation of an Initial Environmental Evaluation (IEE) for
any proposed action that may have at least a "minor or transitory" impact on the
environment; if so, then preparation of a Comprehensive Environmental Evaluation
(CEE) is required in both a draft and final form



THRESHOLD STANDARDS

NEPA: EA prepared to determine whether an action might have a significant impact on
the environment; if there is a finding of no significant impact, the action may proceed,
as no EIS is required

PROTOCOL: IEE to determine whether action may reasonably be expected to have a
significant impact; if IEE indicates that the action is likely to have no more than a
minor or transitory on the environment, then the activity may proceed, as no CEE is
required

DOCUMENTATION

NEPA AND PROTOCOL: EIS and CEE to include, inter alia, a description of the
proposed activity, including alternatives to that activity; a description of the character of
the likely impacts of the proposed activity; consideration of indirect and cumulative
impacts; identification of measures, including monitoring, to mitigate impacts and detect
unforeseen impacts; identification of unavoidable impacts

PUBLIC INVOLVEMENT

NEPA: Requires public involvement in preparation of EA; requires public involvement
for the preparation of draft and final EIS

PROTOCOL: Does not address public involvement in preparation of IEE; requires
public involvement in preparation of draft and final CEE R—

—

CIRCULATION OF, COMMENT ON, DOCUMENTS

NEPA: Requires EA, draft and final EIS be made available to the public for comment.
Final EIS must address comments received on draft EIS, and must be circulated for at
least 45 days before the commencement of the proposed activity

PROTOCOL: Does not address circulation/comment regarding IEE; requires draft and
final CEE be circulated to all Parties for comment, and at the same time forwarded to
the Committee for Environmental Protection. Final CEE is to address and include or
summarize comments received, and shall be circulated to all Parties at least 60 days
before the commencement of the proposed activity

EMERGENCIES

NEPA: Where emergency circumstances make it necessary to take an action with
significant environmental impacts without observing NEPA and CEQ regulations, then
federal agency should consult with the Council on Environmental Quality about
alternative arrangements. These arrangements would be limited to actions necessary to



control the immediate impact of the emergency

PROTOCOL: Provides exception to EIA process in cases of emergency relating to the
safety of human life or of ships, aircraft or equipment and facilities of high value, or the
protection of the environment. Immediate notification of activities undertaken in such
circumstances is required, and subsequently a full explanation of those activities

LEGAL RECOURSE

NEPA: -N© criminal or civil penalti¢s. Pursuant to tenets of administrative law, citizens
may<$i where agencies do not comply with NEPA and CEQ regulations

PROTOCOL: Obligates Parties to take appropriate measures within their competence,
including the adoption of laws and regulations, administrative actions and enforcement
measures, to ensure compliance with the Protocol and Annexes.
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