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Introduction

The Atmospheric Radiation Measurement(ARM)
Programisa major newresearch programinitiated
by the U.S. Department of Energy (DOE) to
obtain improved understanding and quantitative
description of radiative and cloud processes in
the Earth’s atmosphere. This programis a direct
continuation of DOE's decade-long effort to
improve General Circulation Models (GCMs) and
related models for providing reliable simulations
of regional and long-term climate change in
response to increasing atmospheric concen-
trations of greenhouse gases. As outlined in the
ARM Program Plan {DOE 1990), the objective of
ARM will be achieved by measuring short- and
long-wavelength radiation along with the physical
and meteorological quantities that controf this
radiation, by simulating these measured quantities
with numerical models, by comparing the meas-
urements with the output of the models, and by
refining both models and measurement pro-
cedures. Because of the dominant influence of
clouds on both shortwave and longwave radiation
(e.g.,Cessetal. 1990; Ramanathan etal. 1989),
the ARM Program will place particular emphasis
ondevelopmentofimproved descriptions of cloud
formation, maintenance, and dissipation, and of
interaction of radiation with clouds.

To meet ARM's objectives, it wilibe necessary to
make measurements under a wide variety of
atmospheric and surface conditions. Four to six
measurementsites, maintained for a period of up
to a decade, will be required to verify the
atmospheric models under arange of atmospheric
and surface conditions. In addition, because
such alimited set of primary sites will miss some
special, butimportant, conditions, measurement
campaigns of shorter duration have been
recommended at additional locations as
necessary. Until now, however, critical exami-
nation of the exact number of sites required and
identification of the specific geographical regions,

or locales, where such sites should be located
has not been undertaken. This report describes
an examination of the number and location of
sites that are required to meetthe ARM objectives.
Italso presents arecommended set of localesin
which to establish ARM sites, ordered according
to their scientific benefit in meeting the ARM
objectives.

The procedure for this examination and the
resuiting list of recommendead locales began with
a facilitated planning meeting that took place in
La Jolla, California, in July 1990. During that
meeting, the ARM Site Selection Team and the
ARMManagement Team developed aprocedure
for recommending potential locales for ARM
sites. That procedure provided for the selection
of a Locale Recommendation Team, which was
formed shortly thereafter and metat Brookhaven
National Laboratory in September 1990. The
Locale Recommendation Team consisted of
several Criteria Examination Teams {(CETs) and
an Evaluation Team. The CETs were given the
responsibility to evaluate potential locales
according to specific attributes: climate, atmos-
pheric properties, surface properties and surface
fiuxes, logistical considerations, and synergism
with other programs. The results of the CETs
were then given to the Evaluation Team, who
arrivad atarecommended list of locales for ARM
sites. A preliminary report of the results was
prepared and distributed to the ARM Science
Team for review. In November 1990, the Locale
Recommendation Team met with members of
the ARM Science Team in Las Vegas, Nevada,
to receive comments and suggestions from that
review. A subsequent revised version of the
report was then disiributed to members of the
Sclence Team and other prominent atmospheric
scientists for review. This final version of the
report embodies the changes resulting from those
suggestions.

To meet
ARM's
objectives,
measurements
must be
made under
a wide
variely of
atmospheric
and surface
conditions.
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Inexamining locations for ARM sites, animportant
distinction was made between “sites” and
“ocales.” A site is defined as the location of a
future ARM measurement facility; a locale is
defined as a contiguous geographical region with
generally homogenecus climatic and surface
properties (or some other unifying attribute) within
which an ARM site could be established. The
current study is concerned only with recom-
mending a set of locales; later a suitable site
within each locale will be chosen at which to
locate the ARM facility. An underlying premise of
this process is that locales can be selected
primarily on the basis of their utility in meeting the
sclentificobjectives of ARMand onbroadiogistical
considerations, whereas the actual location of a
site within a lecale might be based on specific
logistical and operaticnal considerations (with
the proviso thattheimmediate region surrounding
each site be suitably representative and
homogeneous). This procedure is viewed as
ensuring that both scientific and practical
considerations will be addressed in selecting the
set of ARM sites.

The Locale Recommendation Teamwas charged
with recommending a set of locales that coliec-
tively exhibit the range of attributes needed to
meeot the ARM objectives. Additionally, the team
was to consider potential jogistical constraints
and the potential for interactions with other
atmospheric and oceanic research programs

thatcould enhance the ability ofthe ARM Program-

to meet its objectives. Because of budgetary
considerations, the number of ARM sites con-
sidered should be kept to a minimum.

The recommended set of locales developed by
the procedure described here and presented in
this report should be considered as an entity;
elimination of one or another of the locales would
qualitatively diminish the domain of attributes
that can be studled and thus would compromise
the ability of ARM to mest its objectives. Fur-
thermore, if one site were eliminated, the optimal
locations of the remaining sites might very well
be different from those recommended hers.

However, since each successive locale is
considered in the contaxt of the previously
recommended locales, eliminating orchanginga
given locale would not change the recom-
mendations of locales higher on the list.

Because of the evolving nature of the ARM
Program, complete and precise inforration
pertinent to the complement of projects to be
conducted at ARM sites was not available at the
time of this study. Conssquently, the Locale
Recommendation Team relied on available
information in arriving at its recommendations.
As input to the scientific issues to be exarmined,
theteamrelied on the draft Site Missiondocument
{Version 1.0, September 8, 1980) and on
experiments that were discussed in a series of
meetings with groups of leading scientists from
the atmospheric radiation, meteorology, and
general circulation modeling communities
{(denoted here as “surrogate science team
meetings”).

In principle, further analysis and critical review by
scientists and othersinvolvedinthe ARM Program
might lead to refinements of the current recom-
mendations. However, because ofthe large input
that ARM has received from the scientific com-
munity concerning the issues and processes to
be addressed by ARM experiments, it was the
judgment of the Locale Recornmendation Team
that the focale selection process could proceed
with confidence that the choice of an optimum
set of iocales would not be substantially altered
as ARM experiments became more precisely
defined.

The conclusions of this study are included in the
next section of this report, followed by a
description of the criteria for selecting locales for
ARM sites, a discussion of the procedure for
locale recommendation that was formulated at
the meeting in La Jolla, and a description of the
application of that procedure. The recommended
set of primary and supplementary ARM locales
isthen presented, followed by references. Details
of the procedure described in this report can be






















Criteria for Locale Selecfion

The criteria for locale selection evolved during
the planning stages of the ARM Program and
from meetings of the surrogate science teams,
the Site Selection Team and the ARM
Management Team. The criteria derive fromthe
ARM scientitic objectives and operaticnal
considerations as initially outlined in the ARM
ProgramPlan (DOE 1990). They were formuiated
at the July 1990 meeting in La Jolla and stem
directly from the scientific objective of the ARM
Program: "to characterize empirically the radia-
tive processes in the Earth's atmosphere with
improved resolution and accuracy . . . to better
identify the best approaches to improved
parameterizations of radiative transfer effects.”

This section of the report describes the process
that was used to formulate the criteria for locale
selection. First, the ARM objectives and issues
identified during the process are outlined, followed
by adiscussion ofthe requirements andguidelines
thatled to the developmentofthe criteria. Finally,
the criteria for selecting the first and subsequent
locales and the scientific and nonscientific
attributes that apply to those criteria are described,
followed by adiscussion of the classes of attributes
tobeevaluated by the Criteria Examination Teams
(CETs).

Meeting ARM
Objectives

Tomeet the ARM objective of characterizing and
parameterizing relevant atmospheric and
radiation processes, the set of locales for ARM
sites must be capable of allowing measurements
tobe made ofthe key processes that are simulated
in GCMs and related modeis. This approach
relieves any requirement of conducting ARM
measurements at all climatically significant
locations, replacing it with a much less stringent

requirement, namely that ARM conduct meas-
urements at a set of sites that will collectively
experience, with appreciable frequency, the key
phenomena controlling the transfer of radiation
in the atmosphere.

To identify these key phenomena and ascertain
whether they will be adequately experienced at
the ARM sites, two classes of objactives mustbe
considered within the overali objective of the
ARM Program:

Class 1. Relate observed instantaneous
radiative properties of the atmosphere
(spectrally resolved and as a function of
position and time) to the then present
atmospheric temperature and composition
{specificallyincluding water vapor and clouds)
and surface radiative properties, both as
functions of position, and develop
parametarizations for these relationships.

Class 2. Develop parameterizations to
describe atmospheric composition (again
specifically including watervaporand clouds)
andsurface properties governing atmospheric
radiation in terms of relevant prognostic
variables, with the objective of incorporating
these parameterizations into general
circulation models and related models.

Thefollowing example illustrates why the criteria
forlocale selection must address both classes of
objactives. To describe how clouds interact with
radiation, it would be sufficient to ensure thatthe
number and distribution of ARM sites is broad
enough to conduct measurements on all
climatologicallyimportantcloud types. However,
agiven cloud type can form or dissipate by more
than one procass. Forexample, stratus is formed
by lifting and cooling in the warm sector of
extratropical storms, as is characteristic of
continental stratus, and also by vertical mixing of
moisture from the ocean surface throughout the
planetary boundary layer, as is characteristic of

Criteria for
locale
selection
derive from
ARM
scientific
objectives
and
operational
considerations.
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marine stratus. Therefore, to achieve Class 2
objeclives, measurements mustbe conducted at
both types of locales, Similardy, in order to
evaluate the accuracy of cloud models, ARM
sites must individually and collectively span a
wide range of the attributes that govern the
formation, persistence, dissipation, distribution,
and macrophysical and microphysical properties
of clouds,

Both Class 1 and Class 2 objectivas were
considered in formulating the criteria for
recommending potential locales. In addition to
ensuring that the set of ARM sites would meet
these objectives, saveralissues ware addressed
that are expected to permit the objectives o be
met. These issues are outlined in the following
subsection.

Issues influencing
the Choice of
Locales

During the site selection process, many issues
pertinent to choosing locales for ARM sites were
identified. These issues, which influenced the
criteria identified for locale selection, are
described here and summarized in Table 2.

+ The Issue of sampling the climatologically
most important regions versus sampling a
wide range (perhaps extreme) of climatic
conditions. it is desirable fo examine the
maximum range of variables such as
temperature, water content, and aerosol
loading, to establish confidence in model
parameterizations. This would suggest
locating ARM sites in regions that cover a
wide range of values of such variables. Onthe
other hand, it has been proposed that ARM
sites should be located in the most radiatively
important climatic regions of the Earth, since
understanding the physical processes
governing these regions will be ofthe greatest
value in enhancing confidence in climate
models. Although stich regions might not
experience the full range of values for key

10

variables desired for testing the numerical
algorithms within GCMs, they would provide a
testbed of data with which the overall per-
formance of the GCMs could be evaluated.

The Issue of regions of unusual or unique
climatic importance. It may be desirable to
locate ARM sites in reglons that are notradia-
fively important, but which indirectly exert a
strong influence on atmospheric radiation
processes because of a particular intense,
localized climaticprocess. Forexample, con-
vective storms in the tropical Pacifictransfera
substantial amount of water vapor tothe upper
atmosphere. Such regions may notpresenta
wide range of attributes nor be the most
radiatively important climatic regions. How-
ever, such unique features must be accurately
simulated in order to fully describe the Earth's
atmosphere.

The issue of homogeneily versus hetero-
geneity. Homogeneity in the context of this
report refers to a variety of attributes within a
locale. Alocale may be homogeneousincne
attribute (e.g., topography) but heterogeneous
in another (e.g., precipitation ortemperature).
This homogeneity is very much a function of
scale; within the context of this activity, the
scale on which homogeneity is characterized
is that appropriate to present and near-term
GCM grid-scale, i.e., roughly 200 km.
Homogenseity of a locale is desirable for initial
attempts to relate radiative properties to
atmospheric composition and surface
properties. A spatially homogeneous terrain
more closely approximates aone-dimensional -
system, suitable for testing GCMs operating
in a single-column mode and for examining
the relation between spatial and temporal
variability. Heterogeneity is desired because
much of the planet is heterogeneous,
necessitating treatment of heterogeneous
situations in models with consequent testing
of those models.

The opportunity for cooperation betwesen the
ARM Program and other programs with similar
objectives (“synergism"), thereby enhancing
ARM capabilities, and perhaps reducing costs,




versus locating ARM sites at locations that are
optimum in meeting ARM's scientific
objectives.

« The importance of logistical considerations.
Towhat extent should scientific objectives be
compromised by considerations of logistical
teasibility or cost?

* The issue of resources and costs associated
with establishing and operating a relatively
large number of sites versus gaining enhanced

capabilities at fewer sites. Foragivenbudget,

what number of sites maximizes the scientific
benefits?

Site Requirements

Taking into accountboth the ARM objectives and
theissues outlined in the preceding sections, the
participants at the La Jolia meeting identified the
following site selection requirements upon which
to base their criteria for locale selection:

» The need for a set of sites that represent or
span climatologically important regions.

Critoria for Locale Selection

* The need to sample a wide range of
atmospheric and surface conditions in order
to examine model performance under such a
wide range of conditions.

» The need for ARM measurements to be
logistically feasible at the site.

Guidelines for
Influencing Locale
Selection

Once the site selection requirements were
identified, itwas possible fo establish the following
guidelines for recommending locales:

* [dentify domains of “attributes” that must be
spanned by selected ARM sites. Important
domains of attributes include climate, terrain,
orographic features, etc.

* |dentify candidate locales for ARM sites and
examine the values of pertinent attributes at
each. :

Table 2. Summary of Issues Influencing Locale Selection

Selection Issues

Rationale

Climatologically Representative

GCMs must simulate key regions of climatological

significance.

Large Range of Attributes

Radiatively Important

Allows testing conditions over which GCMs perform
well,

GCMs must do well with those regions that dominate

the radiation budget.

Unique Processes

Certain locale features have widespread effect on

atmosphere (e.g., deep tropical convection).

Homogeneous

Allows resolution by GCM grids, except when locales

are selected for key subgrid processes.

Cooperation Pessible '
Logistics

Resources

Benefit from work done by other scientific programs.
Evaluate accessibility of site versus other benefits.

Evaluate cost of accessing site versus other benefits.

11
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« Salectaminimalsetoflocalesthatsufficiently
spans domains of radiation-influencing
attributes.

Criteria for
Recommending
Potential Locales

On the bass of the requirements and guidelines
outlined in the preceding subsections, locale
selection principles were established that led to
an ordered setof criteria for selecting thefirstand
subsequent locales. Although meeting the
scientific objectives of ARM was the highest
priority for establishing the criteria for locale
selection, the need for the logistical feasibility of
establishing an ARM site also was given major
consideration. Logistical feasibility will be
particularly important for the first site because
there will be a high expectation for it to establish
the capability of ARM to achieve its measurement
and scientific objectives. The selection principles
that led to the criteria are as follows:

» The set of locales should stress models
describing radiation transferinthe atmosphere
and atmospheric properties influencing such
radiation transfer by spanning, as greatly as
possible, the domain of radiation-influencing
attributes. (These attributes are outlinedin the
following subsection.) -

» The climatological and surface-property
attributes of each locale should be
homogeneous within the locale, except when

. a Jocale is intentionaily chosen to be
inhomogeneous to permit testing of the ability
of models to treat atmospheric processes
influenced by gecgraphic inhomogensities.

.12

» The logistics of establishing and operating an
ARM site within a locale should be favorable
or at least fractable.-

« Insofaraspossible, locales shouldbe selected
soastomaximize opportunities for cooperation
between the ARM Program and other
programs with similar objectives.

» Subject to the above, the set should be as
small as possible, consistent also with the
need to establish the widespread applicability
of the models.

Basedonthese principles, the criteriafor selecting
the first and subsequent locales were identified.

Selection of the first locale should be based on
the following ordered criteria:

a. logistical favorability

b. the climatic and geographical homogeneity
of the locale

c. synergism with programs conducted by
entities other than ARM that might be gained
by establishing an ARM site in the locale

d. the ability of the locale to stress ARM models
by exhibiting a wide variability temporally in
properties influencing the transfer of radiation
in the atmosphere.

Selection of the second and subsequentlocales
shouldbe based on the following ordered criteria:

a. the ability of the locale to stress ARM models
b. the climatic and geographical horlnogeneity
c. programmatic synergism .

d. logistical favorability.

This ordering of criteriais depicted schematically
in Figure 1.













Formulation of Locale
Recommendation Procedure

Onthebasis ofthe criteria outlinedin the preceding
section, a procedure was formulated at the La
Jolla meeting for selecting a set of appropriate
locales. This procedure, including the sequence
of steps, guidelines, subtasks assigned to the
CETs, and the Evaluation Team procedurs, is
outlined here and detailed in Appendix A.

Sequence of Steps

The procedure for recommending appropriate
locales for ARM sites consisted of the following
sequence of steps:

1. Identify the domain of attributes that must be
spanned by ARM sites, based upon informa-
tion provided by the ARM Program Plan, the
ARM Site Mission, and Input from leading
scientists from the atmospheric radiation,
meteorology, and general circulation modeling
communities.

2. ldentify candidate locales for ARM sites.

3. Examinethe values ofthe pertinent attributes
of these locales with respect to the scientific
requirements of the ARM experiments.

4. Identify logistical constraints that might
preclude conducting ARM measurements in
candlidate locales or impose major logistical
hurdies.

5. Identify other atmospheric or oceanographic
research in the candidate locales that might
provide synergistic benefits.

6. Recommend a set of locales that will best
satisty the scientific goals of ARM, taking into
account the ordered selection criteria and
budgetary constraints.

7. Submit the recommended set of locales,
including the recommendation procedures
and the justifications for the recommen-
dations, forreview by the ARM Science Team
and the broader scientific community.

8. Consider suggested revisions to the pro-
cedures and revise the recommendations as

appropriate.

The procedure specified that the atiributes ofthe
candidate locales should be examined by
categories of attributes and noted that this could
be done in parallel by the CETs assigned to
the classes of attributes.

Guidelines for
Criteria Examination
Teams

To assure that the recommended locales would
meetthe ARM requirements with respectto each
ofthe attrihute classesidentified above, guidelines
were developed for the CETs charged with
examining the attribute classes. The guidelines
encompassed the objective, scope, input, output
and approach to be used by the CETs during
their examinations. Those guidelines were as
follows:

Objective:

« The teams were to evaluate the ability of
single locales, and of sets of locales, to meet
the ARM site requirements of model stress
and homogeneity.

15
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Scope:

« Theteams were to consider only the attributes
within the scope of their team. They were to
use the supplied initial list of potential locales
but could request that other locales be added
to this list if they found it incomplete.

Input:

» During their examination of the petential
locales, the teams were to use the ARM Site
Mission and expertise from the scientific
community as required.

Qutput:

- » The teams were to recommend one or more
candidate ranked-ordered subsets of
approximately six locales which best met the
ARM Site Mission with respect to the special
area the team was considering.

« The CETs were to discuss how well each
potential locale met the criteria set by the
team.

» Theteamsweretodiscussthe criteriausedin
evaluating the potential locales andinforming
the subsets of locales.

Approach:

» Each team was to evaluate the ability of
measurements conducted within each of the
potentialiocales to stress models with respect
to the appropriate set of attributes for that
team.

* Teams assigned to evaluate the climatology
and surface properties attributes were to
assess the homogeneity of each potential
locale, except for locales designated as
intentionally inhomogeneous.

= Eachteamwastoconstructcandidate subsets
of locales which covered the range of the
appropriate set of affributes.

15

Subtasks for Criteria
Examination Teams

After identifying the guidelines for the CETs, an
ordered set of subtasks was established. Those
subtasks were as follows:

1. Obtain the necessary input.

2. Determine what criteria the team would use
in evaluating the potential locales.

3. Determine what criteria the team would use
in forming the subsets of locales.

4. Obtain the information necessary to perform
the desired evaluations.

5. Examine and evaluate the potential locales
by the criteria determined above.

6. Assess the total list of potential locales to
determineifit covered therange of appropriate
criteria and, if it did not, suggest additional
locales to be added to the list and go back to
subtasks (4) and (5) above if necessary.

7. Group subsets of potential iocales according
to the criteria established above.

Evaluation Team
Procedure

After completing the procedure described above,
the CETs charged with scientific aftributes were
to report on one or more sets of locales which
collectively would satisfy the requirements from
the perspective of their attribute classes. These
recommended candidate sels of locales were to
be transmitted to the Evaluation Team, which
was charged with identifying a single set of
locales that would satisfy the requirements of all
the CETs, and whichfurther would satisfy logistical










Application of the Locale
Recommendation Procedure

This saction describes how the locale
recommendation procedure was applied to
identify a set of locales that best satisfies the
objectives of the ARM Program. The section is
organized according to the steps outlined in
Section 3. The input from the Science Team
raview (Step 7) and the revisions made as a
result of that review (Step 8) are incorporated, as
appropriate, in the discussion of Step 8§,
Recommending a Set of Locales.

Identifying the
Domain of Attributes

The first step in applying the procedure for locale
selection was to identify the domain of attributes
that must be spanned by the ARM sites. The
original list of scientific attributes pertinent to
locale selection included climate, atmospheric
properties, surface proparties, and surface energy
fluxes. However, the CETs formed to examine
the attributes for surface properties and surface
energy fluxes were ultimately merged because
of the similarities between the criteria that had
been developed by those two teams. In addition
to the CETs assigned to examine the scientific
atfributes, CETs were formed to examine two
classes of nonscientific attributes: logistical
considerations and synergism with other
programs. Each of the CETs prepared detailed
reports. These reporis comprise Appendixes B
through F.

Identifying
Candidate Locales

The second step ofthe procedure was to develop
a list of locales to be considered by the various
CETs. The Climate CET compiled an initial list of
locale categories (e.g., tundra, equatorial
rainforest) by considering major regions of the
world that are climatically homogeneous. The
starting point for developing this list was the
system of climate classification developed by
Koppen and modified by Trewartha (Trewartha
andHom 1980}). The Koppensystemwas selecled
bacause vegetation and terrain are included with
temperature, precipitation and seasonality among
the classification criteria. Details are provided in
the Climate CET, Appendix B.

The locale categories identified in this process
are grouped according to land locales and ocean
locales. They are briefly described below, along
with the major world regions that fall within each
category {except some ocean categaries). Note

that these descriptions are general; they are -

intended to slicit a sense of the character ofeach
category, not to delineate boundaries with
precision. Some frequently used terms include
the following:

» Equatorial:  Approximately£5'Nand S

* Tropical: Approximately £ 23.5° N
and S ({includes Equatorial
zone)

19
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« Subtropical: 23.5" to approximately 35°N
and 8

» Midlatitude:  Approximately 35°to 50°N
and 8

» High latitude: 50" to approximately 66.5°N
and 8

* Polar: Poleward of 66.5'N and S

» Temperate  Subtropical and midlatitude,
without extremes of temp-
erature or aridity '

= Continental: Interior of continents,
exhibiting seasonal
extremes minimally
moderated by marine
influence

Locale Category

Descriptions:

Land Locales

Equatorial Rainforest. Temparatures average
near 27°C year-round; heavy rainfall (> 2000
mm/yr) but some seasonal variation; intense
convective storms; region of true selva
(equatorial rainforest). (Amazon River basin;
Conga River basin; insular Southeast Asia).

Tropical Monsoon Reglon. High temperatures
year-round; strong seasonal variation in
precipitation with marked rainy season athigh
sun; for this evaluation includes both true
monsoon areas (windward margins of
continent) and narrow leeward margins with
heavy orographic precipitation, a more
pronounced dry season and somewhat greater
annual temperature exiremes. (SouthernIndia,
west coast of southeast Asia; northern
Australia; northeast coast of South America;
Sierra Leone and Liberia).

Continental Deserts/Arld Reglons. Continantal
intariors dominated alternately by tropical and
polar continental air masses; shut off by
mountains from maritime air mass sources;

extreme annual temperature variation;
includes both midlatitude and subtropical
desert areas. (Southwest U.S., northern
Mexico; ceniral Australia; central Sahara;
Arabian peninsula; Gobl Desert; Kalahari
Deser).

Subtroplical Grasslands. Semiarid steppe/
prairie; high annual maximum temperatures;
dominated by fropical continental air masses
with occasional incursions from polar source
regions; flat to slightly rolling terrain; natural
grassland vegetation orsavannahdue to scant
precipitation. (West/central U.S.; Pampas
(Argentina, Uruguay); South Africa and
Botswana; outer margins of central Australian
desert).

Subtropical with Winter Rainy Season.
{“Medliterranean™). Namow coastalstripswest
of the subtropical grasslands, backed on the
east by mountains; hot, dry summers, cool
rainy winters; subject to strong, hot, dry
mountain winds {Santa Ana, mistral, bora);
scrubby vegetation. (Southern California;
central Chile; coastal margins of
Mediterranean basin; southern tip of Africa;
southwest Australian coast).

Midlatitude Continental Prairles. Poleward
continuation of subtropical grasslands;
continental air masses dominate; may be hot
in summer but winters very cold; scant
precipitation mainly in early summer; extended
periods of snow cover (60-130 days per year).
(North-central U.S., south-central Canada;
Soviet Union north of Caspian Sea; eastemn
margin of Gobi desert).

Temperate East Coastal Plains. Midiatitude;
seasonal temperature variation due to
alternating influence of tropical maritime and
polar air masses, butmuted by marine location;
adequate precipitation in all seasons; inland
from immediate coast (not intentionally
heterogeneous); generally flat; native
vegetation ranges from temperate rainforest
poleward to summer deciduous forest.
{Southeast U.S.; Uruguay and northeastern
Argentina; southeastern China and southem




Japan; eastern Australia; small areas in
eastern South Africa).

Midlatitude Humid Continental Plains. Strong
continental effects, with cold winters and hot,
humid summers; most precipitation comesin
summer, from both cycionic and convective
storms, but winter has a higher proportion of
cloudiness; snow cover averages 30-60 tolal
days; major agricultural areas (cropland),
though the natural vegetation is deciduous
forest (axcept for the “Prairie Wedge" in North
America). (Midwest U_S.; northern margins of
the Black Sea and east-central Soviet Union;
North China Plain).

Wet Temperate West Coastal. Midlatitude
coastal areas, windward sides of continents;
marine influence moderates temperature
range; precipitation throughout year also has
orographic component. {Northwestern U.S.,
southwestern Canada; south-central Chile;
northwest Europe).

Leeward Slope of Mountaln Range. Complex
terrain, temperature altitudinally dependent;
orographically induced lack of precipitation
(rainshadows). (Eastern slope of the Rockies;
western Ethlopia and Kenya).

High Latitude Continental Boreal Forest.
Source region of continental polar air masses;
extreme annual temperature range with short,
cool summers; slight precipitation fromcyclonic
storms but evaporation is small; dense but
short needleleaf forest, relatively flat terrain,
{Central Canada; north-central Soviet Union
(Sheria)).

Tundra. Region of the so-called "arctic front,”
marked by intense east-moving cyclonic
storms and shifting polar front; average
temperature of warmest month is above
freezing but below 10°C; temperature range
more moderate than that of continental interior;
persistent cloud cover; treeless vegetation
includes grasses, sedges, lichens, somewillow

. shrubs. {Northern Canada and north slope of
Alaska; northern Siberia; northern
Scandinavian peninsula).

Application of the Locale Recommendation Procadura

High Latitude Ice Plateau. No monthly
temperature average over freezing; strong
temperature inversions may occur over the
ice; plateau consists of glacial ice several
thousand feet thick in the form of a broadly
sloping dome (margins may be marked by
steep slopes or areas of considerable local
ralief). (Greeniand; Antarctica).

Lake Effect Reglon. Areas near large lakes,
inland seas, especially the windward margins;
*marine” effects such as increased
precipitation. {U.S. Great Lakes; Lake Titicaca;
Caspian Sea; Aral Sea; Lake Victorla).

Highland Plateau. Relatively flat but high
altitude; climatically distinct from lower regions
at same latitude; dry (isolated from marine alr
masses). (Utah; Bolivia; northern Ethiopia;
Tibet).

Locale Category
Descriptions: Ocean
Locales

Equatorial/Troplcal Oceans. Region of
westward-flowing warm equatorial currents;
Intertropical Convergence Zone; beginning of
Hadley cells; marked by high evaporation with
consequently heavy rainfall and large amounts
of moisture in the atmosphere; global
maximum of atmosphericwater vaporcontent.

Tropical Cyclone Spawning Areas. Regions of
poleward extant of the Intertropical
Convergence Zone, about 10-15" N and S,
especially alongeastemn and western margins
near continents.

Central Gyres. Subtropical central oceans;
regions of atmospheric high pressure cells
with little precipitation; characterized by high
salinity and fairly warm temperatures; areally
the dominant feature of ocean circulation;
relatively uniform over large regions; principal
climate drivers for the midlatitude continents.
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Western Boundary Currents. Subtropical to
midlatitude; poleward tumn of warm equatorial
currents; currents tend fo be compressed,
long, narrow, not much surface area;
considerable cloudiness; much warmer than
land areas immediately to west, especially in
winter; maximum latent heat input to
atmosphere. (Gulf Stream; Brazil Current;
Kuroshic Current; Agulhas Current; East
Australian Current).

Eastern Boundary Currents. Subtropical
latitudes; slightly equatorward in the southem
hemisphere, northward fo about 35°N in the
eastern North Pacific; region of stratus
development due to weak upwelling of cold
cumrents as they tum along the continents
toward the equator; dry, especially in the
southern hemisphere, where annual
precipitation averages less than 100 mm.
(California Current; Peru {Humboldt) Current;
Canaries Current, Benguala Current).

Eastern Margins of the Gyres. Transitional
areas between the cantral gyres and the cold
eastemn boundary currents; slow equatorward
drift; regions of stratocumulus (transition to
marine stratus along the boundary currents).

Mediterranean Seas. A true (sait-water) sea
completely enclosed by land; large enough to
be “oceanic” but restricted ocean dynamics;
no central gyre or well-developed boundary
currents; semi-arid climate with hot, dry
summers, rainy winters; climate less marine,
more influenced by adjacentland climate than

‘open ocean areas. (Mediterranean Sea).

High Latitude lce-Free Seas. General category
including seas with differing characteristics;
Norwegian Sea [s ice free due to warming by
the North Atlantic Drift; scene of considerable
heat exchange betwsen atmosphere and
ocean; Circumpolar Southern Ccean is the
connecting area for all world’s oceans {only
free exchange on globe); energetic, region of
strong atmospheric frontal activity.

High Latitude Ocean Ice Edge. The Marginal
lce Zone; possibly the mostimportant category
froma climatic point of view due to pronounced
positive feedback conditions; howsver, very

difficult logistically to monitor. (Greenland Sea;
Bering Sea; Chukchi Sea; Ross Sea).

Semi-Enclosed Seas. Detached from open
oceans by island chains, limiting water
exchange; limited ocean dynamics; smaller
size amplifies changes in adjacent ocean
conditions, more apparent atmospheric
feedback effacts.

Inland Water Bodiles. General category of
freshwater or brackish water bodies lacking
ocean characteristics but large enough to
affect climate over adjacent land areas; water
budgetis sensitive to river flow. {Great Lakes;
Lake Titicaca; Black Sea, Baltic Sea; Lake
Victoria).

Once the climatologically significant locale
categories were identified, several locales were
identified foreach category, takingterrain, surface
cover (e.g., natural vegetation, crops, ice} and
patterns of air masses, winds and ocean currents
into account to focus on distinct areas within the
broader regions.

Finally, the list of potential locales identified by
this process was shortened to a list of candidate
locales which were to be evaluated by the CETs
to determine their suitability in meeting the ARM
objectives. Candidate locales were selected for
detailed examination on the basis of meeting one
or more of the following criteria:

« Highly representative of the category

» Homogeneous in geographic attributes such
as terrain

+ Favorable logistic and/or synergistic atfributes

= Of unique or particular pertinence to
research goals of ARM.

" This set of categories was selected to span a

broad range of climatic and geographic regimes.
In selecting the candidate locales, it was deemed
preferable to suggest multiple, approximately
equivalent locales within categories of greatest
potential interest to ARM, rather than to select
one locale from every category. By keeping the
list of candidate locales down to aworkable size,
the CETs could devote their aftention to applying




detailed criteria, including logistic and synergistic
considerations, tothe locales of greatest scientific
merit. Therefore, based on initial prioritization
some categories ware not represented in the
final list. The locale categories and potential and
candidate locales within these categories, are
givenin Table 3; candidate locales are indicated
by check marks (/).

Theinitial roster of potential and candidate locales
was circulated to the ARM Management Team
and to members of the Locale Recommendation
Team. This fistwas also reviewed by the members
of the Science Team in their review of a draft
version of this repont. It was explicitly noted that
additional locale categories and/or candidate
locales could be added to the list at any time.
Locales which were subsequently added to the
original list are also included in Table 3. All
locales wers then subjectad to examination by
each CET. The approximate locations of the
candidate locales are shown in Figures 2 through
4. Theillustrated locale boundaries should notbe
taken as absolute; the attributes of each locale
are more critical to this decision process than are
precise locations. Two candidate locales do not
appear on the maps: the Antarctic Plateau, which
isthe ice-coverad heart ofthe continent and does

Application of the Locale Recommendation Procadurs

not include the mountainous areas; and the
Circumpolar Southern Ocean, which strefches
from the edge of the continent to approximately
45°§ latitude.

Evaluation Criteria
Used by Criteria
Examination Teams

The list of candidate locales, as amended, was
examined in detail by each CET. Each team
determined the criteria it would use to evaluate
the sites relative to its specific area of
responsibility. Each of the CETs examining
scientific criteria was directed to select one or
more sets of ocales that would stress the models
by spanning awide range of conditions thataffect
radiation and clouds. The criteria developed by
the CETs are summarized here and detailed in
Appendixes B through F. Since atmospheric
processes are viewed as the key setof processes
that must be captured by the ARM sites, the
criteria of the Atmospheric Properties CET are
presented in considerable detail.

Table 3. Locales Considered and Selected for Evaluation by CETs, Listed by Locale Category'

LAND LOCALES

The number of land locales identified for consideration was 42, and the number selected for detailed

for examination, indicated by #, was 17.

Temperate East Coastal Plains
7 Mid-Atlantic U.S.
v Southeast U.S. Coastal Plain
Southeast Canadian Coast

Southeast Coast of China (South of Yellow River; Shanghai to Canton)

Southeast Australian Coast

Gulf Coastal Plain of Southeast U.S. (Florida Panhandle to Louisiana, South

of Birmingham tc Memphis)

Subtropical Grasslands
v Southern U, S. Great Plains

The Pampas (Argentina, Uruguay)
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processaes likely would be obsarved. In addition,
this range allows a moderate probability that
clear-sky conditions also would be observed at
the candidate locales.

Two situations required relaxing the 40 o 70%
frequency requirement. The first situation results
from the observation that the frequency of
occurrence of tropical Cb’s is only about 25%.
The criterion used for the occurrence of Cb was
therefore defined to be a summer frequency of
occurrence of 2 10%. The second situation
involves clear skies. Since modeling totally clear
sky conditions is relatively simple, itwas decided
that fewer such cases would be necessary.
Therefore, the occurrence frequency criterion for
totally clear sky was also f = 10%.

Temperature exiremes formed the second
criterion for locale selection. This is necessary in
order to stress radiation models (e.g., testing of
models of the water vapor absarption continuumj.
Locales with large seasonalcycles (T, -T .
> 20K) or exceptionally warm temperatures
(T > 300K) were favored. A large seasonal cycle
in temperature was ensured by selecting at least
one midlatitude midcontinental locale.

The third criterion adopted was associated with
watervapor. Localas with extremely high specific
humidity {q=>18 g/kg), orlarge seasonal variations
(Qeummer =~ Twinter = & 9/KQ) Were sought in order to
stress radiation and cloud models, since high
specific humidity accentuates the water vapor
continuum, which is & large uncertainty in the
clear-sky infrared radiation balance. Strong
seasonal variations stress radiation
parameterizations and the prediction of clouds.

Other, less quantitative criteria were also used. It
was recognized that haze and dust can have a
significant radiative influence. In selecting some
of the locales, the probable existence of haze or
dust undersome conditions has been considered

App!icaﬁon of the Locale Recommendation Procedure

but could notbe quantified during the preparation
of this report.

Identifying Logistical
Constraints

The fourth step of the procedure was to identify
logistical constraints that might preclude
conducting ARM measurements in candidate
locales or impose major logistical hurdles. The
analysis of the Logistics CET consisted of an
evaluation of factors that are considered
operational. These factors (e.g., access, services,
and impacts) are those that would affect the
transportation, suppont, and maintenance of
personnel and equipment at CART sites. A
detailed discussionof the logistical considerations
pertinentto ARMmeasurements and examination
of candidate locales are contained in Appendix E.

Identifying Programs
Synergistic to ARM

The fifth step of the procedure was to identify
other atmospheric or oceanographic research in
the candidate locales that might provide
synergistic benefits to ARM. A list of synergistic
activities by programs other than ARM was
developed after canvassing the atmospheric
radiation and meteorological communities as
well as from a large number of inquiries among
the pertinent federal and intemational agencies.
The list of these potentially synergistic activities
and an analysis of the synergistic activities in
each of the candidate locales are presented in
Appendix F.
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the objective of stressing modals which describe
cloud formation, persistence, dissipation, altitude
distribution, and type explicitly requires variability
in such sita attributes as surface latent and
sensible heat fluxes. Thus in addition to meeting
the objective of variabllity in cloud type, it was
necessary also to meet the objective of variability
of surface heat flux companents.

Application of Locale
Selection Procedure
by the Evaluation Team

In its deliberations, the Evaluation Team relied
heavily onthe information and recommendations
provided by the CETs addressing scientific
atiributes, as summarized in Appendixes B, C,
and D. The following is a summary of the sequence
of steps faken by the team as it carried out the
procedure specified at the La Jolla meeting. The
results of this process are also summarized in
Table 4, which indicates whether a given locale
was recommended as a primary or secondary
locale, was considered an alternative fo one of
the recommended locales, or was aliminated
from consideration:

1. The Evaluation Team Identified all candidate
locales (denoted in Table 3 by #) that

appeared in any of the sets of locales
generated by the Atmospheric Properties
CET and the combined Surface Properties
and Surface Flux CETs. The remaining focales
(those that were not retained by at least one
CET) were eliminated from further
consideration as primary locales for ARM
sites. This elimination was provisional, itbeing
understood that at some future stage of the
recommendation process, the eliminated
locales might be considered as alternatives
to locdles that had been retained. Of the
original 31 candidate locales, 8 were
eliminated at this stage, leaving 23 for
further consideration.

Ingeneral, elimination of locales at this stage
reflected the fact that eliminated locales
exhibited a lesser range of pertinent attributes
than did retained locales. For example, the
Southeast U. S. Coastal Plain exhibits a
smaller seasonal range of both temperature
and specific humidity than does the Mid-
Atlantic U. S. Coastal Plain, while exhibiting
comparable frequencies of the several cloud
types. The tropical Allantic exhibits lesser
maximum sea surface temperatures and
lesser amounts ofdeep convection than does
the Tropical Western Pagific.

Table 4. Results of Evaluations of Candidate Locales

This table lists all locales that were considered by the CETs as candidate locales for ARM sites and
indicates, by locale, whether that locale was recommended as a primary or supplementary locale, is
considered an alternative to one of the recommended locales, or was eliminated from consideration,
The numbers in the columns denate the step, N, of the Evaluation Team procedure at which the
recommendation was made, as follows:

Column | Locale identified as possible alternative in step N
Columnll  Locale selected as a primary locale in step N
Column ill  Locale selected as a supplementary locale in step N

Column IV Locale eliminated (provisionally) in step N

Certain locales, which were provisionally eliminated from consideration at a given step of the
procedure, were subsequently reconsidered; this is indicated by a locale having multiple entries in
the table.
















4. The Evaluation Team recommended the
Southem U. S. GreatPlains as the first primary
locale and eliminated Midwest U.S. and
Northem U. 8. Great Plains as candidate
locales for primary sites.

Rationale: All three locales exhibit favorable
logistics; high geographical homogeneity; awide
variety of cloud types; and large intra-annual
variability of surface flux properties and weather,
including cloud types, temperature, and specific
humidity. A mid-continental locale was also
favorad by the expected sensitivity of mid-
continental locations fo climate change and the
consequent desire to obtain data for testing
climate models at such a location, Initially the
Evaluation Team had recommended the Midwest
U. S. locale, on the basis of greater variability in
surface fluxes and pollutant aerosol
concentrations, However it was emphasized that
if synergistic potential orlogistical considerations
were found tor strongly favor a site in one of the
Great Plains locales, the effect of selecting one of
these alternatives would be slight from a scientific
perspective.

Application of the Locale Recommendation Procadure

Based on discussions at the Science Team
meeting, the recommendation for the first locale
waschangedto the Southem GreatPlains Locale,
largely because this locale additionally affords
the opportunity for synergistic activity with other
ongoing and planned meteorological projects
and facilities. A key facility is the network of wind
profiling stations that will be installed in this area
as part of the planned National Oceanic and
Atmospheric Administration (NOAA) Wind Profiler
Demonstration Network; the locations of these
stations are indicated in Figure 6. The high density
of vertical atmospheric structure data from this
network will be of paramount importance to a
number of ARM experiments, specifically
including those constructing or using four-
dimensional data sets. Ancther pertinent project
isthe Global Energy and Water Cycle Experiment
(GEWEX). Also the Southern U.S Great Plains,
being at lower latitude than the other locales, is
situated somewhat more favorably to the orbit of
the TRMM satellite, which is expected to provide
valuable measurements of key physical and
radiative variables.

Figure 6. Locations of Stations for Planned NOAA Wind Profiler Demonstration Natwork.
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- Alternatives: Both the Midwest U.S. and the
Northemn Great Plains are close altarnatives to
the Southern Great Plains. The Midwest locale
experiences more variability in aerosol loading
than the Great Plains locales (favoring Midwest);
Northern Great Plains locale has greater
probability of experiencing snow cover (favoring
Northem Great Plains). Aithoughthe three locales
differ climatologically and geographicallyin some
respects, all present a considerable variety of
cloud types and a wide annual range of
temperature, precipitation and surface flux
properties. Thersfore, evenifsynergistic potential
orlogistical considerations beyond those already
noted are subsequently found that would strongly
favor a site in the Midwest U.S. or the Northern
Great Plains, the effect of selecting one ofthese
alternatives would remain slight from a scientific
perspective.

Cumutative Record: 1 primary locale
recommended, 10 locales eliminated.

. 5. The Evaluation Team recommended the
Tropical Westemn Pacific Ocean (TWPO) as
the second primary locale.

Rationale: The Tropical Western Pacific Ocean
(TWPQ) is the best locale for observing
cumulonimbus clouds and is excellent for
observing fairweather cumulus clouds. Althcugh
cumulonimbus clouds are fairly prevalent at the
previously-selected primary locale {Southern U.S.
Great Plains), they arise from different
mechanisms, such as surface heating, frontal
boundaries, and traveling disturbances generally
absent in the TWPO, and exhibit different drop
- size distributions. Similarly, fairweather cumulus
clouds are widespread over the surface of the
Earth, and are thus important for the ARM
Program, but they are not present with great
frequency at the Southemn U.S. Great Plains
locale and again arise from different formation
mechanisms. The TWPO locale experiences
extreme high temperature and specific humidity
for an ocean locale. The TWPO is the only
candidate locale in which the €l Nifio - Southem
Oscillation and related phenomena can be
cbserved.

This locale is essential for several experiments
that have been proposed for the ARM Program,
e.g., the examination of anomalous infrared
absorption at high-sea surface temperature
(Raval and Ramanathan 1989) and examination
of the influence of deep convection on the
transport of water vapor to the high troposphere
and on cirrus cloud distribution over the ocean
(Draft Site Mission).

Alternatlves: Atthe Science Team meeting the
Australia-Indonesia Semi-enclosed Sea (AlSS)
was proposad as anear-equivalent alternative to
the Tropical Western Pacific Ocean, largely on
the basis of the logistical and synergistic
advantages afforded by existing programs
conducted in the vicinity of Darwin, Australia.

In view of the suggestion of the AlSS locale, the
relative merits of the AlSS and the TWPQ foward
meeting ARM objectives were examined in some
detail following the Science Team meeting.
Essentially the climate of the AISS is more
monsoonal and less truly tropical than that of the
TWPO. During June, July and August (J.JA) deep
convection is uncommon, with cumulonimbus
clouds observed only 5% of the time. Fair-
weathercumulus clouds are most common during
JJA. During December, January and February
{DJF) a monsoon circulation is established, with
cumulonimbus clouds observed 15% of the time.
However even this is considerablyl less than at
the TWPO (20%). The longwave cloud radiative
forcing (CRF) at the AISS exceeds 80 W/m?
during DJF, which is nearly as high as anywhere
in the tropics, but during JJA the longwave CRF
is less than 20 W/m?. The precipitation pattems
in the two locales are very different, with Darwin
raceiving almost all of its precipitation within a
two-month period (January and February), in
contrast to the TWPO, which has a relatively
uniform precipitation pattern over the year.

Table 5 compares seasonal cloud frequencies,
temperature, and water vapor for the iwo [ocales:

The strong seasonality at Darwin is illustrated by
the cloud frequencies for cumulonimbus, cirrus,
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Table 5. Comparison of Cloud Fraquencies, Temperature, and Water Vapor for Darwin, Australia,

and Tropical Westemn Pacific Ocean Locales

Cloud Type Frequency
Stratus
Cumulonimbus
Cirrus
Cirrus alone
Altostratus
Cumulus
Clear

Temperature ("C)
Water vapor {g/kg)

TWPO

Darwin
F JUA

JE JJA  OJF

30 20 KL 30

15 5 20 25
60 30 70 65
3 3 0 o

60 30 70 65
45 50 45 45
0 5 0 0

28 20 28 24
18 14 18 18

and altostratus, and by temperaturs and water
vapor content.

A number of investigators expressed preference
for the AISS locale explicitly because of the
seasonality. Specifically mentioned were the
ability to conduct a study at thatlocale to focus on
the monsoonal break period, and the ability to
stress models by taking advantage ofthe seasonal
variability. However, concernwas expressed that
cloud forcing was different from that in the open
ocean, being dominated by more complex flow
patterns.

Further concerns were expressed that a
substitution of the AlSS locale for the TWPO
might have the effect of losing the ability to
capture certain key ARM objectives, specifically
the study of deep tropical convection, with
resultant transport of water vapor to the high
troposphers, and of the possible dependence of
this convection on widespread changes of sea-
surface temperature. Since high ocean
temperaturas drive this convection, changes in
seasurface temperature associated with E! Nifio
cycles would be a unique means of studying this
dependence. Such studies would require
measurements over at least one and preferably
two or more El Nifio cycles; these cycles have a
duration of approximately two years. This
interannual variability is viewed as aclose analog

to climate change. Sea-surface radiative fluxes
canchange by as much as 50 to 80 W/mZ2over the
El Nifia cycle. Because of the unique attributes of
the TWPO, if 2 primary ARM site were not
established in this locale, it would be necessary
toconductextensive measurementsin this locale
on a supplementary basis.

Despite the numerous loglstical advantages, and
certain scientific atiributes that would favor the
AISS, it was the prevailing sense of the members
of the Science Team that the issues initially
favoring the TWPO strongly favored that locale
over the AISS. For those reasons the TWPO
remains the recommended choice for the second
ARM locale.

In lieu of either the TWPO or the AISS,
consideration might be given fo tropical forest
locales, either the Amazon Basin or the Congo

- Basin. These alternative locales provide

opportunities to observe altostratus andlarge fair
weather cumulus clouds, but neither is as good
as the Tropical Western Pacific for observing
cumulus clouds. Marine stratus are not present
inthe tropical forestlocales, butthese are captured
at the Eastern Pacific Ocean Locale. The
cumulonimbus clouds of the tropical forestiocales
do not reach the same vertical extent as those of
the Tropical Western Pacific, and therefore do
not afford the same opportunity as does that
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Each of the
recommended
ocean
locales
exhibits
distinct
radiative
properties
essential to
ARM.
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locale to cbserve the high altitude vertical transport
of water vapor. Consequently these locales are
viewed as inadequate substitutes for TWPO or
AlISS.

Cumulative Record: 2 primary locales
recommended, 11 locales eliminated.

6. The Evaluation Team recommended the
Eastern North Pacific Ocean or the Eastern
North Atlantic Ocean as the third primary
locale.

Rationale: The princlpal reason for selecting
one or the other of these locales is the high
frequency of low-level marine stratus clouds.
Baoth the Eastem North Pacific and the Eastern
North Atlantic locales exhibit a high fraquency of
low-level marine stratus, which is a key cloud
type goveming the global energy budget. Marine
stratus clouds are less mixed with other clioud
types in the Eastern North Pacific than at
alternative locales; thus they can be observed in

. this locale in their purest form. This locale also

experiences moderate latent heat fluxes and
spansarange of conditions. Also, large variations
in anthropogenic aerosols (from California) are
expected for different synoptic situations,
permitting the testing of aerosol influences on
cloud optical properties. The region of the Eastern
North Atlantic Ocean extending from the Azores
to Aifrica also offers a variely of marine cloud
types, including the transition from marine stratus
to stratocumulus to fair-weather cumulus. In
addition, this locale offers the potential for
synergism with the First International Satellite
Cloud Climatology Project (ISCCP) Regional
Experiment (FIRE) Program. An ARM site in
either of these locales would meet the
requirements of an eastern ocean margin locale.

Formation and developmentof winterstorms can
be observed in the Eastern North Pacific Ocean
locale. However, such storms can alsc be
observed over the Midwest U.S. and formation
processes are largely independent of surface
properties, so the locale may not represent an
incremental gain from this perspective.

Alteratlves: There is no suitable alternative to
this locale among the candidate locales. The
clouds are the key to the selection of this particular
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locale. A suitable alternative must provide
adequate opportunity tc observe low-level marine
stratus clouds. Alternative locales would in all
likelihood be marine locales and, therefore,
subject to many of the same criticisms as the
Eastern North Pacific/Eastern North Atlantic
localeitself. Thus, logistical considerations would
seem to favor the originally selected locale over
possible alternatives. If this locale were omitted
from the set and not replaced by a suitable
alternative, the remaining localeswould notcover
the full complement of radiatively significant
clouds types.

From the surface property and surface flux
perspectives, this locale is typical of mid-latitude
oceanlocales and would serve as a “generic ntid-
latitude ocean locale”in the absence of any other
such locale. However, other mid-latitude ocean
locales could serve equally well in this regard.

Apossible alternative approach to establishing a
locale that captures the marine stratus clouds of
this locale is that of combining the Eastern North
Pacific and the Northwest U.S./Southwest
Canada CoastLocales. The Easten North Pacific
provides the ability fo observe low-level marine
stratus clouds over a homogeneous background.
Surface homogeneity is lost by combining the
two locales. Although it should be possible 1o
observe optical properties and radiative effects
of marine clouds from coastal sites, an ocean site
is required to obsarve cloud formation and
maintenance processes characteristicofthe open
ocean, because these can only be observed
from an ocean site.

Comments: From an atmospheric perspective,
both ofthe recommended ocean locales (Tropical
Waestern Pacific Ocean; Eastern North Pacific/
Eastern North Atlantic) are essential, and there
are no really good altemnatives to such apair. The
locales provide the best opportunity to observe
widespread—hence, important for the ARM
program—types of marine clouds. Moreover, the
locales are complementary in that the cloud
types observable in one locale are not present
with sufficient frequency to be readily observed
in the other. If one of the recommended Pagific
Ocean locales is for some reason not selected to
host asite, then eitherthe Gulf Stream off Eastern




N. America or the Sargasso Sea is considered
essential in orderto observe afull complement of
radiatively significant cloud types.

Cumulative Record: 3 primary locales
recommended, 1 identified as an alternative, 11
locales eliminated.

7. The Evaluation Team recommended North
Slope of Alaska as the fourth primary locale.

Rationale: The North Slope of Alaska was
selected because it experiences highly diverse
atmosphericand surface properties, ranging from
cold air temperatures and high albedo when
covered with ice or snow and polar night at mid-
winterto moistvegetation and low suninsummer.
It also experiences a wide range in surface
fluxes, although a wide range of surface fluxes
can also be observed from previously
recommended locales atthe Southem U.S.Great
Plains locale orits alternative albeit under different
temperature conditions, etc . The North Slope
locale is climatologically distinct in terms of
latitude, and temperature. Together, the twoland
locales, the Southemn U. S. Great Plains and the
Noith Slope of Alaska, span a wide range of
atmospheric, surface flux, and geographic
conditions. The locale is situated in the region of
largest probable climate feedbacks, relating
surface temperature, surface albedo, evaporation
and cloud cover; it is a polar atmospheric heat
sink in winter. Compared to other high-latitude
locales, the North Slopa locale is logistically
appealing.

Alternatives: The high-latitude ice plateau
locales (Greenland, Antarctic) and the high-
latitude ice-free sea locales (Circumpolar
Southern Ocean or Norwegian Sea) locales are
alternatives to the North Slope of Alaska. If the
North Slops locale were eliminated from the set
of ARM sites, the wide range of conditions
(temperature, surface fiuxes, efc.} spanned by
this locale and the Southern U.S. Great Plains
could be partially restored only by the inclusion of
one of the listed alternatives.

Logistically, the North Slope is preferable to the
altematives, with the possible exception of the
Antarctic Plateau. At the Science Team mesting,
some investigators expressed preference for an
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Antarctic site, noting polar stratospheric ozone
and low concentrations of southern hemisphere
aerosol as possible reasons of preference.
However, these views were not generally seen
as compelling, especially in the context of the
wide seasonal variability atthe North Slope locale.

Cumulative Record: 4 primary locales
recomended, 1 identified as an alternative, 11
locales eliminated.

8. TheEvaluation Teamrecommended the Gulf
Stream off eastern North America as the fifth
primary locale.

Ratlonale: The Gulf Stream locale exhibits
extreme ranges in magnitude of surface heat
fluxes. Cold air outbreaks are extreme in
magnitude, and air-water temperature
differentials are greater here than anywhereelse.
This is the best locale for exercising surface
boundary flux models under extreme conditions.
The Gulf Stream locale is the best of tha candidate
locales for observing variability in surface energy
fluxes, fair-weather cumulus cloud fields and
mature storms, and itis akey locale for observing
altostratus clouds.

This locale provides the best opportunity to
cbserve exira-tropical deep cyclones. The
processes best observed here—formation and
maturation of marine cumulus clouds—are
univarsal, but the Guif Stream locale gives the
highest“signal-to-noise ratio" for observing these
processes involved. The Gulf Stream locale is
the best place {because of their frequency) to
observe mature synoptic storms. These are the
only such cloud systems that might actually be
resolved by a GCM, and hence offer the possibility
oftesting microphysics parameterizations without
the usual difficulties associated with sub-grid
variability. Convective activity during cold air
outbreaks is interesting, but has less climatic
significance because of its localized nature.

The vicinity of the Gulf Stream is a key locale for
observing altostratus clouds and the formation
and maturation of storms offropical origin. Storms
observed in the Pacific Ocean locales do not
reach the maturity of those observed in the
Atlantic Ocean. Further, the Gulf Stream off
sastern North America is the site of extreme air-
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sea fluxes, especially during cold-air outbreaks
from the North American continent during winter.

Alternatives: Becausa ofthe extrame difficulties
in establishing and maintaining an ARM site in
the Gulf Streamlocale, the possibility of altemative
locales must receive special conslderation. More
than one alternative locale {one forclouds, another
for fluxes, etc.) may be required to adequately
observe these phenomena elsewhers. On the
other hand, rather than deal with multiple
alternatives, it may be preferable to use a
campaign approach to obtain the necessary data
at the Gulf Stream locale.

The Mid-Atlantic Coastal Plain was considered
as a possible alternative to the Guif Stream off
Eastern North America. From a logistical
standpoint, the Mid-Atlantic Coastal Plain is
greatly preferable to the Gulf Stream locale. This
locale offers suitable, albeit inferior, frequency of
altostratus, a primary cloud type for the Guif
Stream locale. Howevar, a site in the Mid-Atlantic
Coastal Plain would be complementary in many
respects to the two previously selectsd primary
land locales.

The choice of the Mid-Atlantic Coastal Plain as
an alternative would greatly diminish the variability
in surface energy flux distributions that would be
accessed incomparison to the Gulf Stream locale.
The high heat fluxes from ocean to atmosphere
in the Guif Stream Locale result from large air-
sea temperature differences, dry air and strong
winds. These are satisfied during cold-air
outbreaks during winter. The large air-sea
temperature differences are sustained by
advection of warm water by the Gulf Stream,
typically 18°C during winter. Similar
meteorological conditions can be found over the
Great Lakes in winter, but there the heat in the
water is supplied only by summer warming, and
this can soon be exhausted leading to freezing
waler temperatures and even the formation of ice.

A location somewhat east of the Gulf Stream
(e.g., north of the Sargasso Sea locale) might
prove equally suitable for cloud and cloud-
radiation balance studies while better satisfying
the constraint of surface homogeneity, but with
loss of extreme values of surface fluxes.

Additional possible alternative locales to capture
high surface latent heat fluxes include Southemn
India, after monsconal rains, and rain forest,
particularly at the start of the dry season. Irrigated
central Califomia may be another alternative
locale, but irrigated areas have been discounted
by considerations of homogeneity. Other areas
may experience conditions of high heat fluxes on
time scales of a day or so {e.g., the rice-growing
areas of Southern Texas after the passage of a
cold front or the Southem U.S. Great Plains or
Midwest U.S. after a cold front passage is
preceded by widespread rain).

Data presented in Appendix D compare latent
and sensible heat fluxes at possible alternative
land sites with those reparted for the Gulf Stream
locale for averaging times of a month. Much
greater fluxes are found at the Gulf Stream
loczle. Forthe alternative land locales, significant
variations in surface fluxes can be expected on
time scales of an hour to days. For example,
latent heat flux within the contiguous United
States sometimes reaches peak values of 400 1o
500 W/m? (compared with peak values over the
Gulf Stream in excess of 1000 W/m?). These
peaks over the land are associated with the
diumal cycle of insolation, so over the period ofa
few hours large changesinfluxescanbeexpected
over land. Even more rapid changes can result
from sudden changes in surface moisture
associated with rainfall. Over the ocean the diumal
modulation of the fluxes is very much smaller
and, in the absence of ice, the latent heat flux is
never limited by the availability of surface
moisture. Consequently the time scales of
changes in the turbulent fluxes over the ocean
are those of meteorological features or advective
changes in sea-surface temperature, i.e., many
hours to weeks.

Cumulative Record: 5 primary locales
recommended, 1 identified as an alternative, 11
locales eliminated.

9. The Evaluation Team selected a suite of
locales, complementary to the set of primary
locales, that are necessary in order to span
the ranges of important attributes. The sites
in these locales would be occupied




intermittently or on a campaign basis to
provide additional measurements relevant to
specific issues which cannot be adequately
addressed at one or more of the primary
sites.

Central Australia or Sonoran Desert

Rationale: The high temperatures and low
specific humidities of the Central Australia or
Sonoran desert locales paermit substantial
extension of the range of conditions over which
models can betested, especially clear-airradiative
transfer models. The Central Australia locale is
slightly favored because of its homogeneity and
synergistic potential. The Sonocran Desert is
favored because of its proximity and consequent
logistic favorability.

Northwest U.S.—Southwest Canada Coast

Rationale: This locale is an intentionally
heteroganeaus locale for strassing cloud models
in coastal-mountain orographic situations. Marine
stratus clouds present at this locale exhibit very
low droplet concentrations because of low
pollutant concentrations.

Although the Science Team racognized the
necessily ofincluding intentionally heterogeneous
locales In the set of supplementary locales in
order to stress and test cloud and radiation
models, concem was exprassed that because of
the intense orography, coupled with the land-
ocean boundary, this locale might prove too
difficuit, at least as an initial intentionally
heterogeneouslocale. Toovercoma this concern,
inclusion of a locale with less intense orography
was suggesied. One possibility would be to
examine coastal effects on the west coast of the
U. S, but at iower latitude where the orography
is less Intense. A study at such a lower latitude
locale, might gain synergism by proximity to the
primary ARM site in the Eastem Pacific Ocean.

Amazon Basin or Congo Basin

Rationale: This locale category is climatologically
important, with moderate intra-annual variability
and little interannual variability, Low interannual
variability diminishes the need for long-term
occupancy. However, the length of occupancy
should be extended if predicted results based on

Application of the Locale Recommendation Procedure

models are not consistent with observations. In
the event that continuous measurement activities
cannot be maintained in the Tropical Western
Pacific Ocean locale, then the tropical rain forest
locales become important altematives.

Beaufort Sea, Bering Sea, or Greenland Sea

Ratlonale: The Beaufort Sea, Bering Sea, or
Greenland Sea are key locales for observing the
ocean ice edge, which is important for studying
changes in albedo and surface fluxes
accompanying the growth and decay of sea ice,
and the possible albedo compensation by the
decay or growth of marine stratus clouds. While
seaice and stratus clouds interact differently with
atmosphericradiation, they are frequently difficult
to distinguish in remotely sensed images.

The Beaufort Sea locale is perhaps the most
appealing logisfically. It is frazen in winter and
melts in summer providing ample opportunity for
ice-edge studies. The proximity to the
recommended North Slope of Alaska locale
affords the opportunity for campaigns in
conjunction with a site in that locale.

Cumulative Record: 5 primary locales
recommended, 1 identified as an alternative; 4
supplementary locales identified, with 4 locales
identified as alternatives; 17 locales eliminated.

Final Result

Thae results of the locale recommendation process
are summarized here:

Primary Locales: Five locales, including one
pair of alternatives, were recommended as
primary locales:

1. Southern U.S. Great Plains
2. Tropical Western Pacific Ocean

3. Eastern North Pacific Ocean or Eastern
North Atlantic Ocean

4. North Slope of Alaska

5. Gulf Stream off Eastem North America,
extending eastward
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Therecommended setof primary ARMlocalesis
presented hers ordered according to the incre-
mental scientific understanding expected to be
gained by conducting ARM measurements at
sites within these locales and by logistical con-
siderations. The primary localas constitute a set
that was selected to span the range of attributes
that are dominant with respect to the models of
clouds and their influence on atmospheric ra-
diation. If any one of these locales Is removed,
the remaining locales do not provide adequate
coverage of radiatively important attributes.

In the judgment of the Evaluation Team, in con-
currence with the principles specified at the La
Jollameeting, itisimportantforiogistical reasons
thatthe firstland locale be occupied and producing
valid, high-quality data as soon as possible. The
experience gained at this {ocales site will prove
invaluable when subsequent sites are estab-
lished, This principle clearly mandates the choice
of the Southarn U.S. Great Plains locale (orone
of the two alternatives, Northern Great Plains or
Midwest U.S.) for the initial ARM site.

Although logistical difficulties are associated with
oceanlocales, ocean sites are crucial to meeting
ARM cbjactives. Therefore, a site in the second
locale, the Tropical Western Pacific Ocean
(TWPO), should be established as soon as fea-
sible. The order of occupancy of the remaining
sites does not appear to be so critical as that of
the first two. As the ARM Program evolves,
compelling reasons may appear for occupying
the remaining sites in some order other than that
proposed. It is the judgment of the Evaluation
Team that the order in which primary sites 3t0 5
are occupied would not have a significant effect
on the scientific objectives of the ARM Program.

In the discussion that follows the scientific justi-
fications for establishing ARM sites are pre-
sented for the recommended primary and
supplementary locales. Also presented are brief

summaries of logistical considerations and of
programs other than ARM which might afford the
possibifity of cooperative interaction with ARM.
Logistical considerations are abstracted fromthe
discussion presented in Appendix E, which pre-
sents adiscussion for altlocales examinedinthis
study. Programs referred to in the discussions of
synergistic considerations are described inmore
detail in Appendix F.

Primary Locales

Sites in the primary locales will operata with a full
complement of instrumentation required for
camrying outthe ARM measurements pertinentto
the scientific objectives of the particular locale
and will be occupied for an extended pericd of
time, up to a decade.

1. Southern U.S. Great
Plains ‘

Key requirements for the first ARMlocale include
favorabie logistics; high geographical homoge-
neity; a wide variety of cloud types, large intra-
annual variability of surface flux properties and
weather, including cloud types, temperature, and
specific humidity. These requirements are met
by the MidwestU. S., Northern Great Plains, and
Southern Great Plains locales. Extratropical
cyclones pass through all three areas in the
fall-to-spring seasons, with resulting stratus,
imbedded convective and cirrus clouds. The
spring-and-summer seasons produce significant
convective activity of both airmass-type thunder-
storms and organized mesoscale convective
systems. Cirrus clouds are common during
winter within these locales. These locales also
offer a wide range of temperature and specific
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humidity, including significant synoptic and diur-
nal variations. A mid-continental locale also was
favored by the expected sensitivity of mid-conti-
nental locations to climate change and the con-
sequent desire to obtain data for testing climate
models at such a location. The Southern U.S.
Great Plains locale was recommended as the
first ARM locale because it additionally affords
the opportunity for synergistic activity with other
ongoing and planned meteorological projects
and facilities.

Logistical Considerations

All three mid-continental U. S. localss are logis-
tically favorable.

Synergism with Other Programs

The Southern U.S. Great Plains locale was rec-
ommended as the first choice over the Northern
U.S. Plains and the Midwest U.S. largelybecause
of the synergism that will be afforded to ARM
resulting from the high density of wind profiling
stations that will be installed in this area as part
of the planned NOAA Wind Profiler Demonstra-
tion Network. The high density of vertical atmo-
spheric structure data from this network will be of
paramount importance to a number of ARM
experiments.

There are several activities in other programs
within the Southern U.S. Great Plains locale that
might form the basis for synergistic collaboration
with ARM. The National Severe Storms Labo-
ratory at Norman, Oklahoma, maintains anstwork
ofresearch quality meteorologicalinstrumentation
including a variety of radars. This institution also
conducts numerous specialized field projects in
this vicinity. There is a Long Term Ecological
Research (LTER]} site (tall grass prairie; Konza
Prairie Research Natural Area), located 10 km
south of Manhattan, Kansas. This site was the
location of field measurements under the First
ISCCP Field Experiment {FIFE) conducted by
the International Satellite Land Surface Clima-
tology Project (ISLSCP). This locale Is also the
site of the First ISCCP Regional Experiment
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(FIRE) Cirrus IFO-Il project, to be conducted in

November and December 1991, in southemn
Kansas. Anather pertinent project Is the Giobal
Energy and Water Cycle Experiment (GEWEX).
Also the Southern U.S Great Plains, being at
lower latitude than the other locales, is situated
somewhat more favorably to the orbit of the
Tropical Rainfall Measuring Mission (TRMM)
satellite, which is expected to provide valuable
measurements of key physical and radiative vari-
ables.

2. Tropical Western
Pacific Ocean

Ocean locales are important for ARM both be-
cause of the large fraction of the Earth surface
covered by oceans and because of the globally
important cloud types and meteorological situa-
tions that are found only at ocean locations.
Numerous experiments pertinent to ARM ob-
jectives and certain unique experiments of key
importance to ARM objectives can be performed
atthe TWPO locale. The locale is characterized
by a large pool of warm ocean water that is
unique globally. Cumulonimbus clouds are fre-
quent, with a resultant large flux of water to the
high troposphere; this convective activity is
thought to be highly sensitive to climate warming.
Other cloud types are frequently observed, in-
cluding fair-weather cumulus and altostratus
associated with organized convective systems,
Cirrus clouds also occur frequently as outflow
trom convective towers. Surface water-vapor
concentrations are among the highest globally,
permitting tests of anomalous water vapor ab-
sorption. There is large multi-year atmospheric
variability (EINifio - Southern Oscillation events)
relative to other ocean locales.

Logistical Considerations

The TWPO locale is extremely distant from
the U.S. but is served by major airports. The
locale is ice free and has several islands {some
U.S. owned) that could be used as bases for




operations. Staging areas with docks and
other facilities are available in Australia and the
Philippines. The U.S. military maintains bases
on Kwajalein and other islands.

Synergism with Other Programs

As part of the World Ocean Circulation Experi-
ment (WOCE), the Tropical Ocean-Global Atmo-
sphere (TOGA)/Coupled Ocean Atmosphere
Response Experiment {COARE) will be con-
ducted in the TWPO over a several-year period.
Somes pilot studies were initiated in 1990. These
will be extended to an enhanced monitoring
network in the period 1991-1994, An intensive
observational peried is currently planned for fall
of 1993.

The Australian Commonwealth Scientific and
Industrial Research Organization (CSIRO) is
conducting asatellite validation campaign starting
in 1991 using shipboard radiometers and
radiosoundings in the TWPO.,

3. Eastern North Pacific
or Eastern North
Atlantic

Eastern ocean margins represent another
prevalent and climatologically important cloud
and meteorological situation that is quite distinct
from that represented by the TWPO. Both the
Eastern North Pacific and the Eastern North
Atlantic locales exhibit a high frequency of
low-lavel marine stratus, a key cloud typa gov-
eming the global energy budget that persists
for long periods of time over relatively large
areas of the Earth. Although they can have a
significant impact on radiative transfer and the
Earth's heat budget, these clouds are poorly
understood and inadequately treated in climate
models.

Marine stratus clouds are less mixed with other
cloud types in the Eastern North Pagific than at
alternative locales; thus they can be observedin
this locale in their purest form. They occur off the
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coast of southern California with a frequency of
55% in the wintertime and 70% in the summer.
Transitions commonly occur between marine
stratus and broken cloud conditions. Under-
standing the mechanisms and developing mod-
els for this transition are crucial to the simulation
of climate change. Large variations in anthropo-
genicaerosols (from California) are expected for
different synoptic situations.

The region of the Eastern North Atlantic Ocean
extending from the Azores to Africa also offers a
variety of marine cloud types, including the tran-
sition from marine stratus to stratocumulus to
fair-weather cumulus. An ARM site in either of
these locales would meet the requirements of an
eastern ocean margin locale.

Logistical Considerations

For an ocean locale, the Eastern North Pacific
Ocean affords substantial logistical advantages
and synergistic possibilities. The locale is easily
accessible and ice free. U.S. west coast staging
areas are available, and islands exist that could
be used as operational bases.

The Eastern North Atlantic Ocean locale is dis-
tant from the U.S. but is served by international
airports in Portugal and Spain. Islands (foreign
territory) are available for operational bases.
Staging areas (Gibraltar, Lisbon) are available.
Thelocaleisice free. International arrangements
would be required.

Synergism with Other Programs

The WOCE Implementation Plan of March 1989
identified the time series stations PRS 2and PRS
3 as a U.S. contribution to WOCE in the North
Pacific. PRS 2 is located near Oahu, and PRS 3
will be located off the coast of California. These
stations would form a pair across the eastern
subtropical gyre in the North Pacific, and aliow
the development of an "index of circulation” for
the gyre. PRS 3 also could be used to monitor the
eastern boundary region of the North Pacific for
transport estimates withinthe California Current.
PRS 3 should be associated with the heat flux
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line P2 at 32° N and the current meter moorings
PCM 2 off the California coast, The goal is for
both stations to run monthly for ten years. The
station off Oahu has bean operating for two
years, and establishment of a similar station In
the California Current near 32" N to monitor the
eastern rim of the gyre has been recommended.
FIRE Phase | conducted amajorfield experiment
to study marine stratocumulus clouds off the
southwest coast of California in July 1987.

The Eastern North Atlantic Ocean locale offers
the potential for cooperative interaction with the
FIRE Program.

4. North Slope of Alaska

The North Slope of Alaska locale, in combination
with the Southern U. S. Great Plains, eéncom-
passas a wide and highly diverse range of sur-
face property attributes. Thislocale exhibits large
seasonal variation in surface flux properties,
more than competing locales in the deserts,
fropical rain forests or northern boreal forests.
The seasonal varlation from snow-ice cover to
vegetation in effect offers two climatological
locales at one locale. The locale is well suited
to modeling, exhibiting a gentle uniform siope
without severe local inhomogeneities.

Logistical Considerations

Although weather conditions can be severe, this
locale actually affords substantial logistical
strengths. The Dalton Highway provides year-
round access to Prudhoe Bay. There are daily
year-round flights to Barrow and nearby popu-
lation centers for logistical support and provision
of supplies.

Synergism with Other Programs

A LTER Tundra site (Arctic Tundra Site} is
located at Toolik Lake 260 miles north of
Fairbanks, Alaska, in the northern foothiils of the
Brooks range. The LTER program is a National

Science Foundation (NSF) funded, long-term
ecological research program. DOE also sup-
ports this site and several others through the
R4D project. One of these sites, Frankiin Bluffis
reported to have relatively uniform terrain and
wouldbe suitable as an ARMssite. Itis accessible
by road year-round.

There is a NOAA Geophysical Monitoring for
Climate Change {(GMCC) Observatory at Bar-
row, Alaska. This is a logistically attractive site,
but is close to the Arctic Ocean and is strongly
influenced by it.

Another potential site is the University of Alaska
site at Poker Flats. This is a taiga site roughly 40
miles north of Fairbanks, Facilities are available
at this site. Previous radiation measurements
have been made here as part of another DOE

program.

5. Gulf Stream Off
Eastern North America

The Gulf Stream off eastern North America
exhibits frequent mature cyclonic storms, includ-
ing occluded systems and large scale induced
stratiform activity with a reduction in the fre-
quency of embedded convaction. [n winter, stra-
tus and altostratus each occur with a frequency
of 50%. In summer, stratus occurs with a fre-
quency of 30%, altostratus with a frequency
of 45%. Such conditions provide tests of the
treatments of widespread stratiform clouds in
global-scale models. This is a genesis region for
storms of various types, including cumulonimbus
activity in cold air outbreaks and cyclogenesis
with the proper synoptic conditions. Fair-weather
cumulus clouds are alsa relatively common dur-
ing the summer months. The proximity of this
locale to the heavily populated east coast of the
U.S. suggests a highly variable aerosol loading.

This locale greatly extends the range of surface
energy fluxes over which models will be exer-
cised. Cold air outbreaks are extreme in magni-
tude, and air-water temperature differentials are
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land sites, the CSIRO is mounting a satellite
validation campaign starting in 1991 using ship-
board radiometers and radiosoundings in the
Woestemn Tropical Pacific.

2. Northwest U.S.-
Southwest Canada
Coast

A campaign in the Northwest United States over
several winter months would provide atestof the
ability of circulation modeis to simulate the
rasponse of clouds to orographicinhomogeneity.
This locale is very inhomogeneous and has
abundant stratus/altostratus strongly modulated
by the presence of a mountain range. Summer-
time stratus occurs with a frequency of 40% on
the seaward side of the Cascade range and only
15% on the lee side. Wintertime nimbostratus
also occurs significantly more frequently on the
seaward slopes of the mountains. For these
reasons, such a campaign should be considered
by the ARM community,

Loglstical Considerations

The locale is easily accessible. Sites within this
locale are likely to have good local access.
Accass to sites within this locale would not be
affected by weather {i.e., sites could be occupied
and serviced all year), Sites in parts of this locale
could possibly spaninternational (U.S.-Canada)
borders and may require special arrangements.
A Canadian site should be accessible to U.S.
investigators, but customs arrangements would
be required for equipment. All services are likely
1o be available at sites within this locale. The
climate is mild and damp; severe storms are

infrequent.

Synergism with Other Programs

The University of Washington maintains an
Atmospheric Sampling Site at Cheeka Peak,
Washington. The Pacific Stratus Experiment has

been conducted by NOAA and the University of
Washington by aircraft and ship measurements
off the Washington coast.

3. Amazon Basin or
Congo Basin

A supplementary site placed in a tropical rain
forest would be valuable for several reasons.
Very deep convection occurs in this region
almost daily. Surface latent heat fluxes are large
andthe specific humidity is often very high. Cloud
and radiation models would be stressed in a
number of ways. The accuracy of treatment of
the water vapor continuum could be tested as
well as radiative transfer in penetrating convec-
tive clouds. Smoke from biomass burning varies
substantially, allowingtests of direct and indirect
effects of this aerosol on radiative transfer and
cloud microphysics. Seasonal variations in rain-
fall are large.

Logistical Considerations

The Amazon basin locale is remote from the
United States but has a major international alr-
port. Sites within this locale are unlikely to have
good local access. Local services are fikely tobe
peor. Climate is hot and humid. Language and
cultural barriers may affect operations.

The Congo Basin locale is extremely distant from
the United States. Sites within this locale are
unlikely to have goodlocal access. Local services
are likely to be poor. Climate is hot and humid.,
Language and cultural barriers may affect
operations.

Synergism with Other Programs

Of particular relevance to possible operation in
the Amazon Basin are projects that are planned
for the Intemational Global Atmospheric Chem-
istry (IGAC) Programme on “Natural Variability
and Anthropogenic Perturbations of Tropical
Atmospheric Chemistry.” These projectsinclude




the Biosphere-Atmosphere Trace Gas Exchange
(BATGE) Program in the tropics, the goals of
which are to determine the chemical fluxes and
the factors that control thesa fluxes between
representative tropical environments and the tro-
posphere, and to develop the ability to predictthe
impact of these fluxes on both climate and land
use changes. This program Is in the planning
stages and the exact location is not yet deter-
mined, but could be in the Amazon Basin.

The goals of the Deposition of Biogeochemically
Important Trace Species (DEBITS) program are
to determine the rates of deposition of
biogeochemically importanttrace speciesandto
identify factors that control these deposition fluxes.
Initial activities are planned for southeast Asia,
but expansion to other tropical locations is pos-
sible. The goals of a program entitled Impact of
Tropical Biomass Burning on the World Atmo-
sphere are to characterize the fluxes of chemically
and radiatively important species from biomass
burninginto the global atmosphere, andtoassess
the consequences of biomass burning on the
chemical and physical climate. A subprogram,
the Biomass Burning Experiment (BIBEX) will
conduct activities in the Amazon Basin over the
next five to ten years and represents a potential
candidate for interaction with ARM.

4. Beaufort, Bering, or
Greenland Sea

The Beaufort, Bering and Greenland Seas con-
tain the Arctic ice edge during the boreal winter
and ara characterized by open water covered by
a thick blanket of fog and marine stratus during
summer. A summer campaign would test the
impact of snow and sea ice melt on surface
reflectance and models of Arctic stratus forma-
tion. Aside from seaice, the Jocales are homoge-
neous, considerably simplifying the measure-
ment requirements.
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Logistical Considerations

The Beaufort Sea locale is proximate to oil pro-
duction activity at Prudhoe Bay; this could pro-
vide much logistical support. This locale is also
proximate to the recommended North Slope of
Alaska locale, permitting the possibility of con-
ducting campaigns in conjunction with an ARM
site in that locale.

The Bering Sea lacale is distant from the United
States. U.S.-owned Islands may be available
for operations. Staging areasin Alaska are avail-
able. International arrangements would be
required if operations extended west beyond the
U.S.-USSR convention line. The locale is in a
marginal ice zone, but moorings would be rela-
tively easy on the slope south of the ice edge.

The Greenland Sea locale is difficult to reach
from the United States. Local services are poor.
The climate is extremely cold with severe storms
and high winds. Language and cultural barriers
may affect operations.

Synergism with Other Programs

Programs with the potential for synergistic ac-
tivities in these locales stemn from the develaping
“Arctic Oceans Research Strategy” (1990) of the
Interagency Arctic Research Policy Committee
and Includes the Interagency Western Arctic
Program, which runs from 1990-1994 in the
Bering, Chukchi, and Beaufort Seas and the
Bering Strait.













Appendix A

Locale
Recommendation
Procedure

This appendix outlines the procedure carried out
by the Locale Recommendation Team, as
developed by the Site Selection Team and the
ARMManagement Team ata facilitated planning
meeting held in La Jolla, California, July 30 and
31, 1990. The objective of that meeting was to
constructa procedure to recommend an ordered
listof approximately six locales for ARM. Following
are the definitions and principles used in
developing the procedure:

« Definition of “Locale”

Alocaleisadiimatologically and geographically
homogeneous region (except for locales that
are intantionally heterogenseous, e.g.,
containing orographic features such as a
mountain range or coast whose effects it is
expressly intended to examine). Locales are
reasonably compact and contiguous.

« Principles Governing Locale Selection

The ensemble of selectedlocales should stress
the models by spanning the domain of the
radiation-influencing attributes.

| The climatological and surface attributes
should be homogeneous within each of the
locales—except when intentionally not so.

Logistics and synergism with other programs
should be considered.

Structure of Locale
Recommendation
Procedure

|. Produce an initlal iist of candidate locales.
The La Jolla meeting specified that the initial list
of candidate locales should be a reasonably
comprehensive list of representative climatically
and radiatively distinct regions. ltwas the view of
the participants that the initial list need not be
comprehensive since it would be circulated
broadly to the CART community and the site
selection team for review and with opportunity for
additional candidate locales to be added.

II. Examine the candidate locales for suitability
to ARM, according to the sets of criteriadiscussed
below. These evaluations can be undertaken
simultaneously, by distinct teams (Criteria
Examination Teams, CETs).

A. Climatological Stress

B. Surface Property Stress
Atmospheric Stress

Surface Energy Flux Stress
Climatologlcal Homegenaity
Surface Property Homogeneity
. Logistical Impacts

H. Synergism with other programs

o mmpo

The details of these examinations are discussed
below.
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Locale Recommendation Report

Each ofthe CETs addressing the scientific criteria
A through F will consider whether the total list
of candidate locales that are being examined
“spans” the space with respect to the aftributes
being examined. Should this notbe the case, the
CET will recommend additions or replacements
to the list. Additional locales will then be
considered by all the other CETs.

1}l. Evaluate and synthesize the reports from
the CETs. Asynthesizing procedure will evaluate
the results of il. A through H above and will
produce a list of scientifically ordered locales as
well as a step by step scientific discussion and
justification of the ordering of the list. The
procedure is discussed below.

Tasks Within the Locale
Recommendation
Procedure

The CART locale recommendation procedure
was divided into ten tasks. The first task must
begin before any other can startand the last task
cannotbegin until allthe others are complete, but
the intermediate processes can proceed in
parallel. The tasks are described here.

Task 1. Maintain list of candidate
locales.

Objective:

To develop and maintain a list of locales which
are potentially suitable for locating CART sites.

Output:

This task produces the initial list of candidate
locales, whichitforwards to tasks 2-9 to examine.
Tasks 2-9 may propose changes to the list of
candidate locales by suggesting additions or
substitutions. Task 1 then provides the other
tasks with the changes in the list of candidate
focales.
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Input:

This taskis expected to make use of the following
inputs in generating the list of candidate locales:

Source

ARM Program Office
{Stokes)

Scientific Community

Other Programs

External Data Centers

Site Selection Team

fnput
Site mission

Potential locales

Task 2. Examine suitabllity of
candidate locales 1o stress ARM
models with respect to Climatic
properties—CLIMATOLOGY TEAM

Objective:

To define the ranges of climatological conditions
to characterize a particular locale. Of particular
interest are those parameters which stress GCM
models either through the extent of their ranges
within alocale or by taking onextreme values. An
integral part of this task is to assure that the suite
of potential locales covers the necessary range
of climatological conditions. The results of this
process will be used in combination with the
other characterizations to most efficiently
assemble an ensemble of locales that fill the
parameter space defined in the ARM goals.

Output:

Areportdetailing the suitabilityof each candidate
locale for stressing models as a function of
statistical properties of climatological variables.
This will be based on a value ranking of grouped
or ordered variables. An integral part of this task
Is to assure that the suite of potential locales
covers the necessary range of climatological
properties.




Input:
Proposed locales.

Climatological data from observation stations
within the proposed iocales.

Site mission.

Scientific community providing expertise as
requested.

Scope:

This task will provide descriptive statistical data
on the climatological data obtained for the
proposedlocales. The statistical data may include
ranges of observations, means and estimators of
variability that can be used to quantify the
climatological properties being modeled. These
analyses will form a part of the basis for
determining the stress thatwillbeimposedonthe
models.

Ordered Set of Steps:

a. Obtain a list of candidate locales, including
thelr gecgraphical boundaries or define
boundaries.

b. Developasatofgeneric model stresscriteria
that can be extracted from the descriptive
numerical data for the candidate locales.

c. Order or group the climatological variables
according to their relative importance tomodel
stress avaluation.

d. Evaluate the range of extremes of the
variables with respect to the model stress
criteria and assign a model stress test
suitability index (s.g., low, medium, high).

e. If candidate locales are insufficient for the
above task, suggest new candidate locales
based on climatological data.

Constraints:

Degree of specificity available for determining
the model stress criteria.

Availability of climatclogical data.
Time available for the task.

Appendix A

Task 3. Examine suitability of
candidate locales to stress ARM
models with respect to Surface
properties—SURFACE
PROPERTIES TEAM

Objective:

To define the ranges of surface properties to
characterize a particular locale. Of particular
interest are those parameters which stress GCM
models either through the extent of their ranges
within alocale or by taking onextreme values. An
integral part of this task is to assure that the suite
of potential locales covers the necessary range
of surface properties. The resuits of this process
will be used in combination with the other
characterizations to most efficiently assemble an
ensemble of locales that fill the parameter space
defined in the ARM goals.

Scope:

Surface properties whose variation have the
greatest potential to stress the GCM models,

Output:

Areportdetailing the suitabilityof each candidate
locale for stressing models as a function of
statistical properties of surface variables. This
will be based on a value ranking of grouped or
ordered variables. An integral part of this task is
to assurs thatthe suite of potential locales covers
the necessary range of surface properties.

Input:
Proposed locales.

Numerical data for each of the surface properties
over the areas of potential locales and the
geographic coordinates of the potential locales.

Site mission.
Scientific community providing expertise as
requested.
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Ordered Set of Steps:

a. Obtain a list of candidate locales, including
their geographical boundaries or define
boundaries.

b. Develop mode! stress criteria for surface
properties.

c. Assemble data sets for each of the surface
properties.

d. Compile a statistical characterization of the
locale which should include, at least, areal
and seasonal means, areal and seasonal
ranges ahd extremes, description of variables
interms of areal variance, i.e., spatially lagged
correlations and/or directional wave number
spectra,

e. Evaluate the suite of potential locales to
assure complete coverage of desired

parameter ranges.

f. If candidate locales are insufficient for the
above task, suggest new candidate locales
based on surface properties data.

Constraints:

Degree of specificity available for determining
the model stress criteria.

Availability of surface properties data.
Time available for the task.

Task 4. Examine suitability of
candidate locales to stress ARM
models with respect to
atmospheric properties—
ATMOSPHERIC PROPERTIES
TEAM.

Objective:

To define the ranges of atmospheric properties
fo characterize a particular locale. Of particular
interestare those parameters which stress GCM
models either through the extent of their ranges
within alocale or by taking on extreme values. An
integral part of this task is to assure that the suite
of potential locales covers the nacessary range

of atmospheric properfies. The results of this
process will be used in combination with the
other characterizations to most efficiently
assemble an ensemble of locales that fill the
parameter space defined in the ARM goals.

Output:

Areport detailing the suitability of each candidate
locale for stressing models as a function of
statistical properties of aimospheric variables.
This will be based on a value ranking of grouped
or ordered variables. An integral part of this task
isthe assurance thatthe suite of potential locales
covers the necessary range of atmospheric
properties.

Input:
Proposed locales.

Atmospheric data from observation stations within
the proposed locales.

Site mission.

Scientific community providing expertise as

_ requested.

Scope:

This task will provide descriptive statistical data
on the atmospheric data obtained for the pro-
posed locales. The statistical data may include
ranges of observations, means and estimators of
variability that can be used to quantify the
atmospheric properties being modeled. These
analyses will form a part of the basis for
determiningthe stressthat willbeimposedonthe
models.

Orderad Set of Steps:

a. Obtain a list of candidate locales, including
their geographical boundaries, or define
boundaries.

b. Developasetofgeneric model stress criteria
that can be extracted from the descriptive
numerical data for the candidate locales,

¢. Order or group the atmospheric variables
according totheir relative importance to model
stress evaluation.




d. Evaluate the range of extremes of the
variables with respect to the model stress
criteria and assign a model stress test
suitability index (e.g., low, medium, high).

e. If candidate locales are insufficient for the
above task, define new candidate localss
based on atmospheric data.

Constraints:

Degree of specificity available for determining
the model stress criteria.

Avajlability of atmospheric data.
Time available for the task.

Task 5. Examine suitability of
candidate locales to stress ARM
models with respect to surface
energy flux propertles—SURFACE
ENERGY FLUX TEAM

Objectlive:

To evaluate selected surface energy fluxes
averaged over candidate locales relative to the
range of avarage flux values for ensembles of
locales that are needed to effectively test large-
scale models and their components used to
simulate climate change for the ARM Program.

Scope:

Surface energy flux properties whose variation
have the greatest potential to stress the GCM
models.

Output:

A report detailing the suitability of each candi-
date iocale for stressing models with respect to
surface energy flux properties. This will be based
on a value ranking of grouped or ordered
variables. Anintegral part of this task is to assure
that the suite of potential locales covers the
necessary range of surface energy fluxproperties.

Input:
Proposed locales.

Site mission.
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Temporally averaged meteorological data on
pracipitation, insolation and measures of latent
and sensible heat flux representative of the
locales. The averaging time could be as long as
one month. Spatial averages of tens of kilometers
would be acceptable.

Descriptions of the surface energy flux variables
can be obtained from M. L. Wesely or R. L.
Couliter of Argonne National Laboratory.

Textbooks such as W. Brutsaert's Evaporation
canprovide definitions and methods of computing
the surface energy flux variables.

Ordered Set of Steps:

a. Obtaln a list of candidate locales, including
their boundaries, or define boundaries.

b. Develop model stress criteria.

c. ldentify and classify, in order of relative
importance, selected measures of surface
energy fluxes in proposed locales and sets of
locales.

d. Computethe relative measuresofthe selected
surface energy terms. Forsensible andlatent
heatfluxes overiand, the potential evaporation
could be used if data on the heat fluxes are
not available. All terms could be normalized
by division by insolation values.

e. Perform evaluation by selecting the likely
extremes oftherelative values (and insolation
if that is the normalizing factor).

f. As necessary, analyze data to suggest new
locales based on the relative surface energy
flux values and supply information on any
new locales to Task 1.

g. Supplyinformation ongroupingof measures,
on mean measures for different locales, and
on results of evaluation to evaluation team.

Constralnts:

While data on latent and sensible heat fluxes
over oceans might be available, such data over
jand might be insufficient and potential
evaporation might have to be used instead.
Locales provided by parallei internal functions to







Scale:

The foliowing scale is to be used in steps ¢
and d:

+ = minimal to slightinhomogenaeities

0 = moderateinhomogensities

- = substantial to gross inhomogeneities.
Comments:

1. The ensemble of proposed locales may by
intent or design contain specified
inhomogeneities.

2. Itmaybe necessarytoprocure station records
and/or source data o perform necessary
calculations.

Task 8. Examine logistical impacts
of candidate locales—LOGISTICS
TEAM

Objective:

The objective of this procedure is to evaluate the
implications of logistical considerations on the
selection of locales for CART operations. Logistics
can represent assistance in ease of operation or
complications that may make the operationmore
difficuit or impossible.

Scope:

Locales that satisty the scientific requirements
for CART may be subject to environmental and
legistical conditions that can assist or complicate
operations. The logistical conditions may include
stich items as remoteness, national boundaries,
suitability of operating environment, and
availability of collateral data such as satellite
data.

QOutput:

Adescription and assessment of the positive and
negative logistical impacts on each proposed
locale.

Comparison of locale logistical attributes with
operational requirement.
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Input:
Proposed locales.

Maps of relevant logistical elements (population
distribution, national boundaries, satellite
overpass patterns, terrain, and geophysical
conditions),

Logistical, legal, and political constraints.

Lists of desirable locale atiributes (information
about candidate locales).

Operational requirements for performing ARM
experiments (Site Mission).

Ordered Set of Steps:

a. Obtaln a list of candidate locales, including
their boundarias, or define boundaries.

b. Determine therelevantlogistical parameters
affecting a proposed locale.

c. Compare the logistical elements with
requirements for CART operations.

d. Assess the logistical advantages and
complications.

Constraints:

Constraints in this task will occur as a result of
uncertainties in information that will be required
from entities beyond the program. Such entities
may be required to supply logistical support to
ARM, such as platforms for offshore operations,
access to foreign lands and border crossing, or
collaborative participation by external countries
and institutions.

Task 9. Examine synergism with
other programs—SYNERGISM
TEAM

Objective:

To identify programs other than ARM whose
activities or facilities might lead to mutually
beneficial coordinated activities with ARM.







major impacts on eventual siting and by a
discussion of the synergistic potential for
interaction with other programs operating within
the locale.

The resulting list and documentation will be
suitable forreview and modification by the Science
Team, an independent peer review panel, the
Program Office, and the Department of Energy.
Scope:

The scope of the task is limited to the synthesis
of the reported results fromthe six CETs including
their evaluations of the scientific value, logistical
issues and potential for interactions with other
programs for each candidate locale.

Output:
List of scientifically ordered locales.

Step-by-step scientificdiscussion andjustification
of the ordered list.

Recommended cutoff for the number of locales
to be considered based on scientific grounds.

Discussion of the logistical considerations for
each locale and arecommended coursa of action
tor meeting any major logistical constraints.

Input:

Note: all input data for this procedure are
generated internally in the procedure.

Evaluations of locales based on the following
scientific criteria: ’

« Atmospheric properties (ability to stress
models).

» Surface properties (ability to stress models
and homogeneity).

* Surface fluxes (ability fo stress models).

= Climatological properties (ability to stress
models and homogeneity).

Logistical evaluations of each locale.

Evaluation of the programmatic synergistic
potential of each locale.
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Ordered Set of Steps:

a. |dentify and document the selection of the
first locale based on the following ordered
criteria:

1. logistical considerations

2. the two homogenesity criteria
3. programmatic synergism

4. the four stress criteria.

b. Identify and document the selection of each
successive locale based on a combination of
(and in order):

1. the four stress criteria
2. the two homogeneity criteria
3. programmatic synergism.

Note: The documentation of the selection
should contain:

1. an evaluation of the set of previous
recommended locales with respect to the
six guidelines for the scientific merit of the
locales

2. aset of goals derived from the evaluation
used to guide the search for the next
ordered entry

3. a summary of the eventual selection’s
efficacy in meeting those goals and a
comparison with alternative selections.

c. Identify a cutoff for the number of recom-
mended locales based on a consideration
and documentation of the incremental
improvements that might be achieved by
adding additional focales.

d. Reviewthelistbasad onthe evaluationofthe
logistical considerations.

Identify any locale which may not be suitable
for permanent occupation (approximately
5 years), for which the expense is deemed
too large, for which staffing may offer major
challenges, or other major logistical concems.
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Climate

The tasks of the Climate Criteria Examination
Team (CET) were 1) to assess the spatial
homogeneity of a previously-defined group of
candidate locales and 2} to develop cne or more
subsets (“ensembles”) of these locales which
togetherwould stress current GCMs andradiation
models by spanning a wide range of climate
conditions.

Asetofclimate attributes was identified and used
to characterize the candidate locales. Locales
were then grouped according to criteria
established for each attribute, and subsets of
locales were identified that span the range of that
aftribute. To alarge extent, locales within attribute
groups can ba consideredinterchange-able from
the standpoint of climate; within groups,
atmospheric and surface properties andlogistical
and synergistic considerations will determine
specific recommendations.

Ciimate Attributes

Climate represents the average of atmospheric
" conditions over atime sufficiently longenoughto
establish statistical properties (mean values,
variances, probabilities of extremes, etc.).
Because specific atrnospheric elements critical
to the development of improved climate and
radiation models {in particular patterns of cloud
types and amounts) are treated in detail by the
Atmospheric Properties CET, the Climate CET
limited itself to considering only the most general
aspects of climate, long-term global patterns of
temperature and precipitation.

Globalvariationsin tampe'ramre and precipitation
are reflected in the following climatic attributes
(listed in order of increasing complexity):

* Latitude
* Continentality
+ Seasonality

Evaluation Criteria

Latitude .

X

Latitude is not in itself an important criterion for
ranking or selecting locales. However, since most
basic climate elements, including insolation,
temperature, precipitation, principal air masses
andprevailingwind patterns, tendtebe aranged
in zones which run paralle! to lines of latitude, it
isasurrogateformany ofthese elements. Latitude
can be divided into six categories which fall into
10 parallel global zones:

* Equatorial: +5°N,S

* Tropical: +23.5° N, S; includes
Equatorial zone

« Subtropical: 23.5" to approximately 35
Nand$S

« Midiatitude: 35" to50°Nand S

« Highlatitude: 50" to approximately 66.5
Nand S

* Polar: N, S of 66.5°

The original setof candidate locales was defined
such that each locale fell within one of these
zones. Each locale can be assignedtoalatitudinal
zone (withthe understanding that the boundaries
of neitherthe latitudinal zones nor the locales are
precisely delineated), and withln zones, each
locale can be considered equivalent with regard
fo this attribute. Table 6 shows the latitudinal
zone for each candidate locale; these are also
summarized by zone in Table 7.
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Inorder to stress the models with an ensembla of
conditions, at least three locales should be
selected, one from each of the most extreme
fatitudinal zones (equatorial or tropical and polar
or high latitude) and one from the subtropics or
midlatitudes. These choices would represent a
wide range of values for many climate attributes,
in particular insolation.

Continentality

Continentality is the degree to which a point on
the earth’s surface is subject to the influenceof a
land mass. Highly continental locales are
characterized by considerable annual extremes
in temperature as tha continental land mass is
heated during high sun and cools during low sun.
Therefore, these locales will be located in the
central portions of the large midlatitude continents,
where seasonal shifts in prevailing air masses
occur and incursions of marine air masses are
extremely rare, Continentality thus represents
bothlatitude and longitude, since awide range of
both are required to achieve extreme continental
characteristics.

Continentality is usually measured by daily or
annual range in temperature, with allowance for
latitude. Several indices have been developed
for assessing degree of continentality. Here we
have chosen to use Conrad’s equation {cited in
Fisher et al.,1987):

1.7A
ke— -14

sin(0 + 10)

where A is the differeance between the mean

temperature of the warmest and coldest month
("C) and 9 is the [atitude in degrees.

This index was chosen for pragmatic reasons: it
is widely accepted and the data are more readily
available than those required for other indices,
By definition, ocean locales are not continental
and are therefore unranked. [Ocean araas can
beindexed in a similar manner, using anindex of
oceanicity such as that developed by Kerner
(Landsberg 1958). However, such an index
applies to island areas; here ocean locales are

treated as uniform water areas, so measures of
oceanicity do not apply.]

Because continentality is a matter of degree,
selection of a value below which a locale is
considered not to be continental is somewhat
arbitrary. Here k = 45 is used as the cutoff;
locales with anindex of 45 or higher are classified
as sufficiently continental to provide significant
annual temperaturs exiremes in order to exercise
models. k was calculated for each locale based
onh available data. Because the great latitudinal
and longitudinal extent of several of the candidate
locales may induce considerable intra-locale
spatial variability (inhomogeneity) of
continentality, standard deviations wers
calculated as well where data from multiple
stations were available. Conrad's k and
associated spatial standard deviations for each
locale are given in Table 6.

Noncontinental land locales fall into two groups
according to the reason for lack of continental
characteristics. Thefirstoftheseincludeslocales
on the continental margins in the mid- and high
latitudes. These areas occurinthe samelatitudinal
zones as the most highly continental locales, but
the annual temperature variations associated
with seasonal north/south shifts in the dominant
air masses affecting these latitudes is muted by
the encroachment of marine air masses.
Proceeding outward fromthe.continentalinterior,
k decreases, dropping to near zero along the
windward coasts.

Asecond category includes low and high latitude
locales. These may exhibit some continentality,
butfail to meet the criterion k value of 45 because
they tend to be dominated over the year by a
single type of air mass (tropical or polar).
Continentality is defined primarily by seasonal
swings in temperature, and in these locales the
annual temperature ranges are not large.
Continental characteristics in these regions are
more marked in those [ocations associated with
a midlatitude continent than in those where the
continental Interior lies near the equator. On the
low-latitude margins of mid-latitude continents,
continental effects are reflectedin strong seasonal
variations in precipitation more than in
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and type; Table 10 lists the locales by climate
group. It can be seen that every primary group
and most secondary types are spanned by the
ensemble of all candidate locales. However, a
wide variety of conditions can be studied by
judicious sampling from these categories. Alocale
in the Dc type satisfies the need for a mid-
latitude, strongly continental area with seasonality
of precipitation as well as of temperature. An
ocean locale in the A group represents an
extremely homogeneous area in terms of both
temperature and precipitation; an ocean localein
the C group, especially toward the more humid
margin of the subtropical high, or a type Ar land
locale would be possible but less desirable
alternative choices.

Monthly Mean
Temperature and
Precipitation for
Candidate Locales

Plots of surface temperature and precipitation
wera drawn for each candidate locale to indicate
the variability that exists among them. Plots of
surface temperature and precipitation were made
available to the CETs at the beginning of the
mesting fortheir use in the selection process and
are given here in Figure 10.

The following pertains to the data used to depict
the surface measurements of ternperature and
precipitation for the various locales:

1. Mid-Atlantic U.S. Coastal Plain

The plot represents the average of 10 sites
in the coastal Piedmont. Data taken from
“Climate of the States,” Vol.l, p.289.

2. Southeast U.S. Coastal Plain

This plot represents the average of 7 sitesin
the southeast Piedmont. Data taken from
“Climates of the States,” Vol.l, p.78.

3. Southern U.S. Great Plains

This diagram represents the average of 16
sites in the central to southern grasslands.

10,

11.

Taken from “Climate of the States,”
Vol.ll, p.833.

Northern U.S. Great Plains. (Highlatitude-
winter snow cover)

The plot represents the averags of 15 sites
in north central Montana. Data taken from
“Climatas of the States,” Val.ll, p.751.

Mid-West U.S.

The data for this plot represent 11 sites in
west-southwest lllinois. It was obtained from
“Climates of the States,” Vol 1, p.97.

Siberlan Boreal Forest-USSR

The data are for Turukhansk, USSR. It was
derived from the CD ROM World
WoeatherDisc.

Canadian Boreal Forest-Canada

The plot was constructed from data of The
Pas in Canada. [t was derived from the CD
ROM World WeatherDisc.

Southern Indla Subcontinent-India

The diagram represents Mangalors, India
and was produced from data taken from the
CD ROM World WeatherDisc.

Sonoran Desert-Southwest Arizona

The plot represents the average of 3 sitesin
southwest Arizona and was taken from
“Climates of the States,” Vol.ll, p.511.

Australlan Desert

The data were for Wiluna, Australiaand was
derived from the CD ROM World
WoeatherDisc.

Greenland

No data available for the Greenland Plateau.
Two coastal sites were chosen to represent
Greenland. Thule and Angmagssilik
represent coastal extremes, one located
along the northwest and the other along the
southaast coast. Plots were made for each
location using data from the CD ROM World
WeatherDisc.






















This pair of locales spans the range of
continentality by including both a highly
continental and a non-continental locale. The
Northern Great Plains locale presents seascnality
of both temperature and precipitation, while the
Tropical Western Pacific shows litle seascnal
variation in either characteristic.

The list does not span the range of latitudinal
zones, however, in that polar/high latitude
conditions are not included. The Northern Great
Plains locale does have lengthy periods of
incursions of arctic air masses during the winter,
but the persistent extreme cold which
characterizes polar regions is not represented.
Also missing from this list is a hot, dry locale. in
the interests of spanning a range of climatic
regimes, we recommendthata locale be selected
from each of these climatically and radiatively
extreme groups. However, the climatic
homogeneity of these “extreme” locales make
them conducive to researchin acampaign mode.

Recommendations for
Additional/Future Work

It is the opinion of the Climatology CET that the
principal contribution of this team occurredin the
identification of locale categories and in the
selection of potential and candidate locales.
Locales which were suggested atthe onsetofthe
recommendation process were defined,
described, and mapped In rough accordance
with Trewartha climate types. Howsver the
concept of generalized climate attributes,
separate from the specific aspects under
consideration by other CETs, appears to have
been of lesser utility in characterizing candidate
locales in terms of ARM research requirements
thanthe attributes consideredby the otherteams,
in part because these attributes had been
considered in the initial definition of the locale
categories. Further, within the context of the
locale selection process, these atiributes did not
lend themselves well to a rigorous, quantitative
anaiysis for purposes of comparison and
prioritization.
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With due regard for the clarity of hindsight, we
would, if a similar task were to be undertaken at
somae future time, recommend that:

» general climatological considerations be
spacifically addressed in a methodical way in
the initial locale nomination process;

» specific climatological considerations be
pooled with attributes examined by the other
teams (atmospheric, geographic and surface
flux properties).

Afurther concem was the severe ime constraints
within which the CETs were forced to work. In
particular:

= Severallocales, especially oceanandremote
locales, were not adequately characterized
due to the lack of time available to acquire the
necessary data. In some cases, of courss,
little data would be available in any event.
Nonetheless, some bias may have been
injected due to an inability to compare, on the
basis of quantitative scientific criteria, data-
poor locales with the others.

» Lack of data also precluded addressing
questions of intra-locale variability. Teams
were usually limited to the use of averaged
data and rarely had access to information on
variance or to raw data from which such a
measure could be calculated.

 Better methods could have been used in the
criteria examination process. For example,
several ideas were fielded for creating an ad
hocindex of seasonality, but time constraints
preventedtheir developmentand application.
Also, the use of a Geographic Information
System (GIS) fo overlay the elements of
importance to each team was suggested but
precluded at this time.

It has been sald that “the scale of observation
creates the phenomenon.” At the global scale
with which the locale selection process began,
the information available for this exercise may
havebeenadequate (though notideal). However,
we recommend that both better data and better
methods be applied as the site selection process
continues. In particular, use of a GIS as an
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analytic tool is recommended in the selection of
a site within a locale and In placement of
instruments within a site.

Bibliography

Three preliminary ARM Guides have been
prepared pertaining to North America, Kansas
and the Oceans. These reporis document the

major climalological parameters available for
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December-January-February (DJF) and June-
July-August (JJA) time periods. The frequency
referred to here was derived from the number of
times that a particular type was reported present
at a given observing station between 0600 and
1800 LST, divided by the corresponding number
of synoptic weather reports which contained in-
formation about that cloud. The assumption im-
plicit in this method is that the frequency for a
cloud obscured by lower clouds Is the same
regardless of whether the higher cloud can or
cannotbe seen. Areprasentative frequency within
the locale of between 40 and 70% for each cloud
type was required to ensure that the formation
and dissipation processes would likely be cb-
served. in addition, this range allows a moderate
probability that clear sky conditions also would
be observed atthe candidatelocales. The result-
ing values for the original candidate locales are
listed in Tables 11 and 12 and displayed in
Figures 11 through 17. Locales added to the list
subsequentto the Locale Recommendation Team
meeting at Brookhaven National Laboratory are
not included.

Inorderto assure that CART instrumentationcan
be used to measure the optical properties of
cirrus clouds, it is necessary to consider locales
with frequent occurrence of cirrus when there are
no lower, obscuring clouds. The frequency of
occurrence of cirriform clouds, Ci, when there
are no other (NO) clouds, is given by

#(CIINO) = {Ci)*"{(NO|Ci)

where #{Ci) is the frequency of occurrence of
cirrus for all conditions, and {(NO|Ci) is the
(conditional) frequency of no other clouds oc-
curring given the presence of cirrus. Values of
f(Ci) came from Warren et al. (1986, 1988), and
f(NOICi) came from Hahn et al. (1982,1984).
Values of f{(Ci|NQ), aregivenin Tables 11and 12
and shown in Figure 11. Values of f(Ci) are
shown in Figure 17. A similar procedure was not
followed for altostratus on the grounds that si-
multaneous stratus would often be associated
with the same extratropical storm.

Two situations required relaxing the 40 to 70%
frequency requirement. The first case results

fromthe observation that the frequency of occur-
rence of tropical Cb’s are of the order of only 25%
(Figure 12). The criterion used for the occurrence
of Cb was therefore defined to be a summer
frequency of occurrence of 2 10%.

Thesecond situation requiring that the frequency
criterion be relaxed was for clear sky. In recog-
nition of the relative simplicity of modeling totally
clear sky conditions, it was felt that fewer such
cases wouldbe necessary. Therefore, the occur-
rence frequency criterion for totally clear sky was
also f 210%.

Temperature extremes formed the second crite-
rion for locale selection. This is necessary in
order to stress radiation models (e.g., testing of
the so-called “hot” absorption bands of CO,).
Localeswithlarge seasonalcycles (T, .= Tone
220K) or exceptionally warm temperatures {T 2
300K) were favored. A large seasonal cycle in
temperature was ensured by selecting at least
one midlatitude midcontinental locale. The sea-
sonal mean values on which the selections were
based are shown in Figure 18, and are derived
from the data of Oort (1983).

The third criterion adopted was associated with
water vapor. Locales with extremely high abso-
iute humidity (g = 16 g/kg), or large seasonal
variations (Q,.,me - Quimer 2 6 3/Kg) Were sought in
order to stress radiation and cloud models, since
high absolute humidity accentuates the water
vapor continuum which is a large uncertainty in
the clear-sky infrared radiation balance. Strong
seasonal variations stress radiation parameter-
ization and the prediction of clouds. The values
on which the selection was based are shown in
Figure 18, and are also derived from the data of
Oort (1983).

Other less quantitative criteria were also used. It
was recognized that haze and dust can have a
significant radiative influence. In selecting some
of the localss, the probable existence of haze or
dustunder some conditions has been considered
but could not be quantified during the preparation
of this report.
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Locale Selection

Threelists of locales are presented. The primary
list gives those areas which are the preferred
candidates from the perspective of strictly atmo-
spheric processes. These areas present a vari-
oty of well-defined conditions that can stress
maodels of radiation and clouds. In recognition of
the fact that other considerations outside the
scope of atmospheric processes will influence
the final selection of locales, a list of aiternative
locales has been presented. While these alter-
native locales were not considered to be as
favorable asthe primary locales, they were judged
to be acceptable alternatives. Finally, in consid-
eration of the many specialized problems that
may be addressed by ARM, a list of locales
suited for short-term field campaigns has also
been prepared.

The primary criterion for selection is that the
locale be particularly suitable for at least one
cloud type. If a locale was found to be appro-
priate for a particular type, but not uniquely
so, other characteristics were considered for
comparison with other locales. In some cases
similar locales were equally appropriate for the
samsa attributes and, hence, were nearly indistin-
guishable from the perspective of the Atmo-
spheric Properties CET.

Tables 13 and 14 lists the primary locales
selected by the Atmospheric Properties CET.
The locales are listed in order of preference
based on considerations presented below.

In selecting the firstlocale, an effort was made to
ansure that the locale would provide conditions
that would fully test, or siress, ARM models with
respect to a variety of atmospheric properties.
The recommended locale so selectedis the U.S.
Midwest, with boththe Northern U.S. Great Plains
and the Southern Great Plains being acceptable
alternatives. On a seasonal basis these areas
experience a wide variety of cloud types and
amounts (Figures 11 through 16). Extratropi-
cal cyclones pass through all three areas in the
fall to spring seasons, with resulting stratus,
imbedded convective, and cirrus clouds. Spring
to summer produce significant convactive activ-
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ity of both alrmass type thunderstorms and orga-
nized mesoscale convective systems. Cirrus is
also common during winter within these locales
(Figure 13).

In addition to the cloud features, these three
locales experience a wide range of temperature
and absolute humidity. The widest variation is
from winter to summer. Like most continental
locations, there also can be significant synoptic
and diurnal variations.

The Midwest locale was selected as the first
choica over the Southern and Northern U.S.
Plains based on secondary considerations,
namely because it encompasses a large source
region for anthropogenic aerosols and haze.
Aerosols and haze particles can act as cloud
condensation nuclei, thus influencing the micro-
physical and optical properties of clouds. They
can also play a role in defining the radiative
properties of the atmosphere.

The second locale selected is the Eastern North
Pacific. This locale was selected primarily be-
cause of tha relatively high probability of encoun-
tering marine stratus. These clouds persist for
long periods of fime over relatively large areas of
the earth. Although they can have a significant
impact on radiative transfer and the Earth’s heat
budget, they are presently poorly understood
andinadequately treatadin climate models. They
occur off the coast of southern California with a
frequency of 55% in the wintertime and 70% in
the summer (Figure 11); such moderate frequen-
cies suggest that a CART facility established in
this locale would encounter numerous instances
oftransitions between marine stratus and broken
cloud. Understanding the mechanisms and de-
veloping models for this transition are crucial to
the simulation of climate change.

An additional factor for recommending the East-
ern North Pacific locale as the second locale is
the expectation thatlarge variations in anthropo-
genic aerosols would be observed with different
synoptic situations resulting in either offshore or
onshore winds. The source for these aerosols
would be the densely populated southern
California region.




The frequent presence of cumulonimbus was a
prime consideration in the selection of the Tropi-
cal Western Pacific as a primary locale. Deep
convective clouds piay an important rols in the
Earth’s heat balance. They transfer moisture
from the lower to the upper troposphere and
lower stratosphere, where the cirrus anvils fose
heat to space through IR transfer processes.
These cold cirrus radiate heat to space less
afficiently than the wamer low-level clouds.
Cumulonimbus clouds occur with a typical fre-
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quency of 20% (Figure 12). The Tropical
Westamn Pacific was ranked third, close behind
the Eastem North Pacific locale, because of the
smaller impact of cumulonimbus clouds and as-
sociated cirrus on the net planetary radiation
balance, compared with marine stratus. How-
ever, it should be noted that convective activity is
expected to respond much more sensitivelytoa
climate warming than is the formation and main-
tenance of marine stratus.

Table 13. Primary Locales Selected by Atmospheric Properties CET

Primary Locales

Suitable Characterlistics

Comments

Midwest U.S.

Eastern North Pacific

Aerosol, €u, Clear
Tropical Western Pacific  MSt;, T, Cb, q, Ci, As,

Aeresel, Cu, Glear
Gulf Stream off E.N. MSt, T, Cb, q, Ci, As,
America Aerosol, Cu, Glear

MSt, T, Cb, g, G, As,
Aerosol, Cu, Clear

MSt, ¥, €b, q, &, As,

Good sample of a variety of clouds
High seasonal variability in T & q.
Good source of asrosols.

Good for marine stratus and
aerosol variability.

Good for deep Cb & Cu. Also
extreme values of T & q. Region
includes Southern Oscillation &
associated phenomenon.

Mature cyclonic storms. Good
cumulus activity.

Table 14. Altemnative Locales Selected by Atmospheric Properties CET

Alternative Locales

Suitable Characteristics

Comments

S. or N. U.S. Great Plains

Aeroset, €, Clear
Mid Atlantic U.S. MSt, F, €b, q,Ci, As,

Aerosaol, €u, Clear
Amazon or Congo Basin  MSt, T, Cb, g, €, As,

Aerosol, Cu, Clear

MSt:, T, Cb, q, G, As,

Possible substitutes for Midwest
locale. Not as good for aerosols.

Possible substitute for Gulf Stream
locale. Not as good for Cu or Cb.

Possible substitutes for Tropical
W. Pacific. Not as good for Cu.
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The Tropical Westem Pacific has other attributes
to recommend it as well. Large values of surface
water vapor (Figure 19) and warm temperatures
{Figure 18) are found in this locale; these ex-
treme values are well suited to test the IR transfer
models/modules. As a result of the Southern
Oscillation a large year-to-year variability is often
associated with temperatures in this locale. In
addition, other cloud types are frequently ob-
served, including fair-weather cumulus (f=50%;
Figure 15) and altostratus associated with orga-
nized convective systems. Cimus also occur
frequently {Figure 13} as cutflow from convective
towers. It should be noted that while the condi-
tional probability of cirrus occurring with no other
clouds (Figure 13) is modest, the absolute prob-
ability of cirrus occurring is relatively high
(= 65 to 70%; Figure 17 and Table 11).

Thefirstlocale was chosen to study many cloud
types under a wide variely of conditions. The
fourth locale, the Gulf Stream off the East Coast
of the U.S., was chosen for similar reasons, but
with a different emphasis. The east coast of the
U.S. experiences many mature cyclonic storms,
including occluded systems. This implies more
large-scale induced stratiform activity with a re-
duction in the frequency of imbedded convec-
tion. Winter stratus and altostratus each occur
with a frequency of 50%. Summer stratus occurs
with a frequency of 30%, altostratus with a fre-
quency of 45%. Such conditions provide tests of
the treatments of widespread stratiform clouds in
global-scale models. A location somewhat east
of the Gulf Stream might prove equally suitable
while also satisfying the constraint of surface
homogeneity.

The Guli Stream locale also can be a genessis
region for storms of various types, including
cumulonimbus activity in cold air outbreaks and
cyciogenesis with the proper synoptic conditions.
Fair weather cumulus clouds alsoc are relatively
common during the summer months (Figure 15).
The proximity of this locale to the heavily popu-
lated east coast of the U.S. suggests a highly
variable aerosol loading.
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Inrecognition ofthe logistical difficulties of instru-
menting the Gulf Stream locale, the Mid-Atlantic
Coastal region can be recommended as an ac-
ceptable alternative. This alternative locale is
also suitable for the evaluation of models of
stratiform cloud formation. The disadvantage of
the Mid-Atlantic U.S Coastal locale is that it
would not be expected fo provide as good a
sampling of fair weather cumulus or cumulon-
imbus clouds as the ocean locations. However,
cumulus are well represented within the Tropical
Waestern Pacific locale, and cumulonimbus are
common at both the Tropical Western Pacific
and Midwest U.S. locales. If the Gulf Stream
locale is not selected as a long-term CART site,
then it should be included as a campaign site
{see below, Campaign Locales).

Two candidate locales are recommended as
alternatives for the Tropical Western Pacific.
Both the Amazon and Congo Basins feature
similar warm, moist conditions with a relatively
high frequency of occurrence for cumulonimbus
(Figure 12). In addition to logistical advantages
relative to the ocean locales {which are beyond
the official purview of this CET) these locales
have afair representation of clear sky conditions
{(=~15%; Figure 186). Fair weather cumulus clouds
are notas commonin the Amazonand Cango as
over the Tropical Western Pacific; this was why
they were notaprimarylocale. Nevertheless, fair
weather cumulus do occur at both the Amazon
and Congo River Basins, as well as at the Mid-
westlocale. Beinglandlocales, itis expectedthat
they might be operational for extended periods of
time, and fair-weather cumulus could be ad-
equately sampled. However, fair-weather cumu-
lus oceur much more frequently overthe oceans.
Marine cumulus typically have larger cloud drop-
lets than continental cumulus, affecting both the
cloud lifetime and optical properties. ltis recom-
mended that at least one of the ocean locales
with frequent fair-weather cumulus be retained.




Alocale that received considerable attention by
the Atmospheric Properties CET was the
Southern Indian Subcontinent. This locale was
the only candidate associated with strong mon-
soon conditions. Although monsoons are not
cloud types per ss, they are climatically impor-
tant phenomena which are recognized as a sig-
nificant source of uncertainty in the numerical
simulation of global as well as regional climate
and climate change. No monsoon locales were
recommended for study because the CART de-
signdoes not address theimportantissues asso-
ciated with monsoon development. These is-
sues involve the mutual interaction between
clouds and the atmospheric circulation on a
variety of spatial scales. While this conclusion
calls into question the CART design, which em-
phasizes cloud prediction given the atmospheric
circulation, it is noteworthy that the monsoon
clouds can be described by the cloud types
sampled from the four chosen locales. The Tropi-
cal Western Pacific locale, in particular, shares
much in comrmon with the monsoon regions, The
significantdifference is the very complex orogra-
phy of a monsoon locale, whichIs notanissuein
the Tropical Western Pacificorin the otherlocales
included in the primary list.

A second locale over which there was much
deliberation was the Antarctic Plateau. While it
experiences the most extreme temperatures of
all the locales and has a negligible water content
in its atmosphere, these same factors resuit in
relatively simple situations to simulate with a
radiation model. Clear skies are common, and
the surface is relatively uniform. This locale is
recommended only for campaign experimentsin
recognition of logistical difficulties associated
with long-term occupation of the Antarctic Pla-
teau,

A summary of the recommended locales and
acceptable altemnates is presented in Tables 13
and 14, where the following notation has been
used to list the key characteristics: MSt = marine
stratus, T = temperature, Cb = cumulonimbus,
g = specific humidity, Ci = cirriform clouds in

Appendix C

the absence of other clouds, As = altostratus,
Cu =fair-weathercumulus, and Clear = clear sky
conditions. Entriesin ftalicsindicate attributes that
are favorable for the given locale. Entries in

i indicate attributes that
are expected not ta be found at the given locale.

Campaign Locales

A number of phenomena can be suggested
which are of significant climatologicalinterestbut
which do not require a full CART site for their
study. To address such phenomena, itis strongly
recommended that a series of campaigns be
designed. Within the context of this report, cam-
paigns are short-term, high-intensity experiments
to 1) investigate a specific phenomenon,
2) evaluate properties with smail temporal vari-
ability, or 3) collectdata fromiocales where long-
term programs are not feasible. The following
experiments are given as a first list of such
possible campaign strategies. A summary is
presented in Table 15.

The Eastern North Atlantic and the Central North
Pacificboth offer a variety of cloud types, including
the transition from marine stratus to stratocumu-
lus to fair-weather cumulus. A critical under-
standing of these transitions is likely to follow
from campaign experiments in either of these
regions. Cther members of the scientific commu-
nity (e.g., the FIRE program’s ASTEX experi-
ment) have already initiated such studies in the
Azores region.

The Bering Sea contains the arctlic ice edge
during the boreal winter and is covered by a thick
blanket of fog and marine stratus during summer.
A winter campaign experiment would test mod-
els of sea ice formation; a summer campaign
would test models of snow and sea-ice meltand
their impact on surface reflectance and models
of arctic stratus formation. Aside fromseaice, the
localeis homogeneous, considerably simplifying
the measurement requirements.

13
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Table 15. Campaign Locales Selected by Atmospheric Properties CET

CGampalgn Locales Suitable Characteristics Comments

Central North Pacific or MSt., ¥, Cb, g, Ci, As, Contain clouds in transition from

Eastern North Atlantic #Aerosol, Cu, Clear MSt. to stratocumulus.

Bering Sea MSt., T, 6b, g, &1, As, Good locale for studying sea-ice
Aeroset, Cu, Clear influences.

Gulf Stream MSt, T, Cb, q, 6, As, Good locale for Cb, Cu.
Aerosol, Cu, Glear

Northwest U.S. MSt, T, Gb, q, Ci, As, Intentionally inhomogeneous
Aeresot, Gu, Clear oragraphy.

Antarctic Plateau MSt, T, 6b, q, Ci, As, Good test locale for clear sky
Aerosel, Gu, Clear radiation.

Sonoran Desert SWU.S. MSk, T, 6k, q, Ci, As, Dusty. High T and low q good for

or Central Australia

Aerosoi, 61, Clear

CO, *hot’ bands studies.

If the Guli Stream is not selected as a primary
locale, it shotld be the focus of a campaign
experiment. The strong wintertime air-sea inter-
action as continental air passes over the Gulf
Stream generates considerable cumulus and
cumulonimbus activity. This cloud formation proc-
ess is not addressed specifically by the primary
locales, but can be investigated on a campaign
basis over a period of one to two months.

A campaign in the Northwest United States over
several winter months would provide atestof the
ability of circulation models to simulate the re-
sponse of clouds to orographic inhomogensity.
This locale is very inhomogeneous and has
abundant stratus/altostratus strongly modulated
by the presence of a mountain range. Summer-
time stratus occurs with a frequency of 40% on
tha seaward side of the Cascade range and orily
15% on the lee side. Wintertime nimbostratus
also occurs significantly more frequentiy on the
seaward slopes of the mountains. For these
reasons, such a campaign should be considered
by the ARM community.

104

An Antarctic campaign would provide a test of
clear-sky radiation models at the coldest ob-
served temperatures. Such conditions would
highlight the absorption spectra of numerous
anthropogenic and biogenic trace gases.

The Sonoran Desert or the Central Australian
Desert are sufficiently hot and dry to permit the
detection of the CO, hot bands. Totally clear sky
is frequent, occurring at least 30% of the time in
allseasons, These clear-sky conditions would be
expected to enhance the value of studiesinthese
locales.

The relative value of these campaigns is difficult
to assess and shauld be addressed by the ARM
Scisnce Team. Other campaigns could easily
have been recommended and probably willbe by
the Science Team. Flexibility in the selection of
campaigns is highly recommended.




Concluding Notes.

Although there was a limited amount of time to
gather information, it is the view of the team that
the conclusions reached by the analysis pre-
sented here, based largely on observed cloud
frequencies, are likely to be sound and unfikely to
change as additional information becemes avail-
able. Had more time been available, a quantita-
tive assessment of the radiative impact of the
various cloud types (both locally and giobally)
would have been performed, as well as aninves-
tigation of the sensitivity of the cloud types to
climate change. Model simulations and satellite
measuraments of the planetary radiation bal-
ance would have proved useful in this regard. A
more complete investigation of existing data at
all locales would also have been desirable, in
addition to developing miore rigorous selection
procedures based on such data.

Four primary locales may not be adequate to
sample the great diversity of clouds observedin
the earth’s atmosphere. They probably will not
provide examples of manyfeatures(e.g., tropical
cyclones or orographic clouds). Also, the use of
classical cloud types as criteria for [ocale selec-
tion is a simplification of the variety of cloud
forms.

Despite these considerations, the Atmospheric
Properties CET feels that the cloud types se-
lected are characteristic of the predominantforms
to be Important for climate and climate change,
and the four recommended locales sample a
diversity of cloud types not explicitly considered
in this study. There Is no question that the ex-
tended occupation of sites in such locales will
lead to substantial improvements in our ability to
simulate clouds and theirimpact onradiation and
climate.
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‘Appendix D

Surface Properties
and Surface Fluxes

This appendix reports the recommendations
provided by the CETs evaluating locales on the
basis of surface properties and surface fluxes.
The criterla used to discriminate among the
candidate locales are discussed as well as the
procedures followed. At the time of the team
meeting in Brookhaven, much of the information
required to make quantitative comparisons of
locale. charactaristics was not available.
Consequently, the locale selection is based on
an examination of fewer attributes and less
quantitative information than might be desired.
Specificrecommendations are given foradditional
studies that would permit a more quantitative
-evaluation,

Originally this team had consisted of twe teams:

one charged with examining surface properties, -

altitude, and terrain variability and charged with
examining the surface fluxes. With the realization
thatsurface properties largely determine sensible
and latent heat fluxes, as well as surface albedo
and emissivity {(which clearly affect surface
radiative fluxes), it became apparent that
duplication of effort coukd be avoided by combining
the two original teams into one. Furthermore, few
direct{orindiract) measurements were foundfor
determining the latent and sensible heatfluxes at
each locale, so estimates of these quantities
would have to be inferred from the surface
variables. Thus, there would be a strong
- correlation between surface fluxes and surface
type. The exception to this rula is that over ice-
free aceans the surface properties are essentially
uniform, but fluxes not necessarily so.

Two guiding principles were imporiant in
developing criteria for ranking the locales. First,
it was necessary to find an ensemble of locales
that sufficlently stressed the models in terms of
their ability to simulate clouds and radiative
transfer above various types of surfaces, andin
diverse surface flux conditions. Second, it was
recognized that it would be desirable to find
locales in which the analysis of the observations
and models would be simplified by virtue of the
surface characteristics. For example, one might
prefer locales where the surface surrounding an
ARM site is hgmogeneous in all properties. Cne
might then be justified in substituting temporal
sampling of surface moisture for spatial sampling
in areglon surrounding the site. In model studies
one could also be more justified in making the
common assumption that within individual grid
cells, the surface conditions were homogeneous.
Thus, the criterion of surface homogenaeity is an
important consideration because the analysis
and understanding of the ARM measurements
and model simulations will be facilitated if the
complicating issue of sub-grid scale variations
canbe avoided. it was recognized, however, that
stressing models fully might require conditions of
surface inhomogeneity, so in this sense our two
guiding principles were somewhat in conflict. We
generally decided that spatial homogeneity was
more important.

Before the meeting, the team was unable to

assemble a complete set of data describing all
the surface attributes ateach locale. In particular,
detailed information of terrain and surface cover,
natural vegetation types and crops, and the
companents ofthe surface fluxes werelacking. It
isrecommended that thisinformationbe obtained
before the actual ARM sites are chosen. Inlisu of
better detailed surface information, the present
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locale recommendations are based oninformation
derived from atlases, climatological compendia,
some satellite data, and expert knowledge.

General Principles

General Considerations in
Developing Selection Criteria
The ensembie of locales mustbe chosen carefully

1o provide adiverse selection of surface properties
that will exercise models under a wide variety of

conditions. For similar reasons, alocale in which .

surface conditions vary seasonally, orinresponse
to different weather conditions generally will be
preferred to locales where surface properties are
invariant thraughout the year. Within individual
sites, however, spatial homogeneity is preferrad
because this facilitates analysis of the data and
interpretation of the model simulations. In short,
spatial homogeneity within individual locales is
highly desirable, but temporal and inter-site
uniformity in surface properties is not,

The team considered several different surface
characteristics that might be important to the

~ARM scientific objectives. For land locales,
surface properties that distinguish one locale
from another inciude: altitude, terrain, soil type,
vegetation type(s) and amouni(s), land use,
surface soil moisture, the extent and duration of
snow and ice cover, and surface fluxes of
radiation, sensible and latent heat. For ocean
locales we considered the extent and duration of
sea-ice and surface fluxes of radiation, sensible
and latent heat.

For both land and ocean locales, there are other
properties that can be used to characterize the
surface. For example, the emissivity of the
surface, the leaf area index, and the albedo (or
more precisely, the spectral, bi-directional
reflectance) are the characteristics actually used
in many atmospheric models. Several different
types of vegetation can give rise to the same
surface albedo, so in this sense the radiation
code of a model may be insensitive o certain
differences in vegetation. However, the latent
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and sensible heat flux can be quite sensitive to
the mix of vegetation. We concluded that where
possible we should try to characterize eachiocale
based on the more fundamental properties.

Terrain Homogeneity

Several scientiflc imperatives led to the decision
to make surface hamogeneity for individual sites
the primary criterion within the scope of ourteam.
First there are considarations having to do with
making and interpreting measurements at ARM
locales. In order to optimize the use of
cbservational instruments, it is important that
conditions not vary spatially within some domain
of influence surrounding each site. One could
then justifiably claim that any measurements
made would be representative (at lsast
statistically) of measurements one mightmake in
a nearby location. Thus from a single location,
one coukd more easily (and justifiably) interpolate
between instruments and extrapolate to the
surrounding area.

Another consideration having to do with the
observational and instrument constraints is that
according to the ARM Program Plan and the
ARM Mission document, remote measurements
from satellites will supplement the ARM site
measurements. Satellite instruments may have
a resolving power that typically varies from tens
of meterstotens of kilometers, Theinterpretation
of the data from these instruments is facilitated if
the underlying surface is homogeneous within
the smallest scales it resclves.

From the perspective of climate modelers, there
are other reasons that surface homogeneity is
desirable. It is well known that models contain
simplifying assumptions that generally reduce
the complexity of the physical system being
meodeled. The general ruleinmodelingistobegin
with *idealized™ conditions and proceed to the
more complex. Because an objective of the ARM
Program is to improve our understanding and
modeling capabilities of clouds and radiation
(especially as they are relevant to the global
warming issue), the complexities introduced by
relatively small-scale (less than 200 km) spatial
variabifity are not of fundamental imporiance.




We believe that most of the uncertainties in
clouds and radiation models arise for reasons
other than surface inhomogeneities. Conse-
quently, surface inhomogensities complicate the
issue without providing significant medel
verification capabilities. This is especially true of
radiation codes.

in order to determine whether a locale could
satisfy our criterion for surface homogeneity, we
considered several factors. In particular we
thoughtitimportant that the terrain be reasonably
level and that the soll type and surface vegetation
be uniform within a certain distance of each ARM
site. :

Quantifying these qualitative criteria proved
difficult. The firstquestion concemeddetermining
the degree of spatial inhomogensity that would
be acceptable within various distances of the
central measurement facility of each ARM site.
Several differentlength scales were identifiedas
being possibly important:

» the distance a ground-based radiation-
measuringinstrumentlocated atthe site “sees,”
{about 30 km)

+. the lateral extent of a typical GCM grid-cell
(200 to 500 km, but decreasing to about 100
km over the next decade)

+ the typical domain of cloud models used to
study cloud formation, maintenance, and
dissipation processes (less than about 50 km})

+ the *fetch” length that describes the distance
required for some perturbation in clouds or
other atmospheric variable caused by some
inhomogeneity in surface properties to
dissipate before reaching the region of the
central site and ensure continuity betweenthe
planetary and surface boundary layers
(variable, up to several hundred kilometers
downwind ofislands that create vortex wakes)

« the “footprint* of typical remote sensing
instruments on satellites or aircraft that might
be used in conjunction with the ARM program
(usually much less than about 50 km).
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From consideration ofthese length scales it was
decided thatitwas importantfor the surface tobe
reasonably homogeneous out to a distance of
100 km of any potential ARM site. Unless atleast
one location within alocale met this criterion, the
locale would be unacceptable. The higher the
degree of homogeneity within the region and
larger the fraction of area within the locale with
acceptable homogeneity, the higher the locale
would be ranked.

The next step was to quantify the degree of
heterogeneity or terrain complexity thatwould be
acceptable withinthe regions 200 km across. For
mostlocales we wanted to avoid inhomogeneities
that might be important in the cloud formation
processes, Thus itwas decided that variationsin
terrain should be small encugh to rule out the
creation of orographically induced cloud
formations, such as leewave clouds and drainage
fogs or perturbations in the surface flux fields.
Theselocalized metecrological phenomena might
be characteristic of a particular site but not of the
category of locales it is supposed to represent.
Irregularities in surface terrain that occur over
less than a few tens of meters were not seen fo
be a problem as long as the irregularities were
fairly uniform over 200 km. Thus aregion strewn
with boulders or a broad region of small sand

" dunes mightbe acceptable. Complex terrain with

horizontal scales of a kilometer or more with
slopes greater than about 1 in 100 were to be
avoided. However, a uniform steeper slope that
was constant in direction and magnitude over a
200-km region could be tolerated.

Quantifying the homogeneity of other surface
properties was more difficult. We did not have
available the satellite data that can be used to
determine such properties as vegetation type,
surface wetness, and soil type. instead we drew
onpersonal knowledge of the locales and certain
general principles: crops often vary sharply over

"short distances with plowed fields interspersed

with planted areas, and in regions requiring
irrigation, wet fields interspersed with dry.
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Criteria for Ensuring that Models
will be Stressed

One goalin assembiing a suite of sitesisto obtain
cloud and radiation data for different
meteorological and surface conditions. Another
is to test whether models can really capture the
physics of cloud and radiation processes undera
variety of conditions. Presumably the most difficuit
testis to attempt to simulate cloud and radiative
processes under various extreme conditions.
Thus, animportant selection criterion is that sites
be located in regions with strong differences in
the properties that affect radiation and clouds.

In identifying which surface properties are most
important in stressing models, itis convenient to
consider separately radiative transfer models
(which calculate radiative fluxes for a given
atmospheric state) and cloud models (which
prognostically calculate clouds and to some
degreetheir radiative properties). The only surface
properties that significantly affect radiation are
thesurface albedo (or more precissly, the spectral,
bi-directional reflectance) and the surface
emissivity. At an ARM site where the surface
irradiance will be measured radiation models can
be verified directly. Models respond to changes
in the longwave flux, not directly to the surface
emissivity, and variations in surface flux will
occur whenever surface temperature changes.
Radiation models will be stressed by surface
temperature changes, and therefore it is not
necessary to select locales basaed primarily on
differences in surface emissivity. The same
argumentdoes nothold for albedo because large
differences in upwelling shortwave radiation at
the surface can be caused by differences in
surface albedo. To stress radiation codes, the
suite of locales shouid be located over arange of
surface types with high and low albedos.

In contrast to radiation codes, prognestic cloud
models may under some circumstances be very
sensitive to various surface properties. Of primary
importance are the absolute and relative amounts
of sensible and latent heat fluxes which largely
determine whether convective clouds will form.
These fluxes, along with radiative fluxes, are also
important in the formation, maintenance and
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dissipation of low-level stratus clouds and fog. In
order to stress cloud models, it is therefore
desirable that at different locales (or at different
times) different mixtures of surface fluxes be
found.

The absolute and relative amounts of surface
sensible and latent heat flux are determined by
several factors including the differance between
ground temperatureand surface airtemperature,
therelative humidity ofthe air, the ground wetness,
the surface roughness, and vegetation type and
amount. Ground wetness and surface roughness
depend in part on land use, soil type, and
vegetation. In so far as these variable surface
properties affect latent and sensible heat flux, it
isdesirable to locate sites in regions where either
temporal changes occur (e.g., crops In summer,
barren in winter) or over different surface types.

Data Analysis

Prior to recommending a set of locales that best
meet the criteria discussed above, the team
collected information’ concerning the types of
vegetation, surface albedo, altitude range and
terrain, and surface fiuxes for each of the
candidate locales. Thisinformationis summarized
here. .

Vegetation Types

To a list of ten types of naturally occurring
vegetation, derived from a simplified map of
Natural Vegetation Regions of the World (an
eleventh type—alpine tundra associated with
highland areas—was discounted on grounds of
likely orographic effects), two more were added:
(artificially) inigated cropland and cropland relying
exclusively on naturally occurring precipitation.
Scores (on a scale of 1 to 10) were allocated to
each type by the team according to the criteria
division describedin the General Principle Secton
of this appendix; these are given, fogetherwitha
description of the vegetation types, in Table 16,
The preferred subset of vegetationtypes consisls
of tundra, steppe and prairie grasslands, or
naturally watered cropland (which were
considered to have many equivalent




characteristics within the scope of this Team)
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augment the set. The distribution of vegetation

and tropical rain forest. if possible, dry deserts,  types amongstthe candidate localesis shownin

icecapsandneedie (boreal) forestswouldusefully  Figure 20.
Table 16. Vegsetation Types
Type Map Classes Equivalent Formation Classes Score (1-10)
Natural
1 Equatorial and Tropical Rain 1. Equatorial Rain Forest 8
Forest 2. Tropical Rain Forest
2  Temperate Rain Forest 4, Temperate Rain Forest 5
(Laurel Forest)
3  Evergreen Hardwood Forest 7. Evergreen Hardwood Forest 1
{Scleraphyll Forest)
4  Raingreen Forest, Woodiand, 3. Monsoon Forest
Scrub, and Savanna {Tropical Deciduous Forest)
8. Savanna Woodlémd 4
9. Thornbush and Tropical Scrub
10, Savanna
5  Steppe and Prairie Grasslands 14, Prairie 9
15. Steppe
6  Dry Desert and Semi-Desert 17.Dry D;e'sen 8
11. Semi-Desert
7  Summer Green Deciduous 5. Summer-Green Deciduous Forest 5
Forest
8  Needleleaf Forest ‘6. Neddieleaf Forest 6
9  Tundra (Arctic and Alpine) 16. Grassy Tl.'lndra
17. Cold Woodland 9
18. Arctic Fell-Field
10 Ice Caps and Glaciers .8
| Agricultural
11 Adificially lrrigated 1
9

12  Naturally Watered
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Surface Albedo

Global maps of monthly mean surface short-
wave reflectance {or albedo) were used to
determine the annual ranges of albedo at each
locale. These data are derived from satellite
measurements and form part of the ISCCP
{Intemational Satellite Cloud Climatology Project)
database. The annual range was assumed to be
characlerized by the difference between the
January and July values and these are shown in
Figure 21. The locales that offer the greatest
range of albedo are those which experience
winter snow or ice cover, and these locales are
generally preferred,

Altitude Range and Terrain

Contour maps were consulted to assess the
topography of each locale. The detail of these
maps was inadequate for anything more than
coarse estimates, and these are shown in
Figure 22, as the peak-to-peakrange encountered
in the entire area of the locale. ltwas not possible
o estimate with any certainty either the vertical
height excursions of less than 100 m (the
contouring interval) or the smaller scale
(kilometers totens of kilometers) variationsinthe
terrain {except theose that were clearly
mountainous). It was therefore decided that
terrain homogeneity could not be used (perforce)
- as a criterion for distinguishing between the
candidate locales, and the selection of this team
roests on the assumpticn that within the chosen
_ locales individual sites of uniform terrain can be
found. This assumption must be tested as soon
as more detailed information is available.

Surface Fluxes

Spatial homogeneity of surface energy fluxes
was deemed necessary for all length scales
considered in the Terrain Homogeneity Section
above. Any discontinuity in the surface (e.g.,
roughness, temperature, vegetation, or moisture
available for evapotranspiration) will perturb the
surface boundary layer to a height of about
1/100X, X being the distance downstream of the
discontinuity. Thus, in order to have continuity
between the surface and planetary boundary
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layers, the surface must be uniform for about
100 km upstream.

For the land locales, homogeneity of the surface
was identified as the most meaningful attribute
which could be substituted for direct
measurements of the spatial uniformity of the
surface fluxes. Uniformity of terrdin, vegetation,
and available soil moisture will assure uniformity
of the fluxes under given meteorological
conditions. It seemed likely that within each
candidate land locale (except those identified as
intentionally heterogeneous) a site couldbe found
that had sufficiently uniform terrain and vegetation
forthe required 100-kmradius, Since the available
data did not permit us to confirm this, we could
not rank one locale more highly than any other
basedonthe criterion forhomogeneity. Ingeneral,
areas with variable terrain, variable vegetation,
irrigated crops, or significant bodies of water will
likely have espedcially nonuniform soil moisturs.
This tendency is particularly true during periods
of drought. An examination of the Palmer
Hydrological Drought Index reveals that in any
given year any U.S. locale, with the possible
exceplion of the NW U.S. - SW Canada Coast,
might experience drought conditions. Occupation
of sites for several years would therefore be
desirable.

Al locales exhibit some diurnal and seasonal
variations of the surface energy fiuxes to stress
the models. There are significant differences in
the amount of energy available and in the
distribution between sensible and latent heat
fluxes (Bowen ratio) among the various locales.
Annual average precipitation less pan evaporation
(when available) was used te indicate the
availability of surface moisture for evapo-
tfranspiration at each of the land locales. Monthiy
averages of insolation and precipitation were
used to indicate the amount of energy available
and the distribution betwean sensible and latent
heat flux. (Periods of low precipitation result in
higher Bowen ratios.) However, this information
has to be weighed with consideration to snow
cover atwhich times netradlationis small oreven
upward and both heat fluxes are small. January
and July averages of net radiation and heat flux
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and annual averages of evaporation were used
fo determine the ability of the ocean locales to
stress the modals. The results of some of these
assessments are shown in Figures 23 to 26.

For some of the oceanic locales, estimates of
averaged menthly components of the surface
heatflux have been derived from compilations of
meteorological observations from ships. Where
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available, these were consulted. However, such
information is usually available only with a
relatively coarse resolution. The variationsinsea-
surface temperature, which can strongly modulate
the turbulent (sensible and iatent heat) fiuxes
andwhich cannotbe soreadily avoidedin the site
selection, may presentsome problems associated
with spatial variabilities. Onthe other hand, short
term temporal changes in surface fluxes at an
ocean locale are much smaller than overland as
the diurnal modulation of fluxes is very small over
the ocean. A diflerent measurement strategy
may therefore be necessary over oceaniclocales
compared with that overtermrestrial locales. There
are no other significant features by which the
ocean locales may be ranked for homogeneity
other than the presence or absence of ice. In the
case of the Marginal Ice Zone locales, thisis an
intentional nonhomogensity.

Locale Selections

Locales were selected on the basis that about
six would be instrumented. These are given in
Table 17 and brief justifications are given below.
It is recognized that for many reasons, mainly
logistical, some locales may present significant
difficulties for continuous site occupation over
several years. This may be the case for all
oceanic locales, and itis accepted that episodic
occupation of ocean sites may be a necessary
compromise, which, although not ideal, will not
seriously jeopardize the ARM scientific goals.
This is alsa true for the high-latitude land locale
{North Slope of Alaska) where periodicoccupation
to sample the range of conditions around the
year would probably be adequate.

Recommendations

The six primary kocales are givenin Table 17 and
correspondto equatorial rain forest, steppe/prairie
or naturally watered cropland, tundra, equatorial
ocean, seasonally ice-covered ocean, and
midlatitude ocean,

The first complementary locale (dry, subtropical
desert) could also be considered a primary locale,
espacially for considerations of extreme surface
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flux conditions and for providing a very uniform
surface over large distances.

Discussion

The land locales were selected to provide a
range of surface types and surface fluxes with
whichto stressthe GCMs, and with considerations
given to the need toidentify within eachlacale an
area of uniform attributes at which to locate the
ARM sites.

Of the primary land locales, the Midwest U.S, or
the N. U.S. Great Plains were chosen as the first
ARM site as offering easier logistics than the
otherlocales. Eitherone of theselocales presents
the possibility of finding a site with sufficiently
smooth terrain and uniform vegetative cover,
although thisis likely to be agricultural rather than
natural. The seasonal changes would provide a
wide spread of surface cover, ranging from bare
earth to mature crops, and a full range of surface
moisture conditions including the possibility of
pericds of extreme dryness during the several
years of the ARM measurements. The presence
of extensive seasonal snow cover, a certainty for
the Northern Great Plains, would provide
conditions of high surface albedo.

The tropical rain forests were selected to provide
conditions of high latent heat fluxes (evaporation),
rainfall, and insolation. On the scales of tens of
kilometers and longer, large tracts of the surviving
rain forests may provide adequately uniform
vegetation. Howaver, as the rain forests continue
to be destroyed, such uniform areas willbecome
fewer and the atmospheric burdens of the
products of biomass burning may further
complicate the measurements.

The tundra locale was chosen to provide further
samples of land cover and colder conditions. in
summer the tundra offers large expanses of
uniform vegetative cover, quite distinctfromthose
provided by the other locales, which is likely tobe
quite moist. In winter, however, a fundra site
would provide extensive areas of uniform dry
snow covar with high surface albedo, small heat
fluxes and, at the winter solstice, conditions of
the polar night.
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The ocean sites were selected to provide arange
of surface flux conditions with which to stressthe
GCMs. The downwelling solar radiation at the
surface of the ocean is controlled by the sotar
zenith angle and atmospheric constituents, mainly
cloud cover. The surface reflectance (albedo) is
generally very small compared with land surfaces
and apart from small changes (in the spatially
averaged value) due to whitecapping, the albedo
of the sea can be considered uniform over the
length scales of interest (200 km). The main
excaption to this is when the sea-water freezes
and becomes covered by ice and snow. The
surface albedo may change from 6% (ice free) o
90%. The effect on the atmospheric radiation
field is therefore profound. For this reason it is
important to have an ccean ARM site at the ice-
edge. Furthermore, the presence of sea-ice
strongly modifies the turbulentair-seaexchanges,
s0 an ocean site which experiences ice coveris
required to provide measurements of the turbulent
fluxes as the ice edge advances and retreats. A
further, lessdramatic, changeinthe oceanalbedo
can result from high burdens of near-surface
suspended matter, including plankton, andthese
occur mainly within the areas influenced by the
coast. From the surface fluxes viewpaint, the
consequence of this change in albedo is small,
compared with that due to ice, and need not be
a consideration for locale selection.

The thermal emission from the sea surface,
governedby the surfacetemperature and surface
emissivity, peaks at the 10- to 13-mm spectral
interval, which coincides with an atmespheric
transmission window. The main absorber In this
interval is water vapor which displays continuum
absorption: this is poorly understood and its
parameterization is a major uncertainty in
numerical models of clear sky atmospheric
radiation transfer. Yet in regions of high
atmospheric water vapor burden, such as in
equatorial regions, the centinuum effect is an
important factor in atmospheric water vapor
absorption and thereby presents a possible
positive feedback mechanismforclimate change.
Unlike land surfaces, the ocean has a high and
uniform surface emissivity within the constraints
of spatial variations in sea-surface temperature,
" thus provides a uniform background radiation
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field in which to make measurements of the water
vapor continuum absorption. For this reasonitis
important to have an ocean ARM site in an
equatorial ocean site.

The transfers of latent and sensible heat (the
turbulent fluxes) are controlled by the local wind,
atmospheric stability, relative humidity, air
temperature, and by sea-surface temperature
and show less diurnal variation than those over
land. The evaporative (latent heat) flux provides
thewatervapor forthe formation of marine clouds,
and therefore an ARM ocean site which
encompasses a wide range of flux values and
meteoralogical conditions is necessary. This is
{ikely to be a midlatitude or high lafitudse, ice-free
locale. For much of the time over much of the
ocean, the sea surface temperature lies generally
within a few degrees of the air-temperature, so
local variations in sea surface temperature,
caused by ocean current structure, can cause
large changes in the air-sea fluxes, possibly
even changing their sign. Since sea surface
temperature variability is a ubiquitous feature,
some degree of variations in the sea-surface
fluxes over length scales of the order of 100 km
is to be expected. Nevertheless, in general this
will be smaller than for terrestrial locales.

The racommendation of the Guli Stream as a
primary oceanlocaleisdeterminedby the extreme
surface fluxes that are experienced there,
aspecially in winter (Figure 27). When cold, dry,
continental air-masses are brought over the Gulf
Stream by strong winds from the northwest, very
large heat and moisture fluxes are generated at
the sea-surface. Unlike conditions on land or
inland waters, which become snoworice covered
in such meteorological conditions, thereby
reducing the surface fluxes, the transport of
warm water by the Gulf Stream maintains large
air-sea temperature differences and large heat
and moisture fluxes.

Table 18 compares latent and sensible heat
fluxes (W/m?) at possible alternative land sites,
as monthly averages for the seasons shown, to
those for the Gulf Stream locale. Clearly the Gulf
Stream locale exhibits much greater values of
these fiuxes.
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Table 18. Comparisons of Latent and Sensible Heat Fluxes (W/m?)

Possible Alternative Land Sites

Latent Sensible
San Antonio, Texas - winter 120 50
Coastal Florida - summer 145 20
Madison, Wisconsin - summer 120 25
Lake Mead, Arizona - early winter 240 50
For Comparison:
Gulf Stream 390 100

Source: Sellers {1965)

Future Work

Locale Selection

Because of time constraints, quantitative
estimates of several properties could not be
made and the degree of homogeneity to be found
within each locale was difficult o assess. it was
also not possible to determine the degree to
which surface inhemogeneity would complicate
the measurement analysis and modeling
processes. Furthermore the degree to which a
model would be stressed by locating at different
types of surfaces was not clear. Although the
magnitude of boundary layer fluxes of latent and
sensible heat can span a wide range, it is not
generally known how sensitive cloud formation
and growth are to these fluxes. One can argue
that radiation codes can be tested without any
knowledge ofthe latent and sensible heat fluxes,
but most convective clouds and low lying marine
stratus clouds are probably quite sensitive to
these fluxes.

A more thorough analysis of data from AVHRR,
Landsat, SPOT, and the Space Shuttle, could be
beneficial in providing more quantitative
information about surface homogeneity. For the
U.S. sites, further information about surface type,
terrain homogeneity, and land use could be
obtained from the U.S. Geological Survey or the

Departmentof Agriculture. If required, estimates
of surface sensible and latent heat fluxes could
be made (especially over oceans) based on
temperature, humidity, and wind measurements
using bulk aerodynamic parameterizations.

Site Selection

Wae expect from our brief study of limited data that
most locales contain regions of sufficient extent
and sufficlent surface homogeneity to be
acceptable as ARM sites. When site locations
are selected within locales it will be imperative
that the surface homogeneity issue be
addressed again. A much more thorough and
detailed study of the locales selected will be
required in order to identify the areas that are
most homogeneous and therefora most preferred
as ARM site locations. As part of this analysis it
would be valuable to determine what kind of
inhomogeneities are most detrimental to ARM
objsctives andtoascertain whatinhomogeneities
can be tolerated.

Summary of
Locale Properties

Although the recommendations of this team are
contained in the Locale Selection Section, itis
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recognized that further evaluation and review of
locales and potential site locations will be carried
outin the coming months. As background for this
continuing site selection process, we include
brief summaries of the general characteristics of
many of the candidate locales.

Midwest U.S. Most frequent haziness of any
site; frequentsynoptic air mass changes; deep
convection usually associated with fronts and
squall lines; frequent long periods of snow
cover, but rarely all winter even on northern
side. Great Lakes effects on N. side; hilly
terrain to S. and SE. Large extent of flat
cropland (generally com & soybeans). Trees
mostly deciduous and limited to river valleys
except fo S. and E. Many meteorclogically
simple sites. Surface moisture seasonally
available, seasonal variability of precipitation
and insolation.

Mid-Atlantic U.S. Coastal Plain. Terrain
complexities: Atlantic coast, rise to piedmont,
crop-forest mixtures onvarious spatial scales,
Chesapeake; numerous rivers; snow cover
rare; occasional haziness, particularly in
summer, Surface moisture usually available,
seasonal variability of precipitation and

_insolation,

S.E. U.S. Coastal Plain. Terrain complexities
similar to Mid-Atlantic except that there is no
large embayment; more large man-made
lakes; extensive tree plantations (coniferous);

* SNOW cover very rare, haziness occasionally,
frequently in summer. Surface moisture usually
available, seasonal variability of precipitation
and insoclation.

Southern U.S. Great Plains. Hilly or
mountainous regions on easternside;irmigation
may present homogensity problems in parts
of the western side; large relatively uniform
areas, tend to be either wheat or grasslands;
high probability of droughts; occasional
widespread snow cover of several days
duration,; little forest coverage of any type
excepton eastern edge; E-W slope generally
smooth and gradual. Surface moisture
variable, seasonal variability of precipitation
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and Insolation. (Possible synergism with
severe storm research efforts )

Northern U.S. Great Plains. Extensive natural
lakes region on N.E. corner; several very
large man-made lakes; extensive irrigationin
parts of Nebraska; high frequency of droughts;
except on fringes of region, forests limited to
river edges; Black Hillsin S. Dakotaare alocal
inhomogeneity; Chincok winds down eastern
slope of Rockles canlead to sudden, extensive
drying and warming, particularly in winter.
Frequentair mass changes, frequentintrusion
of warm moist air in summer, terraln siope
gradual and smooth. Snow cover more fong-
lasting than other U.S. regions but may
disappearin a Chinook West. Surface moisture
seasonally available, usually dry, seasonal
variability of precipitation and insolation.

Siberian Boreal Forest. Appears notto have a
greatnumbsroflakes, butdoes have extensive
marshy regions; snow cover should be
extensive and long-lasting. Surface moisture
seasonally available, seasonal variability of
precipitation and insolation.

Canadlan Boreal Forest. Large numberoflakes
of various size; extensive, long-lasting snow
caver, Surface moisture seasonally available,
seasonal variability of precipitation and
insolation.

Southern Indian Subcontinent. Monsoonal
regimes lead fo large variations in surface
wetness and standing water; rice culture is
associated with high percentage of water
surfaceduring partof year; amrival of monsoonal
rains to different regions atdifferent times can
produce transitional inhomogeneities;
mountains along SW coast; deep convection
during part of the year.

Sonoran Desert. Considsrable terrain variations
in U.S, portion; infrequent thunderstorms
during summer monsocon. Surface moisture
rarely available, seasonal variability of
insolation.

Central Australia. Large areas are highly
homogeneous; very low moisture levels most




oftime. Possible synergismwith CSIROshould
be investigated. Surface moisture rarely
available, seasonal variability of insolation.

Greenland Plateau. Highly homogeneous, but
little Investigated except for brief campaigns.
Permanent ice/snow; high elevation, so little
water vapor in atmospheric column. Seasonal
variability ofinsolation. (Likely tobe logistically
difficult.)

Antarctic Plateau. Highly homogeneous;
extreme surface stability during polar night;
clearly logistical constraints make synergism
mandatory; extreme dryness is Interesting
condition for model “unstrassing™; extreme
cold may severely impact instrument
requirements. Always ice/snow covered,
seasonal variability of insolation.

North Slope of Alaska. Seasonal variation from
widespread ice/snow to widespread tundra
swamps; possible extension to sea ice margin
studies; arctic haze during winter. Surface
moisture available, seasonal variability of
insolation. Extensive homogeneous areas in
northern part of foothills of Brooks range,
especially towards coastal plain.

E. Slope Rockles U.S. In general can be
simplified to 2-D heterogeneity because of
approximate N-S uniformity; Chincok winds
can produce rapid winter warming and melting;
snow cover periodic; general dryness but
occasional intrusion of Gulf air; surfaces
generally dry. Surface moisture usually not
available, seasonal variability of insolation.

NW U.S./S.W. Canada Pacifie Coast. Difficult
to reduce to two-dimensional inhomogeneity
because of coastal ranges, river valleys, and
sounds; generally quite wet with extensive
coniferous forests; significant rain shadows
E. of mountains. Surface moisture available,
seascnal variability of precipitation and
insolation.

Amazon Basin (RainForest). Widespreaddeep
convection much of year; widespread uniform
surface (at top of canopy), but slash and burn
deforestation increasing; smoke from fires
across large areas; a significant fraction of
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water vapor loading and subsequent
precipitation appears to result from
evaporation/transpiration from the Amazon
Basin itself; seasonal precipitation mid to late
summer related to seasonal displacement of
intertropical convergence zone.

Congo Basln. Similarto Amazon butsomewhat
smalier in extent; a greater portion of the rain
forestis elevated. Surface moisture available,
seasonal variability of precipitation and
insolation.

Sargasso Sea. Fair weather marine cumulus;
moderate air-sea fluxes.

Central North Paciflc. Widespread maritime
stratus; intense extratropical storms; moderate
air-sea fluxas.

Tropical W. Paclfic Ocean. Frequent deep
convection; typhoons possible N. of about
5" N.throughout year; numerous island chains,
some of low elevation; water very warm; large
latent heat flux,

Tropical Atlantle. Similar to W. Pacific except
smaller and cooler; most islands are
mouniainous and thus exert considerable [ocal
effects

Circumpolar Southern Ocean. High winds at
surface, extensive cloud cover.

Norweglan Sea. Several “fronts” always present
in sea, Ice-frae except for fjords and the like;
strong extratropical cyclones; moderate air-
sea fluxes.

Greenland Sea. Shifting seaice margin, regions
of high iceberg frequency. Studied in other
programs.

Bering Sea. Sea ice margin generally further
north, but extensive seasonal ice extending
out from land. Persistent cloud cover.

Gulf Stream off N. America. Very sharp
demarcation; frequent long-lasting eddies;
frequentlarge variationin sea-airtemperature
differences as polar air is advected from the
land; intense convection at times when
moisture and sensible heat transfers are high.
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Logistical
Considerations for
Selection of CART
Locales

The objective of the Logistics CET was to provide
information to the Evaluation Team about logis-
tical factors that might affect the selection of
{ocales suitable for placement of CART sites.
TheEvaluation Teamwas chargedwith producing
alistoflocales In order of scientific priorities tobe
accompanied by a discussion of the logistical
factors that may have major impacts on the
eventual siting and by recommendationsforaction
required o meetany major logistical constraints.

Before the formation of the Logistics CET, sev-
eral logistical attributes were suggested for con-
sideration. These included 1) satellite overpass
patierns, 2) national boundaries, 3) population
density, and 4) operational suitability. The Logis-
tics CET refined these attributes somewhat. The
team decided that "satellite overpass patterns”
fell more under the category of coliateral data
and was not really a logistical factor. A special
committee was formed to focus on examining the
availability of satellite (and other collateral) data
for CART and thersfore is not discussed here.
Wa considered that the general attribute labeled
“operational suitability” would include attributes
like “national boundaries” and “population den-
sity.” Hence our analysis generally consists ofan
evaluation of factors that may be considered
operationalin nature. These factors {generalized
in terms of access, services, ambiance, and
impacts) are those that would affect the transpor-
tation, support, and maintenance of personnel
and equipment at CART sites.

Activities of the CET

Each member of the Logistics CET contributed
ideas aboutwhat constitutes “logistical consider-
ations” and how these factors should be evalu-
ated in terms of operating a CART site. A
compilation and summary of theindividual evalu-
ations, made at the Brookhaven meeting of
September 10 to 14, 1990, follows. Each locale
is rated (subjectively} as having minimal logisti-
cal problems (+), moderate Jogistical problems
(0), or major logistical problems (-). Specific
factorsthatmay have animpactonsitingalsoare
listed for each locale.

The ARM Program Plan (and the listof candidate
locales) suggests that CART sites will be located
In both land and oceanic locales. Ocean locales
may be expected to be more difficult logistically
than land locales. Access, for example, will
generally be more difficult because it will be
absolutely dependent on either ship or aircraft
transportation. Similarly, the services that we
anticipate will be required for operation of a
CART site are also less likely to be available In
ocean localas. Becausse, in these terms, the
problems inherent in providing and supporting
the measurement platforms needed by CART
are fundamentally different in ocean and land
locales, the ratings below were developed as
relative rankings within the sets of land and
ocean locales and were intended to be consid-
ered separately. For rough comparison of ocean
and land locales, however, an ocean locale
identified as having minimal logistical proeblems
{+) would comrespond to a land locale having
moderate logistical problems (o). Oceanlocales
rated having moderate logistical difficulties (o)
would thus correspond to land locales with major
logistical difficulties {-}. In any case, the specific
logistical factors listed for each candidate locale
{(land and ocean) are based on an absolute
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weather (i.e., sites could be occupied and ser-
viced allyear). Allservices are likely to be available
at sites within this locale. Climate tends to warm
and humid, subject to occasional severe storms
including hurricanes.

Subtropical Grasslands
Southern U.S. Great Plains (+)

Localeis easily accessible. Sites withinthislocale
are likely to have good local access. Access to
sites within this locale would not be affected by
weather (i.e., sites could be occupied and serviced
all year). All services are likely to be available at
sites within this locale. Climate tends to warm
moderate, subject to occasional severe storms
including tornados.

High Latitude, Mid-Continental
(high to heavy seasonal snow
cover)

Northern U.S, Great Plains (+)

Localels easily accessible. Siteswithinthislocale
are likely to have good local access. Access to
sites within this locale would not be affected by
weather (i.e., sites could be occupied and serviced
all year) although winter conditions can be diffi-
cult. Sites in parts of this locale could possibly
spanintemational (U.S.-Canada) border and may
require special immigration arrangements. All
services are likely to be avallable at sites within
this locale.

Midlatitude Humid Continental
Plains

Midwest U.S. (+)

Locale is easily accessible. Sites within this lo-
cale are likely to have good local access. Access
to sites within this locale would notbe affected by
weather (i.e., sites could be occupied and ser-
viced all year). All services are likely to be
available at sites within this locale.
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Mid-Continental, Flat Terrain,
Boreal Forest

Waest Siberlan Boreal Forest {-)

Locala is extremely distant fromthe United States
andlacks amajorintemational airport, ltis unlikely
that sites within this locale will have good local
access. Visa problems are possible for most
investigators. Access to sites within this locale
may be seasonal and difficultto impossible during
winter. Unlikely that local services within this
locale would be adequate for site operations.
Language and cultural barriers may affect
operations.

Canadian Boreal Forest (o)

Lacking a major airport, this locale may be diffi-
cult fo reach despite its proximity to the United
States. Because the area is undeveloped, it is
unlikely that sites within this locale would have
good local access. Access to somae sites within
the locale may be difficult in winter. Canadian
sites should be accessible to U.S. investigators,
but customs arrangements would be required for
equipment. Local services are likely to be
minimally available at sites within this locale.

Tropical Monsoon Region (land)

Southern Indian Subcontinent (-)

Localeis extremely distantfromthe United States
but does have amajorinternational airport. While
some sites within this locale may have good local
access, access o other sites is likely to be
difficutt. Local services are likely to be fair to poor.
Climate is hot and humid with prolonged rainy
season and occasional severe storms. Language
and cultural barriers may affect operations.

Continental Deserts/Arid Regions

Sonoran Desert; Southwast U.S.; North
Mexico (o)

Locale is easily accessibie. Much of the locale is
undeveloped, however, and local access may
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Ocean Locales

CART sites located within ocean locales wouid
likely be established and operated in ways differ-
entfrom land locales. Oceanic CART sites could
be located onislands (in which case they may be
operated In a manner similar to sites in land
locales), or they could be based on oceano-
graphic platforms {moored buoys, ships, drilling
platiorms, ete.) or they could combine both. In
accordance with our general scheme of classifi-
cation in terms of access, services, ambiancs,
andimpacts the logistical problems invelved with
operating a site in an ocean locale may be
classified into three areas, construction, opera-
tion/maintenance, andremoval, Aswasthe case
for land locales, problems involving access,
services, ambiance, and impacts are included
with operation/maintenance.

Because they are permanent, stable, and rela-
tively large, islands may offer attractive locations
for CART sites. We recognize, of course, that
islands may affect the local meteorological con-
ditions so that some observations may not be
represantative ofthe oceanlocale. Inthese cases
it may be desirable to establish some remote
stations on unmanned platforms in the surround-
ingwaters, Theislands themselves would still be
valuable for staging and as bases for personnel.
Islands large enough to have docks and an
airfield would be especially desirable. The logis-
tics CET considered the presence of islands a
favorable attribute of the oceanic candidate lo-
cales.

Moored buoys may offer an alternative toislands
for oceanic observations that might be affected
bythe presence of even smallland areas. Buoys,
and the instruments mounted on them, would
require maintenance, regular visits made every
six weeks to check and service instruments.
Such visits are practical for moorings closeto a
base of operations where small vessels are
available. More remote locations would require
larger vessels, with concomitantly longer lead
times (1 to 1.5 years) and expense. Locales that
were amenable {o buoy moorings are noted.
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Because access to ocean locales must be by
ship or aircraft, locales that are convenient to
oceanographic staging areas are noted. Simi-
larly, iocales for which access and operation may
be restricted by weather conditions, including
ice, also are noted. We note that voice commu-
nication to all locales is good via International
Maritime Satellite System (INMARSAT).

Central Gyres
Sargasso Sea (N. Atlantic) (+)

Locale is close to the United States and served
by major international airports. Open ocean
island (Bermuda) may be used as base of opera-
tions. Staging areas along the U.S. east coast
are available. Locale is ice free but subject to
occasional severe storms.

Central North Pacific {+)

Locale |s distant from the continental United
States but easily accessibie from Hawaii. Islands
inHawaiian chain may be suitable for operational
bases. West coast ports and Hawaii are avail-
able for staging. Locale is ice free but subject to
occasional severe storms.

Equatorial Oceans
Tropical Western Pacific Ocean (o)

Localeis extremely distant from the United States
but is served by major international airports.
Locale is ice free and has numerous islands
(some U.S. owned) that could be used as bases
for operations. Staging areas with docks and
other facilities are available in Australia and the
Philippines.

Troplcal Western Atlantic (o)

Locale is distant from the continental United
States but served by major international airports.
{slands {foreign owned} may be suitable for op-
erational bases but international arrangements
would be required. Ports in Brazil may be avail-
able for staging. Locale is ice free.
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High Latitude, Ice-Free Seas
Circumpolar Southern Ocean ()

Localeis extremely distantfrom the United States.
Staging areas exist in Chile and the U.S. west
coast. Intemational arrangements would be re-
quired. Weather is bad, making oceanographic
season short. Locale is ice free north of about
58°S. Moorings are difficult because of the
weather and high current speeds. Some islands
(foreign owned) are available for operations.

Norweglan Sea (0)

Locale is distant from the United States but
served by major international airports. Islands
(foreign owned) may be available for operations.
Staging areas in lceland and Norway are avail-
able but international arrangements would be
required. Much ofthe locale is ice free mostofthe
year but is subject to severe storms.

High Latitude Ocean—ice Edge
(IH)

Greenland Sea (o)

Locale is distant from the United States but
served by major international airports. Islands
(foreign owned) may be available for operations.
Staging areas in Iceland and Norway are avail-
able but international arrangements would be
required. Locale is in a marginal ice zone.

Bering Sea (o)

Locale is distant from the United States. Islands
{U.S. owned) may be available for operations.
Staging areas in Alaska are available, intema-
tional arrangements would be required if opera-
tions extended west beyond U.S.-UUSSR con-
vention line. Locale is in a marginal ice zone but
moorings would berelatively easy on slope south
of the ice edge.
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Oceanic Western Boundary
Current (IH)

Gulf Stream off eastern N. America (+)

Locale is close to the United States and served
by major international airports. Staging areas
alongthe U.S. eastcoastare available. Locale is
lce free but subject to occasional severe storms.
Some islands (Bahamas) available in southern
area but no islands are available in northern
areas. Mooring conditions would be difficult be-
cause of current speeds.

Eastern Ocean Margins
Eastern North Pacific (+)

Locale is easily accessible. The U.S. west coast
staging areas are available. Large islands
{Faralions, Catalina) could be used as opera-
tional bases. Locale is ice free.

Eastern South Paclfic {o)

Locale is distant from the United States but
served by major international airports. Islands
{foreign owned) may be available for operations
butinternational arangements would be required.
Staging areas are available on the west coast of
the U.S. and in Peru. Difficult to obtain permis-
sion for oceanographic work near Peru and
Ecuador. Locale is ice free.

Transitional Marine Climate
Eastern North Atlantic (o)

Locale is distant from the United States but
served by intemnationatl airports in Portugal and
Spain. islands (foreign owned) are available for
operational bases. Staging areas (Gibraltar,
Lisbon) are available. Locale is ice free. Inter-
national arrangements would be required.




Appendix F

Programs with
Synergistic Potential

This Appendix presents information on synergis-
tic activities by programs other than ARM whose
objectives or facilities might lead to mutually
beneficial coordinated activities with ARM. The
listing presented here results from canvassing
the atmospheric radiation and meteorological
communities as well as from a large number of
inquiries among the pertinent federal and inter-
national agencies to identify activities in potential
ARM locales that might afford the opportunity of
synergistic collaboration with ARM. The category,
locale, and a list of potential synergistic activities
that were identified as of September 1990 are
Jisted.

For many of the synergistic programs listed,
activities are in the planning stages, and thus,
any interaction with ARM will depend on the
oxtent to which these programs are funded over
the ARM operational time frame. For the “ocean
locales,” development of an interaction with po-
tentially synergistic oceanographic programs will
be crucial to the establishment of ARM ocean
sites and/or the conduct of ocean campaigns.
Several major oceanography programs will be
of interestto ARM in the future, JGOFS, WOCE,
and TOGA. Itis recommended that ARM estab-
lish close contact with these programstobeina
position to take advantage of their field programs
and to possibly influence the sclentific direction
of these programs during the planning process
so that ARM needs can be met. A similar situa-
tion pertains to the Central Greenland and the
Antarcticice sheet locales. For the Antarctic, the
principal Agency is the National Science Foun-
dation and all activities must be coordinated
through them. For the Arctic region there is the
Inter-Agency Arctic Research Policy Committee

which may be helpfulin locating appropriate sites
andinidentifying activities with which ARM could
coliaborate. Collaboration with these agencies
and their ongoing programs will be essential for
measurements in these locales.

This Appendix presents information on synergis-
tic activities according to two listings. First, a
listing is given of major programs that have been
identified as likely to have synergistic potential
with ARM. Second, a listing is given by locales,
identifying programs with synergistic activitiesin
the locales considered for examination in this
project.

Major Programs Likely to
have Synergistic
Potential with ARM

AEROCE (Atmosphere/Ocean
Chemistry Experiment)

The goal of the program is to characterize the
chemical climatology over the North Atlantic
Ocean. Currently AEROCE measures ozone, a
wide range of chemical species in aerosols and
precipitation and a number of tracers (including
Be, #9Pb, and?2Rn) at four locations: Barbados
(West Indies), Barmuda, Tenerife (Canary
Islands), and Mace Head (Ireland).

ASTEX (Atlantic Stratocumulus
Transition Experiment)

ASTEX is a major field program that is planned
for summer 1992. It will be conducted from a
base in the Azores and will consist of aircraft,
island-based, ship-based, buoy and satellite
platforms. The surface-based sensors will
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IGAC (International Global
Atmospheriec Chemistry Program)

This programis a core project of the International
Geosphere-Biosphere Program (IGBP). The
overall goal of IGAC is to measure, understand,
and thereby predict changes now and over the
next century in the global atmosphere with par-
ticularemphasis on changes affecting the oxidiz-
ing power of the atmosphere, the impact of
atmospheric composition on climate, and the
interactions of atmospheric chemistry with the
biota. Six initial foci have been identified for
IGAC: natural variability and anthropogenic per-
turbations of the marine atmosphere; natural
variability and anthropogenic perturbations of
trapical atmospheric chemistry; the role of polar
regions in changing atmospheric composition;
the role of boreal regions in changing atmos-
pheric composition; global distributions, trans-
formations trends, and modeling and interna-
tional support activities.

Interagency Arctic Programs

Two interagency programs of potential intarest
to ARM are planned:

interagency Westem Arctic Pragram
18901994, Bering, Chukchi, Beaufort
Seas, Bering Strait

Interagency Western Arctic Program 1992—
1996,Canadian, Eurasian Basins.

ISCCP (International Satellite Cloud
Climatology Program)

The basic objective of ISCCP is to collect and
analyze radiance data seis from space-based
sansor measurements to infér the global
distribution of cloud radiative properties in order
to improve the modeling of cloud effects on
climate.

ISCCP has two components, operational and
research. The operational component takes ad-
vantage of the global coverage provided by the
current and planned international array of
geostationary and polar-orbiting meteorological
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satellites to produce a five-year global satellite
radiance and cloud data set. The main and most
importantcharacteristic of these data will be their
globally uniform coverage of various indices of
cloud cover. The research component of ISCCP
will coordinate studies to validate the climatol-
ogy, to improve cloud analysis algorithms, to
imprave modeling of cloud effects in climate
models, and to investigate the role of clouds in
the atmosphere’s radiation budget and hydro-
logical cycle. Validation will involve comparative
measurements ata number oftestareas selected
as representative of major (or diificult) cloud
types and meteorological conditions. Compli-
mentary efforts within the framework of WCRP
will promote the use of the resulting ISCCP data
sets in climate research.

ISLSCP (International Satellite Land
Surface Climatology Program)

The major objectiva of ISLSCP is to develop
methodologies for deriving quantitative informa-
tion conceming land surface climatological vari-
ables from satellite observations of the radiation
reflected and emitied by the Earth.

JGOFS (Joint Ocean Global Flux
Experiment)

The broad goal of this programi is to imprave our
understanding of the processes controlling the
cycling of carbon and related biogenic elements
in the oceans. Various measurement programs
are proposed forthe nextdecade. The number of
such activities will depend strongly on funding.

LITE (Lidar Technology Experiment)

NASA Office of Aeronautics and
Space Technology (OAST)

The goal of this programis to probe the upperand
lower regions of the atmosphere with optical
elastic backscatter measurements from a space
platform. The overall thrust is to provide data that
will validate models of atmospheric properties
related 1o the backscattering data, viz.,cloud top
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and planetary boundary layer heights, tropo-
spheric and stratospheric aerosols and tempera-
ture and density from 10 to 40 km.

LTER (Long-Term Ecological
Research Program)

NSF, Division of Biotic Systems
and Resources

The main goal of this program is to study the
ecological structure and processes in natural
landscapes at temporal scales of a decade or
longer. There are currently 15 sites located In
the United States.

NSF OFFICE OF POLAR
PROGRAMS

This office coordinates all U.S. activities at
Antarctic sites.

PARKNET National Environmental
Research Parks

DOE/OHER

The parks are located at six national laboratories
with multidisciplinary staff on site. Ecological
studies have been conducted in park areas for
over 40 years.

BOREAS (Boreal Ecosystem-
Atmosphere Study)

The goal of the study is to understand the inter-
actions between the boreal forest biomes and
the atmosphere in order to clarify their roles in
global change. The study will be centered on two
20-by-20-km sites located at the ends of a
500-km transect within the boreal forest region
of North America; the exact location has not yet
been chosen. The program will run from 1990 to
1996.
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STORM

The two primary goals of the National STORM
program are to advance the fundamental under-
standing of precipitation and other mesoscale
meteorological processes and their role in the
hydrologic cycle and to improve the 0to 48-hour
prediction of precipitation and severe weather
events.

STORM | (Field experiment under
National STORM program)

This is a winter storm field experiment whose
primary goalis toimprove the understanding and
prediction of winter storms, their associated
weather, andtheinteractions of largerand smaller
scales of motion. Some of the process studies
involved with this particular core objective in-
clude solar and long-wave radiation atthe meso-
alpha scale (6 to 24 hours, 200 to 2000 km).

TOGA/COARE (The Tropical Ocean
Global Atmosphere [TOGA] Coupled
Ocean Atmosphere Response
Experiment [COARE])

TOGA/COARE is an experiment planned for
November 1992 to February 1993. The goalsare
to describe and understand the principal
processes responsible for the coupling of ocean
and atmosphera in the western Pacific warm
poolsystem; the principal almospheric processes
thatorganize convectionin the warm pool region;
the oceanic response to combined buoyancy
and wind stress forcing in the western Pagific
warm pool region; the multiple scale interactions
that extend the oceanic and atmospheric
influence of the western Pacific warm pool sys-
tem to other regions and vice versa.




WOCE (World Ocean Circulation
Experiment)

WOCE is a major international study to under-
stand the role of the ocean in climate. Itis one of
the largest oceanographic programs ever imple-
mented, involving more than 50 countries around
the worid. It has been designed to provide, forthe
firsttime, a uniform and global data set on ocean
clrculation, heat fransport, and air-seafluxes and
to foster the development of new ocean models
for coupled ocean-atmosphere climate predic-
tions.

WOCE is undertaking extensive field observa-
tions during the period 1990 to 1995. These
include programs to calculate and validate air -
sea fluxes globally by combining new satellite
measurements with conventional ship meteoro-
logical observations; to cbserve the annualcycles
of heat and fresh-water storage in the upper
ocean; and to determine the three-dimensional
ocean circulation from satellite altimetry, surface
drifters, deep floats, current meter moorings, and
a global set of hydrographic and tracer sections.
A second goal of WOCE is to leave an effactive
ocean climate monitoring system in place follow-
ing the WOCE field program.

WPDN (Wind Profiler Demonstration

Network)

The National Oceanic and Atmospheric Admin-
istration (NOAA) of the U.S. DepartmentofCom-
merce is establishing a 30-station Wind Profiler
Demonstration Network in the central region of
the United States. The configurationis shownin
Figure 28 and in Table 19.

The Network will cover an area of approximately
1,500 by 1,500 km. The wind profiler is an
unattended, highly sensitive Doppler radar that
is designed to detect and process returns from
the clear air. It makes an accurate vertical profile
of the speed and direction of the wind in incre-
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ments of 250 m from near the surface to an
altitude of approximately 16 km. The wind profiler
was developedby the Aeronomy Laboratory and
the Wave Propagation Laboratory in NOAA’s
Environmental Research Laboratories.

The data from each system in the network will be
transmitted via satellite to a central processing
facility in Boulder, Colorado. There, the datafrom
the individual sensors will be integrated into
heurly reports for dissemination to the U.S. Na-
tional Weather Service and other meteorological
users.

The NOAA contact is Dr. Don Beran, Boulder,
Colorado, {303) 497-6765. The contactat Unisys
Corporation, the contractor thatis manufacturing
the units, is Edward Hudson, (516) 574-2674.

WSR88 (Weather Survey Radar 88)

The Weather Survey Radar 88 (WSR88) which
has also been referred to as NEXRAD (for “next
generation”radar) is a systemof Dopplerweather
radars scheduled to replace the weather radars
currentlyin use by the National Weather Service.
The new radars were developed in a joint effort
by the National Weather Service, the Federal
Aviation Administration and the Air Force’s Air
Weather Service, to deploy an advanced radar
with Dopgpler capability to provide a substantial
increase in tornado warning lead time, improved
detection of severe turbulence and wind shear
and substantial reduction in the number of incor-
rectstorm forecasts and false alarms. Theradars
will provide accurate, high-resolution data that
givesdetailed information onthe structure, inten-
sity, wind circulation, and movement of storms,
aswaell as continuocus computation and mapping
of amounts of raintall.

The WSR88 instruments will coverthe continen-
tal United States, the southemn tier of Alaska,
Hawaii, and Puerto Rico, and overseas installa-
tions of the Air Force, Army, and Navy. Deploy-
ment is scheduled for the next decade.
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Figure 28. Locations of Wind Profiler Stations for Planned NOAA WPDN Network

Satéllite Coverage for
ARM

This section summarizes present and planned
satellites making radiation and meteorological
measurements pertinent to ARM.

TRMM

The Tropical Rainfall Measuring Mission (TRMM)
satellite may be launched as early as 1994 as a
joint Japan/U.S. mission. It will be jaunchedina
low {350 km) circular Earth orbit with an inclina-
tion of 35° to the equator, providing coverage of
the Inter-Tropical Convergence Zone (ITCZ),
South America, Africa, Australia, and the south-
ern regions of Japan and the U.S. The orbit is
designed not to be sun-synchronous, so that
samples may be taken throughout the diurnal
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cycle. Theinstrumentation willinclude two micro-
wave radiometers, a cross-track scanning pre-
cipitation radar, and Advanced Very High
Resolution Radiometer {AVHRR).

DMSP

The Defense Meteorological Satellite Program
(DMSP} Is currently operational, flying polar or-
biting satellites at 835 km, 101.4-minute period
{14.2 orbits per day), presently having two satel-
lites (FB and F9), ane in morning orbit (0730 LST
descending node) and one in a noon orbit (1200
LST descending node). The ascending timesare
dusk and midnight. The primary instrumentation
is the Operational Linescan System (OLS) de-
signed to gather visible and IR data from Earth
scenes. The mission sensors of particular
interestto ARM are the SSM/T on FBand F9 and
the SSM/I on F9, providing microwave data.
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GOES, GMS, METEOSAT

The U.S. Geostationary Operational Environ-
mental Satellites, the Japanese Geostationary
Meteoroclogical Satellite (GMS) series, and the
European METEOSAT series provide geosta-
tionary coverage of the earth from about 60°E to
about 100°E {going westward), with the Russian
GOMS sateliite filling the hole. These satellites
view acircular disk about 60° in radius, providing
coverage from 50°S to 50°N in general and from
60°5S 1o 60°N on station. The primary instrumen-
tation in the U.S. satellites is the Visible and
Infrared Spin-Scan Radiometer (VISSR)} Atmo-
spheric Sounder (VAS), providing as many as 48
images per day. Similar instruments are on the
Japanese and European satellites. Only one of
the normal two U.S. GOES satellites is now in
orbit, but that should be corrected for most of the
life of ARM.

Interaction of Satellite Coverage
with ARM Locales

The DMSP and POES satellites coverall locales,
with increasing density of coverage approaching
the poles. The TRMM and GOES satellites do not
provide such coverage. The locales not covered
by GOES, GMS, or METEOSAT are: the North
Slope of Alaska, the Baring Sea, most of the
Canadian Boreal Forest, the Greenland Plateau,
the Greenland Sea, the Norwegian Sea, and
most of the West Siberian Boreal Forest, For
TRMM, those locales as well as the following are
not covered: much of the Central North Pacific,
most of the Guit Stream, much of the Eastern
North Atlantic, the NW U.S./SW Canada, the
Eastemn Slope ofthe Rockies, the Northem Great
Plains, the Midwest U.S, and muchofthe Southemn
Great Plains, the Mid-Atlantic Coast and much of
the SE Coastal Plain, and parts of the Sonoran
Desert.
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Synergistic Activities in
Locales Considered for
Examination in This
Project

Land Locales

Temperate East Coastal Plains
(marine influence but inland)

Southeast U.S. Coastal Plain

PARKNET Site

Located atthe Savannah River National Environ-
mental Research Park.

Temperate East Coastal Plains
{marine influence but inland)

Mid-Atlantic U.S,
No activities identifled.

Subtropical Grasslands
Southern U.S. Great Plains

LTER Site

Tall grass prairie site (Konza Prairie Research
Natural Area), 10 kmsouthofManhattan, Kansas.
ISLSCP conducted field measurements here
under FIFE in 1987 and 1989,

Natjonal Severe Storms Laboratory at Nerman,

aho

Thisinstitution may be a source of possible future
collaboration with the ARM Program.




FIRE

Cirrus IFO-}l to be conducted from November 13
to Dacember 7, 1981, in southern Kansas.

High Latitude, Mid-Continental,
Snow Cover

Northern U.S. Great Plains
No activities identified.

Midlatitude Humid Continental
Plains

Midwest U.S.

{llinois State Water Survey

1. Network of 10 climate monitoring stations
distributed over the state of lllinois.

2. Laboratory facilities at Champaign, lllinois.
3. Doppler radar at Willard airport.

4. Wind profilers and other meteorological fa-
cilities at Bondville, lllinois, south of
Champaign. Some of these latter facilities
are operated in collaboration with NOAA.

PARKNET Site
Fermilab National Environmental Research Park

STORM I-Field experiment under National
STORM program

This is a winter field experiment whose primary
goal is to improve the understanding and pre-
diction of winter storms, their associated weather
andtheinteractions with larger and smallerscales
of motion. Some of the process studies involved
with this particular core objective include solar
andlong-wave radiation atthe Meso-alpha scale
{6 to 24 hours, 200 to 2000 km). An exact loca-
tion has not been chosen, but will be somewhere
in the Midwest.

The National Oceanic and Atmospheric Admin-
Istration (NOAA) of the U.S. Department of Com-
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merce Is establishing a 30-station Wind Profiler
Demonstration Network in the Central region of
the United States.

Mid-Continental, Flat Terrain,
Boreal Forest

Canadlan Boreal Forest

BOREAS

The goal of the study is to understand the inter-
actions between the boreal forest biomes and
the atmosphere in order to clarify their roles in
global change. The study will be centered ontwo
20-by-20-km sites located at the ends of a
500-km transect within the boreal forest region
of North America; the exact location has nof yet
been chosen. The program will run from 1990
lo1996.

Mid-Continental, Flat Terrain,
Boreal Forest

Waest Siberlan Boreal Forest
No activities identifiad.

Tropical Rain Forest

Congo Basln
No activities identified.

Tropical Rain Forest

Amazon Basin
GAC

Of particular relevance to this locale are projects
that are planned for the IGAC program on “Natu-
ral Variability and Anthropogenic Perturbations
of Tropical Atmospheric Chemistry.” These
projects inciude:
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i -Atmosphere T change i

the Topics (BATGE).

The goals of this program are to determine the
fluxes and the factors that control these fluxes of
chemical between representative tropical envi-
ronments and the troposphers, and to develop
the ability to predict the impact of these fluxes on
both climate and land use changes. This pro-
gram is in the planning stages and the exact
locationis not yet determined, but couldbeinthe
Amazon Basin.

Deposition of Biogeochemically Important Trace
i BITS

The geals of this program are to determine the
rates of deposition of biogeochemically impor-
tant trace species and to identify factors that
control these deposition fluxes. Initial activities
are planned for southeast Asia, but expansion to
other tropical locations is possible.

Impact of
Atmosphere,

The goals of this program are to characterize the
fluxes of chemically and radiatively important
species from biomass burning into the global
atmosphere, and to assess the consequences of
biomass burning on the chemical and physical
climate,

ical Biomass Burni d

Asubprogram, the Biomass Burning Experiment
(BIBEX) will conduct activities in the Amazon
Basin over the next five to ten years and repre-
sents a potential candidate for interaction with
ARM. AU.S. contact for the biomass burn project
is:

Josl S. Levine

Atmospheric Sciences Div.
NASA Langley Research Center
Mail Stop 401b

Hampton, Virginia

Tel. (B04) 864-5692
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A more general contact for Amazon Basin work
is:

Luiz Carlos B. Molion

Instituto de Pesquisas Espaciais
C.P.515,12.200

Sao Jose dos Campos - SP BRAZIL

Also the Amazon Project has measured surface
radiative flux in the Amazon Basin. Contact
Jim Tucker at NASA Langley for a U.S.
representative.

Tropical Monsoon Reglon (land)
Southern Indian Subcontinent

The Division of International Programs, National
Science Foundation has funded a project which
involves collaboration between North Carolina
State University and the Indian Institute of Tech-
nology, New Delhi. The first phase of the project
was funded from 1983 to 1989, The project
involved research on monsoondynamics and air
poliution. The secand phase of the project started
in March 1990 and is expected to continue for at
leastthree years. The second phase s a study of
the atmespheric boundary layer turbulence and
dispersion processes in the tropics. The Indian
Institute of Science, Bangalore, whichis located
in the southern peninsula, about 13"N latitude,
participated in the first phase of the project.

Contact: Dr. Sethu Raman, North Carclina State
University

Continental Deserts/Arid Regions
Central Australia

Possible Global Baseline Surface radiation net-
work station. The Commonwaealth Scientific and
Industrial Research Organization (CSIRO} in
Australia has a long history of research into




atmospheric radiation, cloud physics, cloud ra-
diation interaction, and atmospheric radiative
transfer modeling. In addition to the possibility of
collaboration at the land sites, the CSIRO is
mounting a satellite validation campaign starting
in 1991 using shipboard radiometers and
radiosoundings in the Western Tropical Pacific.

Continental Deserts/Arid Regions

Sonoran Desert Southwest U.S.; Northern
Mexico

LTER Site

Site at Jordana, 40 km north of Las Cruces, New
Mexica,

PARKNET Site

Site at Los Alamos National Laboratory.

High Latitude Ice Plateau
Greenland Plateau
IGAC '

The objective of the PASE (Polar Air-Snow Ex-
periment) programis to establish the relationship
between atmaspheric composition and the
chemical composition of ice in the central polar
areas.

PASE is planning several field measurements at
Summit in central Greenland as part of the
GISPIl and Greenland Ice Projects {GRIP).
Project coordinating board will meet in
September 1990.

Incohersnt scatter radar facility at Sondre
Stromijord, Greenland.

High Latitude Ice Plateau
Antarctic Plateau

Amundsen Scott Research Station at South Pole
reportedly have made recentradiation measure-
ments of interest to ARM.

Possible Global Baseline Surface Radiation Net-
work station at South Pole.
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IGAC

The objective of the PASE (Polar Air-Snow Ex-
periment) programis to establish the relationship
between atmospheric composition and the
chemical compaosition of ice in the central polar
areas. This programis planning an experiment at
Amundsen Scott Baseinthe Antarcticin 1891 for
a full year. An additional experiment is planned
for 1993 at Dome C, East Antarctica.

AllU.S. activities atthe Antarctic are coordinated
through the NSF Polar Programs Office.

Contact: Peter Wilkniss at {202) 357-7894

Tundra
North Slope of Alaska (inland from coast)

T ra Si ic Tundra Si

Located at Toolik Lake 380 miles north of
Fairbanks, Alaska, in the northern foothiils of the
Brooks range. NSF-funded long-term ecological
research program. DOE also supports this site
and several others through the R4D project.
One of these sites, Franklin Bluff is reported to
have relatively uniform terrain, and would be
suitable as an ARM site. It is accessible by
road year-round. '

NOAA GMCC Observatory at Barrow Alaska

This is a logistically attractive site, but is close to
the Arctic Ocean and is strongly influenced by it.

ity of Alaska Site at P ats

This is a taiga site roughly 40 miles north of
Fairbanks. Facilities are available at this site.
Previous radiation measurements have been
made here as part of a another DOE program.

Uniwvi

Leeward Slope of Mountain Range
Eastern Siope of Rockies U.S.
Boulder Atmospheric Observatory (BAO)

LTER Grasslands Site-Central Plains Experi-
mental Range east of Ft. Collins
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Potential Global Bassline Surface Radiation
Network Site

NOAA Wave Propagation Laboratory
Activities

NCAR activities and facilities
SER| activities and facilities
University of Denver activities and facilities
University of Colorado activities and facilities
Colorado State University activities and
facilities

Wet Temperate West Coastal

NW U.S./SW Canada

University of Washington Atmospheric Sampling
Site, Cheeka Peak, Washington

Ocean Locales

Central Gyres
Sargasso Sea (N. Atlantic)
JGOFS

This pragram may be a source of possible future
collaboration with the ARM Program.

WOCE

This program may be a source of possible future
collaboration with the ARM Program.

Central Gyres
Central North Pacific

JGOFS

This program may be a source of possible future
collaboration with the ARM Program.

WOCE

This program may be a source of possible future
collaboration with the ARM Program.
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Equatorial Oceans
Tropical Western Pacific Ocean

WOCE

This program may be a source of possible future
collaboration with the ARM Program.

TOGA/COARE

This experiment will be conducted overaseveral
year period starting with some pilot studies in
1990, extending to an enhanced monitoring net-
work in the pericd 1991 to 1994. An intensive
observational period is currently planned for the
late fall 1992 (as of 1989, and later rovised to
fall 1993).

CSIRO

In Australia, CSIRC has a long history of re-
search into atmospheric radiation, cloud phys-
ics, cloud radiation interaction and atmospheric
radiative transfer modeling. In addition to the
possibility of collaboration at the land sites, the
CSIRO is mounting a satellite validation cam-
paign starting in 1991 using shipboard radiom-
eters and radiosoundings in the Western Tropi-
cal Pacific.

Equatorial Oceans
Troplcal Atlantic
WOCE

This program may be a source of possible future
collaboration with the ARM Program,

JGOFS
This program may be a source of possible future
collaboration with the ARM Program.

Semi-Enclosed Seas
Australia-Indonesia Semi-Enclosed Sea

An extensive meteorological and radiation infra-
structure is maintained in the vicinity of Darwin,
Australia, including the following components:




Radar. At prasent, the C band 1.65" NOAA/
TOGA radar is employed at Berrimah and oper-
ated continuously throughout the “wet” season.
The NCAA/TOGA radar will be replaced during
1992 by a 1 degree beamwidth C band Doppler
radar. Inclusion of a dual polarization capability
on this radar is planned during 1993. This will
involve the addition of an improved low sidelobe
antenna suitable for dual polarization measure-
menis, a ferrite switch for polarization control,
andimproved phase stability; and will be capable
ot Z,,, ®,.. and p,,,{0) measurements in addition
to Doppler data collection. BMRC has a consid-
erable amount of radar data processing software
onaworkstationto analyze the aboveradardata.
The NCAR RDSS, SPRINT, CEDRIC, and
ODAN packages are available for complete
single and multiple Doppler analyses. n addition
there exists a considerable amount of data suit-
able for single-Doppler and dual-Doppler syn-
thesis.

Wind Profiler. A 50-MHz wind profiler will provide
full wind data to approximately 25 km at up io
1.5-minute intervals. The profiler provides the
thres wind components, Pians include the inclu-
sionof a915-MHz profiler formonitoring windsin
the PBL. Both profilers are possible sources of
information on rainfall drop size distributions.

3 e Network and ure-
ments. The 26-element C scale tipping bucket
raingauges employ onsite archiving and operate
continuously throughout the period November o
April inclusive. It is intended to develop an inner
D-scale 25-element raingauge network with a
2-km spacing during 1991 {o augment the cur-
rent network. This network will provide detailed
highresolutioninformation onthe scale measured
directly with the TRMM 14 GHz radar. It will also
provide a basis for adjustment of gauge-to-radar
rainfall estimates.

The network willbe deployedinalternate yearsin
different locations (i.e., coastal and continental
locations) to study the spatial characteristics of
the two types of convective regimes, the relation-
ship to radar derived precipitation fiekls and
during the mission phase, the verification of the
satellite derived rainfall estimates. During spe-
cial observational programs the network will be
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deployed in an optimum location to measure
rainfall from the system under study.

A Joss-Waldvogel disdrometer is also in opera-
tion continuously at Darwin during each wet
saasor.

Automatic Weather Stations. A network of ten
automatic weather stations (AWS) providing

measurements of temperature, humidity, pres-
sure, rainfall and windspeed and direction has
been established primarily within 106 km of
Darwin. This network is designed to provide
meso—scale Iriformation on planetary boundary
layer flow associated with the development of the
convactive activity. The units are portabie, stand
alone with onsite data archive. Data are available
from five of these stations in real time at Darwin.

Anemograph Network. A network of six Woelfle
anemographs surrounds the inner automatic
weather station network. This networkis intended
to provide lower spatial and temporal resolution
windfiow information outside the primary me-
soscale automatic weather station network. Dur-
ing iTEX, the network was placed on Bathurst
and Melville Islands to provide information onthe
evolution of sea breeze circulations.

Radiation. The Bureau of Meteorclogy is instail-
ing a high-quality solar and IR surface radiation
observation station in Darwin. The station will be
part of a baseline radiation network being in-
stalled by the Bureau for the Australian region.
The observations at Darwin will conformwith the
specifications for the Global Surface Radiation
Network being established under the World
Climate Research Programme.

Satellite Information. A full S band receiving fa-
cility is presently being established in Darwin for
the direct reception of high resolution 6 hourly
AVHRR data. One hourly S-VISSR GMS data
are also archived routinely by the Bureau, The
Bureau is establishing a link with the NASA
WETNET, which will provide access to SSM/I
data.

Rawinsonde Soundings. Rawinsonde soundings
are undertaken every 12 hours and full wind
soundings are undertaken every 6 hours. Up to
three portable upper-air wind and temperature
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Eastern Ocean Margins
Eastern South Pﬁciﬂc
JGOFS

This program may be a source of possible future
collaboration with the ARM Program.

WOCE

This program may be a source of possible future
collaboration with the ARM Program.

Eastern Ocean Margins
Eastern North Paclflc (28-40°N, 120-130°W)
JGOFS

This program may be a source of possibla future
collaboration with the ARM Program.

WOCE

The U.S. WOCE Implementation Plan of March
12989 identified the time series stations PRS 2
and PRS 3asaU.S. contributionto WOCE inthe
North Pacific. PRS 2 is located near Oahu, and
PRS 3 will be located off the coast of California.
These stations would form a pair across the
eastern subtropical gyre in the North Pacific, and
allow the deveiopment of an*index of circulation”
forthe gyre. PRS 3 aiso could be used to monitor
the eastern boundary region of the North Pacific
for transport estimates within the California Cur-
rent. PRS 3 should be associated with the heat
flux line P2 at 32°N and the current meter moor-
ings PCM 2 off the California coast. The goal is
for both stations to run monthly for ten years.
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The station off Oahu has been operating for two
years, and establishment of a similar station in
the California Current near 32°N to monitor the
eastern rim of the gyre is recommended.

Further information on the scientitic aspects of
time serles stations may be obtained from the
U.S. WOCE Office, Department of Oceanogra-
phy, Texas A & M University, Coliege Station ,
Texas 77843-3146 (telephone: [409] 845-1443,
FAX: [409] 847-8879, electronic mail
US.WOCE.Office/Omnet).

FIRE Phase | conducted a majorfield experiment
to study marine stratocumulus clouds off the
southwaest coast of California in July 1987,

Transitional Marine Climate
Eastern North Atlantic
FIRE

The phase Il Atlantic Stratocumulus Transition
Experiment (ASTEX) will be conducted in spring
or summer 1992, The program will be based in
the Azores and will include, measurements by
alreraft, ships, buoys, satellites, as well as in situ
and remote sensing measurements fromislands.
Details can be found in the FIRE PHASE II
Research Plan.

JGOFS

This program may be a source of possible future
collaboration with the ARM Program.

WOCE

This program may be a source of possible future
coliaboration with the ARM Program.
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