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LONG-TERM GOALS :

Remotely-sensed observations froatedlites hold greapromise for providing a ealth of high-
temporal and spatial resolution data, particularly over the oceans. However, it has been very difficult
for numercal weather prediction systems to show consistent, positivecast inprovement
attributable to satellite retrievals obtained in tbewentional manner. By developitgchniques for

the direct assimilation of the satellite measured radiancesprbijisct will lay thefoundation for
improved three- and fourtdensional data assimilation systenfier global and mesasle
applications. These systems mayrie at opeational central-sitéorecast centers gun on-scene to
provide opeational mission support.

OBJECTIVES:

The objective of this task is to develop variational datamglafon techniques for improving the
impact of satlite data on numerical weather prediction systems. Variational technjoesle a
means to utilize values that are noedity reflected by the tradition&brecast model parameters. In
the case of satellite data, variational haets allow for the dect use of the measured radiances, rather
than the derived temperature and moisture soundinggellit® radiances are a challenge to use
correctly, and there are many quality control (QC) issues that are unique to edlith satesor.
Efforts at NRL wil concentate on the DMSP microwave sensors, singe-DoD research efforts are
focusing on the civilian sensors. Optimal use of these até slurces should reduce the errors in the
analyses that provide initial conditions fordoast models and tactical decision aids, as welf@asde
valuable information to the fecasters in the field.

APPROACH:

The use of remotely sensed observations is hampered by several funddimgatans. First, the
guantity measured is usually not the quantity needed by the forecast mod®id,Skere is typically

not a one-to-one relationship between what is observed and the derived value. For the example of
satellite temperature soundings, the radiance measured in a gacrakphannel is emitteilom a

broad vertical region of the atmosphere rather than a specific pressure level. Consequently, the
inverse or retrieval problem becomes formallyosed, and essentially an infinite number of
temperature profiles are possible from a given set of radiance measurements. In order to constrain the
solution, prior information must be specified. For temperature and moisture soundings, the final
solution is strongly dependent upon the prior information , and is highly nonlinear for moisture.
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To reduce the errors introduced by the retrieval process, it is possible to use variationlakiass
methods, which are soundly based on optimal nonlinear estimation theoryinibassshe radiances
directly. Roper use of the radiances in this manner is a difficult problem requiring knowledge of
remote sensing and data ias&tion mehods. This approach requires accurateforward radiative
transfer model appro@miefor microwave instruments, extensivatd quality control techniquésr the
radiance measurements, and accurate specification ofrtirecharncteristics of the observations and
background that are used to constrain the guess (including error correlations).

With variational algorithms, a penalty function is minimized with eesgo control variables which
describe the atmospheric state to be analyzed. The pémadtyon measures the fit of the maximum
likelihood estinate of the atmospheric state to the observations and roaickiy(a priori) information.

This approach requires contption of radiances computédm the foecast model variables using a
forward radiative transfer model. The first step éachingour goal is to develop a one-dimensional
variational analysis (1DVAR) to assieie sathite radiance data. The simpler, one-dimensional
approach is ideal for developing the fundamental understanding of the problem. The most important
aspects of th@roblem, such as development and validation of the forward radiative transfer model,
quality control, bias correction algorithms and specification of thver ecovariances, can all be
developed in the one-dimensional context, using easily availabletatoksresurces.

The 1DVAR algorithm also produces vertical profiles of temperature and humidity eceefie
conventionally produced retrievals. With 1DVAR, the background or a priori information comes from
the six-hour foecastfrom the Navy’s operational fecast models. This badkgind typically contains
more information about the currentate of the atmosphere than the a priafoimation used to
produce conventional retrievals, and thus constraingdl4pesed problem étter. Another irmportant
component of 1DVAR algorithms and some retrieval methods is the sp#ioffi of the backgund

error covariance. Itis much easier to eatmnthis eror covariance for the fecast model backgund

than it is for first guess derived from averaged caited rawingndes or limatology. Finally, 1DVAR
improves upon conventional retrievalsdause of its self-contained,afgus quality control.

Together with better quality control algorithms, 1DVARvides near-term deliverables which can be
readily included into the current Multivate Optimum Intgoolation (MVOI) analysis. These two
deliverables are expected toprove the foecast model in thehsrt term, although most of the
improvement is not exgeted until the full three-dimensional ms$ation of radiances is implemented.
The 1DVAR will be used as a radiance qprecessor for the three-dimensional variational (3DVAR)
analysis that is being developed concurrently at NRL as aceplentor the MVOI.

Variational methods are also being developed tamidsse sathite retrieved parameters (such as
SSM/I total column water \@or) that are not dactly related to the model state variables. In this
example, the link between radiances and the retrieved quantities is weakly nonlinear and not strongly
dependent upon the prior information. Thereforaepalsgion of the retrieved quantity will be close to
optimal.

WORK COMPLETED :

Most of the necessary components f@VAR have been conieted, including the minimization
algorithms, extraction of the bleground from the model outpuetfds, and validation mbebds. The



civilian infrared sensor VS was used as proxy uril data communicationprodems between
FNMOC and NESDIS (Htional Environmental Satellite Dataformation Services) were resolved.
Based on 1DVAR analysis of TOVS, it wastdrmined that partial eigenvector decomposition would
be the most efficient miedd to agsnilate radiances in BVAR; this capabity has been added to
NRL's developmentalBVAR sydem. The ability to analyze integrated retrieved quantities such as
DMSP SSM/I or SSM/T-2 tal precipitable water has also been added ¥AR. Validation
methods were developed atiow for verification/comparison of eitheDVAR retrievals or NESDIS
operational retrieved soundings. Retrievals may be compared ag#imst the global model
forecast, the analysis, or co-located observations such asaraidemperature and humidity or
SSM/I integated water vipor. The development of an apprape forward radative transfer model
for the DMSP instruments imnderway. This effort il leverage existingorward models ofained

for SSM/T-1 and SSM/T-2 from NESDIS (OPTRAN) and adapt thenDfMEP sensors.

RESULTS:

Preliminary results indate that the microwave DMSP instruments sippamise for providing useful
information for cta assnilation and numerical eather predictin. This is particularly true for cloudy

areas over the ocearsr the following reasons. The microwave portion of thecebmagnetic
spectrum used for microwave temperature and humiditylipgpis much less aéfcted by abuds than

the infrared portion of the sptrum used by the civilian sems TOVS. Therefore, we might eapt that

the microwave DMSP instruments wilovide ketter hformation in those regions. In addition, the
microwave surface emissivity is anportant input paragterfor microwave remote sensing. Since the
variations in surface emissivity over water are small and the emissivity easier to estimate, retrievals
over open oceans tend to be of higher quality. Evaluation of retrieved quantities indicate much larger
errors over land, ice and snow. We antatgthat rigrous quality control and observation screening
algorithms will need to be developéat these sensors.

Variational assimilation mbabds use a short-term grastirom the NWP model as the background or
first guess. It is crucial that the forecast modebrecorrelations of temperature and humidity are
correctly specified. Using a nteid of transforming independent variables, new correlation functions
have been derived that are simple to compute yet provide a closer fit taatdehdn mdiods
currently in use. These new correlation functions led to an improved agreement between 1DVAR
retrievals and rawinsondes.

IMPACT

This research should lead to a meaningful improvement in the quality of the atmospheric analyses and a
more consistent performance from theefmast models as a result of theioved assilation of the
abundant atellite information. Improvements in numerical prediction systems #t@n&d inproved

mission support and cost savings for the Navy.

TRANSITIONS: :

The systems being developed are primarily designed to run at a central siteeéteNEmerical
Meteorology and @eanography Center. They are also caateisfor other apptations such as the on-
scene systems being developed by the Navy. The prototype version for TOVS radiance using one-



dimensional variational methods to produce retrievals was transitioned to 6.4 and is being tested with
the operational NOGAPS system.

RELATED PROJECTS:

PE 0602435N (BtaAssimilation and QualityControl for Shipboard Analysis/ Prediction System) and
PE 0603207N (VariationaAssimilation and Physical Initializatin) are closely rated projects to
develop data assilation systemgor shipboard and central-site useFAtMOC.
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