








Planetary Boundary Layer depth (m)

Top of the Atmosphere Diagnostics
from Assimilation

Net shortwave radiation (Watts/m?)
Net longwave radiation (Watts/m?)
Shortwave cloud forcing: all-sky minus clear-sky (Watts/m?)

Longwave cloud forcing: all-sky minus clear-sky (Watts/m?)
Boundary Conditions

Surface ground temperature
Surface ground wetness
Surface roughness

Surface type

Surface albedo

Snow cover flag
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D Quality Control at DAO: Background

This appendix outlines the main characteristics of the data pre-processing and quality
control (QC) at DAO. For additional information consult Lamich et al. (1996) and
Dee and Trenholm (1996). We also describe the Observational Data Stream (ODS),
a new file format for observational data being implemented at DAO.

D.1 Data pre-processing at DAO

Traditionally, all observational data received at DAQO are first archived with a consis-
tent home-grown format known as UNPACK. UNPACK files hold all observational
data we receive, including such data that never make it to the assimilation process. In
preparation for assimilation, a pre-processing system referred to as REPACK selects
data from UNPACK files, performs a few simple quality checks and corrections (such
as the hydrostatic check), producing an output file which is read by GEOS/DAS.
Details of the UNPACK/REPACK systems and file formats can be found in Lamich
et al. (1996).

At the moment, DAO obtains its observational data through a link to the National
Centers for Environmental Predictions (NCEP, formerly the U.S. National Meteoro-
logical Center) in Camp Springs, Maryland. By obtaining the data at a later stage
of NCEP’s pre-processing, we have been able to take advantage of several aspects
of NCEP’s data screening and quality control, such as the Complex Quality Control
(CQC) of Collins and Gandin (1990), NCEP’s radiation correction (Julian 1991), and
radiosonde black-listing. Recent changes in the NMC data stream have forced us to
add to REPACK the capability of reading BUFR, a WMO format used internally at
NCEP. Although DAO has plans to strengthen its collaboration with NCEP in this
area, steps are being taken to ensure that internal changes at NCEP do not impact
operations at DAO. The overall approach is to obtain the raw data at a earlier stage
in the NCEP pre-processing, and implement at DAO the Complex Quality Control
and other relevant software. This arrangement will also allow us to adapt this soft-

ware to address issues specific to the DAO mission. The general strategy in this area
is discussed by Dee and Trenholme (1996).

D.2 The on-line QC system

The on-line QC system consist of data screening procedures which depend on the
model first guess and are therefore performed during the assimilation cycle. The input
observations produced by the REPACK system have quality marks with 2 possible
values: good or suspicious. A gross-check is performed on the innovations (O-F,
the difference between the observation and the 6 hour forecast), and observations
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which fail the gross-check are added to the list of suspicious observations provided
by the REPACK. A buddy check is then performed on all suspicious observations, in
which nearby good observations are used to determine whether any of the suspicious
observations are to be re-accepted. For details on the current quality control consult
Pfaendtner et al. (1995). Dee and Trenholme (1996) discusses future plans for DAQ’s
QC system.

Table 1: List of mandatory data attributes for a post-analysis ODS file. See da Silva and
Redder (1995) for description of attributes.

Variable

name Description Units
kt Data type index
kx Data source index
ks Sounding index
km Metadata index
lat Latitude degrees north
lon Longitude degrees east
level Level or channel hPa/none
Julian Julian day
time Time stamp minutes
obs Observation value depends on kt

gc_flag Quality control flag
mod_flag Modification flag

omf Observation minus 6h forecast depends on kt
oma Observation minus analysis depends on kt
s1g0 Observation error standard deviation depends on kt
sigF Forecast error standard deviation depends on kt

D.3 The Observation Data Stream (ODS)

Useful by-products of the assimilation system are the innovations (O-F) and the
differences between the observation and the analysis (O-A), along with the quality
control marks assigned by GEOS/DAS. In order to provide easy access to all relevant
information about observations during its life-cycle, a new Observation Data Stream
file format has been designed (da Silva and Redder 1995). These HDF compliant
files are intended to serve as input and output for GEOS/DAS, and unify the old
REPACK and del-files used at DAO.

Table 1 lists all the attributes available for each observation stored on a (post-analysis)
ODS file. The data type index kt identifies the observed quantity (wind, temperature,
etc.) while the data source index kz identifies the instrument (radiosonde, aircraft,

32



etc.). Of particular relevance for the monitoring system are the QC and modification
flags:

Quality control flag (gc-flag). This flag contains the result of the several quality
control tests performed on the observation. A list of these tests is given in
Table 2; see Pfaendtner et al. (1995) and Lamich et al. (1996) for additional
information on the GEOS-1/DAS quality control and data pre-processing pro-
cedures. This flag is currently stored on the ODS file using 2 bytes, with bitwise
encoding of the result of the several quality control tests performed. For most
tests, a “0” means that the observation passed the test OR that the test has
not been performed; a bit of value “1” means that the observation failed the
test. For some tests, e.g., the off-line subjective test, the observation can fail
(bit values 11), pass (bit values 00), or be marked as suspicious (bit values 01).
The off-line tests listed in Table 2 are performed prior to the assimilation cy-
cle, at the “REPACK?” level. The on-line tests are those performed inside the
GEOS Data Assimilation System and for the most part make use of the model
first guess (currently, a 6 hour forecast). For a summary of these QC tests see

Appendix D of da Silva and Redder (1995).

Table 2: Conventions for the quality control flag (gc_flag). See text for details.

Bit Position Test Description Possible Values
1 Off-line gross limit check Oorl
2 Off-line climatological check Oorl
3 Off-line hydrostatic check Oorl
4 Off-line sea level pressure check Oor1l
3 Off-line integrity test Oor1l
6 Off-line black-list mark Oor1l
7-8 Off-line Complex QC test 00 or 01 or 11
9-10 Off-line subjective test 00 or 01 or 11
11 On-line gross limit check Oor1l
12 On-line buddy check Oorl
13 On-line final QC decision Oor1l
14 On-line passive data type mark Oorl
15-16 Bits currently not used 00

Modification flag (mod_flag). In addition to simple pass/fail tests, both on- and
off-line quality control systems can alter the value of an observation to remove
known biases, correct for transmission errors, or simply to combine several ob-
servations into a single, “average” super-observation. Other observations, such
as dew-point temperature, are derived from reported quantities. The mod_flag
attribute keeps a record of the changes made to the observations during the
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assimilation process. This flag is stored using 1 byte, with bitwise encoding of
the different modifying processes (Table 3).

Table 3: Conventions for the modification flag (mod_flag). See text for details.

Bit Position Description Possible Values
1 Observation is a super-ob Oor1
7 Observation modified by Complex QC system Oor 1
3 Bias correction applied Oor 1l
4 Derived data type Oorl
5-8 Bits currently not used 0000
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AM-1
ACQC
cQC
DOLMS
DAO
DAS
EOS
FTP
GCM
GEOS-1 DAS
GLA
IAU
NASA
NCEP
NESDIS

ODS

Ol

ODS
0O-A
O-F
PBL
PSAS
QC
REPACK
TIROS
TOVS
TOVS A
TOVS B
TOVS C
UNPACK
WMO

List of Acronyms

Antemeridiem 1 (an EOS platform)

Aircraft Complex Quality Control

Complex Quality Control

DAO On-Line Monitoring System

Data Assimilation Office

Data Assimilation System

Earth Observing System

File Transfer Protocol

General Circulation Model

Goddard EOS-Version 1 Data Assimilation System

Goddard Laboratory for Atmospheres

Incremental Analysis Update

National Aeronautics and Space Administration

National Centers for Environmental Predictions

National Environmental Satellite, Data, and
Information Service

Observational Data Stream (file format)

Optimal Interpolation

Observational Metadata Stream (file format)

Observation minus Analysis Residual

Observation minus Forecast Residual (innovation)

Planetary Boundary Layer

Physical-space Statistical Analysis System

Quality Control

Data pre-processing system for GEOS-1 DAS

Television Infrared Observing Satellite

TIROS Operational Vertical Sounder

TOVS clear sky retrieval

TOVS partly cloudy sky retrieval

TOVS cloudy sky retrieval

Internal file format for GEOS-1 DAS

World Meteorological Organization

35



References

Bloom, S.S., L.L. Takacs, A. M. da Silva, and D. Ledvina, 1996: Data Assimilation
Using Incremental Analysis Updates. Mon. Wea. Rev., 124, 1256-1271.

Collins, W. G. and L. S. Gandin, 1990: Comprehensive hydrostatic quality control
at the National Meteorological Center. Mon. Wea. Rev., 18, 2754-2767.

Dee, D. and A. Trenholme, 1996: GEOS/DAS QC Strategy Document, DAO Office
Note 96-15, Data Assimilation Office, Goddard Space Flight Center, Greenbelt,
MD 20771.

Dee, D., C. Redder and A. da Silva, 1996: Off-line tuning of forecast and observation
error covariance parameters. DAO Office Note 96-2¢.. Data Assimilation Office,
Goddard Space Flight Center, Greenbelt, MD 20771. In preparation.

Hollingsworth, A. and P. Lonnberg, 1989: The verification of objective analyses:
diagnostics of analysis system performance, Meteorol. Atmos. Phys., 40, 3-27.

Julian, P. R., 1991: RADCOR91: The new radiosonde radiation error correction
procedure. Office Note No. 374. National Meteorological Center, Washington,
DC.

Lamich, D., M. Hall, Y. Kondratyeva, R. Govindaraju and E. Hartnett, 1996: Docu-
mentation of Observational Data Preparation for the Goddard Earth Observing
System (GEOS) Data Assimilation System. NASA Tech. Memorandum 104606,
mn preparation.

Pfaendtner, J., S. Bloom, D. Lamich, M. Seablom, M. Sienkiewicz, J. Stobie, A.
da Silva, 1995: Documentation of the Goddard Earth Observing System (GEOS)
Data Assimilation System—Version 1. NASA Tech. Memo. No. 104606, Vol. 4,
Goddard Space Flight Center, Greenbelt, MD 20771. Available electronically on
the World Wide Web as ftp://dao.gsfc.nasa.gov/pub/tech memos/volume 4.ps.Z

Schubert, S.D., R. B. Rood, and J. Pfaendtner, 1993: An assimilated data set for
earth science applications. Bul. Amer. Meteor. Soc., 74, 2331-2342.

Schubert, S., C.-K. Park, Chung-Yu Wu, W. Higgins, Y. Kondratyeva, A. Molod,
L. Tkacs, M. Seablom, and R. Rood, 1995a: A Multiyear Assimilation with the
GEOS-1 System: Overview and Results. NASA Tech. Memo. 104606, Vol. 6.
Goddard Space Flight Center, Greenbelt, MD 20771.

Schubert, S. D. and R. Rood, 1995b: Proceedings of the Workshop on the GEOS-1
Five-Year Assimilation. NASA Tech. Memo. 104606, Vol. 7, Goddard Space
Flight Center, Greenbelt, MD 20771.

36



Schubert, S. D., 1996: DAOQO’s Quality Assessment Team: Definition and Planing
Document. DAQ Office Note 96-97.. Data Assimilation Office, Goddard Space
Flight Center, Greenbelt, MD 20771. In preparation.

da Silva, A. and C. Redder, 1995: Documentation of the GEOS/DAS Observation
Data Stream (ODS) Version 1.0. DAO Office Note 95-01.. Data Assimilation
Office, Goddard Space Flight Center, Greenbelt, MD 20771.

da Silva, A., J. Pfaendtner, J. Guo, M. Sienkiewicz and S. E. Cohn, 1995: Assess-
ing the Effects of Data Selection with DAQ’s Physical-space Statistical Analy-

sis System. International Symposium on Assimilation of Observations, Tokyo,
Japan, 133-17 March 1995, 273-278.

Stobie, J, 1996: Data Assimilation Computing and Mass Storage Requirements for
1998. DAO Office Note 96-16.. Data Assimilation Office, Goddard Space Flight
Center, Greenbelt, MD 20771.

Suarez, M.J. and Takacs, L.L., 1995: Documentation of the Aries-GEOS Dynamical
Core: Version 2. NASA Tech. Memo. No. 104606, volume 5, Goddard Space
Flight Center, Greenbelt, MD 20771.

Takacs, L.L., A. Molod, and T. Wang, 1994: Documentation of the Goddard Earth
Observing System (GEOS) General Circulation Model-Version 1. NASA Tech.
Memo. No. 104606, volume 1, Goddard Space Flight Center, Greenbelt, MD
20771.

NOTES:

1. The NASA Tech Memoranda listed above are available by anonymous ftp from
ftp://dao.gsfc.nasa.gov/pub/tech_memos
2. DAO Office Notes listed above are available by anonymous ftp from

ftp://dao.gsfc.nasa.gov/pub/office_notes
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