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Abstract

Mission Research develops analyst tools and autmhaiality control software in order
to assist the Atmospheric Radiation MeasurementMARata Quality Office with their
data inspection tasks. We have developed web-bdatd analysis and visualization
tools such as the interactive plotting program N@Wywarious diagnostic plot browsers,
and a datastream processing status applicatioreseTtools allow even novice ARM
researchers to be productive with ARM data withyontinimal effort. We also
contribute to the ARM Data Quality Office by analyg ARM data streams, developing
new quality control metrics, new diagnostic plasd integrating this information into
DQ HandS - the Data Quality Health and Status wated explorer. We have developed
several ways to detect outliers in ARM data streams$ have written software to run in
an automated fashion to flag these outliers.

We have also embarked on a system to comprehepngjeekerate long time-series plots,
frequency distributions, and other relevant stasfor scientific and engineering data in
most high-level, publicly available ARM data stremamFurthermore, frequency
distributions categorized by month or by seasonnaade available to help define valid
data ranges specific to those time domains. Thiadistecs can be used to set limits that
when checked, will improve upon the reporting d@uaious data and the early detection
of instrument malfunction. The statistics and prgablimits are stored in a database for
easy reporting, refining, and for use by other psses. Web-based applications to view
the results are also available.



Table of Contents

Y 013 = Lo PP PPPPPRP ii
JLIE=Lo] (=3 @ o] (] g1 £ PSP iii
R 1 1 o o 18 o 1o ) o 1 PP PPPPPPRR 1
2  Coordination and Collaboration WikKi.........ccceeueeeeieieiieiiieeeeeeeeeeseesiiiiieeeeens 3
3  Developing Better Quality Control LIMItS ....ccee.eeeeiiiiiiiiiiiiieiiiiieeiiiieee 5
3.1 ARM Statistical Analysis and Reporting SySt€Mu..........ccoovvvviiiiiiiiiiieeeeennn. 5
3.1.1 T oo 18 o 1o o I USSR 5
3.1.2 System Design and Method ............oocceeeeic 5..
3.1.2.1 Data Retrieval and IMPOrt............ccceemieeiiiiiiieeeeieeeeee 5
3.1.2.2 Data Acceptance and the AnalysiS QUEUE.cccc........evviiiiieeieeeeeeeene, 6
3.1.2.3 Statistical Processing and RePOItS ...........coovviiiiiiiiiiiiiiiiiiiiieeeeeeeeen 7
3.1.2.4 Analysis Review and Feedback ... cooeeeeeiiiiiiiceee e 7
3.1.3 RESUIS ..ttt e e e e e e e e et 8
3.1.3.1  Improve EXISting LIMItS ..........uuuiieeeeeiiiiiiiiiiiiii e eeeee e 8
3.1.3.2 Implement Monthly LIMItS.........coooiceeeeiiiiieeeeeeee e 9
3.1.3.3 Detect Abnormal TrendsS............o e e oo eeeeee e eeeeeiiiiireeeeeeee 01
3.2 Measurement Comparison Databases........ccccceeiiiiiiiiiiiiiiiiiiis 11
4  New Automated AnalysiS MOAUIES ...........uuceeiiiciiiee e 17
4.1 Radar Wind Profiler (RWP)........cooo oo 17
41.1 BaCKgroUNd.........cooiiiiiecc e a e e e 17
4.1.2 Quality Analysis Of RWP Dat@...........coummmerrrmiimiiiiiiiiiiiaeaaeeeeaaeneneiinns 19
4.1.2.1 RWP Analysis Code OULPUL ...........cceeceemeerrriiiiiieeee e e e e eeeeeeeeeeeeeaenns 20
O O A © T O |V = 1 [ R 20
4.1.2.1.2 DiagnoStiC PIOLS .......cciiiiiiiiieeeeeeeeeres e 22
4.1.3 Quality Analysis 0f RASS Data..........cccmereimiiiiiiiiiiiieeaeee e 23
4.1.3.1 RASS Analysis Code OUIPUL...........ceeeeeerirrriiiiiiiiee e eeeeeeeeeee e 25
O T O A © T O |V = 1 [ SR 25
4.1.3.1.2 DiagnoStiC PIOLS ......ccooiiiiiiiieeeeeeeeree e 26
4.2  Best Estimate Flux Value Added Product (BEFLUXP) ...........ccccvvvvviiennee. 28
4.2.1 BaCKgrOUNd........coooiiiiiecc e e a e e e 28
4.2.2 Quality Analysis of BE FIux Data ........cccccevvveiiiiieeiiiiiiiii 28
4.2.2.1 BEFLUX Analysis Code OULPUL .........iccceeeeeeeeeiiiciee e 32
O N A © T O |V = 1 [ USSR 32
4.2.2.1.2 DiagnoStiC PIOLS ......cccoiiiiiiiieeeeeeeeee e 33
4.3  Tower Water-Vapor Mixing Ratio Value Added Redare (TWRMR VAP) 34
43.1 BaCKGrOUNd.........oooiiieeeec e e e e e 34
4.3.2 Quality Analysis of TWRMR Data..........cceeeiiiiiiiiiiiiiiiiiiiiiiiiiiiiee 35
4.3.2.1  Min/MaxX CheCKS........cccouuuiiiii et 35
4.3.2.2 Sensor Cross-Comparison Checks.....cooooecooiiiiiiiiiiiiiiiiiee 38
4.3.2.3 Sonde Cross-Comparison Checks.....ceveeiiiiiiiiieeeeeeiieeeieeiiinns 38
4.3.2.4 TWRMR Analysis Code OUIPUL..........ccoeriiiiiiiiiiiiiiiiie e 39



5

©O© 00~

4.3.2.4.1 QC MEIIICS..couuuiiii it et eeeeee e e et eeaaees 39

4.3.2.4.2 DiagnoStiC PIOLS .....ccoiiiiiiieieieeeeeeeeese e 41
Interactive Web-Based TOOIS............ooi e 42
5.1 DQ HaNAS PIOt BrOWSEN .......cceiviiii s eeeemi e ee et e et eeeeees 42
5.2 NCVWED ... s 43
5.3 Datastream Processing Status on DQ COMPULES..c........coovevvvvvvvvnniinnneennn. 45
Automated Check and Alert SYStem ..o s 46
(@0 1] 1113 [0 o 48
F o1 (0] 017/ 01 PR PPPPT 49
] (=] (=] (o= 50



1 Introduction

The Department of Energy (DOE) Atmospheric Radiateasurement (ARM) program
has acquired and continues to acquire an increddslye quantity of data during its
normal process of operation, all of which must &éewed in some manner in order to
ensure that the data is of "known and reasonahlelity’. The thoroughness of this
quality review will largely determine to what extekRM data is used and how well the
ARM program is respected within the research comtyuibo it is with the utmost
importance that sufficient software exists to dqyatheck data products in a timely and
continuous fashion. There is also an ongoing nedthtl ways to increase the utility of
ARM data among researchers and convey its usefutoebe public.

We believe we have made much progress in addregsisg needs by providing easy-to-
use, interactive analyst tools as well as sevewtbraated quality control software
modules for the ARM Data Quality system. We have@rapched the problem by
breaking the work into the following tasks:

1. Coordination with the Data Quality Office to iddgtdata products requiring
further quality control.

2. Developing better bounds for data values by: amadyhistorical data, applying
models, and consulting with experts.

3. Improving upon current min/max/delta quality crigeby implementing new rule-
based, statistical based and cross-comparison basasures.

4. Developing new data analysis tools, specific to AB;la sets.

5. Developing a system that reassesses the qualitgtfiment level data streams
based on information provided by value added prtsduc

Coordination with the ARM data quality office hasem accomplished by way of face-to-
face meetings, frequent phone conversations, amougacomputer-assisted collaboration
systems. We have participated in yearly scienamtameetings, developer meetings, and
ARM working group meetings. We've also met with nbens of the instrument team in
order to understand the peculiarities and perfoo@acharacteristics of their specific
instrumentation.

To facilitate coordination and collaboration amatig data quality office personnel,
ARM infrastructure, and instrument team, we havelamented and hosted a wiki
system on a computer accessible to the publicriateDetails on this system will be
provided in Section 2.

In order to improve QC limits, we have reviewed andmarized many years of data to
get a good understanding of what is typical. Afmaanually compiling several
climatological databases from sondes and otherimgnts, we set out to build a system
that would methodically process the most commomskydudatastreams, and keep tabs on
the statistical results in a easy to access dazalddsese climatologies and the system
used to produce them will be described in Section 3



Our new automated analysis modules developed dthisgoeriod of performance have
made good use of these statistical databases drubviurther described in Section 4.

Ideally, all quality control checks would be autdaethand summarized for quick review

by the data quality office each day. But until tHedam is fully realized, it is important to

have on hand a suite of interactive tools for astalyto use for inspection and

visualization of potential data problems. We ddseigsome of our latest tools that serve
this purpose in Section 5.

Lastly, in Section 6 we describe the system we Haveeassess instrument level data
based on information provided by value added prtsduc



2 Coordination and Collaboration Wiki

To facilitate sharing of information among Data (tyaOffice staff, Mission Research
and other ARM infrastructure personnel, we havelemgnted and hosted a wiki system
on one of our in-house computer systersWiki is like a normal web site, except that
the user can edit the content from within their veetwser. Wiki is short for "wiki wiki",
the Hawaiian word for "Quick”. A Wiki is basicallya shared, online, persistent
whiteboard, in which anyone can add content, onghavhat is written, or change the
organization of the content. Whatever the userrenising a simple web form is nicely
presented, without use of any hypertext markupdagg know-how. The documentation
is remembered, version-controlled, and never foegotAlso, Web pages are linked to
each other automatically -- no more “404 page aohd@l” errors. Users create new pages
by simply entering a topic name and filling out thetails.

We based our wiki on an open-source, enterprisgsclaollaboration platform and
knowledge management system known as TiVikle've customized the TWiki system
to support the specific needs of the ARM data dpadifice (Figure 1). This system
allows all data quality office personnel, instrurherentors, and other interested parties,
to collectively edit documents related to instrutnéata quality. Each web page may be
edited by any member, and may include graphicdesalor arbitrary attachments. The
pages are fully searchable and users may elee totified whenever there is a change.
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You sre logged in as: SeanMoors

Figure 1. Sample page from the ARM Data Quality Of fice wiki. Notice user’s login

displayed in lower right corner, and links to view ‘Revision History’, ‘Edit’ current page,
‘Attach’ files, or show the page in a ‘Printable’ v iew. A search box is in the upper left, and
quick access to various tools is available from the left side navigation menu.

TWiki also acts as an "application platform" toeigtate a number of other functions. For
example, we added a calendar plug-in to track amwitor DQ activities and travel.

Each page of the wiki is organized by a wiki wonddamelCase where the words are
joined without spaces and each word is capitaliz&tlis allows easy creation of new
pages, or links to existing wiki pages without aiddial programming syntax.

The ARM Data Quality Office (DQO) processing systbas grown to include many
different programs and scripts to manage the largeunt of processing and files. The
Wiki pages have been an immense help as a wayitklgbring together documentation
from a wide variety of sources. The discussion spaas become an important area to
ensure everyone is properly informed, and a natificn system alerts users of any recent
changes.



3 Developing Better Quality Control Limits

When possible, experts familiar with the instrunagion employed by the ARM program
are consulted in order to define valid data rangfsvever, some ARM data streams
have never been assigned valid ranges, or haveslitoo broad to catch serious
instrument problems.

3.1 ARM Statistical Analysis and Reporting System

3.1.1 Introduction

In order to comprehensively define limits for alfoduced data streams, we are
developing a tool that systematically reviews thatire historical record of
measurements This system is called the ARM Statistical Anasysind Reporting
System, or ARM*STAR.

The ARM Program has amassed more than ten yearomifnuous data for some

instruments, providing a wealth of samples juse ripr statistical analysis. Our tool

produces statistical summaries, frequency distobst diagnostic plots, suggested
quality control limits and a feedback mechanisrhap keep instrument mentors and the
data quality office in agreement regarding valioiatthecks.

Visualization tools developed as part of this dffeelp analysts detect abnormal trends
early, leading to quick problem resolution and aarall higher level of data quality.

3.1.2 System Design and Method

The system can be broken down into the followingcpsses: data retrieval, data import,
data acceptance, statistical processing, repodrgéan, analysis review, and feedback.

3.1.2.1 DataRetrieval and Import

ARM data is typically stored in daily NetCDF fileend warehoused at the ARM
Archive’. Measurements from any given instrument are uglgbuped into a small
number of data streams (collection of similarlystured files).

The standard way to obtain ARM data is via a Webeldarequest for later retrieval by
FTP. When data is ordered in this fashion, our dateoring process will automatically

retrieve the data and import it into our systemr @uoport process sorts through the
received files and moves them into our local dadees

The ARM Archive has supplied to us b-level and weledata from most data streams
currently in production. A data server with 500 GBdisk storage has been configured



to host roughly 10 years of this data. Only a hahdf the very largest datasets have
been excluded due to space limitations on the serve

3.1.2.2 Data Acceptance and the Analysis Queue

Files in our data store are automatically inspedtedfields appropriate for statistical
analysis. Only time-varying and floating point NBXE fields are accepted. An operator
may decide which of the accepted fields shouldumugd up for analysis. An interactive
data selection process displays a choice of vasalthe dates of availability and a choice
of desired analyses. Alternatively, the systenpsmueues up all appropriate fields and
schedules them for each of the supported analyses.

A queue record consists of an identifier uniquedpresenting the field of interest, an
analysis start and end date, an analysis type,pional flag to pre-filter suspected
outliers, an optional analysis month of interesymastatus flag, and a message field used
only if the run flag indicates an error has occdrréhe queue is implemented as a
MySQL database table. Figure 2 depicts the flowadh from the archive that ultimately
results in the population of the queue.

The use of a queue ensures that machine resoureesffeciently managed while
computing the statistics. Even if multiple simultans users are requesting an analysis,
the queue will prevent the jobs from stepping ocheather. Also, the queue provides
convenient documentation of the parameters requoeoerform each analysis. As the
analysis or plotting code is improved, it is a dienmatter to reset the run flag for each
entry and process the queue again to update thksies

e —

ARM Archive
@ Data Retrieval
and Import

e
Local Data Stor
Data

Acceptance

Analysis
Queue

Figure 2: Data Flow into ARM*STAR from the Archive



3.1.2.3 Statistical Processing and Reports

In preparation for statistical analysis, an ensgnpulled from the analysis queue, and all
data and metadata for the entry is read for the tiamge requested. Metadata for the
data field may specify existing valid range limitl.so, these limits are optionally used
to filter out extreme outliers before any statstare tabulated. The system excludes data
marked as missing or bad and concatenates thememalata into an array for analysis.
Various statistics are computed, such as meanymmi, maximum, standard deviation,
daily minimum, daily maximum, and percentage of gke® passing existing range
checks. If the analysis is by month, only datdeodéd during the month specified is
used -- but over the entire selected time rangeekample, the analysis may be to look
at data recorded in just the months of Januarglfgrears between 2001 and 2005.

The statistics, along with all parameters requitedepeat the analysis are stored or
referenced in another MySQL database table, ore@dgmer run. The analyst name and a
link to all associated graphics are also includethe record. Two plots are generated for
each variable and for each analysis run. The irst time-series over the time period
specified, and the second is a frequency distobutiEach plot has relevant statistical
measures overlaid to assist review.

3.1.2.4 Analysis Review and Feedback

A web-based application is available for users ¢oupe the generated plots, statistics,
and the proposed limits. A web-based front-enithéodatabase tables is also available.

If analysis determines that new limits are appiprior a given quantity, the analyst will
be able to suggest and store new limits usingttluks The database will keep track of the
new limits along with pointers to the details ofetlnalysis and generated plots.
Instrument mentors or other interested parties lvéllable to review and refine proposed
limits before the data quality office or the datamagement facility includes them as part
of their daily automated processing.

Figure 3 provides a concise summary of the prosesseolved that make up the
statistical analysis system.



Analysis Refine Analysis As Needed

Local Data Stor Queue E——mmmm——— = -:
|
I |
! I
Automated Statistical Statistica Analyst Review
Processing »  Result > of Plots and
Database Statistics

|

Accept Limits |
Plots

Figure 3. Automated Statistical Analysis System B lock Diagram.

3.1.3 Results

After analyzing a few of the ARM data sets withsthiool, we believe that all of the
objectives we hoped to achieve will be met. Namealg, want to use the system to
improve upon existing quality control (QC) limitse want to set reasonable limits for
datastreams without limits, and we want to defirenthly limits where appropriate. We
also wish to quickly detect any abnormal trends.

3.1.3.1 ImproveExisting Limits

Figure 4 shows one example of how our tool mightibed to improve existing Quality

Control (QC) limits. Metadata for a suite of metdogical sensors currently define valid
relative humidity range to be between -2% and 104%he bottom plot of the figure

clearly shows an abnormal spike at zero that isidetof the normal distribution for the
year. Analysis of this data suggests the existamgge could be tighter to catch more
problems.
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Figure 4. Application of analysis system to improv e existing data quality limits. Data
displayed is from the Surface Meteorological Observ  ation System (SMOS) of the Southern
Great Plains ARM Climate Research Facility.

3.1.3.2 Implement Monthly Limits

Many Value Added Products (VAPS) produced by ARMmit have valid data ranges
defined. Figure 5 shows a time-series and frequelstribution graph for upwelling
longwave radiation from an ARM VAP. More than tgars of data is represented. The
distribution colored green represents values medsarJanuary for each of the ten years
analyzed. The gray colored area represents alllmontsing the plots generated by our
analysis system, the analyst can quickly suggestesappropriate monthly or global
limits for a data product such as this.
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Figure 5. Upwelling longwave radiation exhibits a strong seasonal dependence, as seen in
this time-series and frequency distribution graph. The distribution colored green
represents values measured in January for each of t ~ he 10 years analyzed. The gray
colored area represents all months.

3.1.3.3 Detect Abnormal Trends

Ideally, we wish to detect instrument problems Itvedore those problems begin to affect
the quality of the primary scientific measurementdMany data streams include
housekeeping, calibration or engineering measurtsmerSince our analysis system
comprehensively processes all time varying fieldshe data streams, we can use the
statistics gathered on the ancillary data to spaming instrument problems. Figure 6 is
an example of processing many years worth of stam@wesponsivity from an infrared
detector through our system. The multimodal fremgyedistribution is a dead giveaway
that something is not quite right. The currentlyd@mspections of such data do not
always flag such subtle changes in the housekeejaitegy By maintaining a record of the
long-term trends and typical data ranges, the ahaboking at daily fluctuations will

10



have a much easier time telling whether or notehfasctuations are

quality issue.
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possible data quality issues.

3.2 Measurement Comparison Databases

[
)

hanges that may warrant investigation of

One technique for checking the quality of measurdgmeis to compare those
measurements to similar sources of data. Simoarces of data can be found from
related instrumentation at nearby locations, modelsetrievals of the measurement in
guestion, or from past measurements taken undelasinircumstances from the same

instrument.

Within the Atmospheric Radiation Measurement insieat network, several different
systems often measure the same quantity at the sine For example, several ARM
instruments measure time-series profiles of theogpthere that were previously available

11



only from balloon-borne radiosonde systems. Thasguments include the Radar Wind
Profilers (RWP) with Radio-Acoustic Sounding Sys$erfRASS), the Atmospheric
Emitted Radiance Interferometer (AERI), the MicrewaRadiometer Profiler (MWRP),
and the Raman Lidar (RL). ARM researchers haverdexi methods for direct cross-
comparison of time-series profiles and we haverelad this concept to the development
of methods for automated quality control (QC) ofMRlatastreams.

The current data flow architecture at the Data Man@ent Facility (DMF) does not

allow direct cross comparisons to other data stsedaoring the generation of quality

checked (b-level) instrument data files. At thenmemt when QC checks are performed,
the availability of comparison data streams carbetguaranteed. In order to perform
automated QC at the time of data ingest, anothéhadeis required. One method is to
compare key values against historical ranges.

Using our techniques for processing and combinei@ dver long time periods, we have
built a sonde-based climatology database for e&t¢heofixed ARM sites (NSA, SGP,
TWP) plus the Barrow NWS site. These databasesrganized in convenient NetCDF
data files and contain monthly ranges, distribigjofapse rates, means and other
statistical measures. We do this for: wind speed direction (NSA and SGP),
temperature, dew point, relative humidity, and gkted water vapor mixing ratio. The
statistics for each quantity are computed and dtbsemonth and by 50 meter altitude
bin, up to about 25 km.

Since several high-level products attempt to re¢rignese quantities, this database can be
used to set reasonable bounds for the month arghthef interest. Details on this
approach will be presented in following sections.

Sample plots showing monthly averages for tempegatind water vapor mixing ratio
over the SGP are shown in Figure 7. Sample morstialystics for wind speed are shown
in Figure 8. Sample monthly temperature profiles January and July are shown in
Figure 9. Sample monthly profile statistics for @ravapor mixing ratio are shown in
Figure 10. Statistics for wind speed are base#,068 sonde balloon launches between
01 April 2001 and 15 October 2004. All other quaedi are based on 10,040 sonde
launches between 11 April 1994 and 07 June 2004.

12
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Figure 7: Average sonde dry-bulb temperature (top) and average calculated water vapor
mixing ratio (bottom) for each month and each altit ude bin over the SGP site. Results
based on 10,040 sonde launches between 11 April 199 4 and 07 June 2004.
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Figure 9: Monthly statistics for SGP temperature pr  ofiles were calculated for 50 meter
altitude bins based on 10,038 sonde balloon launche s between 11 April 1994 and 07 June
2004. Displayed are profiles for the months of Jan  uary (top) and July (bottom).
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50 meter altitude bins based on 10,038 sonde balloo  n launches between 11 April 1994 and
07 June 2004. Displayed are profiles for the months of January (top) and July (bottom).



4 New Automated Analysis Modules

We developed automated Quality Assurance processiogules for the Radar Wind
Profiler and the Radio-Acoustic Sounding Systemtrumsents. We also developed
modules for the Tower Water-Vapor Mixing Ratio Veladded Product (VAP), the Best
Estimate Flux VAP, and the QC Flux VAP. The outfroim these modules is fed into
DQ HandS for review by DQO analysts. None of thesd’S have defined valid data
ranges, so we analyzed historical data to produc®wn limits. A complete description
of these processing modules is provided in theowahg sections. Hourly statistics for
missing, failing and not available values are dalad for display in DQ HandS. Daily
diagnostic plots of every field in the VAPS are gexted for review using the DQ HandS
plot browser.

4.1 Radar Wind Profiler (RWP)

4.1.1 Background

The Radar Wind Profilers (RWP50 and RWP915) argydesd to provide a time series of
vertical profiles of wind velocity (horizontal spkand direction). The RWPs operate by
transmitting electromagnetic energy into the atrhesp and measuring the strength and
frequency of backscattered energy from refractivéex fluctuations that are moving
with the mean wind. By sampling in the verticakdtion and in two tilted planes, the
wind components can be determined. The systemistensf a single phased array
antenna that transmits alternately along five pogtlirections: one vertical, two in the
north-south vertical plane (one south of verticale north of vertical), and two in the
east-west vertical plane (one east of vertical, wst of vertical). The non-vertical
beams are tilted at about 14 degrees from vertical.

The primary quantities measured with the systenttaentensity and Doppler frequency
shift of backscattered radiation. The wind speeddétermined from the Doppler
frequency shift of energy scattered from refraciivéex fluctuations (caused primarily
by temperature fluctuations) embedded within theosphere. The wind speed is
derived from measurements from the five beams.ceSthe individual components are
not collocated in space, horizontal homogeneitgssumed in order to derive the wind
vector as a function of height. The 50-MHz Radand\VProfiler (RWP50) measures
wind profiles from (nominally) 2 to 12 km. The 9MHz Wind Profiler (RWP915)
measures wind profiles from (nominally) 0.1 km tdk®. Range gates for all RWP
modes are shown in Table 1. The accuracies oétfaantities, while dependent upon
the accuracy of the frequency measurement, areaffiscted by atmospheric effects and
vary considerably according to conditions. Nomiaaturacy for wind speed is 1 m/s,
and nominal accuracy for wind direction is 3 deg.

The Radio-Acoustic Sounding System (RASS) subsysiemach RWP provides time
series of virtual temperature profiles and vertwatd velocity profiles. In the RASS
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mode, virtual temperatures are recovered by tratiagiian acoustic signal vertically and
measuring the electromagnetic energy scattered tiheracoustic wavefront.

In normal RWP and RASS operation, virtual temperaand vertical wind speed profiles
are determined during the first 10 minutes of eveyr and the wind profile is averaged
over the remaining 50 minutes.

It takes, nominally, 30 - 45 seconds (dwell time) the RWP to determine the radial
components from a single pointing direction. Tlystem cycles through five beams
(South, North, East, West, and vertical) at low pgwand then cycles the five beams
again at a high power (longer pulse length) setfirfgen the whole process is repeated.
About five minutes elapse before the system rettwnthe beginning of its sequence.
Within an averaging interval, the estimates fromhelaeam-power combination are saved
(11-12 in a 1-hr period) and these values are exasnhand compared at the end of the
period to determine the consensus-averaged razhgbanents of motion.

Consensus averaging consists of determining ifreaicepercentage (e.g., 50%) of the
values fall within a certain range of each otheg.(e2 m/s). If they do, those values are
averaged to produce the radial wind estimate. Hukal values are then combined to
produce the wind profile.

The system transmits pulses at about 1-10 kHzim&dethe atmosphere. The backscatter
from each transmit pulse is sampled at, for exampl& MHz rate. This results in 1
sample every 150 m in range. The samples at eade igate are averaged together (time
domain integration) over some number (e.g., 10QQuiées to produce a phase value for
input into a FFT. After (e.g., 64) values are proslly the FFT is performed (one for each
range gate). This process takes on the order afcl & number (about 30) of these
spectra are then averaged together during the dinedl At the end of the dwell time
there is produced a single averaged spectrum famh eange gate along the designated
pointing direction.

The spectra are analyzed by the system before madwithe next pointing direction. This

analysis produces estimates of the Signal to NBiago (SNR), the noise, the mean
velocity (proportional to frequency), and the fisbment (spectral width) at each range
gate.

RASS operation is essentially the same, except tmataveraging time is about 10
minutes and only a single pointing direction (wal) is used. Also, the atmosphere is
"seeded" with a sound wave; the index of refractibanges created by the sound wave
are the signal source. In order to sample botrsthumd wave (speed about 340 m/s) and
the atmosphere (to remove air velocity from tempeeaestimates) a larger FFT is
required (2048 points). This requires a smaller emnof points for each time domain
integration and increases the processor time redjtdir calculate the FFT. Only a portion
of the spectra are reported, namely a region ned@ofpler shift to account for
atmospheric motions and a region around the expesgieed of sound. The "moments”
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files consist of moments and widths from both theaspheric portion of the spectrum
and from the acoustic portion (the main contribiitothe temperature calculation).

4.1.2 Quality Analysis of RWP Data

One approach for quality analysis of RWP al-lewahds to make an instrument cross-
comparison check with sonde wind data for the nRWP data products. We use
historical sonde files to establish nominal rangesl nominal lapse rates for wind
velocity. The RWP profiles, which are based onotaty sensed data, are tested against
the ranges derived from sonde data, which are baselirect measurements (a “ground-
truth” assessment). If a RWP profile predicts ledhat is outside the sonde range, then
there is a defensible reason to raise suspicioostdhe RWP valde The sonde ranges
for wind velocity and wind velocity lapse rate astablished by calculating the monthly
means and standard deviations within 50m altitudles.b Example wind speed
distributions for two different months over the S&t are shown in Figure 8.

In addition to sonde cross-comparison checks, tyualalysis of RWP al-level data
includes the following checks:

(1) NOAA pressure-level dependent maximum velocity
(2) ANL check for contamination from migrating bérd
(3) ANL check for 60Hz noise

(4) ANL check for presence of rain

(5) ANL check for validity of First Range Gate

(6) ANL check for Mirrored Signal in Upper Profile

The RWP DQ Look-Up Table (LUT) is created from brstal sonde files and historical
RWP files. First, the sonde climatology is creased stored in a stand-alone NetCDF
file. Then, the RWP LUT is made from a combinatmmnthe sonde climatology, and
historical RWP data files in a separate step.

For automated quality analysis of RWP, each dakaevim the retrieved RWP profile is
compared to the historical sonde range for the mohtobservation and corresponding
altitude bin. If the RWP value falls outside oétbonde rang&_, ., +4.0lo ., then the

sonde
RWP value is flagged as failing max/min check (Fggil). If the calculated RWP lapse
rate falls outside the same range for average stapde rates, then the RWP value is
flagged as failing delta check.

Hourly statistics for missing, failing and not daaie values are calculated for display in
DQ HandS. The total number of failing values fay given hour is divided by the total
number of observations during that hour to givehaarly percentage of failing values.
Statistics are also calculated for missing and avatilable values and reported to DQ
HandS via the usual metrics file.
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Figure 11: For August, the solid green line depict s the average wind speed profile as
reported by the sondes at the SGP site. The red das  hed line marks the spread of sonde
values out to four standard deviations from the ave rage. On 1 August 2004, RWP wind
speed data (purple asterisks) were compared against the sonde climatology, and out of
bound values were flagged (red asterisks).

4.1.2.1 RWP Analysis Code Output

4.1.2.1.1 QC Metrics

Statistics are compiled for each hour of the 24rlpmriod covered by the RWP NetCDF
file. The statistics are written to a data filattis compatible with DQ HandS Explorer.
This data file contains statistics for percent afues failing, percent of values missing,
fail times for missing or failing values, and a hjyaflag indicating which quality criteria

were violated during each hour. The percent fgiBtatistic combines all values that are
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outside the ‘good’ interval. The failure code itates which quality criteria were
violated within the hour, bit-packed with the follmg values:

0 =>'missing data value (-9999)',

1 =>'< MIN Based on historical distr ibution for each variable',

2 =>'">MAX Based on historical distr ibution for each variable',

3 =>'">DELTA Based on historical dis tribution for each
variable',

4  =>'NOT AVAILABLE',

5 =>'< NOAA Minimum for pressure lev el of observation',

6 =>">NOAA Maximum for pressure lev el of observation',

7 =>'< SONDE Minimum Wind for month and height of observation’,

8 =>"> SONDE Maximum Wind for month and height of observation’,

9 =>'">SONDE Maximum Wind DELTA for month and height of
observation’,

10 =>'Failed ANL check for contaminat ion from migrating birds',

11 =>'Failed ANL check for 60Hz Noise '

12 =>'Failed ANL check for presence o f Rain',

13 =>'lsolated Measurement (questiona ble value)',

14 =>'First Range Gate Value Question able',

15 =>'Mirrored Signal in Upper Profil e,

Summaries of the hourly statistics are then disgaday DQ HandS Explorer, as shown in
Figure 12.

Move the cursor over any bold cell to identify failures
sgp9lsrwpwindcon status by hour for 20040606
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Figure 12: ARM DQ HandS Explorer display of hourly  statistics for variables that were
checked in a RWP file. Bold hour numbers indicate some data were not available during
that hour. Data quality flags indicating which qua lity criteria were violated during that

hour are displayed in the DQ HandS Explorer window when the cursor is moved over a cell
with values that were either failing, missing or no t available.

21



4.1.2.1.2 Diagnostic Plots

Plots are created showing the primary measurenosetsthe 24-hour period covered by
the NetCDF file. Sample wind velocity profiles atgown in Figure 13.
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Figure 13: Sample RWP wind velocity profile plots at each power level.
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4.1.3 Quality Analysis of RASS Data

Our approach for quality analysis of RASS al-ledetla is to make an instrument cross-
comparison check with our sonde climatology datathe RASS virtual temperature

profile. Historical sonde files are used to essbhominal ranges and nominal lapse
rates for virtual temperature. The RASS profilbjch are based on remotely sensed
data, are tested against the ranges derived frayiesdata, which are based on direct
measurements (a “ground-truth” assessment). IAR&Rprofile reports a value that is

outside the sonde range, then there is a defenshkon to raise suspicions about the
RASS value. The sonde ranges for virtual tempesadnd virtual temperature lapse rate

are established by calculating the monthly mearts standard deviations within 50m
altitude bins.

RASS temperature profiles are currently produce®@P and NSA Central Facilities.
Sonde data used to create the LUT for RASS QA cfiome sgplssondeCl.cl files for
SGP, and nsasondewnpnC1.b1l files for NSA. Thésg €ontain the following values,
all dimensioned by time:

pres atmospheric pressure (hPa)

tdry  dry-bulb temperature (C)

rh relative humidity (%)

The RASS QA procedure requires additional variablest available in the

sgplssondeCl.cl1 or nsasondewnpnCl.bl sonde dats, fihcluding dewpoint

temperature and water vapor mixing ratio. Thedeegare calculated from absolute
temperature and relative humidity, as follows:

Dewpoint Temperaturefrom Dry-Bulb Temperature and Relative Humidity:

. 116.9+ 237.81Ipe
dewpoint temperature = te) . (C)
16.78- In(e,)
e, = vapor pressure (partial pressure atav vapor) (mb
_RH_ [1678,, - 116.
100 Ty, +237.3

T, = dry-bulb temperatur§® C
RH = relativehumidity (%)
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Water Vapor Mixing Ratio from Dry-Bulb Temperature , Relative Humidity and
Atmospheric Pressure:

- . _mass of water vapor e,
water vapor mixing ratio _ = (9/KQ)
mass of dry air p e,

£ =622.0 (ratio of molecular weight wfater vapor to dry air, x100
e, = vapor pressure (partial pressure of watepxgafmb)

_RH_ (1678, - 116.
100 T, +237.3

dry
p = atmospheric pressure (mb)

For comparison to RASS virtual temperature profitbe Sonde dry-bulb temperatures
are converted to virtual temperatures using thed8adry-bulb temperature and water
vapor mixing ratio, as follows:

r
1+7V
virtual temperature ¥ E—Il—‘9 (K)
r

Vv

T = absolute temperature (sonde dry-bulb temperat)re
£ =0.622 (ratio of molecular weight wfater vapor to dry ail
r, = water vapor mixing ratio (g/Kg)

For automated quality analysis of RASS, each dataevin the retrieved RASS virtual

temperature profile is compared to the historicahde range for the month of

observation and corresponding altitude bin. IfRASS value falls outside of the sonde
rangeX,, . + 4.0lo,, . then the RASS value is flagged as failing max/ofieck (Figure

14). If the calculated RASS lapse rate falls algshe same range for average sonde
lapse rates, then the RASS value is flagged asdailelta check. Hourly statistics for
missing, failing and not available values are dal@d for display in DQ HandS. The
total number of failing values for any given hosr divided by the total number of
observations during that hour to give an hourlycpatage of failing values. Statistics are
also calculated for missing and not available valaed reported to DQ HandS via the
usual metrics file.
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Figure 14: For the month of August, the solid gree  n line depicts the average temperature
profile as reported by the sonde at the SGP site. T  he red dashed lines mark the spread of
sonde values out to four standard deviations from t he average. On 1 August 2003, RASS
temperature data (purple asterisks) were compared a  gainst the sonde climatology, and out
of bound values were flagged (red asterisks).

4.1.3.1 RASSAnalysis Code Output

4.1.3.1.1 QC Metrics

Statistics are compiled for each hour of the 24ripmuiod covered by the RASS NetCDF
file. The statistics are written to a data filattis compatible with DQ HandS Explorer.
This data file contains statistics for percent alues failing, percent of values missing,
fail times for missing or failing values, and a hityaflag indicating which quality criteria

were violated during each hour. The percent faibtatistic combines all values that are
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outside the ‘good’ interval. The failure code itates which quality criteria were
violated within the hour, bit-packed with the follmg values:

0 =>'missing data value (-9999)',

1 =>'< MIN Based on historical distr ibution for each variable',
2 =>'">MAX Based on historical distr ibution for each variable',
3 =>'< SONDE Minimum for month and h eight of observation’,

4 =>'>SONDE Maximum for month and h eight of observation',

5 =>'NOT AVAILABLE'

Summaries of the hourly statistics are then disgadayp DQ HandS Explorer, as shown in
Figure 15.

Mowe the cursor over any bold cell to identify failures
|g sgp91Srwptempcon status by hour for 20020808
e O 1 A e
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snr_vert v 0001 02|03 04 05 08 07 08 05 10 11 12 13 14 15 16 17 18 13 20 21 22 23
sor virtual temp  [B061 92/ 65 [0 b5 66 |7 68 (694011 [12) 53 [14 15 16 718 {1620 21 [22 23
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Figure 15: ARM DQ HandS Explorer display of hourly  statistics for variables that were
checked in a RASS file. Bold hour numbers indicate some data were not available during
that hour. Data quality flags indicating which qua lity criteria were violated during that

hour are displayed in the DQ HandS Explorer window when the cursor is moved over a cell
with values that were either failing, missing or no t available.

4.1.3.1.2 Diagnostic Plots

Plots are created showing primary measurementstbee24-hour period covered by the
NetCDF file. Missing or not available values aret shown in the plot. Example
showing virtual temperature profile and verticalndivelocity profile is displayed in

Figure 16.
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Figure 16: Sample RASS Virtual Temperature profile
each measurement mode.

and Vertical Wind Velocity profile for
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4.2 Best Estimate Flux Value Added Product (BEFLUX  VAP)

4.2.1 Background

This VAP uses data available from the three cotkt@urface radiometer platforms at
the SGP Central Facility to automatically determthe best irradiance measurements
available.

The Best Estimate Flux VAP processes data staftmmg March 22, 1997 when data
from the three Central Facility radiometer systerB$RS E13, C1, and "BSRN"
(sgpsirslduttE13.c1, sgpsirslduttCl.cl, and sgpdsttCl.cl), are all available. In
2001, the diffuse SW instruments were switchedhadsd B/W instruments, and the
name "BSRN" was switched to BRS. Prior to that tithés VAP uses corrected diffuse
SW from the DiffCorrlDutt VAP as input. The 1-mieuinput data are compared to
decide which will be used for averaging to get best estimate. The output data are
saved in two NetCDF files containing the best estenvalues, QC flags, and the
difference fields.

The input data 1-minute samples are compared tadelewhich will be used for
averaging to get the best estimate. For diffuse dirett normal SW, and downwelling
LW, three measurements from SIRS E13, C1, and BRRSused in the best estimate
evaluation, while only two measurements from SIRE3 End C1 are available for
upwelling SW and LW evaluation.

The input data sources for BE Flux VAP are filesntaining measurements of
downwelling SW direct, and diffuse irradiance, deweting LW irradiance, and
upwelling SW and LW irradiance measurements. Tlpaitifiles are the al level SIRS,
SIROS, and BRS data streams. A more complete idéear of the input sources is
available in sections 3 and 4 &#M Technical Report TR-008°

4.2.2 Quality Analysis of BE Flux Data

The approach for quality analysis of BE Flux cldkgata is to apply min / max checks,
with limits based on monthly histograms of histaticdata for each variable that is
checked. Some of the variables in the BE Flux \&® differences between measured
values and the best estimate. For these variablessame DQ checks are made, based
on monthly histograms of each difference. Monthigtograms for each variable are
generated from historical data (Figure 17 and Kgl8). The histograms are used to
determine appropriate limits for min / max QC cleeckor variables that are essentially
normally distributed, QC limits are determined bydimmg a multiple of the monthly
standard deviation to the monthly mean for eachabé&, e.g.,X,, +nlo,. For BE

Flux, the multiplier is currently set to 4.0. Rariables that are not essentially normally
distributed, floor and/or ceiling values are ussdimits. These values are determined by
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inspecting the histograms. A variable can havea fvalue without a ceiling value, and

vice versa.

In these cases, the other limit i®rdehed withX , £nlo,

For those

ar*

variables with designated floor and/or ceiling \esuthose values are used as the QC

limit.

monthly statistics byx , +nlo,,

re

between the var_min and var_max values as showabie 1.

Table 1. Min, Max, Floor, and Ceiling values used

var_min
var_max
floor
ceiling

var_min
var_max
floor
ceiling

var_min
var_max
floor
ceiling

var_min
var_max
floor
ceiling

var_min
var_max
floor
ceiling

short_direct_normal

down_short_hemisp

For variables with no floor or ceiling vadu the QC limit is determined with
Histograms are generated only with values tieat |

with BEFLUX quality analysis code.

down_shdfus® _hemisp

up_short_hemisp

0 0 0 0
1250 1350 800 500

-2 -2 -2 -2
1100 1300 700 275

short_direct_normal_diff

down_short_diffuse_hgmidiff

up_short_hemisp_diff

-100 -50 -100
1000 200 100
-2 -50 -65
50 50 30
down_long_hemisp up_long_hemisp

0 0

550 700
-9999 -9999

-9999 -9999
down_long_hemisp_diff up_long_hemisp_diff

-25 -50

50 50
-25 -15

50 35
net_surface_radiation albedo zenith

-500 0 0

1000 10 180
-500 -2 -2

1000 1 180
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4.2.2.1 BEFLUX Analysis Code Output

4.2.2.1.1 QC Metrics

Statistics are compiled for each hour of the 24rlpmwiod covered by the BE Flux
NetCDF file. The statistics are written to a ddtathat is compatible with DQ HandS
Explorer. This data file contains statistics fergent of values failing, percent of values
missing, fail times for missing or failing values)d a quality flag indicating which
quality criteria were violated during each houheTpercent failing statistic combines all
values that are outside the ‘good’ interval. Taiéufe code statistic indicates which
quality criteria were violated within the hour,4piicked with the following values:

0 => 'missing data value (-9999)',

1 =>'< MIN Based on monthly historical distributio n for each variable',
2 =>"'> MAX Based on monthly historical distributio n for each variable',
3 =>'NOT AVAILABLE',

Summaries of the hourly statistics are then disggay DQ HandS Explorer, as shown in
Figure 19.

Move the cursor over any bold cell to identify failures

C1l sgpbefluxllong status by hour for 20060715
albedo 0001 02 05 04 05 06 07 08 09 10 11 1213 14 15 16 {18 19 2021 2 23
down long_hemisp 000102030405 06 07 08 03 10 11 12113 14 15 16 17 18 1920 21 2 23
down long hemisp ditf [00][0x [02 03 /04 [05 (06 [o7 [o8 [09 10|11 [12 [13 [14 15 16 [17 [18 1930 2t [22 23
down short diffuse hemisp [00)01102 (05 0405 06 07 (08 (09 10| 11 /12 13 14 NS N6 | 15 12 20 1 0 5
down short diffuse hemisp diff 00101 [02 [03)04 05 06 [07 [o8 [09 [10 11 [12 13 [14 15 6] 17 1S I 201 o1 22 23
down_short hemisp 00 0102030405 06 07 08 09 10 11 1213 14 15 16 17 18 1920 2L 22 23
net surface radiation 000102030405 06 07 08 09 10 1112113 14 15 16 17 18 19 20 21 2 23
short direct normal 00 /0L 02 03 04 05 06 07 08 0910 11 1213 1415 16 17 1819 20 21 22 23
short direct normal diff [00)/0K /02 05 04 050 (07 08 (09 10 [11 12 13 14 [15 16 |17 [15 19 20 o1 |2 o5
up long hemisp 00 01 020304 0506 07 08 09 10 11 1213 141516 1718 119 20 21 2223
up long hemisp Giff 00 0102030405 06 07 08 0910 11 1213 14 15 16 17 18 1920 2L 22 23
up_short_ hemisp 000102030405 06 07 08 0910 1112113 14 15 16 17 18 19 20 21 2 23
up short hemisp diff 10001020304 05 06 07 08 0910 11 1213 141516 17118 19 20 21 2 25
zenith 000102030405 06 07 08 0910 11 1213 14 15 16 17 18 1920 21 22 23
Diagnostic Plots | NCVweb Interactive Plots
Data Source: sgpbefluxllongCl.cl for 20060715

[ =Metric Passing 100% || = Metric Passing < 75% [} = Missing Vaie (-9999)
= Metric Passing 75%-100% || = Data Not Available

Figure 19: ARM DQ HandS Explorer display of hourly  statistics for variables that were
checked in a BE Flux file. Bold hour numbers indic ate some data were not available
during that hour. Data quality flags indicating wh ich quality criteria were violated during
that hour are displayed in the DQ HandS Explorer wi  ndow when the cursor is moved over
a cell with values that were either failing, missin g or not available.
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4.2.2.1.2 Diagnostic Plots

Plots are created showing selected variables bee24-hour period covered by the
NetCDF file. Missing or not available values aot shown in the plot. If any variable in
a plot contains values outside of the sonde rahgsge points are over plotted with red
dots to indicate failing data. Example diagnoptas are shown in Figure 20 and Figure
21.
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Figure 20: ARM DQ HandS Explorer example of diagnos
albedo (top left), downwelling longwave (top right)
net radiation (bottom right).
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upwelling fram sgpbefluxTlongC1.c1.20060715.000000.¢df diff_lang fram sgpbefluxllongCl.c1.20080715.000000.cdf
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Figure 21: BE Flux analysis diagnostic plots showin g long and shortwave upwelling (top-
left), longwave difference plots (top-right), and s hortwave difference plots (bottom).

4.3 Tower Water-Vapor Mixing Ratio Value Added Proc edure
(TWRMR VAP)

4.3.1 Background

The primary purpose of the TWRMR VAP is to calcelatater vapor mixing ratio at the
25- and 60-meter levels of the tower at the SGRrakffacility. Since there are no
barometric pressure sensors at those levels aower, the hypsometric equation is used
along with surface pressure values from either SMOS or the THWAPS to derive
barometric pressures at the tower levels. Afteoimatric pressure is derived for the 25-
and 60-meter levels, water vapor mixing ratio asthlevels can be calculated directly.

At the same time, the TWRMR VAP serves as a "bsSitrate" product for
temperature, relative humidity and pressure for ghdface and the 25- and 60-meter
levels. The primary input at the surface is the SVi@hile the primary inputs at the 25-
and 60-meter levels come from the sensors in théheast (SE) elevator. The alternate
observations come from the THWAPS for the surfacel, from the west (W) elevator for
the 25- and 60-meter levels. The source of prinaaxy alternate values can be changed
manually with a command line switch at runtime wiiea TWRMR VAP is produced.
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4.3.2 Quality Analysis of TWRMR Data

Three methods are used for quality analysis of TVR&. -level data: (1) min / max
checks, with limits based on monthly histograms#istorical data for each variable that
is checked; (2) Sensor cross-comparison checksdbas monthly histograms of
differences between two sensors measuring the gaamtity; and (3) Instrument cross-
comparison checks with sonde climatologies at pgyeutower levels.

43.21 Min/Max Checks

Monthly histograms for each variable are gener&taa historical data (Figure 22). The
histograms are used to determine appropriate lifioitsmin / max QC checks. For
variables that are essentially normally distribu®€ limits are determined by adding a
multiple of the monthly standard deviation to thenthly mean for each variable, e.g.,
X ENlo,. For TWRMR, the multiplier is currently set td4. For variables that are
not essentially normally distributed, floor andé&iling values are used as limits. These
values are determined by inspecting the histografmszariable can have a floor value
without a ceiling value, and vice versa. In theases, the other limit is determined with
X, £Nl0,,.. The current settings for DQ limits for TWRMR VA#e shown in Table 2.
Histograms are generated only with values thab&eveen the var_min and var_max
values in the table.
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Table 2: Min, Max, Floor, and Ceiling values used

var_min
var_max
floor
ceiling

var_min
var_max
floor
ceiling

var_min
var_max
floor
ceiling

var_min
var_max
floor
ceiling

var_min
var_max
floor
ceiling

with TWRMR quality analysis code.

pres 02m pres 25m pres 60m
945 945 945

1015 1015 1015

-9999 -9999 -9999
-9999 -9999 -9999
temp_02m temp_25m temp_60m
-30 -30 -30

45 45 45

-9999 -9999 -9999
-9999 -9999 -9999
rh_02m rh_25m rh_60m

0 0 0

110 110 110

0 0 0

110 110 110

vap_pres 02m

vap_pres 25m

vap_pres 60m

0 0 0
35 35 35
-9999 -9999 -9999
-9999 -9999 -9999

mixing_ratio_02m

mixing_ratio_25m

mixing_ratio_60m

0

0

0

25 25 25
-9999 -9999 -9999
-9999 -9999 -9999
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Figure 22: Historical monthly distributions of Bar ometric Pressure (top-left), Temperature
(top-right), Relative humidity (middle-left), Water Vapor Mixing Ratio (middle-right), and
Vapor Pressure (bottom-left) from the SGP Tower at  2m. Relative humidity from SMOS is
also shown (bottom-right) as a secondary source. St atistics were calculated from 2,324
data files created between 01 Apr 1998 and 21 Oct 2 004.
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4.3.2.2 Sensor Cross-Comparison Checks

The tower instrumentation includes dual sensors §8& W platforms) for measuring
temperature and relative humidity at the 25- andm@fer levels. Measurements of
temperature and relative humidity are also madbeasurface by THWAPS and SMOS.
Since these calibrated sensor pairs measure the gaamtity at the same place and time,
one would expect the values they produce to bdaimif the measured values diverge,
then there is a defensible reason to raise susi@bout the quality of one measurement
or the other, or both of them. This condition ne&gur when both sensors report values
within the designated min / max range, so makiggality assessment by comparing the
two sensor values may reduce Type Il errors. Acifipeexample of this situation has
been described, when the leads to the 25- and &&rsensors were switched.

Monthly histograms for thelifference between each pair of sensors are generated from
historical data. The histograms are used to determppropriate limits for QC checks.
One would expect the difference variables to béridiged essentially normally about
zero. In this case, QC limits could be determibgdadding a multiple of the monthly
standard deviation to the monthly mean for eacfedihce variable, e.g%,. tnlo

var — var*
However, we found that most of the difference Jaga show systematic errors, and
most distributions were not essentially normal. r Foplementing QC checks for
TWRMR based on difference variable distributiom® limits have been extended to 6.0
to 8.0 times the monthly standard deviation.

4.3.2.3 Sonde Cross-Comparison Checks

Sonde data provide an opportunity for QC checksedbasn instrument cross-
comparisons. The general approach for instrumemsésecomparison is to establish
nominal ranges and nominal lapse rates for measgyuedtities from historical sonde
profiles. If a TWRMR value lies outside the sonm@dege, then there is a defensible
reason to raise suspicions about the TWRMR valuehe sonde ranges for each
parameter and their lapse rates are establishethloylating the monthly means and
standard deviations within 50m altitude bins (seeti®n 3.2).

Sonde climatology data included in the TWRMR Lookligble were derived from
sgplssondeCl1.cl files from the SGP site. The LSSPBNiles contain the following
values, all dimensioned by time:

pres atmospheric pressure (hPa)

tdry  dry-bulb temperature (C)

rh relative humidity (%)

The TWRMR QA procedure requires additional variablaot available in the

sgplssondeC1.cl sonde data files, including vapesspire and water vapor mixing ratio.
These values are calculated from absolute temperand relative humidity, as follows:
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water vapor mixing ratio _mass of water vgpor = & (9/KQ)
mass of dry air p e

£ =622.0 (ratio of molecular weight wfater vapor to dry air, x100
e, = vapor pressure (partial pressure of wateowgfmb)

RH [ 1678, - 116.
100 T, +237.3

dry
p = atmospheric pressure (mb)
T4, =dry-bulbtemperatee(°C)

RH =relativehumidity (%)

4324 TWRMR Analysis Code Output

4.3.2.4.1 QC Méfrics

Statistics are compiled for each hour of the 24rhperiod covered by the TWRMR
NetCDF file. The statistics are written to a diilathat is compatible with DQ HandS
Explorer. This data file contains statistics fergent of values failing, percent of values
missing, fail times for missing or failing valuesnd a quality flag indicating which
quality criteria were violated during each houmeTpercent failing statistic combines all
values that are outside the ‘good’ interval. Théufe code statistic indicates which
quality criteria were violated within the hour,4piacked with the following values:

0 =>'missing data value (-9999)',

1 =>'< MIN Based on monthly historical distributio n for each variable',

2 =>'> MAX Based on monthly historical distributio n for each variable',

3 =>'NOT AVAILABLE',

4 =>'< SONDE Minimum for month and height of obser vation',

5 =>'> SONDE Maximum for month and height of obser vation',

6 =>'> SONDE Maximum DELTA for month and height of observation’,

7 =>'> Maximum DIFFERENCE (2m - 25m) for month and height of observation’,

8 =>'< Minimum DIFFERENCE (2m - 25m) for month and height of observation’,

9 => "> Maximum DIFFERENCE (2m - 60m) for month and height of observation’,

10=>'< Minimum DIFFERENCE (2m - 60m) for month and height of observation’,

11=> "> Maximum DIFFERENCE (25m - 60m) for month an d height of observation’,

12=>'< Minimum DIFFERENCE (25m - 60m) for month an d height of observation',

13=> 'Failed Difference Check SMOS - THWAPS for mon th and height of
observation',

14=> 'Failed Difference Check SW - W Sensors for mo nth and height of
observation'

Summaries of the hourly statistics are then disggay DQ HandS Explorer, as shown in
Figure 23.
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Move the cursor over any bold cell to identify failures
| sgpliwrmr status by hour for 20040006
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mixing_ratio_02rm (00| 0103 (03] 6% 5] 061 ) (08 691 [0 1 2115 4551 6 5715 118 3l
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temp 25m |00 [oi 03651 o (05| 06! (67 08| 09I 10 1 3, 15 £ 15 16157 [ 191 30 21 32
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Dlagi_msttc Plots | Interactive Plots | Dailv DOAR(login)

| Data Source: sgpltwrmrCl.cl for 20040208

P = Metric Passing 100%  [JJ| = Metric Passing < 75% [J] = Missing Value (-9999)
= Metric Passing 75%-100% [ = Data Not Asailable

o ACAS Alert: D) Izsue 5, dependent datastream metric file does not
display QC issue

»  Failed Difference Check W - W Sensors for month and height of
observation

Figure 23: ARM DQ HandS Explorer display of hourly  statistics for variables that were
checked in a TWRMR file. Bold hour numbers indicat e some data were not available
during that hour. Data quality flags indicating wh ich quality criteria were violated during
that hour are displayed in the DQ HandS Explorer wi  ndow when the cursor is moved over
a cell with values that were either failing, missin g or not available.
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4.3.2.4.2 Diagnostic Plots

Plots are created showing selected variables dwer2d-hour period covered by the
NetCDF file. Missing or not available values aot shown in the plot. If any variable in
a plot contains values outside of the valid rarigese points are over-plotted with red
dots to indicate failing data. Example diagnoptats are shown in Figure 24.

pres from agpTtwrmrCl.c1.20040006.000000.cdf termp from sqpTtwrmrCl.c1.20040006.000000.04f
prea02m E f tamp_G2m [FAICNG VALUES DVERPLOTTED WITH RED i
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= ] E J
E L J ]
980 = !
& C | 5
z = ]
¢ 975 3 3
& ] ]
a70F 3 .
gE5F 4 3
01 2 345 6 7 8 9101112131415 1617 18 19 20 21 22 23 24 01 2 3 45 6 7 8 9101112131415 1617 18 19 20 271 22 23 24
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vap_pres from sgpltwrmrCl.e1.20040906.000000.cdf rh from sqpltwrmrC.e1.20040906.000000. cdf
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mixing_ratio fram sgpltwrmrC1.c1.20040906.000000.cdf

01 2 3 45 6 7 8 3101112131410 1617 18 19 20 21 22 23 24
Hour (UTC)

Figure 24: Diagnostic plots for TWRMR showing pres  sure, temperature, vapor pressure,
relative humidity and calculated water vapor mixing ratio.
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5 Interactive Web-Based Tools

5.1 DQ HandS Plot Browser

The data quality office produces daily diagnostamtgpfor key measurements from most
ARM data streams. These files have been traditipnaéwed on a daily basis, along
with the data quality related metrics availabléha Data Quality Health and Status (DQ
HandS) Explorer.

During this period of performance, we have creaétleb based tool to allow an analyst
to view many plots at once and organize them byouarcriteria of importance to a
particular user (Figure 25). Plots are available dd ACRF fixed and mobile sites.
Ancillary processes work in the background to eaghat the Web based tool is always
provided with the most up-to-date configurationgmaeters concerning sites, available
data streams, instrument locations and plot aviitiafor particular dates.

This technique benefits the user in that (1) tHensoe does not need human intervention
when new ARM data streams or plots are added, 2ndie@d-end queries are eliminated.
Since the application always knows valid rangesefach of the input parameters, the
user is not allowed to formulate inappropriate ggerUsers can browse by thumbnail or
by list before viewing a full-size diagnostic plMultiple data streams and multiple types
of plots can be selected concurrently for sideidg somparisons.

Previous £ days Mext 4 days
Setup Search Searching Dates: 20070505-20070808
— fkbaerisummary
I1.Airflow
wiY M, T .'\-'A‘-r'w‘m H‘“}"‘“ A R e e TIE
i y iy I PR T
i 20070505 20070508 20070507 20070508
M1.Resp
VR WYl J
H 20070505 20070508 20070507 20070508
E 5 M1.airT
 List @ Thumb
E:ays at a time
==
20070505 20070308 20070507 20070508

Figure 25: The DQ HandS Plotbrowser allows analyst s to quickly scan thru multiple days
of pre-generated diagnostic plots. Here we show hou  sekeeping data from an AERI
instrument. Displayed is Airflow (top), Responsivit y (middle), and Air Temperature
(bottom), over the course of 4 days.
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5.2 NCVweb

NCVweb is a Web-based NetCDF data viewer and iotiee plot tool we developed
specifically for ARM datd This application has been running successfultysteveral
years on the data quality computer for inspectewently acquired data, and at the ARM
archive for inspecting 'standing order' data.

During this period of performance, NCVweb was iméggd into the ARM archive's user
request system. Once a data order for a userfileftll the user receives a notification
instructing them how to retrieve the data. Now ytlaee also provided a web URL for
accessing their data via NCVweb.

NCVweb helps to eliminate the need of and problassociated with downloading large
volumes of data, installing and configuring visaation software, or writing custom data
exploration software. Since the tool is Web-bas®®M researchers and instrument
mentors can visualize large and complex data sete®w needing to be NetCDF savvy
(see Figure 26).

The tool supports a wide number of visualizatios@nmarized in Table 3.

Table 3: NCVweb Plot Types

Plot Type ' Example

X-Y Time vs. Irradiance or Temperature vs. Altitude

X-Y-Y2 Ambient and Calibration Temperatures Vs. Time

Multi-Facility Soil Temperature at several diffetdracilities Vs. Time

X-Y-Z Color Image | Continuous Temperature Profilggoheight and time)

Horizontal Slices Plots of Temperature vs. Timeeateral Altitudes

Vertical Slices Plots of Temperature vs. Altitude several, specific
instances during the day

General plotting features include:

— Plots data across multiple files

— Detects and does not plot data points designatéuehiasing”

— Plots any compatible variable against any other

— Allows arbitrary zoom or pan to any data region

— Detects and does not connect data across sigriitica® gaps

— Provides useful time conversions for the time axis

— Allows for various symbol and/or line combinations

— Supports multiple plot sizes to accommodate varsmisen sizes

— Auto-generates appropriate plot labels based oddteebeing viewed
— X/Y Axis Flip
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Additional features:

— Choice of color table for false color three-dimensil visualizations
— Day/Night cycle background color coding (yellow/gju
— Computes statistics for the aggregate data set

— Displays textual data values of the current zoogmore
— Will convert NetCDF variables to ASCII formats fase with other tools

— Highlights data that have failed associated qualiytrol flags

— Displays details of file contents, variables, andehsions
— Thorough error checking and reporting
— Online help and directions

Other versions of NCVweb are being maintained om project server to support

specialized needs of the data quality office anthefexternal data center. As new ARM
facilities were deployed, and as new datastreamsrgad, we ensured that NCVweb
would read and plot the new files.

Apply Changes | XY Plot XYy |

X Axis
[ Do [2880] (days) =l

 Autoscale " Manmual
Xmin |0 XmaxID

Y Axis
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Figure 26: Example of using NCVweb to view Downwel
Longwave radiation over the course of two days. The
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yellow during daylight hours.
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ell as axis scaling and other plot
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ling Shortwave and Downwelling
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5.3 Datastream Processing Status on DQ Computer

A web based utility was developed to summarize rampdrt on the processing status of
ARM data streams at the DQ computer. This utilityows a tabulated list of the

datastreams currently supplied to the data qualifige. From this table, the user can
easily determine which datastreams are delayecklivedy, which data streams have
been processed into DQ metric files, which diagnosiots have been generated, and
whether the data quality office is delayed in pmdg any of these products. This

information is updated daily (Figure 27).

Figure 27: Example of using the Datastream status
the mobile facility situated in Niamey, Niger. The
products that are up-to-date. The red colored cells

host computer.

Status of site NIM scanned on 20060622

Most recent files in each category have these dates

Datastream Data |DQ metric| Plot

nim30ecorM1.bl

nimaerich1M1 bl

nimaerich2M1 bl

nimaeriengineerM1 bl

nimaensummaryM1 b1

nimgndrad60sM1 b1

nimmethM1 bl

nimmet5S1.bl

nimmfrstM1.b1

nimmfrsrv251.bl

nimmwrlosM1 bl

nimmwrpM1 b1

nimradS1 bl

nimskyrad60sM1 b1

nimsondewnpnM1 bl

nimtsiskycoverM1 bl

nimveeil25kM1 b1

nimwacrM1 bl

tool to check on the datastreams from
green cells show datastreams and
show a delay in data delivery to the DQ
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6 Automated Check and Alert System

We have developed a demonstration for an "Automé&bkdck and Alert System", or
ACAS. This system is intended to reassess thetgualiinstrument level data streams
based on new information provided by value addemtlycts or quality measurement
experiments.

The system works by consulting the VAP or QME nuostrfiles for failures. It then
checks a dependency table to see which instrunagigtbles feed into the VAP or QME.
If a problem is found in the higher level produBiCAS will look at the instrument
metric file to see if the problem is also notedréhdf not, an alert message is sent to
interested patrties.

In the ACAS file mrc_acas.confpvar_table is a hash of hashes that stores variable
dependencies for each datastream. Every hashnk&yar_table represents a single
datastream in the ACAS domain. For each datastreeyn the associated value is
another hash key representing a variable withinddtastream that will be checked by
ACAS. The variable key value is another hash «timgj of "datastream™ => "variable"
key value pairs. These pairs denote datastreaialas from which the original variable
was derived or otherwise depends upon. An abliexViexample of avar_table entry

for sgpgmeaeriprof is shown in Figure 28.

In addition to these alerts, ACAS can generate ityulags for the instrument data
stream when one of the higher-level checks areopedd and have failed. As a test of
this system, we currently insert ACAS triggeredyflanto the TWRMR metrics file to

show how this might work.

We have solicited feedback from potential user®rder to identify needed features.
Early results with the TWRMR VAP suggest that ther@ach will in fact find additional
issues with instrument data streams that haveewt previously identified.

Once all the dependencies relating source datalieevadded products are known, we
will be able to set up a production version of gystem.

46



%var_table = (

sgpgmeaeriprofCl => {

temperature_60m_resid => {
"sgpaeriprofCl.c1" => "tempe
"sgp30twr60mC1.b1" => "qc_te

3

dewpoint_60m_resid => {
"sgpaeriprofCl.c1" => "dewpo
"sgp30twr60mC1.b1" =>["qc_r

Figure 28: An example of an ACAS dependency tree f

datastream.

rature"”,
mplll’

intTemperature”,
h","qc_temp"],

or the sgpgmeaeriprofC1
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7 Conclusion

The approach used for this project has worked feellis over the years. The process of
inspecting and analyzing ARM data requires not anlyet of basic software tools, but
tools that understand the peculiarities and unicju@racteristics of ARM datastreams.

By concurrently developing new tools while we azelyand quality check ARM data, we

find that these two tasks benefit each other aad te results far superior to that which
might be achieved if we had focused on either &ske. Better tools lead to better

analysis. Experience with a great variety of datds to better tools. We plan to

continue this approach for future involvement vitie ARM data quality office.

The data quality office now has a new arsenal tdraated codes to help with their data
inspection tasks. We have developed web-basedlatfdrm independent software tools

in order to allow ARM researchers, instrument mentand the data quality office to

visualize large and complex data sets without margithe user to be terribly computer
savvy. Data visualization and quality assessmargsthe first step in the researcher’'s
discovery process, and tools like NCVweb and DQ dfamemove some serious

impediments that would normally interfere with taiivity.
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8 Acronyms

ACRF
ARM Climate Research Facility
AERI
Atmospheric Emitted Radiance Interferometer
ARM
Atmospheric Radiation Measurement (Program)
ARM*STAR
ARM Statistical Analysis and Reporting System
DMF
Data Management Facility
DOE
Department of Energy
DQ
Data Quality
DQ HandS
Data Quality Health and Status (System)
DQO
Data Quality Office
LUT
Look Up Table
NetCDF
Network Common Data Format
NSA
North Slope of Alaska
NCVweb
NetCDF Viewer on the Web
NOAA
National Oceanic and Atmospheric Administration
NWS
National Weather Service
QA
Quality Assurance
QC
Quality Control
QME
Quality Measurement Experiment
RASS
Radio Acoustic Sounding System
RWP
Radar Wind Profiler
SGP
Southern Great Plains
SMOS
Surface Meteorological Observing Station
THWAPS
Temperature, Humidity, Winds, and Pressure System
TWP
Tropical Western Pacific
VAP

Value-Added Product
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