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1. Introduction

The Clouds and the Earth’'s Radiant Energy System [
(CERES) project (Wielicki et al. 1996) is a series of
broadband scanning radiometers measuring total«0.3-
um), reflected (0.3-5.¢  m), and window (8-12 m)
energy. The instruments, on board the Tropical Rainfall
Measurement Mission (TRMM) and Earth Observing
System (EOS) Terra and Aqua satellites, measure radia
tion at the Top Of the Atmosphere (TOA). Another goal
of CERES is to compute the Surface and Atmospheric
Radiation Budget (SARB) of the vertical column for

each footprint. Inputs for these calculations include All CAVE sites subscribe to traceable calibration

c_Iouq optical properties (Qeterm_lned by higher resolu- protocols. Consistent with the CERES goal of relating
tion imagers), atmospheric profiles of pressure, temper:

ature, relative humidity (ECMWF), ozone (NCEP), and radiation to climate change, CAVE sites observe and

o ; record several radiation fields almost continuously for
a characterization of the column loading of aerosols by a

; - the long-term. Many CAVE sites have auxiliary mea-
chemical transport model that assimilates aerosol surements useful for validating inputs of radiative trans-
sources and sinks (Collins et al., 2001). With these g1np

. s o fer computations and for validating diagnostic quantities
inputs and global maps estimating spectral variation of . - . )

L ; ) like aerosol radiative forcing. The goal of CAVE is to
surface albedo and emissivity (see: http://

tanalo.Iarc.nasa.gov:8080/surf_htmls/SARB_surf.html),makfa available via the V\(or!d Wide Web an qurmal,
- " . continuous record of radiation and meteorological data
a modified 1-D radiative transfer code (Fu & Liou, having:
1993), (on line at: http://srbsun.larc.nasa.gov/flp0300/) '
computes broadband shortwave (SW), longwave (LW), (1) TOA broadband observations from the CERES
and window IR fluxes within the atmosphere. Given the instruments collocated in space and time with,
large number of input variables, the global scope of the
problem, and the natural variability of the atmosphere (2) surface broadband flux measurements.
there is an obvious need for validation of the fluxes as
calculated.

Figure 1. Locations of CAVE sites.

Where available CAVE includes other variables
such as meteorological records of surface temperatures,
humidity and winds; as well as aerosols and, if avail-
able, temperature T(z) and humidity q(z) profiles. A
pilot form of this project is developed more thoroughly
in the CERES/ARM/GEWEX or CAGEX experiment
(Charlock and Alberta, 1996). (See http://www-
cagex.larc.nasa.gov/cagex/) The CAVE record begins on
January 1, 1998 shortly after the CERES instrument on
the TRMM satellite first began taking data. Depending
upon the surface site, the data sets will be continuous
and kept nearly up to date.

2. CERES/ARM Validation Experiment (CAVE)

The formal product for the SARB consists of radia-
tive fluxes at the surface, 500hPa, 200hPa, 70hPa and
TOA. TOA computations are compared directly with
CERES observations. Given the un-availability of in-
situ flux observations within the atmosphere we turn to
validation at the surface. The sites selected for the
CERES "ARM" Validation Experiment (CAVE) are
indicated in Figure 1.

3. The Data
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The basic CAVE philosophy is to supply currently
available high quality surface observations of broad
band fluxes over a wide variety of scene types around



the globe then collocate in time, CERES observations script image of any of the available data within the file.
with the surface sites. To keep the data sets small a staw similar plotting capability exists for the TOA CERES
dard time step of 1/2 hour and time span of 1 month perfiles called “CERESPLOT”. Finally, a page is provided
file is chosen. Surface data is averaged into continuousto summarize the Long/Ackerman cloud fraction data
1/2 hour intervals and placed into the Surface, Aerosol,made available in the SAM files. This plotting routine

& Meteorology (SAM) files. Intermittent "snap-shot” reads the SAM files for any available time period and
CERES observations are placed into the nearest 1/2 hoyplots a summary graph of the cloud amount.

intervals in a similar format. Though this causes a large

number of time steps for a CERES data file to be empty,5. Profile Data

it facilitates comparison of TOA values with surface

observations. Ancillary data sets (aerosols etc.) are The sparsest data set within the CAVE data base is
placed within the same 1/2 hour format as the surface the atmospheric profile data. Recently a set of radio-
and TOA files. The participating groups from which we sonde data from the ARM/SGP central facility (CF) was
receive the bulk of radiometric fluxes and surface obseradded to the CAVE data base for 1998 and 1999. This
vations are: The Atmospheric Radiation Measurement data takes thrice daily balloon sondes from ARM and
Program (ARM), Climate Monitoring & Diagnostics places them into files based on the 1/2 hour CAVE for-
Laboratory (CMDL), NOAA Surface Radiation mat. Between sonde launches, 1/2 hour intervals are
Research Branch, SURFRAD data, and the Baseline filled via interpolation. Humidity profiles are scaled to
Surface Radiation Network (BSRN). Other groups sup-the Microwave Radiometer precipitable water observed
plying data include NASA Langley Research Center's for that time. CAVE files contain a number of single
Chesapeake Lighthouse CERES Ocean Validation variables and profiles of geopotential height, pressure,
Experiment (COVE), the National Renewable Energy temperature, water vapor mixing ratio and ozone
Resources Laboratory (NREL) Saudi Solar Village, (updated daily) from NCEP.
NASA Goddard Spaceflight Center's Aerosol Network 100 I — 100
(AERONET) and the Indian Ocean Experiment

(INDOEX). A number of other researchers have con- o A o
tributed their time and talent in supplying ancillary data 0 PW A/G - 1.4 °
such as aerosol information, profile data and cloud o o

<o <o

amounts. Their contributions are noted on the web site.
Along with observations, several calculated fields
are added to the CAVE files. We have adjusted surface
SW radiometer data, where possible, to provide a more
accurate flux record. For example, measurements of dif-
fuse shortwave with the shaded Eppley pyranometers

are susceptible to offsets of several Widdue to thermal
IR exchange between the detector and dome (Dutton et 500
al., 2000). This first order correction for the "night off-

set" at ARM SGP and other CAVE sites is noted when
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Figure 2. Humidity profile comparisons at ARM/SGP

4. Visualization Central Facility.

Several plotting routines are made available at the
CAVE web site for easy visualization of the data sets.
These routines are web based and require no downloa
ing of programs or data to execute. The “SAMPLOT”
routine will read any site/month of available surface
data (a SAM file), plot a summary table showing the
contents and basic statistics, and can produce a post-

To test these files, atmospheric profile data from
wo independent sources, the Raman Lidar (RL) and
ERI/GOES (AG) at the ARM central facility are
retrieved and compared to the CAVE sonde files. The
ARM value added product from which the RL and AG
data are taken is: "sgp10rlprofmrlturnC1.c1”. It con-
tains all the RL mixing ratio retrievals and the AG
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Figure 4. Comparison of meandgl ) Raman Lidar &
AERI/GOES Upper Tropospheric Relative Humidity
(500-200mb) for Jul through Oct 1998 at the ARM/SGP
central facility.

Figure 3. Comparison of meandg1l ) Raman Lidar &
AERI/GOES Lower Tropospheric Relative Humidity
(1000-500mb) for Jul through Oct 1998 at the ARM/
SGP central facility.

temperature and water vapor profiles (Turner et al. lidar and ceilometer at the CF both show a cloud base of
2000). The RL and AG data are archived every 10 min-just under 5 km at this time. Water vapor shows consid-
utes. The temperature profiles from the AG product  erable structure in the lower troposphere (1000-500mb)
compare well with the sondes. The following plots focus and the sonde and RL track each other closely while the
on water vapor. Figure 2 shows the specific humidity ~AG product provides data that is smoother. All three
and relative humidity profiles for the three products at provide total precipitable waters of 1.3cm and lower tro-
~6:30AM Local Time, Oct. 22, 1998. The micropulse pospheric relative humidity near 44%. In the upper tro-
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Figure 5. Comparison of daytime 1000mb-850mb inte- Figure 6. Comparison of nighttime, 1000mb-850mb
grated relative humidity for ARM/SGP Central Facility integrated relative humidity for ARM/SGP Central
Balloon Sonde, Raman Lidar and AERI/GOES for Jul- Facility Balloon Sonde, Raman Lidar and AERI/GOES
Oct 1998. for Jul-Oct 1998.



posphere (500-200mb), retrievals appear less certain fofrom the Terra satellite, Version 1 are available from
all three. The upper tropospheric humidity shows close Mar 2000 through May 2001.

agreement in the mean between the RL and the sonde,

around 22% where the AG shows a value of 36%. This7. Acknowledgments

is only a single case.
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6. Web Availability
Wielicki, B. A., B. R. Barkstrom, E. F. Harrison, R. B.
The CAVE data is made available via ftp over the Lee, G. L. Smith, and J. E. Cooper, 1996: Clouds and
world-wide-web. The home-page describing the variousthe Earth’s Radiant Energy System (CERES): An Earth
data sources and supplying the programs to read the dat@bserving System Experiment. Bull. Amer. Meteor.
is found athttp://www-cave.larc.nasa.gov/cave/ Soc., 77 853-868.
Surface and TOA data for the first eight months of
1998, the CERES/TRMM time period, are available.
Surface observations from a number of sites up through
2001 are also available and CERES TOA footprint data



