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INTR0DUCTI;O'N 

The Deparrment of EnerEy DOE) has iriihated the Amospheric Riahation Measurement 
(ARM) p r o m  as a research effort to reduce the uncertainties found in general circularion 
and other models due to the effects of clouds and soiar radiarion (DOE 1990, Pamnos, et al. 
1990). This program will provide an experimental testbed for the study of important 
amospheric effects, pdcularly cloud and radiative prcxesses, and tesring of 
parameterizations o€ the processes for use in amospheric models. The design of the testbed, 
known as the Clouds and Radiation Tesrbed (CART), calls for five long-term field data 
collection sites as well as a mobile set of instrumentation to be used in siiort-term field 
campaigns. The first of the sires is expected to begin operation in April of 1992. 

Within the ARM Proeprn, an experiment has been defined as the prospective test of a model, 
ie., the test of a model's predictive capability. An experiment is specified by identifying the 
model or models to be tested, the model input requirements, the measurements needed for 
comparison to inodel ourputs, and the measurements needed to r j i a p ~ s e  model performance. 
The identification of q & e d  measurements includes the specification of data fusion or other 
techniques to be used in convening the basic instrument observations inro the rcqubd set of 
measurements. 

The CART Data Environment (CDE) is the element of the testbed which acquires the basic 
observanons from the instruments and processes them to meet the'measurement requirements 
of ARM experiments, ' I h s  system will handle approximately 1.2 Gbyteslday of instrument 
observations when the first site becomes operational. The inirial insrumenranon for the siie 



i ~ l u d e  50 and 915 Mhz wind profikrs and RASS (radio acousdc soundng system), an 
m a y  of whole sky imagers, a ceilometer, CLASS type mncie system, a nerwork of PAM-type 
(portable automated mesonet) stations, wide band soiar and I;R sensors, a surface 
a high resolution spectrometer, special wide-band solar sensors, and an insmmented 60 meter 
tower. The data from these instruments must be 
continuously far use in8 the experiments of the ARM Science Team. A prelirnlnttry summary 

checked, schived, and processed 

ements €or this system is presented in Melcton, et a;l. (199 I). 

A formal desip process has been used to develop a descripaion of tihe logical Ire 
for the CDE. We have grouped these requiremenzs subsets that ax used to 
parallel sofware design and implementation process. A key element of this process is rhe 
identification of exis 
(..an be incremendy evolved into a complete sohtion. For example, we bavc identified the 
7 . b  sofmare developed at the National Center for Amospheric Research as a weL 
stardng point that meets ini~al  data inlgest, storage, analysis, &splay and co 
for our site data system and experiment center. In parallel with s d t u m e  development, our 
requirements have been mapped into a high level physical arc 
for hardware design. 

g sofrware sokutians that meet some or dl of the requkmemts and d m  

eceure that provides the basis 

This paper dscusses the o v e d  architecture of the CDE and describes ow implementation 
mategy. It will then tocus on the use of Zeb as a starting point fior irnplemenmcion of the 
sire; data syszem and experiment center as examples of the implementation ssaregy. 

2. OVERALL A R m C r ' U R E  OF THE CART DATA ENVR3;NMEm 

The Q3E has three major physical elements: the site dam system, the experiment conuol 
cer,:cr, and the ARM dam archive center (see Figure 1). The hnctional requirements for each 
of these elements is summarized below. 

3,. 1 Site Data Svstem 

The site data system is concerned with: 

Control and operation of instruments 
sirion of data from instruments 

Data conversion and calibration 
Quality assessment and flagb@ng of individual dam streams 
Data intercomparison in support of instrument operation 
Retaining a record of hformation about the instruments and their 
operation 
Logging of site operarions acdviry 
Retaining the record of i'nformation about the site 
Data display and analysis for site opem:ors, the site scientist, and the 
sife p o p a m  ranager t 



The site program manager is an individual from a D e p m e n t  of Energy Laboratory chnged 
with overall management responsib 
responsible for making day-to-day scientiik decisions affec~&g sil= operations. The site 
operator is tiie organimtion responsible for the operanon of nhe site. 

for tihe site. The sire scie 

2-2 Experiment Control Center 

The experiment conud center is concerned with: 

Design of A M  experiments €or the ARM Science Team 
Model ~ P U E  
Dan for cornparisan with model outputs 
Dara for diagnosing model performance 

Acquisition of non-CART daw e.g. GOES, required to support ARM 
experiments 
Dara intercomparison for dam quality assessment 
Generanon of data for the active set of experiments 
Delivery of experiment data sets to the ARM Science Team 

* 
* 

2.3 ARM Data Archive 

The A M  data archive is concerned with: 
L 

Long term storage of CART data 
Value added processing of CART data 
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g CART data retrospecrilvely 10 the ARM Science; Team and the 
geneml scien;tific  communi^^ 
Lidcage with other data centers 

3. IMPLEM.ENTATTOiN STRATEGY 

smtegy iss based o 
emtation+ of Eunctio 

om wherever possilble, 
iemencixion of independent 

Our parallel implemenmion ils o r g m i d  around the physical architecture of the CDE. The 
major implernen~katio~ activhies are focussed QII the site data system, the experiment co 
center, and the data archive. These impkrnenta~on activities are focussed on s 

n of exishg solutions. A i o d  impte 
softwue and, design of the hardware 

We have idenflied an exiszing solution, Zeb, that we me using as the starCiinig poht for both 
the site data system and the experiment conml center. '"he next s ec~on  of the paper 
describes h a s  software and how we me p h n h g  to K S ~  it., 

4. a b :  USE OF AN EXISTING SOLUTION 

The 2 e b  system has been developed by the Narional Center for Amospheric Research 
(NCAR) to support atmospheric sciences field t s (Corbet and 'Mneller, 1991). Zeb 
has a moddar architecture that allows new hnc to be incorporated to meet the 
varying needs of individual campaigns (see Fiem 2)!. The elements of Zeb are: a set of data 
ingest moddes, a data store, a set of modules for processing data, and a set of &s 
conrrol modules. Each of these elements is briefly described below. 

The Zeb data ingest capab 
insuurnents, dependmg on dara vollume. For example, radar iqgest involves high vol~umes of 
data and generally re 
on h e  other hand, is a low data volume opemtion. It is possible, then, to ingest from the 
( m i r e  PAM network with a single ingest module*. Zeb has been designed for distribuccd 
operation over a nework, so the ingest processes can be executed on dedicated resources if 
necessary. The ingest process fmnats the data for storage in the 2 e b  data store. 

is based on ingest modules for each hsmmenl  or class of 

s an in&vidualmodtzle €oreachr&r. Ingest horn PAM stations, 

The Zeb dam store uses standard data formats, such as NetCDF (Rew and Davis, 1990). 
Ap9Lications rcfer to data in the data store by platform or other source of the data. The dafa 
STOR arrempts to hide, to the greatest exnm possible, the e€erences berween different 
sources of &a, so that display and analysis modules arc not required to deal with plarfom- 
specifk details. It also handles the movement of data between stations on the network, and 
manages the use of chsk space, cte g up old data when necessary. 



4.2 Zeb and the Experiment Control Center 

Zeb also meets a SUI 

incorporaxe processing m d l d e s  meets the E a.rh3r-l of cis3 and for 
processes that operate on the data to produce data sets required for A R M  experiments (for 
exampie &ta fusion or dara assidation processes.) 

portion of the requirements for the experiment conuol center. 
The data ingest cap3 meets the requirement for acquiring nom-CART data. Thpc ty to 

The requkrnemts not addressed by at! are the design of expenlmemts and the kogging of 
expehemts. Again, the fiexibile natm of Zeb will 
these pmblems into the overdl system. 

4.3 Zeb and the Data Archive 

The relationship between Zebl and the ARM dam archive is not well defined at 

of the ARM Pro 
are PO provide access to tihe archilve 
of the &sa that are of pmicular interest to archive users. There is p a t  poce 
be used as a tool far processing data h r n  the archilve in creating these CUSPIQT~, views. For 
archive users that have a b ,  data m a y  be &strilbuted as Zeb dara store copies. 

assessing the general requiremeats 5or the ARM Data Archlive. Over the course 
we expect the archive PO flow to 100’s of terabytes. Our cmcnt plans 

ugh aibssac~oms of the data and by iden~~fjli~ng views 

5 .  SUMMARY AND CONCLUSIONS 

The CDE is a dstribured dara sysrern that 
insrrumenrs. The system must provide for operator control of the instruments and tor a 
variety of processing (e.g. data fusion) that provides data PO be used in experhnents of the 
ARM Science Team. Over time the number of insmmenrs and experiments is expected TO 
g o w .  

ously process data from i-l v=-i-,tY of 

The implementation smregy far the CDE is to work from e ~ i s t h g  sofiware ihar meets some 
or aI1 of the requirements for subsystems of the CDE. We have ide €xi the Zeb software 
as meeting a sipificmr number of the requ‘irernents €or the D E ’ S  site clan sysrern, 
experiment conrrol center, and possibly some of the requiremenrs for the data archive. We 
have made the decision to use Zeb as the corc of the (DE. 

By using Zeb we are realizing several advantages. Some data ingtsr. modules already exist 
and can be used with minimal mcxkficarion. Others require extensive mMication to be 
capable of collecting metdata about the instruments. Early testing is enabled for these 
modules which provides the design ~ a n z  with early experience in implementing the site data 
sysrem, and for the development of new data ingest modules. 
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