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ABSTRACT

The interaction of clouds and radiation is a particularly difficult issue in the study of climate change. Clouds have
a large impact on the earth's radiation budget but the range of spatial and temporal scales and the complexity of the
physical processes associated with clouds made these interactions difficult to simulate. The Department of Energy's
Atmospheric Radiation Measurement (ARM) program was established to improve the understanding of the interaction of radiation with the atmosphere with a particular emphasis on the effects of clouds. To continue its role of providing data for the study of these interactions, the ARM program deployed an Atmospheric Radiation and Cloud Station
(ARCS) in the tropical western Pacific. This site began operation in October 1996. The tropical western Pacific is a
very important climatic region. It is characterized by strong solar heating, high water vapor concentrations, and active
convection. The ARCS is equipped with a comprehensive suite of instruments for measuring surface radiation fluxes
and properties of the atmospheric state and is intended to operate for the next 10 years. The ARCS is an integrated
unit that includes a data management system, a site monitor and control system, an external communications system,
redundant electrical power systems, and containers that provide shelter for the equipment as well as work space for
site operators, technicians, and visiting scientists. The dataset the ARCS produces will be invaluable in studying issues related to clouds and radiation in the Tropics. The site is located in Manus Province, Papua New Guinea, at 2.060°S,
147.425°E, 300 km north of the island of New Guinea. Two more ARCS are planned for deployment across the tropical Pacific.

1. Introduction

The Department of Energy's (DOE's) Atmospheric Radiation Measurement (ARM) program has
deployed an Atmospheric Radiation and Cloud Station (ARCS) in the tropical western Pacific. The tropical western Pacific (TWP) ARM site began operation
in October 1996. The ARCS is equipped with a broad
range of instruments for measuring surface radiation
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fluxes and properties of the atmospheric state and is
intended to operate for the next 10 years. The dataset
it produces will be invaluable for studying issues related to clouds and radiation in the Tropics. The objectives of the ARM program are to relate surface
radiative fluxes to the atmospheric composition and
use the observed relationships to develop parameterizations of the interaction of clouds and radiation for
use in general circulation models (U.S. Department of
Energy 1996). The first ARM site is located in the U.S.
southern Great Plains at Lamont, Oklahoma, and at
an associated grid of extended facilities. This site has
been operating since 1992. The southern Great Plains
region was chosen as the initial ARM site because it
is geographically homogeneous and it experiences a
wide range of cloud types and climate conditions
(Stokes and Schwartz 1994). The TWP ARCS is the
first component of the second ARM site and the first
in a remote region. The tropical western Pacific and
the north slope of Alaska, which will follow as the
627
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third ARM region of study, were chosen because they
represent a wide range of climatic conditions.
The TWP is a very important climatic region. It is
characterized by strong solar heating, high water vapor concentrations, and active convection. The sea
surface temperature in the TWP is exceptionally high
over a very large area; consequently, this region is
often referred to as the warm pool. The region undergoes little seasonal variability but it does exhibit fluctuations on a variety of timescales including a strong
diurnal cycle, the 40-50-day Madden-Julian oscillation (Madden and Julian 1994), and the interannual
El Nino-Southern Oscillation (Battisti and Sarachik
1995). While the Madden-Julian oscillation and
El Nino are confined to the tropical Pacific, these
cycles have been linked to variability in precipitation
around the globe. These links between the Tropics and
midlatitudes are not well understood and, consequently, have focused considerable interest on tropical climate variability, particularly in the context of
global climate change.
An important signature of tropical intra- and
interannual oscillations is the frequency and spatial
distribution of convection. During the active phase of
the Madden-Julian oscillation, convection over the
tropical oceans is very deep and widespread with convective towers extending to the tropical tropopause.
The cirrus outflow layers associated with these towers cover a large fraction of the warm pool region
(Prabhakara et al. 1993). Both the convective towers
and the cirrus have large impacts on radiative heating
of the atmospheric column and the ocean surface.
During the suppressed phase, deep convection and the
associated cloudiness is much less frequent. A prominent feature of the El Nino-La Nina cycle is the change
in the longitudinal distribution of deep convection.
During the La Nina phase of the Southern Oscillation,
the convection is centered over the western Pacific, but
during the El Nino phase, the region of most active
convection shifts to the east.
Climate models attempting to predict the response
of the earth's climate to a forcing such as a doubling
of the carbon dioxide concentration must first accurately represent the distribution of clouds and their
effect on solar and infrared radiation in the present
climate. Having done this, it may then be possible to
anticipate how cloud properties and their subsequent
effect on the radiation budget will change given some
external forcing. There is considerable uncertainty in
current climate models in these areas, partly because
many physical processes controlling the distribution
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of clouds and their effect on radiation are not well
understood, but also because of the disparity in spatial scales between these processes and the coarse resolution of climate models. To improve this situation,
measurements of cloud distributions and the radiation
budget are required.
Climate data from the tropical Pacific are scarce
largely because of the general inaccessibility of the
region. However, the ARM program is not the first
climate research program to study this area. The
World Meteorological Organization organized an
early study of tropical convection in 1974. The Global Atmospheric Research Program's Atlantic Tropical Experiment (GATE) was designed in response to
the need to characterize tropical convection in computer models. The goal of GATE was to improve understanding of tropical convection and its role in
global circulation. GATE involved intensive observations of convection off the west coast of Africa using
a combination of satellites, radar, aircraft, and upperair soundings (Houze and Betts 1981).
Following GATE, the World Meteorological Organization began the World Climate Research
Programme. The objectives of this program were to
determine the extent to which climate change could
be predicted and the extent of human impact on climate. One of the programs sponsored by the World
Climate Research Programme was the Tropical Ocean
and Global Atmosphere (TOGA) program. One of the
main objectives of the TOGA program was to improve
understanding of the El Nino-Southern Oscillation
phenomenon. The TOGA program was designed to
improve the predictability of the tropical oceanatmosphere coupled system and to design an operational observing system for the tropical Pacific
(Manton 1991).
A major experiment called the Couple OceanAtmosphere Response Experiment (COARE) was organized under the TOGA program (Webster and Lucas
1992). The primary goals of TOGA COARE included
understanding the processes that couple the ocean and
the atmosphere and the processes that organize convection in the western Pacific warm pool region. The
intensive part of TOGA COARE was carried out from
November 1992 to March 1993 and included observations of convection, sea surface temperatures rainfall, and fluxes of heat, moisture, and momentum.
In cooperation with the TOGA COARE experiment, the ARM program sponsored the Pilot Radiation Observation Experiment (PROBE) (Renne et al.
1994). PROBE was meant to provide information for
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the design of a permanent, remote ARM station and,
at the same time, provide useful radiation data for
TOGA COARE (Waliser et al. 1996; Long 1996).
Using the lessons learned from PROBE, the first
ARCS has been designed, built, and deployed. This paper describes the ARCS
and its components and will present
some initial observations.

ability. Climate data from the Manus site are shown
in Fig. 2. There is no seasonal variation in the surface
air temperature and only a weak suggestion of a cycle
in the rainfall. The mean of the daily maximum tem-

2. ARM in the tropical
western Pacific

Candidate locations for the first TWP
site had to be within the warm pool region. This can roughly be defined as the
region bounded in longitude by 120°180°E and in latitude by 10°N and 10°S
of the equator. Most of this region is oceanic, although there are numerous small
islands. An important exception is the
main island of New Guinea, which is
approximately 2000 km long (east to
west) and approximately 700 km north
to south at the widest point. Half of the
island has an elevation of over 1000 m
and a few peaks reach over 4000 m. Sites
on or directly adjacent to this island were
not considered because there is a very significant island heating effect and measurements of cloud properties and frequency of
cloud occurrence would not be representative of most of the warm pool region.
There were also important pragmatic
criteria involved with site selection. Issues
that have to be considered include how
to transport the equipment to the site,
how to supply the site with power, and
whether regional or national agencies are
willing to help with site maintenance and
operation. The first site that was chosen
was in Manus Province, Papua New
Guinea, at 2.060°S, 147.425°E (Fig. 1).
[See Wheeler and Murray (1993) for an
interesting description of Manus and its
history.] ARM plans to install four more
sites during the life of the program.
Manus is located within the heart of
the warm pool region, 300 km north of
the island of New Guinea. The climate of
Manus exhibits remarkably little vari-

FIG. 1. The top panel shows a map of the region surrounding the tropical western Pacific ARCS site. The island of New Guinea lies just north of Australia and
is separated from the Australian continent by the narrow Torres Strait. Papua New
Guinea actually consists of hundreds of islands of which the largest are New
Guinea, Manus, New Ireland, New Britain, and Bougainville. The capital of Papua
New Guinea, Port Moresby, and a large majority of the country's population are
on the island of New Guinea. The ARCS site is located on the small island of Los
Negros, which is just off the east coast of Manus Island. An enlarged map of Manus
and Los Negros Islands is shown in the lower panel. Elevation contours are included at intervals of 200 m. The highest peak on Manus Island is Mount Dremsel
with an elevation of 702 m. Manus and Los Negros are part of Manus Province,
which is located north of New Guinea and has a total population of approximately
30 000. The ARCS site is located at the Momote airfield near the southeast coast
of Los Negros Island.
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perature for each month varies by less than 1°C
throughout the year (29.6°-30.3°C) and the record
maximum temperature recorded during this period was
33.3°C. The daily minimum temperatures show a similar stability. There is some fluctuation in the monthly
rainfall but no real wet or dry seasons. Monthly rainfall totals range from 220 to 370 mm with a mean annual total of 3.4 m (McAlpine et al. 1975).
Manus Province consists of hundreds of small islands, the largest by far being Manus Island, which is
approximately 75 km east to west and 25 km north to
south. The ARCS site is at the Momote airfield on Los
Negros Island, which is just off the east end of Manus
Island. Momote is on the southeast corner of Los
Negros. Manus and Los Negros are covered with a
thick growth of tropical vegetation including a variety of palms that provide a canopy of approximately

FIG. 2. Surface air temperature and rainfall data for Momote,
Papua New Guinea. The top panel shows temperature statistics
for all available records. Starting from the bottom of the graph,
the five records show monthly values of the extreme minimum,
the mean daily minimum, the mean, the mean daily maximum,
and the extreme maximum. None of these records shows any significant seasonal cycle and the range of temperatures experienced
is very small. The rainfall record is for the period 1956-70 and
shows some suggestion of an annual cycle, but there are not distinct wet and dry seasons. The mean annual rainfall for this period is 3.4 m with a standard deviation of 0.6 m.
630

10-20 m. The Momote airfield has been cleared of
trees and planted with grass. The cleared area is approximately 200 m wide by 2 km long and is quite flat.
The elevation at the ARCS site is approximately 6 m
above sea level. The highest point on Manus Island is
702 m, but over half the island has an elevation of less
than 200 m. The highest point on Los Negros Island
is 121 m but within a 3-km radius of the site, the elevation is less than 20 m.
The cleared airstrip provides a reasonable field of
view for the hemispheric radiometers; however, there
are obstructions including trees and buildings in the
vicinity. Figure 3 shows the minimum unobscured
elevation angle as a function of azimuth angle. There
are a cluster of meteorological and communication
towers to the northeast that range from about 7° to 18°
elevation. These towers appear as spikes in the elevation plot. The broader feature to the east is a row of
trees that has an elevation of 4°-6°. These trees place
a limit on observing the direct solar beam and block
the direct beam for approximately 20-30 min after
sunrise. To the west, the tree line has an elevation of
no greater than 3°, so local obstructions are much less
a problem in the evening.
A paved road connects Momote with the provincial capital, Lorengau, which is about 20 km away.
Lorengau is the largest town in Manus Province and

FIG. 3. Plot showing the maximum obstructed elevation angle
as a function of azimuth angle. An azimuth angle of 0° corresponds to north and 90° corresponds to east. The elevation angles
were obtained by viewing the horizon from the upward-looking
radiometer stand because those are the instruments that are most
directly affected by obstructions on the horizon. The spikes that
lie between 0° and 90° are meteorology and communication towers. The broader features to the east and west of the site are due
to the trees that border the Momote airfield runway.
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has a population of approximately 4000. Lorengau and for the tropical western Pacific ARCS. The first and
another nearby town, Lombrum, provide facilities and most important, of course, was the set of geophysical
services desirable for extended scientific field cam- parameters needed to define the surface radiation budpaigns including a shipping port, a hospital, two ho- get and the properties of the atmosphere that affect that
tels, and a hardware store. Manus also has a relatively budget. The surface radiation budget is defined by the
strong education system and there is considerable in- up- and downwelling broadband solar (-0.3^1 fim)
terest in involving students in the area with the work and infrared (IR) (-5-50 jum) fluxes. The atmospheric
being done by ARM. Nevertheless, the Momote site characteristics that most directly affect the surface rais quite remote. There are no ARM staff permanently diation budget are the atmospheric distribution of
stationed on site. The inaccessibility of the tropical water vapor, temperature, aerosol, and clouds. The
ARM sites was a very important consideration in the harsh environment of the tropical western Pacific and
design of the ARCS. The set of instruments deployed the remote nature of the site also served as a signifiwith the ARCS has to be kept as small as possible cant constraint on instrument selection. This is a parwithout compromising the scientific mission of ARM ticularly important issue in light of the long-term
and each instrument has to be capable of running reli- nature of the deployment. The operational scenario
ably for several months with minimal on-site care. The required that the instruments be capable of operating
operation of the Manus site is a collaborative effort reliably with minimal human intervention while bebetween ARM and the Papua New Guinea National ing exposed to heavy rain, salty marine air, and high
Weather Service. The Momote National Weather Ser- levels of ultraviolet radiation. The measurements bevice office has three full-time staff. They perform the ing made from the ARCS are listed in Table 1.
daily maintenance procedures for the instruments and
The primary goal of ARM in the TWP is to observe
the site facilities. These procedures are outlined in the variability of the surface radiation budget on a
section 7.
From a scientific perspective, the _ _ _ _ _ _
most important part of the ARCS is
TABLE 1. Instruments included in the TWP ARCS. This listing is arranged by the
the set of instruments it contains; parameters the instruments measure. Together, this set of instruments provides a comhowever, there is much more to the prehensive description of the surface radiation balance and the atmospheric properties
ARCS than the instruments. The that effect that balance.
tropical western Pacific ARCS is
an integrated system that consists
Measurements
Instruments
of the suite of instruments, the site
data system, a site monitor and con- Surface radiation
Up- and downlooking pyranometers and pyrgeometers;
balance
sun-shaded pyranometer and pyrgeometer; normal
trol system, an external communiincidence
pyrheliometer; up- and downlooking 9-ll-jum
cations system, redundant electrical
narrow-field-of-view
radiometers; UV-B hemispheric
power systems, and containers that
radiometer; broadband (solar and infrared) net radiometer.
provide shelter for the equipment
as well as work space for site op- Surface meteorology Temperature and relative humidity probe; barometer;
optical rain gauge; anemometer.
erators, technicians, and visiting
scientists. The ARCS is a flexible,
Cloud lidar; ceilometer (7.5-km maximum range); 35-GHz
modular system. Although the first Cloud properties
radar;*
whole-sky imager.*
ARCS is going to the TWP, it is
anticipated that the same design Aerosol optical depth Multifilter rotating shadow band radiometer (total, direct,
will be used at future ARM sites. The
and diffuse irradiance in six 10-nm channels).
following sections describe the inDual channel (23.8 and 31.4 GHz) microwave radiometer.
dividual components of the ARCS. Column water
3. Instruments

Vertical structure
of atmosphere

Rawinsonde; 915-MHz wind profiler with RASS.*

*Not installed.

There were several factors that ** Operated in collaboration with the National Oceanic and Atmospheric
drove the selection of instruments Administration's Aeronomy Laboratory.
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variety of timescales. Broadband solar and IR irradiances are measured for both the downwelling and upwelling hemispheres. For the solar irradiance, Epply
pyranometers (PSPs) are used, while for the IR irradiance, Epply pyrgeometers (PIRs) are used. For the
downwelling hemisphere, there are also sun-shaded
versions of both the PSP and the PIR. In the case of
PSP, the sun shading provides a measure of the diffuse portion of the irradiance. For the PIR, there is
some uncertainty regarding the effect of solar heating
of the instrument on the measured IR irradiance.
Fielding both shaded and unshaded versions will help
to resolve this issue. To measure the direct portion of
the solar irradiance, an Epply Normal Incidence Pyrheliometer (NIP) is used. Measuring the total, direct, and
diffuse solar irradiance components provides an internal consistency check. In addition to the radiometers
measuring up- and downwelling irradiances is a Radiation Energy Balance Systems net radiometer. The
net radiometer measures the net irradiance across both
the solar and infrared spectral regions. Combining this
instrument with the up- and downlooking pairs of PIRs
and PSPs provides another consistency check on the
radiation data.
While the ARCS is located on a small island, it is
not an ocean site. The upwelling irradiances are measured at a height of approximately 1 m above a mowed
grass surface. These measurements are not representative of the warm pool region, which is predominately
oceanic. To obtain the upwelling part of the radiation
budget, we will rely on external data. Sources of relevant external data will be discussed in a later section.
Very little energy reaches the surface at wavelengths shorter than 320 nm, but radiation in the UV-B
portion of the spectrum (280-320 nm) has an important
impact on living organisms and is important in photochemistry as well. Variations in UV-B radiation may
indirectly impact the radiation budget through aerosol and cloud chemistry processes or through modulation of organic matter in the ocean surface layer.
Consequently, a Solar Light UV-B radiometer is included along with the suite of broadband instruments.
To understand variability in the surface radiation
budget, it is necessary to obtain concurrent measurements of atmospheric state parameters that affect this
budget. Of particular interest are the temporal and spatial distribution of clouds because clouds are the most
significant modulator of the surface radiation budget.
Understanding and improving our ability to simulate
the effects of clouds on the radiation budget is at the
heart of the ARM program.
632

For the downwelling infrared irradiance at the surface, the most important cloud property is the height
of cloud base, which, in turn, determines the temperature at cloud base. Even physically thin clouds generally have a high optical depth in the infrared.
Consequently, the downwelling irradiance from a
cloud is driven by the cloud-base temperature. There
are two lidars in the ARCS that measure the height of
cloud base. The first lidar is the NASA-designed
micropulse lidar (Spinhirne 1993). This instrument has
a vertical resolution of 300 m and a range of more than
20 km. It should detect most cirrus, even in the Tropics
where the tropopause may be as high as 18 km. The
second lidar is a Vaisala ceilometer. The ceilometer
has a vertical range of only 7 km, but it has a resolution of 15 m. Consequently, although the ceilometer
cannot detect high cirrus, it provides more detailed
cloud-base information for lower clouds.
While lidars provide detailed information on the
location of cloud base they cannot, in general, probe the
vertical structures of the cloud because the laser beam
is strongly attenuated as it passes through a cloud. To
probe the vertical cloud structure, a 35-GHz cloud radar has been developed. This radar provides a vertical
profile of nonprecipitating clouds. Obtaining vertical
profiles of clouds is necessary for studying the affect of
clouds on the vertical heating rate profile. The first ARM
cloud radar has been deployed at the southern Great
Plains site. The ARCS radar will be deployed this year.
Another important cloud parameter is its emissivity. To infer cloud emissivity, an upward-looking
Heimann KT19 infrared thermometer has been deployed. This instrument is a narrow-field-of-view radiometer that is sensitive to radiation in the 9.5-11 J-/jm
portion of the atmospheric window. In this spectral
band, the atmosphere is relatively transparent in the
absence of clouds. Radiance measurements in this
band coupled with observations of a cloud's vertical
position (from which the cloud's temperature can be
inferred) allow one to calculate the cloud's emissivity and optical depth (Piatt et al. 1984; Ackerman et al.
1988). A downward-looking infrared thermometer is
used to measure the surface temperature. Even over the
course of a meter, the downward-looking broadband
pyrgeometer is significantly affected by emission by
water vapor and C0 and consequently cannot provide
an unbiased surface temperature measurement. Subsequent ARCS may also include an atmospheric emitted radiance interferometer (AERI). The AERI
measures zenith radiances with high spectral resolution between 3.3 and 19.2 jnm (Wang et al. 1996).
2
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For downwelling shortwave radiation, the horizontal distribution of clouds is very important. For this application, a digital all-sky camera is being used. The
Whole Sky Imager, developed at the Scripps Marine
Physical Laboratory (Shields et al. 1992), obtains two
narrowband images at 450 and 650 nm of the sky
mapped onto a512x512 pixel array. These data are
used to determine at each pixel whether or not a cloud
is present. From the resulting "cloud decision" image,
statistics such as total cloud cover fraction and number of distinct clouds can be calculated. The Whole
Sky Imager has not yet been deployed at the Manus
site but is expected to be deployed in 1998.
A fundamental feature of the atmospheric state is
the distribution of water vapor. The column water vapor concentration is very high in the tropical western
Pacific, ranging from 3.5 to 7 g cm . Water vapor concentrations are quite consistent in the boundary layer
but large variability can occur in the middle troposphere. Balloon-borne sondes are used to measure the
vertical distribution of water vapor as well as temperature and wind. The infrastructure for the balloon
soundings is provided by an Integrated Sounding System (Parsons et al. 1994). The Integrated Sounding
System (ISS) has been operating since the TOGA
COARE campaign. Its presence at the Momote air
field was an important consideration in choosing this
site. The ISS also includes a 915-MHz radar with a
radio acoustic sounding system (RASS), which provides hourly vertical profiles of wind and virtual temperature. There are two sets of wind profiles generated
concurrently, one with 100-m resolution and a range
of approximately 5 km, and one with 300-m resolution and a range of approximately 15 km. The temperature profiles have a 60-m vertical resolution and a
range of 1-2 km. While the sondes provide detailed
vertical structure of atmospheric water vapor, they are
only launched once per day (the frequency of soundings may be increased to twice per day). To capture
shorter timescale variability, a Radiometrics dualchannel (23.8 and 31.4 GHz) microwave radiometer
is used. This instrument measures the integrated column water vapor and liquid water with a temporal
resolution of 20 s.
Another atmospheric parameter that affects the
radiation budget is the distribution of aerosol. Aerosol
effects are sometimes invoked when radiative transfer models do not agree with observations. The uncertainty associated with aerosol effects is often on the
order of these discrepancies. It is important, therefore,
to obtain as much information as possible on the aero-2
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sol loading to minimize this uncertainty in the radiation budget. One method of obtaining the aerosol optical depth is to measure the direct solar flux in a series
of narrowband solar wavelength channels. For the
ARCS, this is done with a Yankee Environmental
Systems Multi-Filter Rotating Shadow Band Radiometer (MFRSR) with pass bands at 415, 500, 615, 673,
870, and 940 nm along with a broadband channel. The
spectral width of each narrow band is approximately
10 nm. Aerosol optical depths can be retrieved by applying Langley regressions to the narrowband direct
solar irradiances obtained by subtracting shaded measurements from unshaded measurements (Harrison
and Michalsky 1994).
Surface-layer meteorological parameters measured
include temperature, humidity, pressure, wind speed
and direction, and rainfall. The rainfall is measured
using an optical rain gauge. The temperature, pressure,
humidity, and rainfall are measured at a height of approximately 2 m while the wind speed and direction
are measured at a height of 10 m. Along with providing a record of the local climate, some of these instruments provide useful diagnostic information. In
particular, it is important to know exactly when it rains
because some of the instruments (such as the microwave radiometer and the infrared thermometer) do not
produce meaningful data when it is raining.
4. The ARCS infrastructure

The ARCS infrastructure was modeled after the
Integrated Sounding System, a joint project by the
National Center for Atmospheric Research and the
National Oceanic and Atmospheric Administration
(NOAA) (Parsons et al. 1994). The fundamental principles of the ARCS concept are to provide a stable
environment for the instrumentation and data system, to
be flexible enough to accommodate changes or additions
in instrumentation, and to be portable enough to allow
the entire system to be relocated should scientific priorities or logistic concerns make relocation necessary.
The enclosures for the first ARCS are four 20 ft
x 8 ft x 8 ft International Standards Organization standard ocean cargo containers. These four containers, or
vans, are each adapted to a particular function of the
ARCS system. The four units listed by function are
the data van, the instrument van, the utility van, and
the expansion van. Each van has electrical power, two
air conditioners, a smoke detector, environmental
monitors, and an emergency exit. The data van houses
633
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the ARCS data system, the monitor and control system, documentation, and work space. The components
of the data and the monitor and control systems will
be discussed in more detail in the next two sections.
While many of the instruments such as the broadband radiometers and the surface meteorological sensors are set up outside, some of the more sophisticated
instruments require a stable operating environment for
some or all of their components. This environment is
provided by the instrument van. The instrument van
currently houses the micropulse lidar and the computers for the microwave radiometer and the ceilometer.
The instrument van has been equipped with extra ports
to accommodate future permanent additions or shortterm deployments associated with intensive campaigns. It is anticipated that the 35-GHz cloud radar
and the computer for the whole-sky imager will eventually be housed in the instrument van.
The utility van houses a 50-kVA diesel generator.
Power is normally supplied by the local Papua New
Guinea electric service, but the diesel generator provides an automatic backup should the external power
source fail. The generator and an associated external
tank can hold a total of 700 gallons of diesel fuel. With
a full reserve of fuel, the generator can supply power
to the ARCS for approximately four weeks. The final
container is referred to as the expansion van and provides extra work space.
Figure 4 shows the layout of the
ARCS site and Fig. 5 provides a corresponding photograph. The four vans are
located on a 25 m x 28 m concrete pad.
The radiation stands, the meteorology
tower, the microwave radiometer, and
the whole-sky imager are all located on
a mowed lawn adjacent to the enclosure
pad. The entire area is enclosed by a
2.5-m-high fence. The ISS occupies a
fifth container on the concrete pad next
to the ARCS enclosures. A hydrogen
generator is located adjacent to the site,
within the fenced area, for the purpose
of producing hydrogen gas for the balloon soundings.

system (DMS). The purpose of the DMS is to control
the flow of data through the ARCS. Functions include
data collection, storage, and processing. The primary
requirement of the DMS is to minimize the loss of
data. Consequently, redundancy is found throughout
the system and every reasonable precaution is taken
to ensure that as long as an instrument is operating,
its data are recorded.
The strong emphasis on data preservation actually
extends beyond the data system to the instruments
themselves. Each instrument has a data storage buffer
that is independent of the data system. For the radiometers and the meteorological sensors, the buffers
are Coastal Environmental Systems ZENO-3200 data
loggers. The micropulse lidar, ceilometer, microwave
radiometer, and whole-sky imager each have their
own computers that control the instrument and collect and store data. To provide for the possibility of a
break in communications with the data system, each
instrument's data storage buffer was required to be
capable of storing data for a period of at least two
weeks. Thus short-term interruptions of the data system or in the communication of the data system with
the instruments do not result in a loss of data.
Once an hour, the DMS retrieves data from each
instrument. At the heart of the DMS is a pair of Sun
workstations. Only one of the computers is active at a
given time; the second computer has been configured

FIG. 4. Layout of the TWP ARCS site. The four ARCS containers (instrument,
data, expansion, and utility) and the ISS are located on a concrete slab. The instruments have been installed on an adjacent, grass-covered area. The instruments
5. The data management
have
been arranged to minimize interference by the three meteorological towers,
system
the ARCS enclosures, and the weather service offices and airport buildings (located just north of the concrete slab). SKYRAD, G N D R A D , and S M E T are the
The second component in the inte- names assigned to the collections of uplooking radiometers, downlooking radigrated ARCS is the data management ometers, and surface meteorology sensors.
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to sense interruptions in the primary computer and automatically takes over operation of the ARCS if necessary. No human intervention is required for this
switchover to occur.
Once data are transfered to the DMS computer, the
first operation that is performed is to back up the data
to 4-mm tape. Preserving the raw data is the highest
priority of the data system. Any other operations that
are performed can be done elsewhere once the raw data
are saved. Once the raw data are saved, they are converted to standard ARM format. The standard format
for most of the streams is Network Common Data
Format (NetCDF) (Rew et al. 1996; Rew and Davis
1990), which allows information about the data, or
metadata, to be saved along with the measurements.
The metadata can include information such as engineering units, information about the site, and reasonable ranges for the data. Any data stream that is produced
from the raw data is again saved to tape.
The primary mode for retrieving data from the
TWP site is to mail the tapes back to the United States.
To allow for the possibility of tapes being lost in transit, two copies of each tape are made. If a tape is lost,
a copy still resides on site. While economical, this
method of data transfer does not provide a real-time
view of the data. Scientific applications do not usually require real-time data but it is important to know
whether the site is operating and
healthy in near-real time. To resolve this dilemma, hourly statistics of the data streams are
calculated and encoded in a
compact file. These data are
transmitted each hour by satellite back to the United States and
are made available to the scientists
and engineers responsible for the
maintenance of the site. When
scientists or technicians are on
site, a local computer network
allows data in the DMS to be
accessed in near-real time from
multiple locations around the
ARCS.

monitor the various ARCS subsystems and intervene
in their operation from a distant location. The hourly
data statistics message mentioned in the previous section is one element of the ARCS comprehensive communications system that allows this remote operation
to occur. The requirements of the communications
system are to monitor the instrument data streams, the
environment in the ARCS enclosures, and the site
power, and to provide the capability to cycle power
or reboot individual ARCS components (Reynolds
and Behrens 1995).
Each of the four vans includes a node data unit that
collects system data. Some of the parameters that are
monitored are the temperature and relative humidity
in the enclosures, the state (open or closed) of doors,
and power consumption. The node units also govern
switches that control power to selected ARCS receptacles. The node units are connected to each other and
to the Monitor and Control System (MACS) computer
housed in the data van through an EIA485 network.
This network links MACS and the node units with the
DMS computer, the computer-based instruments, and
the data loggers. Through this network, MACS can
issue commands to the node units to turn off power to
receptacles or reboot computers on the network.
MACS accumulates data from the node units and
the ARCS data system to assemble an hourly statis-

FIG. 5. Photograph of the tropical western Pacific ARCS site taken from a tower located
to the east of the facility. The four ARCS enclosures and the NOAA ISS are located around
perimeter of a concrete pad. The upward-looking radiometer stand can be seen in the
Because of the remote loca- the
upper-left corner of the fenced area. The instruments in the lower-left portion of the picture
tion of the ARCS, it was nec- in the smaller fenced region belong to the Papua New Guinea National Weather Service,
essary to devise a means to The Momote airport runway can be seen in the background.
6. MACS and COMS
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tics message. MACS includes a Geostationary Operational Environmental Satellite (GOES) transmitter
through which the these messages are sent to the
United States. In addition to the passive monitoring
capability provided by the GOES transmitter, it is very
important to provide remote control access to MACS.
This access is provided by COMS, a second computer
linked to an Inmarsat-C transceiver. COMS is also
located on the EIA485 network and provides two-way
communication capability. Through COMS, commands can be issued to MACS to perform any of its
functions. Consequently, any ARCS subsystem can be
power cycled or rebooted from a remote location.
COMS is also used to transmit unscheduled messages
from operators on site through a site data log or alarms
triggered when environmental parameters fall outside
an acceptable range. Finally, COMS can be used as a
fallback mechanism for transmitting the hourly data
statistics.
An important feature of both MACS and COMS
is that if the main power fails, they will operate from
batteries charged by solar panels. Consequently, even
if power for the site fails, the ability to monitor and
control the ARCS is still available. To ensure that
MACS and COMS could operate on solar power, lowpower PC104-based computers were chosen. These
computers, combined with the Inmarsat and GOES
telemetry equipment, require a total of 25 W.

observations in a site log along with a summary of the
local weather conditions. These log entries are transmitted back to the United States via satellite.
Site log reports along with hourly data messages
provide the ARCS operations team in the United States
with a considerable amount of information about the
ARCS status in near-real time. The team responsible
for monitoring the daily status of the ARCS includes
representatives from the TWP program office at Los
Alamos National Laboratory, the ARCS development
team at Sandia National Laboratory, the ARCS data system team at Pacific Northwest National Laboratory, and
the site science office at The Pennsylvania State University. Team members often work directly with Papua
New Guinea National Weather Service on-site staff by
phone or fax to diagnose and solve technical problems.
Some ARCS maintenance procedures require very
specialized knowledge and experience. These tasks
include modifying software and repairing instruments.
To address this need, a team of engineers has been
trained in all aspects of the ARCS. This regional service team (RESET) was an integral part of the ARCS
integration, testing, and installation. The current plan
is for RESET to visit the ARCS site every six months.
During these visits, the team will replace instruments
with newly calibrated sensors and perform any required maintenance. If a serious problem develops at
the site well in advance of a scheduled visit, RESET
may be called upon to make an emergency visit.

7. Site operations

The TWP ARM site was installed and is operated
by the U.S. Department of Energy in collaboration
with the Papua New Guinea National Weather Service.
The relationship between these two agencies greatly
facilitated the installation process and this relationship
continues to be important in the site operations. There
are no ARM staff permanently stationed on Manus.
The ARCS was designed to be operated and monitored
remotely but there are a variety of tasks that can only
be performed on site.
Most of the instruments in the ARCS suite require
some form of periodic maintenance. These duties include visual inspection of the instruments, cleaning
radiometer domes, changing desiccant in the radiometers, and swapping data system tapes. The required
frequency of these tasks varies. The Papua New
Guinea Weather Service staff at Momote are responsible for the on-site operations. As part of their site
inspection, the weather service staff enter anomalous
636

8. External data

The ARCS instruments provide a detailed description of the radiation budget and atmospheric state at
one point. This design is considerably different than
the southern Great Plains site, where there is a network
of sites at the boundaries and center of an imaginary
general circulation model grid box. The plan for the
southern Great Plains site is to constrain not only the
fluxes within the box but between the box and its surroundings. This scheme is not possible in the tropical
Pacific because of the scarcity of suitable sites.
However, there are auxiliary datasets that can be used
that help to obtain information about the area surrounding the island site. These datasets will be particularly important for determining how representative the
ARCS data is of the surrounding region, which is predominantly oceanic.
As part of the TOGA program, a network of 69
Tropical Atmosphere-Ocean (TAO) buoys was impleVol. 7 9 , No. 4, April
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merited to monitor climatic fluctuations across the
tropical Pacific. These buoys have been set up on a
regular grid from 137°E to 95°W at approximately 15°
increments and along seven latitude lines between 8°S
and 8°N (Hayes et al. 1991; McPhaden 1995). Each
buoy is outfitted with sensors to measure surface wind,
temperature, and relative humidity and ocean temperature at depths from 1 to 500 m. The 1-m temperature
is particularly valuable for estimating the upwelling
infrared flux. A NOAA-DOE joint effort to add high
quality shortwave irradiance measurements to the
TAO buoys is under way. A new data logger and a
specially designed pyranometer will provide 2-min
averages and standard deviations from 1-s measurements. The first deployment of this equipment was in
late 1997 on seven buoys along 165°E.
Research ships and ships of opportunity can provide other useful sources of data over the ocean. Ships
can be outfitted with instrumentation similar to that
contained in the ARCS. Comparing data from the
ARCS with data obtained from ships in the vicinity
of Manus will allow the impact of the island on the
data from the ARCS to be determined. The NOAA
ship R/V Discoverer carried an extensive suite of instruments for the Combined Sensor Program cruise in
the equatorial western Pacific during March 1996 (Post
et al. 1997). Instruments on the Discoverer included
visible and infrared radiometers, radiosondes, cloud
radars, Fourier transform interferometers, and many
others. The Discoverer spent 10 days in the vicinity
of Manus. The ARCS had not yet been deployed but
a subset of the ARCS instrument suite was deployed
to coincide with the cruise. These data are the subject
of several ongoing investigations.
Ships crossing through the TWP on missions not
necessarily related to atmospheric research may also
be outfitted with radiation measurement instrumentation. The Japanese ship R/V Kaiyo regularly tends the
TAO buoy array and the Japanese government has
expressed interest in outfitting this ship with radiation
and meteorological instruments at various times as it
passes near Manus. The first such cruise took place in
February 1997. It is likely that as ARM becomes established in the tropical Pacific, there will be other
similar opportunities for collaboration.
Satellite observations also provide an important
extension of the ARCS dataset. Satellites provide
broad area representations of cloud distributions, surface characteristics, and top of atmosphere fluxes. The
combination of the ARCS and satellites will make the
observations from both platforms much more valuBulletin of the American Meteorological Society

able. The ARCS will provide much-needed surface
validation of satellite retrievals in a data-poor region,
while satellite observations will allow geophysical
parameters observed at the ARCS site to be related to
the surrounding region. There are several satellite
measurement packages that currently or will soon allow for this sort of collaboration.
The Japanese geostationary meteorological satellite GMS-5 is located at 140°E, almost directly above
the ARCS site. GMS-5 carries the Visible and IR Spin
Scan Radiometer (VISSR) package. VISSR includes
one visible channel (0.5-0.9 ^m) and three infrared
channels including two in the atmospheric window
region (10.5-11.5 ^m and 11.5-12.5 /am) and a channel in a water vapor absorption band (6.5-7.0 jim)
(Tsuchiya et al. 1996). The visible channel has a horizontal resolution of 1.25 km, while the infrared channels have a resolution of 5 km. GMS-5 images will
provide important information on the large-scale cloud
cover in the tropical western Pacific region.
A receiver for the Advanced Very High Resolution
Radiometer (AVHRR) has recently been deployed in
Port Moresby, the capital of Papua New Guinea. This
receiver will make it possible for ARM to obtain high
spatial resolution (1.1 km) AVHRR data for the
Momote site. AVHRR is a scanning radiometer with five
channels including one in the visible (0.58-0.68 jjm),
two in the near-infrared (0.725-1.05 jim, 3.553.92 ^m), and two in the infrared window region (10.311.3 Aim, 11.5-12.5 ^m) (Hastings and Emery 1992).
Clouds and the Earth's Radiation Energy System
(CERES), the first of the National Aeronautics at
Space Administration Earth Observing System (EOS)
instruments, was launched in November 1997 as part
of the Tropical Rainfall Measuring Mission (Wielicki
et al. 1996). Thefirstfull set of EOS instruments will be
flown on the satellite AM-1 in mid-1998. CERES and
the other EOS instruments will be retrieving a wide
variety of radiation, cloud, and aerosol parameters that
will compliment the ARCS measurements very well.
9. Future ARCS sites

An important property of the climate in the tropical Pacific is a strong east to west gradient in various
climate parameters including sea surface temperature,
column water vapor, and frequency of convection. The
TWP is characterized by high sea surface temperatures
and frequent, deep convection. Toward the eastern
Pacific, there is a steady decline in sea surface tem637
Unauthenticated | Downloaded 01/09/23 07:18 PM UTC

perature and a corresponding decrease in the frequency
of convection. An El Nino is a deviation from these
typical east to west gradients. Because of this longitudinal structure and its variability it would be difficult to characterize the climate of the tropical Pacific
with a single site. The plan for ARM in the tropical
Pacific is to deploy three sites that sample the structure in this region.
Figure 6 shows the region encompassing the locations envisioned for the tropical ARCS sites. Preparation
of the second tropical ARM site is already well under
way. The location selected for the second ARCS is the
island nation of Nauru. Nauru is a very small island
with a diameter of approximately 5 km and a maximum elevation of 65 m. The island is located at 167°E,
0.4°S. There are no other islands in the vicinity.
Consequently, Nauru is as close to an oceanic site as
is possible without building an ocean platform. Nauru
experiences much more seasonal variability than
Manus, as well as a much stronger El Nino signal. The
second ARCS site is expected to begin operation in
the summer of 1998. As mentioned above, the TAO
buoy radiometer measurements will begin along the
165°E meridian, just west of Nauru.
The planned location for the third site is Christmas
Island, which was chosen to complete the west-east
equatorial Pacific sample line. Christmas Island is located at 2.00°N, 157.30°W, directly south of Hawaii.
This region of the tropical Pacific is relatively cool and dry with little cloud cover
or rainfall (about 760 mm annually). The
science plan for the TWP (U.S. Department of Energy 1996) calls for two additional sites in the central Pacific. These
sites would ideally be located approximately 10° north and south of Nauru because significant meridional gradients in
climate parameters occur on this scale.
However, current plans do not provide
for these last two sites.

section, selected data from a number of the ARCS instruments are presented. The data presented are from
22-23 February 1997.
Data from the micropulse lidar are shown in Fig. 7.
This figure shows a time series of backscatter profiles
and illustrates the complexity of the cloud fields that
are typical of this region. Cloud layers may occur at
any level and multiple layer situations are common.
Conversely, extended cloud-free periods are rare.
When not under the influence of large-scale convective systems, fair-weather cumulus and cirrus are common. For the 22-23 February case, multiple cloud
layers are clearly present. Near the beginning of the
time series near 1600 UTC on 22 February, there are
cloud layers at 4 and 14 km. Toward the end of the series at 1600 UTC on 23 February, there are cloud layers
at 2 and 6 km. At one point, a gap in these layers results in a significant backscatter signal above the 6-km
layer. At that time, it appears that a third layer at 14 km
is also present. Although primarily used for its cloudbase measurements, it is clear from this figure that the
micropulse lidar can observe vertical structure in some
clouds and can also detect multiple cloud layers.
The dark vertical band at local noon (0200 UTC)
is not due to an opaque near-surface cloud layer or
missing data. Instead, the micropulse lidar (MPL) has
been covered during this period. Because the ARCS
site is very close to the equator, the sun is nearly di-

10. Initial observations

The first tropical western Pacific
ARCS officially began operation on 9
October 1996 when the last of the installation team departed Manus. Installation
of the ARCS took approximately six
weeks and went smoothly considering
the environmental conditions. In this
638

FIG. 6. The TWP region. The deployment plan for ARM in this region includes
three ARCS. The distribution of sites was chosen to sample strong zonal gradients in climate parameters found in this region. After Manus, the locations planned
for the next two ARCS are Nauru and Christmas Island to complete an east-west
sample line. The TWP science plan calls for two additional sites that would be
located roughly 10° north and south of Nauru. Possible candidates for these sites
are Kwajalein or Majuro in the Marshall Islands and to the south, an island in
Tuvalu or the Solomon Islands. Manus and the four regions being considered for
future ARCS are circled.
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rectly overhead at local noon. The MPL is pointed ever, the magnitude of the enhancement is much
directly upward and a view of the solar direct beam smaller than the signal reduction for the total shortposes a serious risk to the instrument. Consequently, wave irradiance. In general, shortwave cloud forcing
the MPL is covered with an automatic sun shield dominates the effect of clouds on the radiation budaround local noon to prevent exposure to the direct get at the surface. In this time series there were clouds
overhead for the entire period, but even for a cloudsolar beam.
Figure 8 shows a diurnal cycle from a selected set free column the downwelling infrared irradiance at the
of ARCS instruments spanning the same period illus- surface does not drop significantly below 400 W nr .
trated for the MPL. These graphs serve to illustrate the The minimum downwelling infrared irradiance obtypes of data being collected at the ARCS site and give served during the first eight months of operation
a sense of typical ranges of parameters. The first two was 383 W n r while the maximum was 465 W n r
panels show downwelling shortwave radiation. The (based on 10-min averages). The infrared thermomfirst panel shows the total and diffuse broadband hemi- eter, which reports the brightness temperature in the
spheric irradiance while the second panel shows the 9-1 l-jum band, rarely reports values below -25°C. The
direct irradiance from the NIP. As indicated by the lowest brightness temperature observed during the first
MPL data, there was a persistent layer of cirrus in the eight months of operation was -31 °C. The high brightmorning. The response to this cirrus layer in the short- ness temperatures in the 9-1l-jitm band and the insenwave radiation data is characterized by relatively high sitivity of the total downwelling infrared flux to clouds
diffuse irradiance (exceeding 300 W n r at 0000 UTC) are due to the very high column abundances of water
and a moderately attenuated direct solar beam with sig- vapor present in the Tropics.
nificant variability. In the afternoon, a series of lowerThe fifth panel (Fig. 8e) shows column water valevel convective clouds came over the site, which por data from the microwave radiometer. There is a
reduced the direct solar flux to near
zero. This type of modulation of the direct beam is very common.
The second two panels show data
from upward-looking infrared sensing
radiometers. The first is from the unshaded Eppley PIR while the second is
from the infrared thermometer (IRT).
The PIR is a hemispheric instrument
while the IRT is a zenith-pointing,
narrow-field-of-view instrument. This
difference is evident as the IRT data
show very sharp boundaries between
cloud and no-cloud conditions while
the PIR tends to vary more smoothly.
It is interesting to compare the fluctuations in these time series with the data
from the MPL and the shortwave instruments. For example, at 1600 UTC
there is an abrupt decrease in downwelling IR. The MPL data for this time
FIG. 7. Backscatter time series from the micropulse lidar for 22-23 February 1997.
shows the termination of an opaque
These
data have been range corrected and the background has been removed. Dark
cloud layer at 4 km. Meanwhile, there
blue
indicates
return while yellow and red indicate a strong returns (i.e.,
is a strong anticorrelation between the clouds). Cirrus aisweak
evident
multiple levels up to an altitude of 16 km. Although cloud
downwelling longwave and short- lidars are typically used toat retrieve
cloud base, these data show that cloud structure
wave irradiances as low clouds pass can often be seen as well. At various times in this series, multiple cloud layers are
over the site in the afternoon.
resolved. The dark region around 0200 UTC occurs because the MPL was covered
These infrared data show increased to protect it from the direct solar beam. The strong returns above 10 km between 2100
signals during cloudy periods; how- and 0800 UTC are due to the solar background.
2

2

2

2

Bulletin of the American Meteorological Society

639
Unauthenticated | Downloaded 01/09/23 07:18 PM UTC

window mounted over the microwave
sensor. To minimize the effect of rain on
the data, there is a heating element attached to the Teflon window and a rain
detector mounted adjacent to this window. When it rains, the heater is activated, thus preventing the collection of
water on the window. Consequently, the
microwave retrievals of column water
data are generally valid very soon after a
period of rain.
The final panel in Fig. 8 shows the
temperature measured from the surface
meteorological tower. There are several
interesting features in this time series.
Prior to 1400 UTC, the wind speed was
less than 1 m s (the threshold of the
ARCS anemometers). At 1400 GMT,
coinciding with the jump in temperature
of approximately 0.5°, the wind speed
abruptly increased to 2 m s from the
southwest. The temperature increase after 2100 UTC is a result of solar heating.
At 0500 UTC the temperature increased
abruptly from 29° to 30°C. This sudden
change in temperature coincides with an
equally sudden change in the wind direction from northeast to northwest. Wind
from the northwest has come from the direction of Manus so this change likely
reflects the difference in the air temperaFIG. 8. Time series for multiple A R C S instruments for 2 2 - 2 3 February 1997. ture over the land versus over the ocean.
The data shown in the six panels are (a) downwelling total and diffuse shortwave
_1

_1

irradiance, (b) direct beam shortwave irradiance, (c) downwelling longwave irradiance, (d) 10-jUm sky brightness temperature, (e) integrated column water vapor,
and (f) surface air temperature. These data are shown in part to illustrate the vari- 11. Data availability
ety of measurements made at the A R C S site and in part to show how these measurements provide related but very different views of atmospheric phenomena.
Figure 9 summarizes data availabil-

gradual increase of the water vapor data through the
day from 6 to 6.5 cm. Values of the column water vapor in this region generally fall within the range of 3.57 cm. During several brief periods, large spikes appear
in the water vapor data. During each of these periods
it was raining lightly. The maximum rain rate for this
time series occured at 1100 UTC and was slightly less
than 1 mm h . The microwave radiometer calculates
column water vapor and column liquid water from
measurements of downwelling radiance at two frequencies, 23.8 and 31.4 GHz. These retrievals of column water from radiance measurements do not work
when it is raining or when water collects on the Teflon
_1
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ity for the first eight months of the ARCS
operation. There were concerns that the data flow
might be difficult to manage given that there are no
ARM personnel stationed at the ARCS site. Although
a variety of operational issues have arisen, data collection has been very robust. The safeguards that were
built into the system have resulted in a high collection
rate for most of the ARCS instruments. The most significant exceptions to this record are the micropulse
lidar and the ceilometer. Initially, the lidar was intentionally shut down to protect it from a fault in the
power system. When this problem was corrected, however, the lidar computer could not be restarted. This
problem was rectified during a RESET site visit in
Vol. 7 9 , No. 4, April
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February 1997. The ceilometer computer has experienced periodic problems that require it to be rebooted
by the local observers. These episodes have resulted
in periodic loss of data.
The three sets of instruments that store data in loggers, uplooking radiometers, downlooking radiometers, and the surface meteorology sensors, have
proven to be very reliable. These data loggers are solar powered and can collect data for over six months
before completely filling their memory. Consequently,
they are nearly independent in many ways from the rest
of the ARCS and are unaffected by temporary communications or power interruptions. The microwave
radiometer experiences brief, periodic data flow interruptions for reasons that have not yet been determined.
The MFRSR also has periodic breaks in data flow of a
more serious nature, but these are understood. Unlike
the rest of the ARCS instruments, the MFRSR cannot
buffer data for long periods. If the MFRSR loses contact with the ARCS data management system, it can
only store approximately 8 h of data. Early in the site's
operation, there were several periods when the data
management system lost touch with the instruments.
These connections were reestablished each time by the
local weather observers, at first with the guidance of the
ARCS operations team, but later on their own. Because
of the small buffering capacity of the MFRSR, these
communication gaps sometimes resulted in the loss of
MFRSR data. The MFRSR will be upgraded with expanded memory to address this problem.
At the time of this writing, the instruments have
been operating for 14 months and the data continue to
accumulate. Data from the initial months of operation
are now available. Data are scheduled to be released
approximately one month after they are delivered to
the ARM experiment center. During this 1-month period, data are inspected for quality and further processed. The dataset is then made available via ftp. To
obtain data from the TWP ARCS site, visit the ARM
Web site at http://www.arm.gov.
The combination of instruments at the ARCS site
and the anticipated duration of the data record make
this a unique dataset. We hope that many scientists will
make use of these data and provide feedback for which
data are most useful and what improvements should
be made. As this dataset grows and matures, it will
become increasingly attractive for collaborative efforts
with other tropical climate experiments. Ultimately,
these data will allow us to improve our understanding
of the tropical climate and the potential for climate
change in this important region.
Bulletin of the American Meteorological Society

FIG. 9. Data availability for the first 8 months (October 1996May 1997) of the ARCS operation. The dark lines indicate periods for which data is available. The MPL experienced a long
hiatus in operation due to several problems but was brought back
on line in February 1997.
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