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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
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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 glo