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DATA ASSIMILATION IN MODELING OCEAN PROCESSES:
A BIBLIOGRAPHIC STUDY
By

R. Mahadevan, A. A Fernandes and A K. Saran

ABSTRACT

An annotated bibliography on studies related to data assimilation in modeling ocean
processes has been prepared. The bibliography listed here is not comprehensive and
is not prepared from the original references. Information obtainable from the Aquatic
Sciences and Fisheries abstracts (ASFA) database using the Silver Platter Information
Retrieval Software (SPIRS) is presented in this report. Facilities made available over
the intranet by NIO Library were used.

The available publications are classified and listed under the following titles:
Data assimilation in, :
Global scale models
Ocean scale models
Quasi-geostrophic models
Small scale flow models
Ocean ecological models
Satellite derived data assimilation
Wave data assimilation and
Other related studies



DATA ASSIMILATION IN MODELING OCEAN PROCESSES:
A BIBLIOGRAPHIC STUDY
By

R. Mahadevan, A. A. Fernandes and A K. Saran

INTRODUCTION

An annotated bibliography on studies related to data assimilation in modeling ocean
processes has been prepared. The bibliography listed here is not comprehensive and
is not prepared from the original references. Information obtainable from the Aquatic
Sciences and Fisheries abstracts (ASFA) database using the Silver Platter Information
Retnieval Software (SPIRS) is presented in this report. Facilities made available over
the intranet by NIO Library were used.

This study confines itself to the progress made in this area since 1982 up to
September 2000. The review of literature revealed that nearly 51% of them are from
investigations carried out in universities and national research laboratories (more than
15 in each) in USA. Some (ten) of these universities and laboratories (not all) are
listed in the Table 1 &2.

The following seven developed countries (Russia, Canada, Germany, Netherlands,
France, UK, Australia) have more than 10 publications each (totaling to = 36%),
whereas publications from the countries like Japan, Korea, China and India forms
only 6% of the total number. There were three publications from India.

Table 3 gives the number of papers published year-wise.

The available publications are classified and listed under the following titles:
Data assimilation in,

Global scale models 35
Ocean scale models 68
Quasi-geostrophic models 24
Small scale flow models 40
Ocean ecological models 22
Satellite derived data assimilation 38
Wave data assimilation and 23
Other related studies 65

The numbers in the above list indicate the number of entries under each title. It may
be mentioned that large computing facilities are required to handle data assimilation
in Global scale models, Ocean scale modcls and Quasi-geostrophic models.



Table 1 Universities in USA working on data assimilation in Qceanography.

1. Harvard University

2. Princeton University

3. Massachusetts Institute of Technology
4. University of Maryland

5. Columbia University

6. - California University, Los Angeles

7. Oregon State University

8. Woods Hole Institute of Oceanography
9. Scripps Institute of Oceanography

10. University of Miami

Table 2. National Laboratories in USA engaged in data assimilation
in oceanography.

NASA Goddard Space Flight Cent.

Natl. Cent. Atmos. Res., Boulder, CO, USA

Naval Research Lab., Washington

Naval Oceanographic and Atmospheric Research, Stennis Space Cent., MS, USA
Natl. Cent. for Environmental Protection

Natl. Severe Storms Lab., Norman, OK, USA

NOAA, Natl. Weather Serv., Silver Spring, MD 20910, USA

Natl. Weather Service, Washington, DC 20233, USA

Atlantic Oceanogr. & Meteorol, Lab, NOAA, Miami

0 Fleet Numerical Meteorol. & Oceanogr. Cent., Montery

SOPNA LB WD~

Table 3. Year-wise publications on data assimilation studies in oceanography.

No. of No. of
Year Publications Year Publications
inone | in five in one | in five
year | years year years
1981 0 1991 26
1982 1 1992 22
1983 0 4 1993 22 140
1684 2 1994 31
1985 1 1995 39
1986 8 1996 24
1987 10 1997 37
1988 3 75 1998 55 154
1989 35 11999 36
1990 12 2000 2




Abbreviations used in the bibliography

AF:  Author's affiliation

AU: Author's Name

AB:  Abstract

CO:  Conference Information
PY: Publication Year

SO: Source of Publication
TI.  Title of the paper
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MARINE ECOSYSTEM MODEL -

ASFA 1888-1566 13 of 372
TI: Abundance distribution »of larval cod ({Gadus morhua) and
zooplankiton in a gyre-like water mass on the Scotian Shelf
AU:  Taggart,-C.T.; Thompson,-K.R.; Maillet,-G.L.; Lochmann,-35.E.;
riffin,-D.A.
SO: FROCEEDINGS-OF -AN-INTERNATIONAL-WORKSHOP: -SURVIVAL~-STRATEGIES~IN~
EARLY-LIFE-STAGES-OF-MARINE-RESOURCES. Watanabe,-Yoshiro;Yamashita, -
Yoh;Oozekl, ~Yoshiokl-eds. BROOKFIELD,-VT-USA A.A.-BALKEMA-PUBLISHERS
1084 pp. 125-174, PY: 1996

T)

AB: Ichthycplankton and hydrographic surveys of Western Bank on the
outer Scotian Shelf were completed in November 1%92 as part of
study of the szarly 1life history of cod (Gaduz morhua) in the Ccoea
Production Enhancement Programme (GPEN). We ted and tracked a
well-mixed, gyre-liks, water mass and an ass t 4 front nsar the
crest of Western Bank during the survey and used z data assimilation
model to track the water mass and sample a cchort of larval cod
resident in the water mass for a 20 day pericd.
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ASFA 1958-19%5%6 18 of 373
TI: Time series sampling and data assimilation in a simple marine
ecosystem model

Ali: Lawson,-L.M.; Hofmann,-E.E.; Spitz,-Y_H.

S0: DEEP-SEA-RES.-2-TOP.-STUD.-OCEANOGR. 1996 wol. 43, no. 2-3, pp.
G2h-651

NT: Special issue: OQcean time-series: Results from the Hawall and
Bermuda research programs, PY: 19296

B: Stimulated distributions of nutrients, phytoplankton  and
zooplankton were obtained from a sim lﬁ marine ecosystem model that

e

included nutrient inputs from episc d events. These distributions
ware then used in numerical identlcal twin experiments to test the
akility of an adjoint data assimilation method to recover rate
parameters, such as population growth and death rates, component
initial conditions, and the amplitude ©f eplsodic events. Data wers
aszimilated intoc the marine scosystem model at monthly, bi-weskly and
weekly intervals over a period of about Z months. The ability to
racover rate parameters and cowponent  initial conditions  was
determined primarily by the fregquency and type of data that were
assimilated. Assimilaticn of data at monthly intervals proved to he
auﬁgJate for recovery of most cof the rate parameters and some of the
i conditicns. Bi-weekly data yielded better recoverles;
increasing the data availability to weekly intervals did not
significantly improve the results relative to the bi-weekly cages.
The ability to rscover biclogical rates with only monthly data
suggests that these are fundamental aspects of marine ecesystems and
can be resolved with only a few measurements. The avallability of
zooplankton informaticn, even at a reduced frequency relative to
phytopiankton or mutrient information, improved the ability to
yecover rate parameters with data more widely spaced in tine.
Recovery ¥  component initial  conditions was related to  the
timescales of the biological processes; faster processes reguired
more frequent data. The recovery of the amplitude of the episodic
events was related to the timing of the sampling relative to the
event, rather than to the freguency at which data were available. The
number of iterations needed for convergence when using data




assimilation with the marine ecosystem model was dependent not only
on the freguency and type of the input data series, but also on the
structure of the marine ecosystem moedel. These results have
implications for designing sampling strategies for measurement
programs, such as the U.Z. Joint Global Ocsan Flux Study Hawaii Ocean
Time-series and Bermuda Atlantic Time-series sites, so Lhat these
multidisciplinary data sets can be used with data-assimilative marine
ecosystem models.

ASFA 1988-199% 24 of 373
TI: Gulf of Gdansk spring kloom physical, bio-optical, biclogical
modelling and contact data assimilation
All: Semovsiki,-5.V.; Wozniak,-B.; Hapter,-R.; Staskiewicz,-A.
50: THE-COASTAL-OCEAN-IN-A-GLOBAL-CHANGE-PERSPECTIVE. Dienidi,-5.-ed.
18%¢ vol. 7, no. 2-4 pp. 145-15%, PY: 18%6

AB: TIn this =tudy we propose a model of phytoplankton population
dynamics in the marine ecosystem, which includes physical, biological
and big-optical parts. As an example we simulate the abnormal 1293
Gulf of Gdansk spring bloom, when extremely high chlorophyll
concentrations were cobserved. For the one-dimensional model we use
two different methods of contact chlerophvll cohservation assimilation
to fit a model of "in situ"™ data. The results are compared with two-
dimenzional ecosyztem modelling based on a barctropic model of wind-
driven circulation without assimilatiomn.

ASFA 1948-1%%6 26 of 373
TIi: Model of the annual phytoplankton cycle in the marine ecosystem-—
assimilation of monthly satellite chlorophyli date for the Harth
Atlantic and Baltic
AU: Semovskl,-S.V.; Wozniak, -BE.
S0: OCEANOLOGIA-OCEANCLOGY 1995 vol. 37, no. 1, pp. 3-31, PY: 1993%

AB: An annual cycle model for the phytoplankton-zooplankton-nutrients
ecosystem 1s  presented for the North Atlantic and Baltic Sea.
Satellite-derived surface chlorophyll data assimilaticn in  the
ecocsystem model are discussed, and a number of methods of fitting
model dynamics to ths data are proposed. Statistical analysis of
gimulation results yislds the main types of annual chlorophyll and
primary producticn variabkility.

ASFA 1588-192¢ 31 of 373
TI: Regicnal scale dynamical modelling of -biogecchemical processes
AU: Robinson,-A.R.; McKay, -G.
CA: Harvard Univ., Cambridge, MA (USA). Div. of Applied Sciences
50: 1980 21 pp, NT: NTIS Order No: AD-A240 115/6/GAR., PY: 1990
AB: This project involved the design and development of 3D regional
biogenchemical meodels. The hkiogeochemical models were designed for
attachment to the Harvard Rierarchy of models, including the surface
boundary layer (3BL) compcnent of the open ocean baroclinic eddy
resclving quasigeostrophic (GG) model, or its coastal extensions, and
the open boundary primitive eguation (PE) model with hybrid vertisal
coordinates. Selection of these physical models is motivated by the
interest to study the time evolution of biogeochemical components
with realif¥tic physical fields, as they all have data assimilation
schemes assoclated. The approach taken in this model design was first
to  construct simplified models with a minimal number af
biogeochenical components, and then step-by-step te introduce further
conmponents and detailed intercomponent interactions. These
simplifications allow focused research on important bioclogical



nechanisms in the presence of realistic physical fields. Construction
of regional biogeochemical models with data assimilation schemes will
provide a unique tool to determine processes and sensitivities
operative in the real ocean and te facilitate efficient experimental
design and model validation. The simplest biogesochemical model of
interest 1is of the nitrogern cycle. During this centrast we
constructed two models with two different compartmentalizations of
the nitrogen components. (DBG)

ASFA 1988-199¢ 116 of 373
TI: Primary production at 47 degree W and 20 degree W in the North
Atlantic ©Ocean: A compariscon between the super (14)C incubation

method and the mixed layer carbon budqet

All: Chipman,-D.W.; Marra,-J.; Takahashi,-

S0: JGOFS: —THE-NORTH-ATLANTIC- BLOOM EXPERIMENT. Ducklow, -
H.W, ;Harris,~R.P.-eds. 1993 vol. 40, no. 1-2 pp. 151-169, FPY: 1993

AB: Primary production in the cceans has been estimated mainly on the
basis of in vitro incubation measurements. An implicit assumption is
that the growth rate of phytoplankton observed in vitro represents
that occurring in the freely circulating water of the suphotic zone.
We have tested thiz assumption at 47 degres N-20 degree W in the
eastern North Atlantic Ccean during the initial stages of a spring
phytoplanktcon bloom.. The daily primary production was measured by
means of The super{l14}C assimilation method, in which the incubation
bottles were suspended in the ocean from down to dusk daily (about 14

hj. The mean daily carbon assimilation rate in the photic zone and in
the mized layer was 107 plus or minus 23 and 84 plus or minus 18
mmol C/mosuper(2)/day (where day* = 14 daylight hours), respsctively,

during the 1Z-day period between 26 Aprii amd 7 May 19%8%. The mixed
layer carbon assimilation data are found to be consistent with the in
situ €0 sub{2) utilization rate of 82 plus or minus 17 mmel O/m
super (2)/day* estimated on the basis of the thickness of surface
mixed layer, the C£O sub{2) concentraticn in 1it, and the air-sea 0O
sub{z} flur. We conclude that primary production in the open ocsan
appears to be well represented by the in vitro measurements, if the
samples  are incubated under the 1in situ light and temperaturs
conditions. The mean daily reduction rate of the total CO sub(2)
concentration observed in the mixed layer over the 1Z-day period is
2.2 mu nol/kg/day, about 75% of the rate, 3.1 mu mol/kg/day*,
expected from the rate of primarvy production. About B8.5% of this

difference 1is explained by the atmospheric ©O sub{2) flux, and the
remaininq 16.5%% may be attributed to the respiration and ths influx
of C0 sub{2)-rich waters from the mixed layer.

ASFA 1588-195%6 il of 373
Ti: Coupling of Coastal Zone Color Scanner data to a physical-
biological model of fhe southeaztern  U.3. ntinental shelf
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All: Ishizaka,-J

$0: J.-GEQPHYS.-RES.-C-OCEANS. 1990. vol. 95, no. €11, pp. 20201-212,
PY: 1880

AB:; Phytoplankton and nutrient fluxes across the 40— and 7%-m
isobaths atg a nominal depth of 17 m were calculated from the
distributions obtained with a physical-bioclogical model of SE U.5.

continental shelf  ecosystem. These flux  estimates represent
integrated values over a 200-km region of SE U.S5. continental shelf
and cover the period of Apr 1980. Phytoplankton/nutrient fluxes
showed considerable variability with time; however, the fluxes across
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the 40-m iscobath were primarily onshore while the fluxes across the
75-m isobath were primarily offshore. Fluctuations in nutrient flux
waere associated with the passage of Gulf Stream frontal eddy events.
Chlorophyll distributicns obtained from 9 Ceoastal Zone®Color Scahner
{CZCS) images from Apr 1980 were assimilated into the physical-
biological model to improve the phytoplankton flux estimates. 3
Techniques were tested for CZCS5 data assimilation into physical-
biclogical models, all of which gave stakle model results.
Assimilation of CZCS chlorophyll into the physical-biclogical model
significantly improved the predictive capability of the mcdel fer
phytoplankton distributions and associated phytoplankton fluxes.
However, 1t 1z difficult to determine if the accuracy of othex
components o©of the model, such as the nutrient fields, 1is also
improved by the assimilaticon of CZCS data.

ASFA 1997-2000/09 183 of 373
Ti: Cptical monitoring and forecasting systems for harmful algal
blooms: Fossibility or pipe dream
All:  schofield,-0.; Grzymski,-J.; Bissett,-W.P.; Kirkpatrick,-G.J.:
Millie,-D.F.; Moline,-M.; Roesler,-C.5.
20: Journal-of-Fhycology [J-Phycoll 192%2 vol. 35, no. &, Suppl., pp.
1477-14094, PY: 1999

: Monitoring programs for harmful algal blooms (HABs) are currently
active and provide little or no means for advance warning. Given
this, the development of algal forecasting systems would ke of great
se because they could guide traditional monitoring programs and
rovide a proactive means for responding to HABs. Forecasting systems
will require  near real-time observational capabilities and
hydrodynamic/biclogical models designed to run in the forecast mode.
These  observatiocnal networks must detect  and forecast owver
ecologically relevant spatial/temporal scales. One sclution 1s to
incorporate a multiplatform optical apprcoach utilizing remote sensing
and 1in situ moored ftechnologies. Recent advances in instrumentation
and data-assimilative modeling may provide the componsnts necessary
for building an algal forecasting system. This review will outline
the utility and hurdles of optical approaches in HABR detection and
monitoring. In all the approaches, the desired HAB information must
be isolated and extracted from the measured bulk optical signals.
Examples of strengths and weaknesses of the current approaches to
deconvolve the bulk optical properties are illustrated. After the
phytoplankton signal has been isolated, specles-recognition
algorithmz will be reguired, and we demonstirate one approach
developed for Gymnodinium breve Davis. Pattern-recognition algorithms
will be species-specific, reflecting the acclimation state of the HAB
species of interest. Field data will provide inputs to optically
based ecosvstem mcdels, which are fused to the observational networks
through data-asszimilation methods. Potential mnmodel structure and
data-assimilation methods are reviewsd.

ASFA 1987-2000/09 201 of 373
TI: The integration of remotely sensed, seatruth and modelled data in
the investigation of mesoscale features 1in the Baltic <oastal
rhytoplankton field
AU: Semovski,—-S.V.; Dowell, -M.D.; Hapter,-R.; Szczucka, -J.;
BeszozynskgMosller, -A.; Darecki,-M.

80: Intertidtional-Journal-of-Remote-Sensing [Int-J-Remote-Sens] 19995
vol. 20, no. 7, pp. 1265-1287, PY: 19995

AB: Specific features observed in the Baltic &woastal phyLoplankton
field are dinvestigated in this work. The features are initially



described by the means of Coastal Zonse Color Scanner (CZCS8) level-3
imagery processed within the Ocean Colour FEuropeang Archive Network
{OCEAN) Project and indexed for the Baltic region. The observations
made are further supported by other remctely sensed data, namely
Advanced Very High Resolution Radiometer (AVHRR) data where channsl 1
is used as an indicator of turbidity and chanrnel 4 is used as an
indicator of thermal structure. Furthermore, to describe the three-
dimensional ecosystem structure of the features, modelling and =a
database of in situ hydrolegical, hydro-optical an accoustical
observations are included in the investigation. A full dynamic
ccosystem description can be achieved from remctely sensed and sea
truth data assimilation by integrating them with a coupled

ecodynamics-hydredynanics model. Here a simple three-component
phytoplankton-zooplankton-nutrisnts population dynamics model with a
high resolution bio-optical block is coupled with the model of

tical mixing and a model of wind-driven currents. The model iz
used for experiments with CEZCS5  and seatruth chlorophyll data
assimilation. The resulting models of the effects of mesoscale
features {(a local upwelling and a river front) on local ecodynanics
wore constructed along sections of the study area.

vart:

ASFA 1997-2000/05 211 of 373
TI: Coastal bays to coral reefs: Systems use of sclentific data
visualisation in reef fishery management
AU: Ault,-J.5.; Jiangang-Luo
Cor Counc. Meet. of the Int. Counc. for the Exploration of the Zsa,
Cascais {Portugal), 16-13% Sep 15585
$0: Copenhagen-Denmark ICES 1998 15 pp, RN: ICES-CM-1598/5:3
(ICESCMI098S83), FPY: 1948

o

AE: Contemporary focus con sustainable rescurce management requires
broadening the bases of fisheries assessment to encompass
understanding of ecosystem structure, function and dynamics, and hao
Liclogy and physics couple to affect spatial and temporal production
dynamics for multispecies communities. But such "pew" foci have
olaced many assessment scientists on overload because of gxplosive
technological growth and expanded sensor capabilities that produce &
plethora of real-time data streams. Data proliferation ceontinues to
produce hottlenecks 1n the management process due to persistent
limitaticns in  analysis and interpretation using traditional
assessment methods. To address these problems, we use scientific data
visualization in a gquantitative systems framework that integrates
sampling, data assimilation, visualization, statistics, and
mathematical modeling with modern fishery management theory to show
how wisualizaticn tools are effective for maximizing researcher
efficiency and conveying complex technical information about data and
wodels to decision makers. We focuz our analyses on a troplcal
multispecies coral reef fishery and develop spatial models of
miltistock dynamics that use a bioenergetic framework to explicitly
couple fish ontogenetic behavior with the blological-physical ocean
environment extending from coastal bays to coral reefs. We use these
models to determine the “spatial growth rate potential' of reef
fishes, and are now employing the concept as a strategic basis for
the design of marine protected areas in the Florida Keys National

7

Marine Sanctuary.

AS?E 1%97-2000/09 226 of 373
TI: A Bayesian approach to shellfish ecosystem modelling
AtJ: Dowd,-M.; Meyer,—-R.; Thacker,-W.C.
S0: National-shellfisheries-Association vol. 18, no. 1 308



AR: Limited ecosystem models provide a useful framework for
predicting shellfish growth and for addressing aquacugture concerns
related to stocking density and carrying capacity. S5uch models
predict the time evolution of that portion of the ecosystem directly
important  to shellfish growth and are coupled to circulatisn of
particle dispersion models. For practical or management purposes, it
is imperative that the uncertainty 3in the predictions of these
intrinsically nonlinear models be quantified. Towards this end, we
arque for a stochastic framework to predicting shellfish growth which
optimally combines observations and medels. Specifically, we offer a
Bayesian approach to data assimilation which is applicable to time-
dependent, nonlinear, and non-Gaussian ecosystem wodels. We focus on
the practical aspects of implementing the methodology and provide an
illustration based on a simple wodel describing bivalve growth in a
coastal inlet. Eztensive use is made of available software that takes
advantage of recent advances in Monte Carlc integration and provides
a computational environment suitable for the non-statistician. Cur
overall goal is to assess the promise {and pitfalis} of this Bayesian
approach to unifying statistical and mechanistic models in order ta
better describe and predict the dynamics of shellfish ecosystems.

™
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ASFA 1957-20060/09 23
1: Use of data assimilation technigques to analy
of ectoproteclytic activity measurements performed with the model
substrate MCA-Leu
AU: Lamy,-F.7 Bianchi,-M.; Van-wWambeke,-F.; Sempere,-R.;
S0: Mar Ecol-Prog-Ser 1999 wvol. 177, pp. 27-3%, FY: 1559

e
o 3
Z

Talbot,-V.

AR: Using data assimilation technigues, we teshed coherency between
different data sets of paramelers neasured during a biodegradation
experiment performed on natural seawater. Parameters were dissolved
organic carbon (DGTH, dissolved free amino acids {(DFAAY, bacterial
ticmass and ectoproteoiytic activity measured with the flucrogsnic
substrate L—leucine~4—methylfT—coumarinylamide {MCB-Leu) . The model,
which considers dissolved organic matter as 2 polymeric poeols (Mhl

very labile, MhZ semi-labile and th3 refractery}, was ussd Lo
jnvestigate consistency in the use of MCA- Leu to trace protein
hydrelysis. Three assimilations were performed: {1y the first
assimilation was on the set of data excluding the ectoprote lytic

o]

activity, {2} in the second assimilation, data from the MCA-Leu
technique were compared to the hydrolysis -rate of the labile pool of
proteins (Mhl) given by the model, and (3} the third assimilation was

ver formed  assuming that the measured proteclytic activity was
representative of the slow hydrolysis rate of the semi-labile pool
iMhzy. The short-term sampling fregquency permitted detectien of a

peak of DFAA during the first 50 h of experiment. However, in the
model, MCA-Leu measursments wWers not compatible with the inportant
fluxes of protein hydrolysis needed to reproduce this peak. MCA-Leu
hydrolysis rates appeared to e more coherent with the slow
hydrolysis rates of less labile organic matter (Mh2). We suggest that
the high concentraticn of proteins in our sample was responsible for
the induction of Tfast hydrolyzing enzymes which were not able to
hydrolyze MCA-Leu. The ¥ sub(max} per cell ratio being relatively
constant showed that MCA-Leu hydrolysis was likely to be due to
constitutive echoproteases. In +the biocdsgradation experiment,
proteoly%&c fluxes were due to a combination of inducible (hkigh
activity” with respect to the Mhl pool during a first phase} and
constitutive enzymes (lower activity with respect to rhe Mh2 pool,
second phase). The assimilation technique, applied to the model,
showed that the MCA-Leu poorly traced the hydreciysis of labile
proteins. :

i0



ASFA 19%7-2000/09 245 of 373
TI: Virtual population analysis with the adjoint method
AlJ: Huiskes,-M.J.

S0: Fishery-Stock-Assessment-Models Funk, -F.; Quinn II,-T.J.;
Heifetz,-J.; Tanelli,-J.H.; Powers,-J.E.; Schwelgert, -J.F.;
gullivan,-P.J.; Zhang,-C.-I. 5410-Grosvenor-Ln American-Fisheries-

Society no. 15 pp. 6£39-653
ST: Lowell-Wakefield-Fisheries-Symposium-Series- 1998 no. 15
EN: AK-SG-98-01 {(AKEGDEO01}

AR: In this paper we investigate an adjoint data assimilaticn
technique for fisheries data analysis. This technique is described
for general models and applied to the model underlying the well-known
virtual Population Analysis. It provides a systematic and efficient
procedure to obtain stock paramsters from a time series of catch-by-
age and effort data that can be extended in several directions as
desired. The procedure has been implemented in a C++ program which
performs well on data from the Pacific halibut fishery (Hippoglossus
stenolepis). Attention is also paid to the sensitivity of ths
estimated parameters to various sources of error.

e
rn

FA 1997-2000/09 247 of 373

T1: Data assimilation and a pelagic scosystem model: Parameterization
using time series observations

AU: Spit=z,-Y.H.; Moisan,-J.R.; Abbott,-M.R.; Richman,-J.G.; Dslhez, -
E.J.M.

So: Journal-of-Marine-Systems 1993 veol.l6, no.1-2, pp-51-68, PY: 1993

=

s
w1
[

AB: Variational adioint assimilation of time series chzervatioc
used to estimate the optimal parameters of & nitrogen-budget,
ccean, mixed-layer ecosystem model. Observations collected at t
Bermuda Atlantic Time-Series Study (BATS) site are taken as
example of a time series. A twin experiment using zimulated dat
the same type and frequency as the BATS observations first
demonstrates the adeguacy of the observations to estimate the model
parameters and model the ecosystem annual cycle. This experiment
further shows that some of the model parameters cannot be estimated
independently. This conclusion leads to a simplification of the model
and = redefinition of its parameters. Based upon the success of the
twin experiment to estimate all model parameters, an attempt to
sssimilate actual cbhservations from BATS was undertaken. The
assimilation of real data leads to the conclusion that, even though
the frequency and type of observations is adeguate to estimate the
model parameters, the considered model is not appropriate for the
anmual cycle of the BATS ecosystem.
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ASFA 19%7-2000/09 257 of 373
TI: Evaluating the synopticity of the U.S. Glchec Georges Bank broad-
scale sampling pattern with observational  system simulation
experiments
AU: McGillicuddy, D.; Lynch,-D.; Wiebe,-P.; Runge,-d.;: Gentleman, -W.:
Davis, -C.
20: Copenhagen-Demark ICES 8 pp, ST ICES-Council-Meeting-Papers
RN: ICES-CM-1987/T:20 (ICESCMI997TZ0)

AR: A set of cbservational system simulation experiments (OSSEs) have
been designed to gquantitatively measure the ability to reconstruct
spatial and temporal variations of populations on Georges Bank and
its environs with the broad-scale mapping strategy used in the Globec
program. The approach makes use of a model simulation which contains

11



realistic spatial and temporal fluctuations of adult Calanus females
observed during February and March 1995. The simulation 1is
constructed with a simple data assimilation procedure (nudging) which
i5 used to dynamically interpolate bhetween the 1Lwo broad-scale
surveys taken one month apart. This simulation is then subsamplsd in
space and time along a typical cruise track. These simulated data are
then objectively analyzed and the resulting maps compared with
"reality" as represented in the original simulation. Results from
this particular example indicate total error on the order of 20 %
which is comprised of roughly equal contributions from simple mapping
error and spatico-temporal smearing.

ASFA 1997-2000/09 260 of 2373
TI: an adjoint data assimilation approach to diagnesis of physical
and biological ceontrols on Pseudocalanus spp. in the Gulf of HMaine-
Georges Bank region
AU: Megillicuddy,-D.J.,Jr.; Lynch,-D.E.; Moors,-A.M.; Gentleman, -
W.o.:; Davis,-C.5.; Meise,-C.J.
30: Fisheries-Cceancgraphy [Fish-Oceanogr] 1998 vol. 7, no. 3-4, pp.
205-218, NT: GLOBEC special issus, PY: 1998

AB: The underlying scientific objective here is teo determine the
mechanisms that control seasonal variations in the abundance of
Pseudocalanus spp. in the Georges Bank-Gulf of Maine region. It is
postulated that the observed distributions result from the
interaction of the populaticn dynamics with the climatological
circulation. The problem is posed mathematically as a 2-D advecticon-
diffusion-reaction equation for a scalar variable. Given an initial
distribution of animals, we seek the population dynamics source term
R(x,y) such that integration of the forward model will result in
predicticons3 that wminimizée the sum of squares of differences with
cbserved concentrations at a later time. An adjoint data assimilation
technigque has been designed for these purposes. This approach has
been used to invert for the population dynamics associated with the
transition between bimonthly (i.e. for 2 months) c¢limatological
Pseudocalanus sSpP- distributions derived from MAR-MAP data.
'ertically averaged velocity and diffusivity fields diagnosed from
hydrodynamical simulations of the climatological flow are specifisd.
Solutions converge rapidly, and the procedure reduces the cost
function by an order of magnitude within 50 iteraticns. The resulting
population dynamics vary considerably in space and time, as does the
balance between local tendency, physical transport and biclogical
source terms. Generally speaking, the patterns in population dynamics
are not inconsistent with current Kknowledge concerning potential
controls such as predation and food limitation. Analysis of the
solutions indicates that the Psesudocalanus Spp. population centres
located in the western Gulf of Maine and on Georges Bank may be self-
sustaining, in contrast to prior studies which characterize the
farmer as a source region for the latter.

ASFA 16%7-2000/G3 262 of 373
TI: GOOS Planning Workshop for Living Marine Rescurces, prepared by
the Scientific Committee on Oceanic Research of ICSU for J-500S5.
Center for Marine Sclience and Technology, University of
Massachusetts, Dartmouth, 1-5 March 19396
50: Workst¥®p-Rep-Ioc Paris-France UNESCO 1998 no. 137, 63 pp
NT: Referrad to also as: GOOS Report WNo. 39, BRN: SC-98/WS/7
(SCO3WST7
PY: 1998
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AB: The Workshop was convened to initiate the scientific planning for
the Living Marine Resources-Global Ocean Observing System (LMR-GOOS)
module, building con the groundwork laid by the First Session of the
ad hoc Panel for the Monitoring and Assessment of Living Marine
Rescurcas, held in Costa Rica in December 1993, It considerad the
following: 1) the scope and cbjectives of the LMR module; Z2) the user
neads for IMR; 3) present and potential observational capabilities;
1) methods for modelling and data assimilation; %) implementation of
IMR; and, 6) capacity building. The scientific conclusions and
recommendations of the workshop are listed. The workshop specifically
recommended that J-G00S establish a Panel for IMR-GOOS and proposed
Terins of Reference for the Panel.

ASFZ 1997-2000/09 278 of 373
TI: Florida Keys National Marine Sanctuary: Retrospective (1973-1995}
reef fish assessment and a case for protected marine areas
Aij: Ault,-J.S.; Bohnsack,-J.A.; Meester,-G.A.

S0 Developing-and-sustaining-world-fisheries-rescurces.-The-state-
oi-zcience—and-management. Hancock,-D.A.-eds. ;Snith, -D.C. -
eds . ;Grant, -A.-eds. ;Beumner, -J.P.-eds. Collingwood-Australia CSIRO
1997 pp. 415-425

PY: 14897

AB: Designating certain marine areas as 'protected’ -- usually by
officially naming them ’sanctuaries’ or 'reserves' -- 15 &
revolutionary resource-management tocl used in mitigating habitat
deqradation and overfishing. In reserves, critical habitats =

f—

AX
protected in an effort to conserve bicodiversity and environmenta
quality, and to sustain rescurce usage. Despite widespread interest
in this new concept, few quantitative paradigms or management models
are available for implementing or developing strategic plans for
reserves in terms of their overall design, number, ftotal area, and
proximity to physical features. The Florida Keys Naticnal Marins
Sanctuary (FKNMS), USA, is a paticnal treasure with rich subtropical
multi-species reef fisheries, a multi-billion dollar tourist eceonomy,
and unigque aesthetic qualities. The increase in the protection of
this valuable habitat and its resources bkrought about by its status
as a sanctuary underscores the need for an adaptive management
strategy that defines the structure and function of reserves within
the  FENMS. n  support of reef fish management, preliminary
assessments were conducted with a systems approach using a nexus of
advanced visualization, data assimilation, and quantitative analysis
techniques to develop; a spatially-explicit madel that links
relatively sparse survey estimates of reef fish densities and zizes
rto key physical factors; and a multi-species assessment index that
uses the metabolic variable 'average size’ as a bielogical indicator
of stock status or health. These approaches can be very helpful in
making fishery management decisions concerning the FKNMS resources,
and can help to define the evolving role of marine protected areas in
fishery management.

AIFA 1997-2000/09 279 of 373
Ti: Coupled physical-bieclogical models for the study of harmful algal
Llooms
AU: Franks,-P.J.5.
50: Ocea%;Bes. 1997 vol. 19, no. 2, pp. 153-160, PY: 1987
AB: Coupled physical-biological models have been a small, but
important component of harmful algal bloom research. These models are
reviewed and classified by the manner in which they were used. The
three main types of model are process-oriented models, dynamic
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interpolation models, and predictive models. Most models in the
literature are process-oriented and dynamic interpolation, and have
been used Lo test hypctheses about possible bloom dynamics and
sensitivity of blooms to various parameterizations and processes.
Seme directions for future research ars discussed, including the uss
of data assimilation to improve predictive power and diagnostic
akility.

ASFA 1%97-2000/08 280 of 373
TI: Models of harmful algal blooms
AlU: Franks,-P.J.5.
20: Limnol.-Oceanogr. 1997 vol. 42, no. 5, 5upp. 2, pp- 1273-1282
NT: Special issue: The Ecology and Oceanography of Harmful Algal
Blooms, PY: 1897

AB: Models used to study harmful algal blooms are a subset of those
used fo examine more general planktonic processes. Most models have
veen heuristic, examining the likelihood of certain processes
generating .a harmful algal bloom. Several models have been more
closely coupled to field data and have been used to gain insights
into the dynamics underlying the observations. As better physical and
biological models are developed, models may play an increasingly
important tole in harmful algal bloom resesarch. Techniques such as
data assimilation may Iincrease the predictive power of models,
suggest strategies for improving field sampling, and better censtrailn
poorly known parameters and processes.

t G

ASFA 1397-2000/09 z88 of 373
TI: Trace metal uptake by Pichia spartinae, an endosymbiotic yeast in
the salt marsh cord grass Spartina alterniflora
AU: Catallo,-W.J.: Henk,-W.; Younger,-L.; Mills,-©.; Thiele,-D.J.;
5,-5.F.

Chem.-Ecol. 1996 wol. 13, no. Z, pp. 113-1321, PY: 1989

AB: The ascosporogenous marine yeast Pichia spartinae is a dominant
endosymbiont of the marsh grass Spartina alterniflora. Results of
previcus studies suggested that P. spartinae 1is involved in iron
transport processes in the grass. Of particular interest has been the
mechanisms of metal uptake and metabolism by the ysast, anc the
ecological and plant biochemical significance of these processss.
This investigation examined the uptake of iron and other metals (Zn,
Cu, <d, Ni, Pk, Cr) by P. spartinae, and provides data on possible
mechanism of this activity. The results suggest a) the yeast can
assimilate divalent and trivalent forms of inorganic iron, as well as
large organic-Fe{IIl} complexes, b} the uptake of inorganic trivalent
iron under soluble iron-deficient conditions proceedsd by a different
mechanism than that of soluble Fe{II;, with intracellular loadings of
iron much increased under the former conditions; <) trivalent ircon
uptake is not mediated by hydroxamate siderophores at levels
detectable by sensitive screening assays; d) the aszimilation of some
rrace metals {(Cu, Zn, Cd, Ni) is likely %to be mediated by low
molecular weight cysteine rich proteins, possibly metallothionein,
and; &) =iderophores from other fungi can provide iron for F.

spartinae. The iron assimilation data suggested that multiple
mechanisms are involved, and are influenced by the concentration and
speciatic® of iren in the system. In general, iron assimilation

mechanisms are comparable to those described for closely related
yeasts, such as Saccharomyces cerevisiae. Among other things, these
results indicated that future studies of trace metal mobilization and
plant assimilatien in salt marsh ecosystems must account for the
activities of microbial symbionts associated with the plants.
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ASFA 1997-2000709 336 of 373
TI: Spatial and temporal variability of Antarctic krill: Implications
for stock assessment
AU: McClatchie, -5.; Greene,-C.H.; Macaulay,-M.C.; Sturley,-D.R.M.
S0: ICES-J.-MAR.-SCI. 1994 wvol. 51, no. 1, pp. 11-18, PY: 19%4

AB: Acoustic estlimates of Antarctic krill biomass measured in four
surveys arcund Elephant Island during the American Antarctic Marine
Living Rescurces 1990 (AMLRY90) cruises were analyzed to examine
spatial and temporal variability in absolute biomass. Each survey
took 5-6 days to complete, and survey mid-points were separated by
15-17 days. The depth-integrated bicmass data were highly positively
skewsd. The biomass frequency distributions diverged progressively
over time from that measured in the first survey, with greatest
change ocecurring between survey 2 and 3. The coefficients of
variation over each survey for 20 s length records (order 100 m)
ranged from 85 te 247%, indicating intense patchiness. Analysis of
the fractal dimension of krill biomass revealed patterns that were
consistent  between  surveys and  indicated that &  horizontal
integration interval smaller than 100 m would be necessary to resclve
much of the structure in krill spatial wvariability, In addition to
spatial patchiness we found streng temporal variability betwesen
surveys at scales on the order of 2 weeks. Our findings indicate that
the krill distributicns arcund Elephant Island are highly variable.
We suggest that data assimilation models, incorporating repeated
fine-scale sampling of physical variables and acoustic back-
scattering, be employed to quantify changes in krill distribution and
abundance through time 1in regions characterized by such high
variablility. We conclude: (1} that sampling with resclutions finer
than 1090 m is necessary to determine the characteristic scales of
spatial patchiness in krill distributions; and (2) the application of
biophysical data assimilation models would facilitate more accurate
stock assezsment of krill. We suggest that traditional survey wmethods
could be improved by introducing long-range moored sonar arrays or
towed bodies to operate in conjunction with ship surveys. We present
estimates of the feasibility of detecting krill aggregations at up to
1-2 km range using a side-locking sonar opérating at 20-40 kHz.
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GLOBAL SCALE MODEL

ASFA 15BE2-15%¢6
al ana?uqiq produced from an ocean

T ada
Bli: Bosati,-A.; Gudgel,-R.; Miyakoda, -K.
501 MON.-WEATHER-REV. 199% vol. 123, no. 7, pp. 2206-2228, PY: 199%

2B: A global oceanic four-dimensional data assimilation system has
been developed for use in initializing coupled ocean-atmoschers
general circulation models and also to study interannual variabllity.
The data inserted into a high-resolution global ocean model consist
a surface temperature okservations and vertical
temperature profiles. Special attention is given to the tropical
Pacific examining the El1 Nino signature. Two other assimilaticon
schemes based on the coupled model using Newtonian nudging of 58T and
then 35T and surface winds are compared to the full data assimilation
system. The heat content variabilify in the data assimilation seemed
faithful to the observations. Overall, the results are encouraging,
demonstrating that the data assimilation system seems toe be ables to
capture many of the large-scale general circulation features that are
shserved, koth din a climatological sense and in the temporal

variability.

of convsenticnal s

ASFA 1988-1996 41 of 373
TIl: An experimental coupled forecast system at the National
izteorological Center. Some early results
AlU: Ji, Ming; Kumar,-A.; Leetmaa,-A.
50: TELLUS-SER.-A:-DYN.-METECQROL.-CCEANGGR. 1994 vol. 464, no. 4, pp.
3es-418, PY: 10084

AB: An experimental coupled ocean-atmosphere model forecast system
has been implemented at the National Meteorological Center (NMC) for

routine multi-seascn climate forscasts. The ocean initial conditions
for the forecasts ares provided by an ocean data assimilation system
which uses a basin model of the Pacific Ocean integrated with a four-
dimensional wvariational data assimilation system. Pacific basin ocean
reanalyses for the period 1982-1992 provided both the i
conditions  and  the verification fields for the coupled mnmodel
forecasts. The coupled model consists of a modified T40 versicn of
HMC's opsrational medium range forecast model coupled to a Pacific
basin ocean general circulation model. Hindcast experiments starting
on the first of every month from October 1983 to 1993 have been made
to establish the skill of this system 1in forecasting sea surface
temperature wariability in the tropical Pacific with lead times of up

diperalille ol Al 1

to several =Seasons. Tne system conslistently out performs persistence
forecasts even at short forecast lpad times, and is able fo forecast
most of the sea surface temperaturs variability that occcurred in tha
o

ropical Pacific during 19284 to 1993,

ASFA 1988-1996 2 of 373
TI: A comparative study of tropical Pacific =sea surface height
variapbility: The gauges wversus the National Meteorological Center
data-assimilating ocean general circulation model, 1982-1982

AU: Enfield,-D.B.; Harris,-J.E.
SO: J. AuEOP§§b. —RES.-C-QCEANS 1995 vol. 108, no. Cb, pp. Be61-8675,
PY: 1995

AR: To halp assess the effectiveness of the model-based anelysis and

prﬁﬂﬂﬁf?ﬁﬁ prnﬁoﬂnraq at- the Nationsl Mateorologlcal Center (NMC)Y, we
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compare the seasonal and nonseasonal components of sea level from 44
tide gauges in the Tropical Pacific with those of the dynamic helghts
output by two ll-year model reanalyses (1982-1292) at the same
locations, which differ mainly in their wind forcing. Both reanalvses
assimilate ocean thermal data and incerpcorate mest of the procedurss
used by NMC in producing operational ocean analyses and experimental
coupled model climate forecasts. The reanalysis based on the
ancmalous winds generated by the NMC medium-range forecast model
shows significant discrepancies in the large-scale zpatial and
temporal variability. These discrepancies disappear in the reanalysis
based on departures of the Florida State University analyzed wind
fis=lds. Hence the wind forcing criticalily affscts the reanalysis in
spite of the assimilation of ocean thermal data. Future improvements
in the atmospheric model to produce a more realistic evoluticn of the
wind field can therefore lead to significantly better model
integrations in the analysis and initialirzation mode {with data

*-.-.‘.J a1

assimilaticon) as well as in the coupled model forecast mode.

SFA 1988-1996 57 of 372
TI: COperational seasconal and interannual predictions of ocean
conditions
All: Leetmaa,-A.

S0: PROCEEDINGS OF THE OCEAN CLIMATE DATA WORKSHOFR, F BRUARY-18-2

H

1552, J.-Churgin—comp. Commission—of-the-European-Communiti

1,
9

e r
Brussels—-Belgium GREENBELT, -MD-USA GODDARD-SPACE- FLIGHT CENT. 1992
rp. 85-8B8, PY: 1992
AR: Dr. Leetmaa described current work at the U.S. National

Meteoreclogical Center {(KMC) on coupled systems leading to a seasonal
£o multi-seasonal prediction system. He described the way in which
ccean  thermal data is quality controlled and used in & four
dimensional data assimilation system. This consists of a statistical
interpolaticn scheme, a primitive =sguation ocean general clirculation
model, and the atmospheric fluxes that are require toc force this.
This whole process generated dynamically consist thermohalirfe and
velccity fields for the ocean. Currently routine weekly analyses are
performed for the Atlantic and PFacific occeans. Theze analyses are
used for ocean climate diagnostics and as initial conditicns fo
coupled forecast moedels. Specific examples of output products were
shown both in the Pacific and the Atlantic Oceans. As part of the
development of an operational forecast system, this data assimilation
system 1s being usad to retrospectively analyze the ocean fields from
1982 to the present. This data set can be used to diagnose ocean
variability during this period and will alse serve as initial
conditions and verification fields for the coupled forecast system. A
separate effort at NMC is undertaking the task of performing a
retrospective analysis for the atmosphere for the last 35 ysars. Both
ocean and atmospheric reanalyses wilil be a recurring process which
will repeated as more data 1s added and as the analysis system
continues to be improved.

f b

ASFA 1988-15%¢6 el of 273
TT: Evolution of the Bureau of Meteorology's Global Assimilation and
Predicticon System. Part 1: Analysis and initialisation
AU Seaman, -R.; Bourke,-W.; Steinle,-P.; Hart,-T.; Embery,-G.;
Naughton,-M.; Rikus,-L.
SG: AUST. METEOROL. -MAG. 1995 vol. 44, no. 1, pp. 1-18, PY: 1655

AE: The Australian Bureau of Meteorology's Global Assimilaticon and

Prediction .system (GASP) has been progressively upgraded in recent
years. A major enhancement was the use of multivariate statistical
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interpolation (MVSI) instead of the previous univariate (UVSI) method
of objective analysis. The methodological differences between MVSI
and its predecessor, and the corresponding enhanced data monitoring
and quality control procedures, are described. The data dssimilation
properties of the MVSI system are demonstrated to be superior to the
UVSI by: {a) better background fields in the assimiiation cycle, (b)
smaller adjustments to analysed fields during prediction model
initialisation, and (¢} a better fit of the initialised fields to the
observations. Parallel forecast trials over several periods in
different seascns indicate a systematic improvement in medium-range
forecast skill when using MVSI analyses.

ASFA 1588-19%6 70 of 373
TI: Bssimilating ocean tide determined data into global tidal models
BlU: Zahel,-W,
50: J.-MAR.-38YST. 199% vol. 6, no. 1-2, pp. 3-13
NT: Special Issue: Data Assimilation in Marine Sciencs, PY: 1885

AB: A data assimilation procedure, which has successfully been

ed to fictive and realistic scenarios, is applied to a 1 degree
1 making use of an effesctive iterative method for the scolution
of the minimization problem. Two sets of ccean tilde determined data
are used for the purpose of assimilation, the more extensive one
mainly comprising pelagic togethar with some coastal sea surface
elevation data, and the other one consisting of loading gravity data.
The computed © sub(lj and M sub(2) gleobal tidal oscillation systems,
namely the fields of tidal elevation and leading gravity, are
compared with numerous additional pelagic and coastal elevation data
and with a selected number of proper gravity data, respectively. The
similation of the two sets of data lsads to an enormous reduction
the errcors of the model results in all oceans.

ASFA 1988-199%6 94 of 373 .
TI: Ocean modeling in a global occean observing system
AU: Smith,-N.R.
SO: REV.-GECPHYS. 1993 vol. 31, no. 3, pp. 281-317, PY: 1993

ighn

ABR: The cceancgraphic community is currently contemplating the d

of a global ccean climate cbserving system to help monitor, describe,
and understand the seasonal to decadal climate changes of the ocean
and to provide the cbservations needed for climate prediction. This
review attempts to define a rale for modeling within that system, the
central theme being that the observational and modeling elements must
be developed in concert, with the presence of one enhancing the value
of the other. Three distinct categories of model-to-data interface
are identified. In the first class, models and data collection
develop separately, being Jjeined only by intermittent validation
steps. In the second, and by far most important, class the model and
data collection evolve together, either in a time-space data
assimilation and predicticn system, or through the application of
inverse methods. In the final category, model information feeds back
to the observing system design, and vice versa, and the mnodel
assimilation system provides quality control on the data.

ASFA 1888-1%33%6 92 of 373
TI: Assimilation of marine surface data into the Navy Operational
Glokal Atmoé%heric Prediction System
AU: Phoebus,-P.A.; Goerss,-J.5.
CA: Maval ©Qceanographic and Atmospheric Research Lab., Stennls Space
Cent., MS (USA) .
SC: 1992 17 pp, ERN: NOARL-JA-131-040-%2 (NOARLJA43104092}), PY: 1902
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AB: As numerical models of the ocean and the atmosphere become more
sophisticated, it becomes necessary to account for the interchange of
energy at the air/sea interface. Meteorclogical models require
accurate estimates of sea surface temperature and ice fields.
Goeanographic models raquire accurate estimstes of the surface winds
and heat fluxes. Thus, it is beneficial for scientists in each
discipline, to have some level of understanding and appreciation for
how these various parameters are obtained. With that in mind, we will
describe how a meteorclogical analysis/forecast system uses marine
data to estimate the surface wind field, with particular emph hazizs on
the analysis process and the resulting nowcast product. The HNavy's
ata analysis system uses the multivariate optimum interpslation
echnique to produce updates to background fields provided by the
orecast model. The advantage of this technique 1s that the relative
weights given the background and the chservations are determined by
taking into account the estimated error properties of each. As new
data sources become available, the appropriate statistics defining
the orrors of the observations must be determined. Since we have
recently added several nsew data sources to the assimilation oycle,
new values of the observation errors have been dstermined for all
marine surface data. The improvements made by these new data sources

including special sensor microwave/imager wind speeds and synthetic
tropical observations, will also be illustrated. Data assimilation,
guality contrel. (DEO;

ol

b

ASFA 19386-1396 100 of 373
TI: Op&r tlonal seascnal and interannual predictions of ocean
conditions

All: Lestmaa, -A.
CA: National Weather Serv., Washington, DC (USA). Climate Analysis
Cent., SO: 1992 2 pp, PY: 18592

AR: Dr. Leetmaa described current work at the 1.5, N%tlﬁ“al
Metsorological Center (NMC) on coupled 5ysfpms leading to a sesasonal
prediction system. He described the way in which ocean thermal data
is  quality controlled and wused in a four dimensicnal data

imilation system. This consists of a statistical interpolation
S a primitive equation ocean genheral clrculation model, and the
atmospheric fluxes that are required to force this. This whole
srocess  generated dynamically consist thermchaline and wvelocity
fields for the ocean. Currently routine weskly anziyses are parformed
for the Atlantic and Pacific oceans. These analysps are used for
ocean climate diagnostics and as initial onditicns for coupled
forecast models. Specific examples of output products were shown both
in the Pacific and the Atlantic Gcean.

ASFA 1988-199¢ 104 of 372
Ti: Data assimilation and predicrability studies for the coupled
ocean—atmosphere system
AU: Ghil,-M.; Mechoso,-C.H.
SO: OCEANOGRAPHY 1592 wol. 5, no. 1, pp. 19-24, PY: 1802

. As oceanic data sefs increase dramatically in quality and
quantity in the near future, and both oceanic and atmospheric models
ove apage, the predlctability of the coupled ocean—atmosphere
5 om will become more important on the theoretical level and more
critical on the practical level. Predictability of the atmosphers
with prescribed sea-surface temperatures (SS5T) has been evaluated;
pimerous studies indicate that two initially very similar atmospheric
states will lead to time evolutions that on the average diverge and
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become uncorrelated over an interval on the order of 2 weeks. There
is also a growing literature on the predictability of the upper ocean
with prescribed aLmospheric wind stress and heat fluxes. But the
variability, and hence predictability, of the coupled system is quite
differsnt from the sum, product, or any other simple function of its
parts. The long-term goal of our work at UCLA is to provide a
description, understanding, and prediction of the coupled ocean-
atmosphere system as complete and reliable as that which now exists
for the atmosphere alone. Qur appreach is to develop methods for data
assimilation from sequential estimaticn and ccontrol theory and for
predictability studies frow dynamical systems and statistical
turbulence theory; these methods are then tested on a variety of
models, ranging from simple models amenable to analytical treatment
to coupled ocsan-atmosphere general circulation modsls {GCMs).

ASFA 13888-1696 16% of 373
71: FProceedings of the data assimilation in coupled air-sea
nowcast/forecast systems workshop held in Diamendhead, Mississippi on
February 27-28, 15%2
AlU: Perkins,-A.L.
Ch: Tnstitute for Naval Oceanography, Stennis Space Cent., M3 (USA)
30: 1992 180 pp, &8N: Rept no. INO-SP-8 (noINOSP8), PY: 1992

AB: The Institute for Naval Oceanography (INO) sponscored Workshop on
Data Assimilation in Coupled Air-Sea Nowcast/Forecast Systems was
held February 27 and 28, 1992, to promote discussicns and develcp a
strategy for research and development of data assimilation techniques
inn coupled atmospheric/ocean n weast/forecast modeling systems for
the Mediterranean Sea. The motivation for the werkshop, in terms of
INC's program, is the changing pricrity of Navy program sponsfors to
an emphasis in coastal and semi-enclosed seas research and
development efforts. Within this area, the Mediterranean Sea has been
specifically identified by the Navy as priority.

ASFA 1988-1996 111 of 373
TTI: An evaluation of +ths National Metecorclogical Osnter weokly
hindcast of upper-ocean temperature along the eastern Pacific Equator
in January 1992
AU: Halpern,-D.; Ji,-Ming
chs J.-CLIMATE 1993 vol. 6, no. 6, pp. 1221-1226, PY: 1993

ZE: The upper-ocean Gtemperaturs distribution along the Pacific
equator from 13% degree to 103 degree W was observed in January 159%2
with temperature profiles recorded from a ship and inferred from an
ocean  general  circulation  model calculation invelving data
assimilation {i.e., hindcast). An El1 Nino episode was in progress.
The 100-m-thick mixed layver depth, the mixed-layer Lemperaturs, and
the depth-averaged temperature below that thermocline were similar in
both  data  products. Considerable differences oocourred in the
degree -2% degree € thermocline, such as the

f

representation of the 15

depth-averaged temperatures above and pelow the 20 degree C isotherm,
the east-west slope of the 20 degree C isotherm, and a 1000-km-wids
depression. The longitudinal-averaged root-mean-square difference
hetween the hindcast and cbserved depths of the center of the
thermocline was 17 m. Most of the disparities could ke attributed to
a high wavaliber transient event that the model-based assimilation
system was not intended to resclve.

ASFA 1988-1596 121 of 373

T1: Operational seascnal and interannual predictions of ocean
conditions
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All: Leetmaa, -A.

S0: PROCEEDINGS-OF-THE- QFEPN CLIMATE-DATA~WORKSHOF. Churgin, -J.-comp.
GREENBELT, -MD-US5A NASA-GODDARD-SPACE-FLIGHT-CENT. 1993 pp. 35-86,
PY: 19903

AB: The author describes current work at the U.5. Naticnal
Metecrological Center (NMC) on coupled systems leading to a seasonal
ro multi-seasonal prediction system. He describes the way in which
ocear thermal data is  quality controlled and used in a four
dimensicnal data assimilation system. This consists of a statistid
interpolation scheme, a primitive equation ocean general circo plation
model, and the atmospheric fluxes that are require to force this.
This whole process generated dynamically consist thermchaline and
velocity fields for the ocean. Currently routine weekly analysSes are
performed for the Atlantic and Pacific oceans. These analyzesz are
used for ocean climate diagnostics and as initial conditions for
coupled forecast models. Specific examples of output products were
Shown both in the Pacific and the Atlantic Ocesan. As part of the
developnent of an operational forecast system, this data assimilation
system is being used to retrospectively analyze the cocean fields from
1982 to the present. This data set can be used to diagnose ocean
variability during this period and will also serve as Initial
conditions and verificaticn fields for the coupled forecast systom.

ASFA 1988-135¢6 22 of 373
TI: On the mean meridional transport of snergy in the atmosphere gnd
oceans as derived from six years of ECMWF analyses

AU: Michaud,-R.; Derome,-J.
S0: TELLIS-A-DYN.-METEORQL.-OCEANOGR. 1291 vol. 432, no. 1, pp. 1-14
PY: 1991

AB: The global ECMWE analyses for the pericd 1981-86 are used to
compute the mean meridional transport of moist static energy in the
atmosphere. The results show that the recurring changes made to the
analysis procedure over the years have led to a significant increase
in the transport dus to the mean meridiconal circulaticn in the
tropics. Compared to the earlier radiowind data based results of Cort
and Peixoto, the use of analyses resulting from the data assimilation
system leads to larger poleward transports; these amount Lo about 1 =
12 super (15) W (compared to 3 = 10 super{li} W) near 1% degree of
iatitude in both hemispheres in the annual mean. The subtraction of
the mean atmospheric transport from the total ocean-atmosphere
T he

i

transport implied by the Nimbus 7 ERB NFOV nst radiation fluzx at
top of the atmosphere leads to a maximum annual northward ocean hea
transport of 2.2 x 10 super(l5) W at 20 degree N. This value exceeds
by 1 = 10 super(l5) W or more the values obtained using surface
marine data and bulk sercdynamic formulae in previous studies.
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ASFA 19838-159%¢6 133 of 373
TI: A study of the use of scatterometer data in the European centre
for medium-range weather forecasts operational analysis-—forecast
model. 1. Quality assurance and validation.
AU: Anderson,-D.; Hollingsworth,-A.; Uppala,-5.; Woiceshyn,-F.
80: J.-GEOPHYS.~RES. -C-OCEANS. 198%1. vol. %6, no. C2, pp. 2619-2634,
PY: 1591

]
AR: This paper is Part 1 of a study concerned with the feasibility of
using wind scattercmeter data in a real-time data assimilaticn
system. The potential that such a system offers for quality assurance
and validation of scatterometer data is illustrated using Seasat A
atellite scatterometer {5455 data. The results of passive

Sa
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assimilaticns of scattercmeter data (where the SASS data are passed
tﬁ the assimilation system but not used), and ¢f active assimilaticns

of scatterometer data (where the data are used), are presented. It 1is
shown that assimilation allows wvalidation and quality assurance of
the scattercmeter data, through comparisons with collocated ship data
and through compariscn with the wind fields generated by the
assimilation. Intercompariscon can be carried out guickly and
efficiently at an operational weather centre where large amounts of
data are collected, so allowing comprehensive quality assurance and
validation of wind scatterometer data to be carried out in near-real-
time. A number of comparisons are made which illustrate a speed-
dependent bias bestwsen 3483 and ship observations and betwesn SASS
and forecast model, as well as dirscticnal irregularities in the SASS
data.

ASFA 108BB-199¢ 143 of 372
TI: Equatorial Pacific Ocean Climate Studies (EPOCS): Progress
aport, June 1%921.
CA: National Oceanic and Atmospheric Adm., Seattle, WA (USA}. Pacific
Marine Environmental Lab.
$D: 1%91. 100 pp, EN: CONTRIB-1321 (CONTRIB13Z1;, FPY: 1991
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ean and atmosphers;

AB: Contents: Thecretical model studies: Ccea
studies, operational

general c¢irculation model simulation
modeling, data assimilation studies, studies with atmospheric moc
simple coupled models, couplied  general circulation  me
Metecoroclogical studies; (The global southern scillation s
operaticnal surface winds and fluxes, observational studi
tropical wind, intraseasonal variability); Oceanographic stu
(Equatorial processes, and regicnal circulatlon).
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ASFA 1988-19%6 145 of 373
Ti: The assimilation of marine surface data into the Navy Operational
Global Atmospheric Prediction System.

AU: Phoebus,-P.A.; Goerss,-J.8.

SoO: MTS~*'~51.-AN-OCEAN-COOPERATIVE: -INDUSTRY, -GOVERNMENT , -AND-
ACADEMIA. —PROCEEDINGS . -NEW-ORLEANS-CONVENTICN-CENTER, -NCVEMBER-15-
14,-1991. Marine-Technology-Soc.,-Washington, -DO-USA WASHINGTOM, -DiC—
9A MTS 1581, pp. %60-%66, PY: 1591

AR: An operational metesrological data assimilation system consists
of four components that are inextricably connected to one another-
data gquality control, data analysis, model initialization, and the
model forecast. The data analysis generally uses current chservations
to produce an update to background fields provided by the forecast
model. The data analysis technique currently used by the Navy and
others is multivariate optimum interpolation. The advantage of this
teschnigque is that the relative weights given the background and the
observations are determined Ly taking inte account the known error
properties of each. Low-level marine forecasts are of critical
importance +o  the operaticnal HNavy. These forecasts have been
improved by appropriately determining and specifying the correct
observaticon error for each type of marine sensor.

ASFA 1988-1996 14% of 373
Ti: The gafratlonal implementaticon of a regional ocean circulation
mode]l.
Alf: Pollak,-K.D.; May,-P.; Hergsert,-A.
50: MTS-"-91.-AN-OCEAN-COOPERATIVE: -INDUSTRY, ~-GOVERNMENT, —-AND-
ACADEMIA. -PROCEEDINGS. -NEW-ORLEANS-CONVENTION-CENTER, -NOVEMBER-10-
14,-1991. 1991. pp. 398-403, PY: 1581
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AB: An ocean forecast model capable of predicting the frontal
position of the Gulf Stream has been implemented at the Fleet
Numerical Oceanography Center (FNOC) in Monterey California. The
nodel, referred to as Data Assimilation Research Transition (DART),
was developed at the Naval Oceanographic and Atmospheric Research
Laboratory, Stennis Space Center, MS. Tt is a two-layer primitive
equation model with bottom topography, arbitrary boundary geometry
and inflow/cutflow ports. Model output includes the layer wvelocities
and thicknezses. DART runs three times per week on the FNOC Cyber-203
computer and is initialized from 2 dynamic height analysils produced
by OTIS {FNOC's Optimum Thermal Interpolation System). The DART model
is being verified for operational use by comparing the predicted axis
of the Gulf Stream with the appropriate analysis, and by corrsiating
the anomalies of forecast and analyzed dynamic height.

L

ASFA 1988-1986

1
Integration of space and in situ ob i

64 of
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73
TI cns to study global

climate change.
AU: Bengtsson,-L.; Shukla,-J.
S0O: BULL.-AM.-METECROL.-S0C. 1288. wvol. 69, no. 10, pp. 1130-1143,

FY: 1588

=

‘

AB: The currently available model-based globka data sets of
atmospheric circulation are a by-product of the daily requirsment of
producing initial conditions for numerical weather prediction (NWE)
models. These data sets have been guite wuseful for studying
fundamental dynamical and physical processes, and for describing ths
nature of the general circulation of the atmosphere. However, due to
limitations in the early data assimilation systemns and
inconsistencies caused by numercus model changes, the available
model-based global data sets may not be suitable for studying global
climate change. A comprehensive analysis of global observations based
on a four—-dimensional data assimilation system with a realistic

physical model should be undertaken.

ASFA 1988-1556 177 of 373
TI: A global oceanic data assimilation system.
AU: Derber,-J.; Rosati,-A.
SG: J.-PEYS.-OCEANOGR. 198%. vol. 19, no. 9, pp. 1
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-1347, PY: 198%

AB: A glaobal oceanic four-dimensional data assimilation system has
been developed for use in initializing cecupled ocean-atmosphere
general circulation models and many other applications. The data
assimilation system uses a high resoluticn global ocean nodel to
cxbrapolate the information forward in time. The data inserted into
the model currently censists only of ceonventicnal sea surface
temperature obhservations and vertical temperature profiles. The data
are 1nszrtad continucusly into the model by updating the model’s
temperature solution every timestep. This update 1is created using a
statistical interpolation routine applied to all data in a 30-day
window centered on the present timestep.

ASFA 1997-2000/09 191 of 373
TI: Tides in the East Asian Seas from a Fine—Resolution Global Ocean
Tidal Mogel
AlJ: Choi,-B.H.; Kim,-D.H.; Fang, -Y.
S0: Marine-Technology-Society-Journal [Mar-Technol-Soc~J] 1599 wvol.
32, no. 1, pp. 36-44, PY: 15695

23



AB: Tidal charts of eiqght major ocean tides (M sub(Z2), 5 sub{2}, N
sub{2), K sub(2), ¥ sub{l}, O sub(l), F sub{1l) and ¢ subi{l)} are
presented for the global ocsan, with special emphasis on the East
Asian Marginal Seas. The tidal charts are produced on a © theta =z 5
theta grid from a conventional finite difference hydrodynamical model
for the purpose of providing a more reliable set of predictive
constants. Preliminary results have shown that the conventional
approach can ke used to reproduce the tidal distribution of the
global ocean and marginal seasz together reasonably well. It iz alsc
pelieved that further improvement with data assimilation can provide
wore accurate harmonic constants for detiding use, especially for
correcting altimetric data for Asian marginal seas.

ASFA 1947-2000/09 199 of 373
TI: Compariscn of retrospective analyses of the global ccean heat
content

AU: Chepurin,-G.A.; Carton, —J-A.

S0: Dynamics-of-Atmospheres-and-Cceans [Dyn-Atmos-Oceans) 1%9% wvol.
29, no. 2-4, pp. 119-145

NT: Special Issue: Theory and Modeling of Ccean Circulation, Data
Assimilation and Interdisciplinary Applications: A Tribute to
Professor Allan R. Robinson. P¥Y: 1998

AB: In this study, we compare seven retrospective analyses of basin-
to global-scale upper ocean temperature. The analyses span a minimum
of 10 years during the 5U-year period since World War II. Thrse of
the analyses (WOA-94, WHITE, BMRC) are based on ocbjective analysis
and thus, do not rely on a numerical forecast model. The remaining
four {NCEF, WAJSOWICZ, RUSATI, S50DA) are based on data assimilation
in which the numerical forecast is provided by some form of the
Geophvsical Fluid Dynamics Laboratory Modular Ocean Model driven by
historical winds. The comparison presented here 1s limited to heat
content in the upper 250 m, informaticon that is available for all
nalyses. The results are presented in three frequency bands:

=onal, interannuszl (pericds of 1-5 years), and decadal (periods of
25 years). At seasonal fregquencies, all of the analyses are gquite
imilar. Otherwise, the differences ameong analysesz are limi
regions of the western boundary currents, and some regions in the
Scuthern Hemisphere. At interannual trequencies, significant
differences appear bDetween the ocbjective analyses and the data
assimilation analyses. Along the egquator in  the Pacific, where
variability is dominated by El Nino, the objective analyses have
geomewhat noisier fields, as well as reduced variance pricr to 1580
dus to lack of chzservations. Still, the correlaticon among analyses
genarally exceeds 50% in this region. Aleng the equator in the
Atlantic, the correlation is lower (30-60%) although inspection of
the time seiies shows that the same biennial progression of warm and
cool events appears in all analyses since 1980. In the midlatitude
Pacific agreement among chjective analyses and data assimilation

W
|

analyses is good.

ASFA 1997-2000/00 208 of 3732
Tl: A reformuiation of the background error covariance in the ECMWE
global data assimilation system
AlJ: Derber,-J.; Bouttier,-F.
so: Tellug Series-A:-Dynamic-Meteorology-and-Cceanography {Tellus-A-
Dyn-Meteorol-Oceanogr] 1899 veol. 51A, no. 2, pp- 185-221, PY: 1999

AB: The background error covariance plays an important role in modern

data assimilation and analysis systems by determining the
distribution of the information in the data in space and Dbetween

24



variables. A new formulation has been developed for use in the ECMWF
system. The non-separable structure functions depend on  the
horizontal and vertical scales and a generalized linear balance
operator to imply multivariate structure functions. The balance
operator 1is incorporated into  the definition of the analysis
variables to ensure good preconditioning <f the problem. The
formulatior and structure of the background error covariance are
presented, and the implications for the analysis Increments are
examined. This reformulation became the operational ECMWE formulation
in 3D-Var in May 1997 and in 4D-Var in November 1997.

ASFA 1987-2000/09 253 of 373
TI: An improved coupled model for ENSO prediction and implications
for ocean initialization. Part Z. The coupled model
AU: Ji,-Ming; Behringer,-D.W.; Leetmaa,-A.
§0: Monthly -Weather-Review [Mon-Weather-Rev] 1998 wol. 126, nc. 4,
pp. 1022-1034, PY: 1998
AR: An improved forecast system has been developed and implemented
for ENSO  prediction at  the National Centers for Environmental
Prediction {NCEP}. This =system consists of a new ocean data
aszimilation system and an improved coupled ccean-atmosphere forecast
model (CMP12) for EN2O prediction. The new ocean data assimilation
system is described in Part [ of this two-part paper. The new couplaed
forecast model (CMP1lZ) is a variation of the standard NCEP coupled

model {(CMP10). Major changes in the new coupled medel are improved
vertical mixing for the ocean model; relaxation of the model’s
surface salinity to  the climatological annual cycle; and

incorporation of an anomalous reshwater flux forcing. Also, the
demain in which the oceanic SST couples to the atmosphere i3 limited
to the Tropical Pacific. Evaluation of ENSO prediction results show
that the new coupled model, wusing the more accurate ocean initial
conditions, achieves higher prediction skill. However, two sets of
hindecasting experiments {one using the more accurate ocean initial
conditions but the old coupled model, the other using the new coupled
model but the less accurate ocean initial conditiens), result in no
improvement in prediction skill. Theze results indicate that future
improvement in ENS0  prediction skill requires systematically
improving both the coupled model and the ocean analysis system. The
authors' results also suggest that for the purpose of imitializing
the coupled model for ENSO prediction, care should be taken fo give
sufficient weight to the model dynamics during *fthe ocean data
acsimilation. This can reduce the danger of aliasing large-scale
model hiasez into the low-frequency variability in the ocean initial
conditicns, and alsc reduce the introduction of small-scale noise
into the initial conditions caused by overfitting the model to sparse
olbservations.

ASFA 1907-2000/09 254 of 373
TI: An improved coupled model for ENSO prediction and implications
for ocean initialization. Part 1. The ocean data assimilation system
AU: Behringer,-D.W.; Ji,-Ming; Leetmaa, -A.
S0: Monthly-Weather-Review [Mon-Weather-Rev] 1998 wvol. 126, no. 4,
pp- 1413-1621, PY: 1998

AB: An igproved forecast system has been developed for- EI Nino-
Southern “Oscillation (ENSO) prediction at the Naticnal Centers for
Environmental Prediction. Improvements have been made both to the
ocean data assimilaticn system and to the coupled ocean-atmosphere
forecast model. In Part I of a two-part paper the authors describe
the new assimilation system. The important changes are 1) the
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incorperation of wverticel variation in the first-guess error variance
that concentrates temperature corrections in the thermocline and 2)
the overall reduction in the magnitude o©f the estimated first-guess
error. The new 3ystem was used to produce a set of retrospective
gcean analyses for 1980-%5. The new analyses are less nolisy than
their earlier counterparts and compare more favorably with
independent measurements of temperature, currents, and sea surface
height wvariability. Part 2 of this work presents the results of using
these analysez to initialize the coupled forecast model for ENSD
prediction.

ASFA 1987-2000/08 265 of 373

Ccean

AlU: Lysne,-J.A.

SOz Dissertaticn Abstracts International Fart-RE: Science and
Engineering [Diss-Abst-Int-Pt-B-Sci-and-Eng] 1999 wol. 59, no. B, p.
39414, EN: RAAT 6903164 (9%9031e64), PY: 19G0O

AB: An ocean general circulation model is used with a data
assimilation procedure to investigate oceanlc processes contributing
to erxchanges between the tropical and extratropical Pacific Ocean on
decadal timeszcales, and the relative important of remote and laocally
forced tropical variability. Model experiments are conducted in which
chserved temperature data are assimilated into different regions of
the Pacific basin and climatological or observational forcing fields
are used at the model surface in such a way that each model run
isolates an element of remote or local forcing in the tropics or
midlatitudes. Three interrelated processes are found by which the
tropical thermal structure is modulated by low-frequency variabilit

in the midlatitudes. First, temperature anomalies from the
midlatitudes can be subducted into the vazntilated thermoclins and
advected to the subtropics along isopycnal surfaces. Second, thermal
ancmalies in the c¢entral Pacific can be carried to the western
boundary as Rossbhy waves, eguatorward as coastally trapped Kelwin
waves, and eastward as squateorially trapped Kelvin waves. Finally, as
a result of oceanic adjustment to changes in wind stress curl, the
strength of the subtropical g¢yre 1is altered, affecting mass
transports along the western beoundary, and causing changes in the
equatorial circulation and thermal structure. Decadal variability in
the tropical Pacific is forced both locally and remctely. an attempt
is made to quantify the relative importance of a locally forced

gaponze governed by a Sverdrup balance betueen the zonal winds and
he local pressure gradient, and a remoctely forced response
representing an oceanic adjustment caused by midiatitude variability.
The local rezponse leads the remole response by approximately 5
years, and accounts for approximately 27 of the tropical low-
frequency wvariability while the remote response explains only 17%.
from an oceanic viewpoint, tropical variability is found to have only
a small impact on decadal wvariability 1n the North Pacific.
Interannial variabiliity in the tropics 1s communicated to the
midlatitudes by the northward propagation of coastally trapped Kelvin
waves and the westward propagation of Rossby waves, though the
resultant <changses in the midlatitudes account only for a small

fractionsﬁf the total variance in the midlatitude ocean.

[
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TI: Seasconal Simulations Using a Coupled Ocean-atmosphere Model With

Data Assimilation
AlJ: Larow, -T.
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AF: The Florida State University

SO: Dissertation Abstracts International Part-B: Science and
Engineering {Digs-Abst-Int-FPt-B-Sci-and-Eng] 1997 vel. 58, no. 1, p.
1779

NT: Thesis publ. date: 1997, 191pp. Source UMI, 300 N Zesb rd, POCB

1346, Ann Arbor, MT 48106, USA (800.521.0600) or
v, umi . com/hp/Products/Dissertations. html., RN: AAT 9729705
(9726705
PY: 1997

AB: A coupled ccean-atmosphere initialization scheme using Newtonian
relanation has heen developad for the Florida State University
coupled ocean-atmosphere global general circulation model. The
coupled model is used for seasonal predictions of the boreal summers
of 1987 and 1983. The atmosphere model is a modified wversion <f the
Florida State University global spectral medel, resolution triangular
rruncation 42 waves. The ocean ¢gensral circulation model consists of
2z slightly modified version developed by Latif (1987). Coupling is
synchronous with exchange of information every two model hours. :
daily analysis from ECMWF and observed monthly mean 55Ts from NCEF,
two - one year, time dependent, Newtonian relaxation were cenducted
using the coupled wmodel priocr to the seascnal forecasts. Relaxzation
was selectively applied to the atmospheric vorticity, divergence,
temperature, and dew point depression equations, and to ths ocean's
surface temperature equation. The ocean's initial conditicons are from
a six year ocean-only simulation which used absarved wind stresses
and a relaxation teowards okserved 85Tz for forcings. Ceoupled
initialization was conducted from 1 June 1986 to 1 June 1987 for the
1987 boreal forscast and from 1 June 1987 to 1 June 1988 for the 1944
bereal forecast. Examination of annual means of net heat fluzx,
freshwater flux and wind stress obtained by from the initialization
show close agreement with Oberhuber {1988) climatology and the
Florida State University pseudo wind stress analysis. Sensitivity of
the initializaticon/assimilation scheme was tested by conducting two -
ten member ensemble integrations. Each member was integrated for 20
days (June-August} of the respective year. Tnitial conditions for the
encembles consisted of the same ocean state as used by the initlalize
forecasts, while the atmospheric initial conditicns were from ECMWF
analysis centered on 1 June of the respective year. Root mean square
error and anomaly correlations between observed and forecasted S55Ts
in the Nino 3 and Nino 4 regions show greater skill between the
initialized forecasts than the ensemble forecasts. It is hypothesized
that differences in the specific humidity within the planstary
boundary layer are responsible for the large 53T errors noted with
the ensembles.

ASFA 1997-2000/69 2%6 of 373
T1: MNature of global large-scale sea level variability in relation to
atwospheric foreing: A modeling study
Al: Fukumori,-I.; Raghunath,-R.; Fu,-L.-L.
s0: J.-GECPEYS.-RES.-C-OCEANS 1998 wol. 103, no. C3, pp. 5493-5512
PY: 1598

LR: The relation between large-scale sea level variability and ocean
circulation is studied using a numerical model. A globat primitive
equation cdel of the ocean 1is forced by dally winds and
climatological heat fluxes corresponding to the period from January
1692 to January 1994. The physical nature of sea level's temporal
variability from periods of days to a year is examined on the basis
of spectral analyses of model results and comparisons with satellite

altimetry and tide gauge measurements. The study elucidates and
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diagncses the inhomogeneous physics of sea level change in space and
frequency domain. At midlatitudes, large-scale sea level variability
1s primarily due to steric changes associated with the seasonal
heating and cooling cycle of the surface layer. In comparison,
changes in the tropics and high latitudes are mainly wind driven.
Wind-driven wvariability exhibits a strong latitudinal dependence in
itself. Wind-driven changes are largely baroclinic in the tropics but
parotropic at higher latitudes. Barcclinic changes are dominated by
the annual harmonic of the first baroclinic mode and is largest off
the equator; wvariabilities assoclated with eguatorial waves are
swailer in comparison. Wind-driven barotropic changes exhibit a
notable enhancement over several abyssal plains in the Southern
Ocean, which is likely due to rescnant planetary wave modes in basins
semienclosed by discontinuities in potential vorticity. Otherwise,
barctropic sea level changes are fypically dominated by high

frequencies with as much a= half the total wvariance 1in periods
shorter than 20 days, reflecting the freguency spectra of wind stress
curl. Implications of the findings with regards to analvzing

observations and data assimilation are discussed.

AZFA 1997-2000/03 302 of 373

TI: Accuracy assessment of recent ocean tide models
AlU: Shum, -C.K.; Woodworth, -P.L.; Andersen, ~-0,B.; Egbert, -G.D.;
Francis,-0.; King,-C.; Klosko,-S.-M.; Le-Provost, ~C.; Li,-X.;
Molines,-J.-M.; Parke,-M.E.; BRay,-R.D.; Schlax,-M.G.; Stammer,-D.;
Tierney,-C.C.; et-al.
50: J.-GEOPHYS.-RES.-C-OCEANS 19597 wol. 102, no. Cl1, pp. 25,172-
25,194

py: 1997
AB: Over Z0 globkal ocean tide models have bheen developed since 1994,

rimarily as a consequence of analysis of the precise altimetric

-
Pl 'y
measurements froem  TOPEX/POSEIDON and as a result of parallel
d s in numerical tidal modeling and data assimilation. This
paper provides an accuracy assessment of 10 such tide models and
discusses their benefits in  many fields including geodesy,
oceanography, and geophysics. A variety of tests indicate that all
these tide models agree within 2-3 cm in the deep ocean, and they
represent a significant improvement over the <lassical Schwiderski
1980 model by approximately 5 cm rms. As a result, two tide models
were selected for the reprocessing of TOPEX/POSEIDON Geophysical Data
Records in late 1995. Current ocean tide models allow an lmproved
observation of deep ocean surface dynamic topography using satellite
dlflmetry Other significant contributions include their applicaticns
in  an improved orbit  computaticon  for  TOPEX/FOSEIDON  and  other
ic =zatellites, to yield accurate predicticns of Earth rotation
ations and Ilmproved estimates of ocean loading corrections for
ic obsprvaf@ri@s, and to  allow  better separation  of
ronowical tides from phenomena with metesrological and geophysical
igins. The lalgebt differences befween these tide models occur in
hallow waters, indicating that the current models are still
problematic in these areas. Future improvement of global tide models
ig anticipated with additicnal high-quality altimeter data and with

advances in numrerical techniques to assimilate data into high-
resolutiaﬁ hydrodynamic models.

ASFA 1997-2000/05 322 of 373 L
TI: Operational hindcasting of the tropical Pacific
AU: Leetmaa,-A.; Ji,-M.
S0: DYN.-ATMOS.-OCEANS 1989 vol. 13, no. 3-4, pp. 465-450
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NT: Special issue: Data Assimilation, PY: 1989

AB: Procedures have been implemented at the Climate Analysis Center
of the National Meteorological Center {CAC/NMC) to provide monthly
hindecasts of oceancgraphlic conditions in the tropical Pacific. A
central component of this system is a primitive equation ocean
general circulation model that was developed at the Geophysical Fluid
Dynamics Laboratory (GFDL). This is forced with monthly mean fields
for wind stress and net heat flux. Until recently the former were
derived from ship reports available on the Glcbal Telecommunicaticn
System {GTS). The heat fluxes are slightly modified climatological
fiuxes from Esbensen and Kushnir. To correct for errors in the
simulations, thermal data in the upper 450 and surface-temperature
data are assimilated monthly. Numerical experiments were run %o
axamine the sensitivity of the simulations o small changes in the
strass fields. Variations of the drag ceefficient by 15% result in
differences in sea-surface temperature (553T) and subsurfazce tThermal
structure in the eastern Pacific that are comparable with the
ohserved annual and  interannual  wvariability. Comparisons  wWith
simulations in which the wind stresses were derived from cperaticnal
atmospheric analyses show sensitivities of the same magnitude.
Comparisons of simulations forced either with these or ship-recorded
winds to a run with data asgimilation show that siqgnificant errcrs
are found in  both, especially in the off-equatorial regions.
Conseguently, until forcing fields are improved, accurate simulations
will require the use of data assimilation (DBO}.

ASFA 1997-2000/09 328 of 373
Ti: The impact of ocean initial conditions on ENSO forecasting with a

counnled model

2): Rosati,-A.; Mivakoda,-K.; Gudgel,-R.
50: MON.-WEATHER-REV. 1997 veol. 125, no. 5, pp. 7%4-772, PY¥Y: 1897

AB: A coupled atmosphere-ocean GCM {(general circulation model)] has
heen developed for climate predlctlons on seasonal to interannual
rimescales. The atmeosphere model is a global spectral GCM T30L18 and
t

3
he ocean model is global on a 1 degree grid. Initial conditions for
the atmosphere were ohtained from National Meteorological Center (now
known as the National Centers for Environmental Prediction) anzlyses,
while those for the ocean came from three occean data assimilation
(DR) systems. One system 13 a four-dimensicnal DA scheme that uses
conventicnal SS8T observations and wvertical temperature profiles
inserted into the ocean nodel and 1z forced from windz from an
operational analysis. The other two initialization schemes are based
ot the couplsd model, both nudging the surface temperature toward
observed SSTs and one nudging surface winds from an operational
analysis. All three systems were run from 1979 to 1988, saving the
state of fthe ocean every month, thus initial conditions may be
chtained for any meonth during this period. The ocesan heat content
from the three systems was examined, and it was found that -a-strong
lag correlation between Nino-3 SST ancmalies and equatorial
thermocline displacements exists. This suggests that, based on
subsurface temperature field only, eastern tropical Pacific 55T
changes are possibly predictable at lead times of a year or more. It
is this "memcry" that 1is the physical basis for ENSO predictions.
Using th? coupled GCM, 13-month forecasts were made for seven January
and sevel July cases, focusing on ENSO (El Nino-Southern Oscillation)
prediction. The forecasts, whose ocean initial conditions contained
subsurface thermal data, were successful in predicting the two El
Nino and two La Nina events during the decade, whereas the forecasts
that utilized ocean ‘initial conditions from the coupled model that
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surface wind filelds and SST only, failed to
Despite the coupled model's poor simulation of
the ENSO forecasts from the

were nudged toward
predict the events.
the annual cycle in the tropical Pacific,
full DA were remarkably good.

ASFA 1987-2000/06 325 of 373
TI: Impact of data assimilatlion on ocean initialization and E1 Nino
prediction
AU: Ji,-Ming; Leetmaa,-A.
50: MON.-WEATHER-REV. 1997 vol. 12%, no. 5, pp. T42-753, FPY: 1997
ABR: In this study, the authors compare skills of forecasts of

tropical Pacific sea surface temperatures from the Naticnal Centers
for Environmental Prediction (NCEP} coupled general circulation model
that were initiated using different sets of ocean initlal conditions.

These were produced with and without assimilation of observed
subsurface upper-ocean temperature data from expendable
bathythermographs (XBTs) and from the Tropical Ocean Global
Atmosphere-Tropical Atmosphere Ccean (TOGA-TAC) bucys. These

show that assimilation of chserved subsurface temperature
2f the initial conditions, for
summer and fall starts, results in significantly improved forecasts
for the NCEP coupled model. The assimilation compensates for errors
in the forcing fields and inadequates physical parameterizations
the ocean model. Furthermore, additional skill improvements, over
that provided by XBT assimilation, result from assimilation of
subsurface temperature data collected by the TOGA-TAD buoys. This is
consequence of the current predominance of TAC data in the tropical
Pacific in recent years. Results suggest that in the presence of
erronesus wind forcing and inadeguate physical parameterizations in
the ocean model ocean data assimilation can  improve  ocean
initialization and thus can improve the =skill of the feorecasts.
However, the need for assimilation can create imbalances between the
mean states of the cceanic initial ceonditions and the coupled madsl.
Theze 1imbalances in the coupled model can be significant
limiting factors forecast skill, especially for forecasts
initiated in the northern winter. These limiting factors cannot be
svoided by using data assimilation and must be corrected by improving
the models and the forcing fields.
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TI: Gleobhal and regiconal ocean thermal analysis systems
Alf: Cummings,-J.A.; Szczechowski,-C.; Carnes,-M.
50: MAR.-TECHNOL.-SOC.-J. 1987 vol. 21, no. 1, pp. 93-75, PY: 1597
AB: This paper descrilbes the U.5. Navy's operatioconal ocean thermal
analysis systems. The OCptimum Thermal Interpelation System (0TISZ),
version 4.0, 1s operational at the Fleet Numerical Meteorology and ,
Oceanography  Center (FLENUMMETOCCEN) . The Modular Ocean Data
Assimilation Systew (MODAS), version 1.0, 1s utilized al the Naval
Oceancgraphic Office (NAVOCEARNC), the HNaval Research Laboratory -
Stennis Space Center (NRL-55C), and in Fleet cn-scene sysiems.

ASFA 189%7-2000/02 342 of 373
TI 2 global tidal model assimilating level measurements at
coptlnentgé coastline statio
AU: Voron KO L.s Kagan,?B.A., Kivman, -G.A.
50: IZV.-RAN-FIZ.-ATMOS.-OKEANA 1996 vol. 32, no. 5, pp. 630-634
PY: 1896, LS3: English; Russian
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AB: The authors propose a global tidal model with parametrization of
shelf effects through impedance boundary condition on the continental
shelf edge. To determine equivalent values of depth, width and near-
hottom friction coefficient on the shelf, use is made of ftheir
identification algorithm from inshore level measurement data, based
on  solution of conjugate equatiocns of ocean tide dynamics. The
spatial structure of M sub(2) wave in the World ©Ocean is calculated.
Assimilation of c¢oastline level measurement data increases the
computation accuracy of the semi-diurnal lunar tide in the World
Ocean put does not clear away all the discrepancies with the deep-sea
measurements. This points to the inadequacy of the assimilation of
coast  station measurement data  alone. Ths next  stop would  be
identification of representative data from level measurements on
islands and their subsequent assimilation in the global tidal model.

ASFA 1987-2000/0% 373 of 373

TI: Giohal and regional ocean thermal analysis systems at Fleet
Humerical Meteorology and Oceancgraphy Center

AU: Cummings, -J.A.

501 OCEANS-94-HELD-IN-CONJUNCT TON-WITH-OSATES-94 . ~OCEANS-ENGINEERING-
FGR—TODAY'~S—TECHNOLOGY-AND—TOMORROW‘—S—PRESERVATIONAPROCEEDINGS,—13*
16-SEPTEMEER-1594, -BREST~-FRANCE-VOL. -3. Sabathe,-P.-eds. NEW-YORK-USA
INSTITUTE*OF~ELE{CTRICZ’AL—ANDfELECTRONICS—ENGINEERS 1224  pp. TI11.75~
ITI.80, PY: 1994

AB: The Optimum Thermal Interpclation System {OTIS) Version 4.9 has
been implemented at Fleet Numerical Meteorology and Oceanography

‘enter  (FNMOC). ©TIS is an  optimum interpclation based data
similation scheme  that makes full use of the real-time
servational data base available at FNMOC. OTIS also utilizes a
real-time ocean bogus data base describing the surface positions and
characteristics of ocean fronts and eddies. OTIS 4.0 routinely
produces  eddy resolving, surface to bottom regional analyses of
tempaerature and salinity once per day, and global 85T analyses twics
per day. This paper gives a brief descripticn of the OTIS analysis
scheme with particular emphasis given to the generation of synthetic
tetperature observations in the regional analyses.
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OCEAN SCALE FLOWS

ASFA 1978-1987 9 of 373
Ti: Numerical experiments on a four-dimensional analysis of Polymode
and "Sections" programmes--cceanographic data.
AJ: Sarkisyan,-A.S5.; Demyshev,-8.G.; Korcoctaev,-G.K.; Moiseenko,-V.A.
8C: COUPLED-OCEAN-ATMOSPHERE-MODELS. Mihcul,-J.C.Jd.-ed. 19B85. vol. 40

PE. £59-875, ELSEVIER-OCEANOGE. -SER. vol. 0, PY: 1985

AB: The main correlations for a multi-element four-dimensicnal
analysiz of ocean fields are carried cut to estimate the effect of
density and flow wvelocity fields on the analysis of chbserved data.
Calculations performed for the physical-geographical conditicns of
the Polymode area have revealed the representativensss of the data
assimilation algorithm. Preliminary numerical experiments on  the
assimilation of the sea-surface and deep-layers temperature data of
the "Sectiecns" programme have bppn conducted for the North Atlantic
region with the coordinates 35.5 degree -55.5 degree N and 39.%
degree -70.5 degree W.

ASFA 1988-1986 15 of 373
TI: Tomography data assimilatien in an ocean general circulation
nodel of the Mediterranean Sea
AJ: Gaillard,-F.; Van-Den-Berghe,-F.; Stephan,-Y.
50: QUEANS-54-HELD-IN-CONJUNCTION-WITH-OSATES-94 . ~-CCEANE-ENGINEERING-
FOR-TODAY " -5~ TECHNOLOGY ~AND-TOMORROW ' -5 -PRESERVATION -PROCEEDINGS, -13-
16-SEPTEMBER-1994, -BREST~FRANCE-VOL.~2. Sabathe,-P.-ed. HNEW-YORK-USA
INSTITUTE~OF-ELECTRICAL-AND-ELECTRONICS-ENGINEERS 1984 pp. II.629-
TI.641, PFY: 1594

AB: Ocean acoustic temography 1s a technique for observing the
dynamic behaviour of ocean processes by measuring the changes in
travel time of acoustic signal transmitted over a number of ocean
pafhs. Its ability for 1large scale integrated measurements mnakes
tomography candidate for a permanent and continuous observaticnal
network for monitoring oceanic circulation at a basin scale. However
the use of tomography data in studles inveolving numerical modelling

raises saveral theoretical and  practical difficuities. The
variational approach is proposed to assimilate the tomography data”

collected during the THETIS experiments in the primitive eguation
model of the western Mediterranean sea developed within the EURCMODEL

project.

BASFA 1985-1996 21 of 373
TT: Numsrical experiments on the four-dimensicnal assimilation <f the
observation data in the Black Sea in June 1984 on the basis of
numerical energy-balanced model
AlU: Demyshev,-5.G.; Korotaev,-G.K.
SC: MORSK.-GIDROFIZ.-ZH. 19%2 noc. 2, pp-

ta

1-33, Py: 1952

AB: A procedure of the 4D analysis of hydrophysical fields in the
Black Sea with assimilartion of T, S data is realized on the basis of
a numerical model which involves the complete equations of motion,
and the h#at and salt advection equations. Two experiments have been
carried out, which differed by the observation data assimilation
procedure. The analysis indicated that the observation data
assimilation procedure realized using the energy-balanced model
allows the reproduction of scme synoptlc features of circulation in
the Black Sea. A comparison of two computations demonstrates the
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sfficiency of assimilating the chservation data using the 4D analysis
as compared with the sequential objective analysis.

ASFA 1286-1596 35 of 373
TI: Variational data assimilation for determining the seasonal net
surface heat flux using a Tropical Pacific Ocean model
AU: ¥u,-L.; O"-Brien,-J.J.
50: J.-PHYS.-OCEANOGR. 1925 wvol. 25, no. 10, pp. 2312-2343, ©PY: 1895

BB: The authors present a study for determining the seasonal net
surface heat fluxz over the tropical Pacific Ocean using an adjoint
technique. 2 =zimple tropical ocean nmodel with thermodynamics is
chosen and the seascnal sea surface temperature (55T) observations
are assimilated. A least-sguares fitting of the model state to data
is used. The cost function has a misfit term that measures the
difference between the modeled and cbserved 55T and two additional
terms that penalize the departure of the estimated parameters from
their pricr information. The adjoint method ensures that the flux
pattern obtained 1is consistent with the model’s dynamics and
thermodynamics  and 1z  also in  agreement with observations.
Comparisons with heat flux atlases of OCberhuber and Fu et al. show
that our adjcint calculations have successfully captured the main
seasonal_-signals of the surface heat flux distribution over the
tropical Pacific Ocean although, not surprisingly, some differences
exist. The differences are examined from both thermodynamic and air-

sea interaction viewpoints. Two experiments are conducted to study

ASFA 1988-1996 43 of 373
TI: A regional high-resolution model of the western Baltic in
connection with data assimilaticn using the adjoint method
AU: Meier,-H.E.M.; Krauss,-W.
SO:  FIRST-STUDY-CONF.-ON-BALTEX. A_-COms G
INT.-BALTEX-SECRETARIAT 1995 vol. 3 pp. 127-128, PY:

AB: Cne of the projects of BALTEX is the maodelling of the water and
salt budget of the Baltic catchment area. The calculation of the net
outflow from the Baltic will bse an important component of the water
budget of the whole BALTEX region. To achieve this cokjsctive, an
accurate monitoring of the higﬁly variable in- and outflow through
the narrow Danish stralts cover longer time periods 1s required. A
first test period was chosen from October 19%2 until December 1953
ingluding the latest major inflow of zaline water inte the Baltic in
January 1993. Our present calculations are based on data assimilation
intc a numerical model of the Baltic Sea using the adjoint method and
are aimed at a precise description of the water and salt exchange
through the Danish straits. In this context we use a three-
dimensicnal baroclinic model, a special version of the zo-called GFDL
model with a free surface (Bryan-Cox-Killworthj. To resolve the
topography ©f the Danish straits we developed a regicnal model of the
wastern Baltic with a resolution of one nautical mile in horizontal
and 3 m in wvertical direction. The mnodsl domain comprises the
Kattegat, Belt Sea, Arkona and Bornholm Basin. For regional models it
iz wery important to implement time and space dependent active open
boundary conditions for temperature, salinity and surface elevation
because the dynamics in the model area depend strongly on the along-
strait gr¥dient of sea level and of the hydrographical situation in
the Kattegat. Temperature and salinity wvalues at the boundaries in
case of inflow can be provided by observed profils. In case of
outflow an Orlanski radiation conditicon 1is implemented. The wind
forcing is calculated from surface pressure fields from the German
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weather forecast model for Europe {Deutscher Wetterdienst,
Offenbach). A realistic temperature and salinity distribution for
starting the model is constructed by using objective analysis of
measurements from October 1892, In the same manner SST charts for the
whole test periocd are calculated to force the model to realistisz
surface conditions. More than Z000 temperature and salinity profils
and sea level data obtained from tide gauges are collected and will
be used for the calculation of the boundary and surface conditions as

well az for the assimilation procedure described in the nex
paragraphs.
LSFA 1988-199%¢ 45 of 373

Ti: Recomstruction of hydrophysical fields of the Baltic Sea using a
four-dimenticonal data analysis

Al Andreiev,-0.; Sokolov,-A.; Wulff, -F.

S0: FIRST STUDY CONF., ON BALTEX. A.-Cmstedt, ed. CGEESTHACHT GERMANY
INT. BALTEX SECRETARIAT, 1%95 vol. 3 p. 49, 2T: vol. 3, P¥: 1995

AB: The aim of this work is to develop a procedure where observec
data are used in a hydrodynamic model to yield distribution fields of
salinity and temperature. A method for hydrodynamic interpolaticn of
th:lgata ocbserved to construct such fields is proposed. It uses a 3-D
"primitive"™ numerical model and four—dimensional data analysis. &An
iterative procedure used to realize the four-dimenzicnal data
analysis. It consists of direct integration of the temperature and
salinity transport squations over some time interval and solving the
inverse task, which implies the integration of equations adjoined
with the transport ones back to the initial *time level. For the data
assimilation the transport equations include so-called scurce terms
which ars directly proporticnal to differences between measured and
modelled wvalues. Using this method the August temperature and
salinity fields of the Baltic Sea averaged over 21 years period were
constructed. These results are described and discussed.

ASFA 108B8-199%¢6 €5 of 373
TI: Analysis of model calibration results: Atlantic Ocean climatie
calculations
Alf: sarkisvan, -~
S50: J.-MAR_-35YS

L
{T: Special Iz

A.S.

T. 1995 veol. &, no. 1-2, pp. 47-66

ue: Data Assimllation in Marine Science, PBY: 1835

AB: Calibraticon of models for calculation of ocean's climatic
characteristics, based on the complete system of equations of
thermohydrodynamics (3DPEM), was performed. The grid step is | degree
, the number of levels i3 18, the testing area is 15,5 te 79,5 N of
the Atlantic Ocean. Wind fields and noisy initial fields of
temperature and salinity were specified. Diagnostic calculations and
initialization were carried out. From 4 models, which "reached the
finish", 2 were admitted to be the best. The analysis has showed that
good characteristics for evaluation of the models are the meridicnal
heat transfer and the field of wertical currents. We think that the
inaccuracy determinating the Gulf Stream separation location should
be explained by the difficulty of modeling interconnected large-scale
processes of the baroclinic ocean with variable bottom relief, but
not by the problems of the boundary layer physics.

L

LSFM 1985-1596 69 of 373
TI: Continuous data assimilation of drifting bucy trajectory into an
Equatorial Pacific Ocean model
AU: Kamachi,-M.; O'-Brien,-J.J.
S0: J.-MAR.-SYST. 1995 vol. 6, no. 1-2, pp. 159-178
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NT: Special Issue: Data Assimilation in Marine Science, Pr: 1935

AB: A variational adjoint method is developed to assimilate the
trajectories of drifting bucys into a simple ocean model. The method
iz applied tc the equatorial Pacific Gcean. In the variational
formalism a cost function measuring the distance between the
trajectories of the model simulated buoys and of the observed buoys
is minimized. Adjoint equations are forced by the model-data misfit
that is proportional to the difference of model simulated and
cbserved bucy positicns. A hypothetical mean upper layer thickness of
the model is used as & control parameter. The optimal spatlal
structure giving the best fit of the model to the chzervations is
determined, and it is used as the initial condition of the model.

Model simulated data are used first in several experiments and later
experiments with real observations are discussed. Assimilation
periods and regional effects with relations of buoy trajectory and

wave propagation on the assimilaticon processes are examined.

ASFA 1988-199¢ 71 of 373
TI: Assimilation of temperature and sea level observations into a
primitive equation medel of the Tropical Pacific
BAlJ: Fischer,-M.; Latif,-M.
50: /J.-MAR.-SYST. 1995 vol. 6, no. 1-Z, pp. 31-4&
NT: Special Issue: Data Assimilation in Marine Science, PY: 1

Vo)
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AR: A data assimilaticn system has been developed which has been used
in conjunction with a primitive equation model of the tropical
Pacific. The assimilation system is based on a time weighted
successive correction method. The data are inserted continucusiy by
updating the model solution every time step. The inserted data are
taken from & time window, centered on the present model ftime s*ep.
Three experiments were performed. In the first assimilation run, SST
ohservations were assimilated. In the second experiment, island Lasc

sea level observations were assimilated, while in the third run
subsurface temperature data were assimilated. 2An intercomparison
hetween the three assimilation runs was made and we discuss two
questicns. First, to which extent can the model fields be improved,

and secend, now long is the assimilated information retained by the
ocean model.

ASFA 1988-189%9¢ 75 Df 375
t

npl1raf1mn Ie)

lm

10
11

,.‘

Y
1)
[ns
e

I
-+ O
]

'v

h

o
gt
]

]

=]

i

secti

67 deqree S in the PalelC Ocean
AN echaesv, -D.A.; Yaremchuk, M.I.
o: J.-GEOPHYS.-RES.-C-0CEANS 1995 vol. 100, no. Cl, pp. BB5-879,
Y: 1995

AR: We present a wvariational data assimiiation scheme designed to
r steady state of an ocean region along a conductivity-
tempe:ature—depth qecfiJn track ﬁreanir velocitj and tracer fields

lncludp the EQUdtlbh cf state of seawater, a dynamical constraint on
vertical velocity, staticnary tracer transfer equations, geostrophic
relations for horizontal velocities, and the kinematic constraint,
imposed o the net transport across the section plane. The algorithm
can also process an arbitrary set of passive tracer fields measured
at the =ection. These fields are coupled statistically with active
tracers and between each other wvia the depth dependent in situ
covariance matrix. Error analysis of the assimilated data set taken
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at 67 degree 5 in the southern Pacific has shown that the major state
vector components were statistically reliable.

ASFA 16588-1956 79 of 373
TI: Global and regicnal ocean thermal analysis systems at Fleet
Numerical Meteorology and Oceanography Center
All: Cummings, -J.A.
30: MTS-924 CHALLENGES AND OPPORTUNITIES IN THE MARINE ENVIRONMENT.
CONFERENCE PROCEEDINGS. Marine Technology Soc., Washington, DO USA
1994 pp. 433-439, PY: 10654

AB: The Optimum Thermal Interpclation System (OTIS}, version 4.0, has
been implemented at Fleet Numerical Meteorolegy and Oceanography
Center (FNMOCY. GTIS 4.0 is an optimum interpolation based data
assimilation scheme  that makes full use of the real-time
shservational data base vaillable at FNMOC. OTI3 4.0 routinely
produces eddy resolving, surface to bottom regional analyses of
temperature and salinity once per day, and global 38T analyses twice
per day. OTIS 4.0 alsc utilizes a real-time "ocean bogus" data base
dgscribing the surface positions of fronts and eddies. The bogus is
bined with ocean feature modelz and empirical orthogonal function
repbresentations of water masses to generate synthetic temperature
prafiles at an adequate sampling density to resolve mescscale front
and eddy structures, even in data sparse areas. This paper gives a
brief description of the OTIS 4.0 =analysis scheme with particular
emphasis given to the generation of the water mass based synthetic
temperature observations.

ASFA 19B8-1%%6 890 of 373
TT: Initializaticon and data assimilation in models of the Indian
DCcean
AU+ Moore,-A.M.; Cooper,-N.S5.; Anderson,-D.L.T.
AF: Sch. Mathe., Univ. New South Wales, Kensington, N.5.W., Australia
50: J.-PHYS.-OCEANOGR. 1%87 vol. 17, ne. 11, pp. 1965-1977, PBY: 1987

AR: Numerical experiments have been conducted to investigate the
effect of updating models of the Indian Ocean using simulated
temperature {mass) and velocity data. Two models are used: a linear
reduced gravity model with one active layer, and a nenlinear 1Z2-level
general circulation model (GCM). In both <ases an "identical twin”
approach 1s adopted, in which the same model 1s used to generate the
"shserved" data in a "truth run®, as i1s used in the assimilation run.
Temperature data is found to be better than velocity data for

initializing both models. However, further experiments with the N4
model showed that increasing the model diffusion and decreasing t
eddy wviscosity  results in velocity data being better for
initializing. These results are ascribed to the energy distribution,
with the preoportion of kinetic energy keing greater in the later
experiments. Simulated data from the proposed TOGA Indian Ocean XBT
network were also assimilated inte both models using a successive
correction interpelation scheme. It is found that for the layer
model, which had smooth horizental variations in thermociine depth,
the errors fall to zero within a couple of months. However, in the
experiments with the GCM there 1is little reduction in the
assimilation error after the first model update, due to the data
analysis'ﬂ%heme not being able to resoclve the horizontal temperature

structure in the GCM. (DBO)
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ASFA 1988-199¢ 83 of. 373
TI: Rasis functions for data assimilation and modeling of the Guif

Stream
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AU: Eckhoff,-M.A.; Fox,-D.H.
Ch: Naval Oceanographic and Atmospheric Research Lab., Stennis Space
Cent., MS (U3SA), SO: 1990 1 pp, PY: 1990

AB: The Gulf Stream model in use by MNOARL is based upon the Z-laysr,
primitive equations in spherical coordinates. The finite-difference
implementation is eddy-resolving, but the 1/8-degree grid generates
over 100,000 variables — too many to ke directly applied to inversse
techniques. Since most data assimilation zchemes employ
linearizations about a first-guess solution, it makes sense to extend
this procedure by reducing the number of state variables as much as
possible. This is done by using the statistical properties of the
region of phase space sampled by the base trajectory. Empirical
orthogcnal functions (EOFs) are used to estimate the Karhunen-Loeve
transformation of cocrdinates which compresses the leccal state-space
information. These EQFs are used in the implementation of a local,
nonlinear spectral model), having only several hundred degrees of
fresdom. The evolved fields of both numerical models are compared,
and applications to data assimilation are discussad. One of these
schemes, dynamic data inversion, is new and is real impetus for our
developing this basis functiens approach.

ASFA 1988-195¢ g6 of 373
TI: Altimeter data assimilation into an ocean
Sensitivity tco orbital parameters

AlJ: Verron,-d.

SOz J.-GEOPHYS.-RES.-C-0OCEANS 1990 vol. %5, no. 7, pp-11442-114%59%, PY:

1950

2l scenariocs for satellite missions are evaluated
espect to their ability to provide a satizfactory altimeter
dara set as input into an assimilation procedure. The assimilation is
realized, using the technique of “nudging™ ({(Anthes, 1974, into a
numerical simulation of the general oceanic circulation at wid-
latitudes inveolving strong variability fields of the Gulf-Stream-like
jet stream. The numerical model is multilayered and quasi-
geostrophic, and it considers basin-scale circulation with high
resolution. The basic orbital scenarios under consideration are four
in number: the two BRE 1 and Topex/Poseidon nominal mizzion
parameters (with 3- and 10-day orbital periods, respectively) and two
extra possibilitiss for Topex/Poseidon: a 17-day orbital period
scenaric {(close Lo the Geosat parameters) and a 29-day orbital period
scenaric. All four cases are compared for assimilation experiments
realized under identical conditions. The criterion of efficiency 1is
+ta ensure that model flows converge toward chservations, i.e., the
fact that surface information is sufficlient to recreate via the model
the realistic three-dimensional ocean circulation. In the conditions
of experiments, results show that the 10— to 17-day range is able to
satisfy the convergence condition to some extent. This is not the
case for the two scenarios outside this range. The effects of
sukseguent undersawpling {subcycles} are examined in the 10-day case
and found to he of little importance as long as  zampling is
sufficiently regular. Preliminary tests to take into account data and
model inaccuracy are reported. (DBO)

ASFM 19881596 88 of 372
Ti: Continuous assimilation of Geozat altimeter data into a three-
dimensional primitive equation Gulf Stream model
AU: Ezer,-T.; Mellor,-G.L.
50: J.-PHYS.-OCEANOGR. 1924 vol. 24, no. 4, pp. 832-847, PY: 1964
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AB: A three-dimensional data assimilation scheme is described and
tested, using the Geosat altimeter data and a high-resolution,
primitive equation, numerical ocean model of the Gulf Stream region.
The assimilation scheme is based on an optimal interpolation approach
in which data along satellite tracks are continucusly intsrpolated
horizontally and vertically into the model grid and assimilated with

the model prognostic fields. Preprocessed correlaticns between
surface clevation anomalies and subsurface temperature and salinity
anomalies are used to project surface information into the deep

ccean; model and data error estimates are used to oprimize the
assimilation. Analysis fields derived from the Navy's Optimum Thermal
Interpolation System are used to initialize the model and to provids
some estimate of errors.

AEFA 1988-1995 90 of 373
: Data assimilation and medel evaluation experimsnt data sets
: Las ,7Chunnghie;g -A.; (ran,-W.; Glenn,-S.M.
- =AM.-METECROL.-50C. 1894 wvol. 7%, no. Spec. publ., pp. 793-
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Special Issue: Annual Book Issue, PY: 19%4

AB: The institute for Naval OCceancgraphy, in cooperation with Naval
Research Laboratories and univergities, executed the Data
Assimilation and Model Evaluation nxperlment (DAMEE) for the Guif
Stream region during fiscal years 1991-1993. Enormous effort has gone
ints the preparation of several high-gquality and consistent datasets
for model ipnitialization and verification. This paper describes the
preparation process, the temporal and spatial scopes, the contents,

the structure, etu., of these datasets. The goal of DAMEE and the
need of data for the four phases of experiment are briefly stated.
The preparation of DAMEE dataszets consisted of a series of processes:
1} collection of observaticnal data; 2) analysis and interpretation;
3} interpolation using the Optimum Thermal Interpslation Systam
package; 4) gquality control and reanalysis; and 5) data archiving and
software documentation. The data products from these processes
included a time series of 3D fields of temperature and salinity, 2D
fields of surface dynamic height and mixed-layver depth, analysis of
the Gulf Stream and rings stem, and bathythermcgraph profiles. To
date, these are the most detqll d and high-gquality data for mesoscale
SCean mudc¢iu3, udtd as Slmllut¢0u, and fore,astlng Le;earrh. F@edbar

UJ

its reflnemﬂnt Suggestions far DAMEE data usages 1nflua@ 1) o earn
modeling and data assimilation studies, 2) diagnosis and thecretical
ztudiez, and 2} comparisons with locally detailed observatlons.

ASFA 19BB-1506 81 of 373
TI: Data assimilation in a szimple traorcical oc
stress errcrs

Al: Hao,-Zheng; Ghil, -M.*

S0 J.-PHYEZ.-OCEA NCbn. 1224 wol. 24, no. 10, pp. 2111-2128, PyY: 1094

AB: A major error source in the numerical simulation of tropical
oceans 1s the uncertainty in wind stress forcing. A reduced-gravity
shallow-water model has been used to test how assimilated ocean data
correct simulation errors caused by erronecus wind stress 1in the
tropics. é%he gecnetry of the basin is rectangular and symmetric about
the egqualor, and the long-wave approximation is applied. Al1
experiments are of the identical-twin type: the "chservations™ are
gensrated by sampling. the desired reference solution, and the data
are assimilated by optimal interpolation into the same model, with
wind stress forcing different from that in the reference case. In
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this paper, three types of wind stress errors are censidered: errors
of timing only, as well as persistent errors, systematic or
stochastic. The relative usefulness of thermocline depth and current
observations, and the effect of data distribution on state estimation
are examined. The role of squatorial ccean waves in the process of
data assimilation is also studied.

ASFA 1988-1996 296 of 373
TI: Evaluation of a simple data assimilation system for Gulf Stream
forecasting

AU: Rhodes,-R.C.; Bennett,-T.J.

CA: Naval Oceanographic and Atmospheric Research Lab., Stennis Space
Cent., MS (U5A), 50: 1880 1 pp, RN: NOARL-AB-%0-322-110
{NOARLAB90G322110), PY: 1930

AB: A Gulf Stream forecast system based on the NOARL two-layer,
primitive equation circulation model  is  beling  developed  and
fransitioned to operational U.S. Navy use by the Data Assimilation
Research and Transition (DART) team at NOARL and NAVOCEANO. The mnodel
is initialized using a dynamic hsight field obtainesd by applying the
Optimum Thermal Interpolation System (OTIS) featurs models to a map
of front and ring positions. Results of experiments designed to
evaluate the system in an cperationally-realistic mode are presented.
In one set of experiments, observed cloud cover {data gaps) Lis
superimposed on a segquence of frontal paths derived using virtually
complete data coverage. In the other set of experiments, operational
front and ring maps, rather than research-grade maps, are used for
initialization. In both sets of experiments, a rudimentary data
assimilaticn system is established by using a previous forecast to
fill in long data gaps in the frontal path. Both model forecasts,
which are initialized from a composite which assume the frontal path
does not change in time, are compared to the verification paths.
cratistical results indicate that the system’s forecast skill is
petter than that of persistence. Anecdotal results also demonstrate
the value of the sysien.

ASFA 1988-1996 106 of 272

Tl: Characterizing major frontal systems: R nowcast/ forecast system
for the Northwest Atlantic

AU: Fox,-D.N.; Carnes,-M.RK.; Mitchell,-J.L.

n: OCEANOGRAPHY 1922 vol. 5, no. 1, pp. 49-54, PY: 1292

]

AB: The U.S. Navy expends a considerable effort to determine the
locations and properties of most major ocean frontal systems across
the globe. This synoptic picture, called a nowcast, 1s partly
constructed using expendable bathythermographs dropped from ships
(XBTs) and airplanes {AXBTs). Such in situ measurements can give very
detailed information, but tha cost limits their utility te relatively
localized and short-lived surveys. Fortunately, given an adequate
database of earlier measurements, gimply knowing the surface location
of a front is often sufficient to reconstruct an accurate picture of
the three-dimensional thermal structure of the water column to depths
of thousands of meters. Satellite infrared-radicmeter (IR} images
provide locations of important mesoscale features over large areas,
rut clouds can obscure important fronts for long periods, and the
surface jphermal structure is not always an accurate guide to the
acutal location of the predominant currents. One approach to the
sampling problem is to combine computer models of the ocean with data
assimilation methods to extract the most information possible from

the limited data availlable.
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ASFA 1888-1056 107 of 373
TI: Validation test report for the first-generation DART Gulf Stream
forecasting system
All: Bennett,-T.J.; Rhodes,-R.C.

Ch: Naval Oceancgraphic and Atmosphpric Research Lab., Stennis Space
Cent., M5 (USR), 530: REP.-U.S.-NAV.-GCEAN-ATMGS.-EES.-LAB. 1392 47
PP

RN: NOARL-20 (NOARLZ9Y, PY: 19532

AB: Accustic propagation within the Northwest Atlantic is highly
dependent on the meandering Gulf Stream front and it's associated
drifting rings, the so called mesoscale structure of the ocean.
Considerable variability in  space and time characterize this
structure. This repert documents the validation of a system that
ma?es nowLasts and forecasts of the Gulf Stream frontal path.
Data HSSlmlldtlon Hegearch and Trdn51tlon (DART; model T operatlonal
epvironment are the crux of the wvalidation. In one set o
cxperiments, operational front and ring maps are used to initialize
and verify 1- and Z-week forecast experiments. In the cother set
experiments, the value the DART model adds to the present operationa
capability is estimated. The proposed operaticnal use of the model i
simulated by setting up a simple data assimilaticon system that uses

1-week forecast to interpolate across long data gaps that aris
during the mapping of frent and ring positions. The gappy paths are
constructed by superimposing observed data gaps on complete frontal
paths. This report alsc provides guidance to an operator on how to
use a model forecast to fill in the data gaps. Both sets of
e“ptle@PfS show the system to be a statistically significant
ersistence, 1.2 ne change ove
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ASFA 1988-19%6 120 of 373
TI: Finding the steady state of a general circulation model througn
data assimilation: Application to the North Atlantic Ocean

All: Marotzke,-J.; Wunsch,nc.

o0e  J.-GEOPHYS.~-RES.-C-OCEANS 1993 wvel. 98, nc. Cl1, pp. 20,140-
206,167,

PY: 1993,

AR: An attempt is made to find a steady state f & dgeneral
circulation model consistent with error eashtimates of +the North
Atlantic hydrography during 1981-1985 and with wind and thermodynamic
boundary conditions. The quadraflc misfit of the model state from the
data is minimized using the general circulation modsl together with

its adjoint. A state which 1s steady within limits of estimated
chservational error is found, but no such state is simultaneously
consistent with the observed hydrographic and surface flux fields.
Model dvnamﬂﬂc are zmhle to charh@n drad1an+r which ware mvar]v amoacth

in the mapped data, producing a H@rldlonal overturning cell with a
marimur value of about 21 Sv. AL equilibrium, the model must produce
its own water masses and has a strong tendency to go  toward
wintertime conditions. The consequence is an estimated model surface
temperature systematically lower than in the hydrography (which comes
from all seasons}. The western boundary current thermocline is also
hoth coldgr and fresher than the mapped hydrography, and the overall
meridional heat transport is low (about 0.6 x 10 super(l15} W). The
results suggest that the concept of a realistic steady state North
Atlantic circulation has reached the end of its utility, that modeis
with realistic property fluxes and divergences must have much higher



resolution, and that the open-ocean boundary conditions must be
formulated as control variables.

ASFA 1988-1%96 142 of 373
TI: A free surface general circulation model for the Tropical Pacific
Dcean.
AUz Zhang,-R.-H.; Endch,-M.

50: J.-GEOPHYS.-RES.-C-OCEANS. 1992. vol. 27, no. C7, pp. 11237-11255
FY: 1892

AB: A free surface tropical ocean model is presented for explicit
crediction of the actual topography of sea surface and other
variables, for further intercomparative studies among differently
formulated oceanic general circulation models (0GCHsz), and data

assimilation of the observad sea level. Based on an OGCM without
rigid-iid approsimation the dynamic formulation and numerics of the

model have some unigue features such as explicit treatment of sea
level elevaticn as a pro qnnstlﬁ variakle, calculation of the
departures of thermodynamic variables in time integration by
subtractlnq the standard stratification, introducticn of the sigma
vertical rdinate, total available energy consideration, and a
barotioplc L-'oclilic mode—splitting algorithm for computational
efficiency. The model covers the tropical Pacific Ocean between 30
degree N and 30 degree S with horizental grid spacing of 1 degree in
latitude and 2 degree in longitude. There are 14 vertical ld) o1 S
with 8 layers in the top 200 m. Prior to further applications af the

model, simulations of the annual mean and seasonal cycle of the
tropical Pacific Ocean have heen carried out To examined perfornance

~f this fres surface OGCM forced by climatological atmospheric
fluxes. It 1is shown that with the appropriate treatments of the
governing equaticns and pumerical metheds, the free surface
baroclinic OGCM can be computed at least as efficiently as a rigid-
iid model.

qu T
AU: bmedgtad —O.M.; O'-Brien,-J.J.
SOt PROG,—OCEANOGR. 1991

AB: A variational data assimilation and parameter estimation metho
for a reduced gravity model is developed. The method is applied to
the Equatorial Pacific Ocean. In the wvariaticona T i A
functicn measuring the "distance" between the mod 1
ohservations is minimized. The phase speed in the model
control parameter and the optimal spatial structure giving the bes

fit of the model to the observations 1s determined. In the
minimization algorithm a conjugate gradient descent direction is

used. The methed is computaticnally effective, and for the
eupsrimentz considered convergence is achieved in ten iterations or

less. Several experiments are performed using the model soluticons as
observations. It is shownh that the assimilation algorithm iz able to
determine the large scale spatial structure of the phase speed, &ven
if observations are available at only three stations. Real sea level
observations from three stations are assimilated for two different
pericds. ghe year 1979 was chosen to represent a year without an EL
Ning, whl e 1982/82 was chosen to represent an EXl Nino year.

ASFA 1588-19%6 156 of 373
T: Linear equatorial wave mode init alization in a model, of the
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models.
AlU: Moore,-A.M.
3C: J.-PHYS.-OCEANCOGR. 1990, vol. 20, no. 3, pp. 423-445, PY: 1990

i

AB: Data assimilation in meodels of the tropical oceans can gensrats
spuricus egquatorial wave modss that are potentially harmful to the
model bkackground fields. Spurious equatorial Kelvin waves are likely
to give rise te the most detrimental effects singce they are
dynamically very important in the real ocean, and are responsible for
a variety of phenomena in the equatorial and coastal regions of the
ocean. In this paper, an initialization scheme based on the technique
of normal mode initialization (used for many vears by meteorclogists)
is developed, which can be used to suppress spurious equatcorial wave
modes during data assimilation experiments. The initialization scheme
maps information from observational data onto the linear planetary
ons of the dizcretired model equationzs of motion. In
gquatorial Kelvin waves and Yanai waves driven by sea
ing in the model are retained.

wave solut
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additicn, e
surface forc

ASFA 1988-1%5%6 166 of 373
TI: Four-dimensional data assimilation in the ocean
Al Raghunath, -R.; Carton,-J.A.

u:
S0: GCCEANS "90: ENGINEERING IN THE OCEAN ENVIRONMENT. CONFERENCE
PROCEEDINGS. 199%0. pp. 221-22, PY: 1880

AB: Numerical modelling of ocean circulation is limited by inadequate
knowledge of the surface fluxes of momentum, heat and freshwater. A
both in

recent increase in the number of aceancgrarhic chserwvations, b

——————— b R —
gitu and from satellites, along with the introduction of assimilation
technigques has made 1t possible to improve the model estimate of
ccean circulation by using the cbhservations to provide constraints.
The authors demonstrats the lmpact of observaticons on the analyses of
fluid c¢irculation by showing the effects of assimilation of actual
oceanographic data into a high resolution ocean model of the tropical
Atlantic Ocean. The requirements on data coverage to =imulate and

understand the ocean circulation are also discussed.

ASFA 1988-1986 167 of 373
TI: On intermediate models for barotropic continental shelf and slope
tlow fields. Part 2. Comparison of numerical model soluticns in
doubly periodic deomains.
All: Barth,-J.A.; Allen,-J.5.; Newberger,-P.A.
S0 J.-PHYS.-OCEANOGR. 1990. vol. 29, no. 7, pp. 1084-1076, PY: 1

1)

o
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AB: As part of a program to improve understanding of the dynamics of
the complicated, wvigorous eddy and jet flow f{ields recently cobserved
over the continental shelf and slope, we investigate the potential of
intermnediate models for use in both process and data assimilation
studies of these flows. Intermediate madels incorporate physics
simpier than that contained in the full primitive equations yet more
complete than in the quasi-gecstrophic eguations, and are capable of
representing subinertial flows over 0O{1) bottom  topographic
variations and/or with O(1} isopycnal slopes.

ASFA 15688-18896 168 of 373
T1: On intermediate models for barotropic continental shelf and slope
flow fi#ds. Part 1: Formulation and comparison of exact solutlons.
AU: Allen,-J.5.; Barth,-J.A.; Newberger,-P.A.
5C: J.-PHYS.-OCEANOGR. 1%90. wvol. 20, no. 7, pp. 1017-1042, PY: 1990

AB: Motivated ky the general objective of pursuing oceanographic
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process and data assimilation studies of the complex, nonlinear eddy
and jet current fields observed over the continental shelf and slops
off the west coast of the United States, we 1nvestigate the use of
intermediate models for that purpose.

ASFA 1%88-15%6 170 of 373
I: Data assimd i i
the tropical Atlantic, 1583-8
AU: Carteon,-J.A.; Hackert,-E.C.

SC: J.-PFHYS.-OUEANOGR. 1990, vol., 20, noc. 8, pp. 1150-1165, PY: 1990

AR: A hydrographic dataset based on data fram the SEQUAL/FOCAL
experiment is used to determine the errors of a numerical simulation
of the complete temperature and velocity fields of the tropical
Atlantic during the two-year period 1983-84. To improve the accuracy
of the analysis we develop an application of four-dimensional data
sssimilation. In this analysis the thermal fields of the model are
updated once a month using sea surface femperature measuremsnts and
observed temperature profiles.

ASFA 1%88-19%6 178 of 373
TI: Initialization and data assimilation in models of the Indian
Ocean.
AU: Moore,-A.M.; Cooper,-N.S5.; Anderson,-D.L.T.
50: J.-PHYS.-OCEANOGR. 1987. wvol. 17, no. 11, pp. 1865-1977, PY

AB: Numerical experiments have been conducted to investigate the
effect of updating models of the Indian Ocean using simulated
temperature imass) and velocity data. Two models are used: a linear
reduced gravity model with one active layer, and a nonlinear 1Z-level
gensral circulation model {(GCM). In both cases an "identical twin"
approach 1s adopted, in which the same model is used to generate the
“"ochserved" data in a "truth run", as is used in the assimilation run.
Simulated data from the proposed TOGA Indian Ccean XBT network were
alsc assimilated into both models using a successive correction
interpolation scheme. It 1s found that for the laver model, which had
smooth horizeontal variations in thermocline depth, the errors fall to

rero within a couple of months.

ASFA 1988-19%¢ 179 of 373
TI: A Falman filter analysis of sea level height in the Tropical
Pacific.
All: Miller,-R.N.; Cane,-M.A.
50: J.-PHYS.-OCEANOGR. 198%. vol. 192, no. 6, pp. 773-790, PY: 1589

AB: The Kalman filter is implemented and tested for a Simple model
s=2a level anomalies in the tropical Pacific, usin i 4
from =ix selected i1sland stations to dpdate the model. The error
medel is a simple covariance function. The calibrated error model 1

used in a Kalman filtering scheme to gensrate monthly sea level
height anomaly maps for the tropical Pacific. The {filtered maps

i.e., those which result from data assimilaticn, exhibit fine
structure that is absent from the unfiltered model output, even in
regions removed from the data insertion points. Error estimates, an

important bpyproduct of the scheme, suggest that the filter reduces
the error the equatorial wave guide by about 1 cm.

ASFA 198B6-1996
TI: Aspects of geo
assimilation.
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Al: Moore,-A.M.
S0: J.-PHYS.-OCEANOGR. 1989. vol. 19, no. 4, pp. 435-461, PY: 1989

AB: Subsurface temperature data from the ship-of-opportunity network
in the Tropical Pacific Qcean was assimilated into a simple reduced-
gravity medel. A large initialization shock was found to occur in the
model which takes the form of equatorially trapped waves.
Observaticns in the western Tropical Pacific are fcocund to generats a
more severe case of initialization shock than observations in the
eastern half of the basin. In addition, the magnitude of the
initialization sheock was found to be dependent upon the strength of
the sea surface forcing. Dezpite the initialization shock, the model
is able to predict the large-scale structure and variability of the
major nesar surface currents in the Central Tropical Pacific. The
spinup time of these currents was similar to 1 year.

ASFA 1987-2000/00 192 of 373
TI: Influence of Assimilation of Subsurface Temperature Measurements
on  Simulatieons of Eguatcrial Undercurrent and South Eguatorial

Current along the Pacific Equator

AU: Halpern,-D.; Ji,-M.; Leetmaa,-A.; Reynolds,-R.W.
G: Journal of Atmospheric and CGceanic Technology, 1893 vol. 15, no.
., pp. 1471-1877, PY: 1998

b
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Equatorial Pacific current and temperature fields were simulated
and without assimilation of s=subsurface temperature measurements

T
s8]

r April 199%2-March 1955 and compared with moored bucy and research
el current measurements. Data assimilation intensified the mean
-wast slope of the thermocline along the sguatcr in the sastarn
ific, shifted eastward ths longitude of the msan Eguatorial
rcurrent (EUC) maximum speed BO0 km to 125 degree W, and produced
25% stronger mean BUC core speed in the eastern Pacific. In the
eastern Pacific the mean EUC core spead simulated with data
assimilation was slightly more representative of observations
compared to that computed without data assimilated; in the western
acific the data assimilation had no impact on mean EUC simulations.
Data assimilation intensified the north-scouth slope of the
thermocline south of the equator in the western Pacific to produce a
thicker and more intense westward-flowing South Equatorial Current
(BB in the western Pacific. In the western Pacific the mean SEC
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transport per unit width simulated with data assimilation was more
representative of observations compared to that computed without data
assimilation. However, large differsnces cmained betweszn  the
shserved SEC transport per unit width and that simulated with data
assimilation. In the eastern Pacific, the data assimilaticon had no
inpact on mean SEC simulations. The temporal variability of monthly
mean EUC core speeds and SEC transports per unit width wsare increased

significantly by  data assimilation. It also increased the
representativeness of monthly mean SEC transports per unit width to
the ohservations. However, the data representativeness of monthly
mean EUC core speeds was decreased. Results could be explained by the
coupling between =zonal gradient of temperature and EUC and between
meridiconal gradient of femperature and SEC. Longitudinal variations
along the Pacific equator of the impact of data assimilation on the
EUC and SEC precludes the choice of a single site to evaluate the
effectiv%&ess of data assimilation schemes.

ASFA 1997-2000/08% 196 of 373
TI: Research on analysis methods for ocean acoustic tomography data
using the Kalman filter (2}--Coupling scheme--
AU: Shinke, Tomio; Yoshikawa,-Yasushi; Mitsudera, -humio
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S0: Rep-Japan-Mar-Sci-Technol-Cent; Kaiyo-Kagaku-Gljutsu-Senta-
Shiken-Kenkyu-Hokoku 2000 no. 40, pp. 169-177, PY: 2000, 1LS: English;
Japanese

AB: An analysis method for ocean acoustic tomography {(0AT) data has
been studied using data assimilation technique to the ocean dynamical
model to explain ocean phenomena observed by OAT in accordance with
physical processes. The methoed reconstructs the ocean structures by a
data assimilaticn technique using the Kalman filter affer relating
the stream function of the two-layer guasi- gecstrophic medel to the
propagation time of the OAT data. The resulting OAT-derived dynamical
ocean phenomsna enable us to study the physical processes from the
OART data. In this paper, we intreoduced the coupling scheme linking
variation of sound speed to the baroclinic component of the model,
and evaluated descriptiveness and reproductiveness of the scheme for
the sound  speed fisld measured by CTD. We alsc showed the
relationship between the shift of the Kuroshio extension and the
average sound speed of an acoustic ray that propagates through the
SOFAR layer derived both frowm the OAT data and the result of the
sound propagation simulation on the model field. The present study
demonstrated the feasibility of the application of the coupling
schems to the 0AT data analysis.

ASER 1567-2000/09 212 of 372
TI: Quality assessment of the high resolution operational model of
the Baltic Sea, HIRCME
AUz Eigenheer,-A.; Dahlin,-H.
S0: Copenhagen-Denmark ICES 1995 13 pp, BN: ICES-CM-1988/0:4
(ICESCM1G98¢4:, FPY: 1%¢8

ER: Numerical models are develcped and operated to support decision-
making. Since no model gives perfect results the accuracy or value of
this have to ke defined before it is weighted intc a complex
decision. In the development of the High Resclution Operational Model
system for the Baltic Sea, HIROMB, this has been on the agenda from
the beginning. HIROMB is a model system that is being developed and
run operationally in co-operation between Baltic countries through
the HIROME Partnership. Today only physical wvariables are run

operationally but chemical and biclegical varlables are included in
the continued development. The mnodel forecasts are documented
including online wvalidatieon and distributed to the wuser. The

validation is complemented by guality assessment studies, which build
he basis for the scientific discussion about the actual model system
nd itz future development. The actual developments emphasisze to

[fU e

exploraticn and build u of the cnline wvalidation precedure
h

i}

jmprovement of the model forcing, as well az data assimilation.
paper concentrates on a guality assesswment of the basic physic
parameters salinlty, temperature, lce concentration and ice thicknes
for the peried April 97 to April 98. The study shows that the model
during the first vyear after initialisation explains 75 2% of ths

varlance.

ASFA 1997-20089/09 213 of 372
Ti: Wintertime north Pacific surfaze heat flux ancomaly and air-sea
interaction in a coupled ocean-atmosphere model
AU: Zhang,-Xuchong; Yu,-Yonggiang; Liu,-Huil
50: Sci-A#hos-Sin; Dagi-Kexue 1998 vol. 22, no.4, pp. 511-521, PY:
16985

L3: Chinese; English
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AB: The anomalous sea surface turbulent heat fluxes (sensible and
latent) and their impact on the S8T anomaly in the North Pacifie
during winters are analyzed based on the data extracted from a long-
term integration of a coupled ocean-atmcsphere general clrculation

model. A zompariscn of the relative importance of wvarious heat fluz
components and other terms related to the ocean dynamics in
determining the 88T tendency shows that the turbulent heat fluxes
have major contributions te the S5T tendency in mest of the
extratropical North Pacific Ocean with an exception in a central arsea
of the basin where the contribution from the horizontal advection of
$ST may not be negligible. The modeled latent and sensible heat fiux
ancmalies are correlated atroan" to the $8T tendency sncualy rather
than the $3T aneomaly itself in the extratropical ocean during
winters, which is in agreement with the observational analyses of
hoth Cayan based on the £0ADS data and Reynolds et al. based on the
NIZEP data assimilation system. The model's performance supports such
an notion that the atmo pherlc forcing of the ocean rather than vise
versa 1s dominant in the air-sea interaction over ths wintertime
sxtratropical ccsan, which is obvicusly different from the situation
in the tropical ocean. The modeled first EOF mode of the 85T tendency
and its correlation with the sea level pressure, as a representative

variable of the large-scale atmospheric circulation pattern, are
rather similar +to those given by Wallace et ai. in th;ir
cbaservarional analysis. A further analysis shows that the ancmalous

large-scale atmospheric circulation that determines, to a great
degree, the S8T anomalies through affecting strongly the turbulent
heat fluxes in most of the extratropical North Pacific, particularly
in the western Pacific.

ASFA 19%7-2000/09 215 of 373
TI: Local data a551mllation in the estimation of barotropic and
paroclinic open boundary conditions
Al Shulman, —-I.: Lerb -J.K.; Mayer,-J.G.
SG: Journal-ot-Geophysical-Research-C-Oceans [JI-Geophys-Res-CU-0Csans]
1969 wvol., 104, no. C6, pp. 13,667-13,680, PY: 19886

AB: The problem of data assimilation in the specification of cpen
boundary conditions for limited area models is addressed in this
paper. Cptimization appreoaches are detailed, which are based on
combining available data on an open boundary with the physics of the
hydrodynamical model. In our case the physics is in terms of the flux
of energy through +the open boundary. These optimized boundary

conditions, for both barotropic and baroclinic situations,
interpreted physically as specilal linearizatisons of the Berncullil
equation for each mnormal mode. PBecause of the complexity of

cquation for each
decomposing variables into normal modes for open boundaries with
varying bathymetry, we present two alternative appiﬁafhﬁs. The fir
is a simplification of the optimized baroclinic boundary conditizn
based on normal modes. The second makes use of empirical crthogonal
functions instead of normal modes. The results of testing and
comparisons of these approaches are presented for coupling coarse-

.u.l
ot

and fine-resolution models. In this <c¢ase our approach is in
assimilating values and variables from a large-scale model (along the
open boundaries of a limited area model). In the proposed coupling

schemes the energy fluxes are estimated either from coarse or from
fine-grid model results. With the progress of oceanographic observing
systems we would like to explore ways of combining model outputs with
the oceanographic measurements in order to estimate energy fluxes
used in optimized open boundary conditions.

ASFA 1997-2000/09 - 217 of 373



TI: Spatial regression and multiscale approximations for sequential
data assimilation in ocean models

AlU: Chin,-T.M.; Mariano,-A.J.; Chassignet, -E.P.

50: Journal-of-Geophysical-Research-C-Oceans, 199%% wvcl. 104, no. Ci,
pp. 7991-8014, PY: 1999

AR: Effects of spatial regularity and locality assumptions in the
sutended Kalman filter are examined for oceanic data assimilation
problems. Biorthogonal wavelet bases are used to implement spatial
regularity through multiscale approximations, while a Markov random
field (MRF! is used to impcse locality through spatial regression.
Both wmethods are shown to approximate the optimal Kalmen filter
estimates cleosely, although the stability of the estimates can bhe
dependent on the choice of basis functions in the wavelet case. The
observed filter performance is nearly constant over a wide range of
values for the scalar weights {uncertainty wvariances) given to the
model and data examined here. The MRF-based mwmethod, with its
inhomogeneous and anisctroplc covariance parameterization, has been
shown Tto be particularly effective and stable in assimilation of
simulated TOPEX/POSEIDON altimetry data into a vreduced-gravity,
shallow-water equation model.

ASFA 1997-2000/05 218 of 373
TI: A note on the vertical scales of femperature and salinity and
their signature in dynamic helght in the western Pacific OCcean:
Implications for data assimiiation
Al: Macs,-C.
50: Journal-of-Geophysical-Research~-T-Oceans, 1999 wvol. 104, no. C5,
pp. 11,037-11,048, PY: 1999

he relationship between the vertical structures of ocean
ature and =salinity and their concurrent signature in surface
C

v height ancmalies are investigated along the 165 degree E
ransequatorial sectlion in the western Pacific Ocean. The data are
r

Bt Lot E’
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conductivity-temperature depth casts made during 28
ceancgraphic crulses mainly conducted during the 1%84-19%9%2 time
period as part of the TOGA program. The analysis 1s based on
empirical orthogonal functions that isclate the primary modes of
variability, and some poszible physical interpratations ar
suggested. The resulis show that the first six modes, explaining
roughly 80% of the variance, display distinct vertical scales and
sxhibit cocherent and observable signatures in dynamic height
reveal complex patterns in latitude and time. In addition, a metheod
has een develcoped to reconstruct the temperature and salinity
profiles from thelr signature in the surface dynemic height anomaly
using the dominant EOFs. The method is new in the sense that no
recourse is made to T-5 relations. Residual errors in the vertical
atter reccnstruction are lower than the intrinsic varlability, and
the method can  successfully reproduce the wvariability at  ENSOG
timescales. The residual error in dynamic height anomalies 1s lower
than 1 dyn. com in the equatorial belt, and of the order of Z-4 dyn.
cm in the subtropics. The results demonstrate that sea level

Q
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at depth. The implicaticns for data assimilation in ocean models are
discussed.

asPR 1997-2000/09 234 o
TI: Mean circulation and transports in the South Atlantic Qcean:
Combining model and drifter data
AU: Stutzer,-5.; Krauss, -W.
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5o: Journal-of-Geophysical-Research-C-Oceans, 1998 vol. 103, no. C13,
pp. 30,985-31,002, PY: 1083

AB: Numerical experiments with & medium-resoluticon primitive equaticn
model of the Scuth Atlantic mean circulation are described. Tha
results from the standard model realization indicate that the model
succeeds in representing the large-scale transport and circulation
features. However, a compariscon with a velocity field derived from
surface drifter data reveals discrepancies of the modeled velocities
from Lhe observations in magnitude as well as direction of the flow
field. In order te diminish the model deviations from the data, =zn
attempt iz made to couple the model to the observations through a
simple data assimilation technique. The assimilated model succeads in
improving the subtropical gyre circulation. ©Only a minor effect on
the basin-scale integrated gquantities 1s cbsarved. However, Lhe
denszity field may be deformed as a response to the assimilation of
velocity data without simultaneously adapting a corresponding density
structure. The influence of the disturbance of the density structure
iz most prominent at the edges of the observed data set, which does
not cover the entire model domain, and is ceonfined to the upper ©cean
and balanced above the thermocline. We calculated a meridional heat
transport that is generally in accordance with estimates from other
sources. The analysis of heat and salt fluxes suggests that the model
features both the so-called "warm water path" and "cold water path
in closing the global thermohaline circulation. While heat is mainly
imported in surface and thermocline waters with the Agulhas Current
around Seuth Africa, 1t is the Antarctic Intermediate Water that
compensates for more than 50% of the salt loss by the outflowing
North Atlantic Dsep Water.

ASFA 1997-2000/09 251 of 373
T1: Weak constraint data assimilation for tides in the Arctic Ocean
AU: Kivman, -G.A.
S0: Progress-in-Oceancgraphy, 1697 wol. 40, neo. 1-4, pp. 179-196,
PY: 19%7

AB: Estimation of the open-boundary inputs solving a weak constraint
variational formulaticn for an Arctic tide model is considered as a
ili-posed proplem in the zense that the =zolution is very sensitive to
the data noise and to grid size. Mathematically, spatial
discretization of a cost function to be ninimized and penalization of
normal flow through the open boundary act as regularization of the
problem. An heuristic choosing rule for the regqularization parameter
is applied to assess A4 suitable spatial resclution and the welght
referred to the open boundary penalty. It is shown that these provide
a4 petter fit of the solution to a control data s=t compared with a
finer grid, the wvalue of the energy flux through the open boundary
being in agreement with other nodel estimates. The M sub(2) sclution
ohtained is much closer to the control data than other modern
solutions while the accuracy of the simulated K sub(l) constituent is
within the same error level. The tidal maps for these waves exhibit
certain distinctions in compariscn with other charts.

Ty
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TT: Data assimilation in a reduced gravity ocean model using ERS-1
scatter&eter and TCPEX altimeter data
AU: Kumar,-R.; Basu,-5.7 Gohili,-B.S.:; Pandey,-P.C.
SO: Mausam 1997 wvol. 48, no. 4, pp. 669-678
NT: Special issue: Ocean response £o tropical cycleones, ed. by Dubke,
S.K., PY: 1997



AB: This paper discusses impact of ERS-1 scatterometer winds and
assimilation of sea level wvariability data derived from TOPEX
altimeter on the ocean model using adjoint approach. The model
developed for the purpose is linear reduced gravity model for the
north-western Indian Ocean. Experiments have been done with forcing
provided using ERS-1 satellite scattercmeter and analysed wind
forcing provided by Florida State University (FS5U}. Impact on the
model has been studied using the analysed wind stress as well as with
ERS-1 =cattercmeter-~derived wind stress fields. The cost function has
been defined as difference betwsen the nodel derived sea level and
altimeter observations. This misfit between model and observations
has besn minimised with the wodel esquations as  constraints.
Assimilation has bkeen done for 30 days using scatterometer wind
forcing. It has been ohserved that assimilated sea level with
scattercmeter-derived wind forcing gives much better results in

lated =aoa level
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TI: An approximate Kalman filter for ccean data assimilation: 2n
example with an idealized Gulf Stream model
AU: Fukumori,-I.; Malanotte-Rizzoli,-P.
50Or Journal-cof-Geophysical-Ressarch-CU-Geeans, 1995 vel. 100, no. C4,
rp. 6777-67%3, P¥: 1655

AB: A practical method of data assimilation for use with large,
nenlinear, ocean general circulation models is explored. A Kalman
filter based on approximations of the state errcr covariance matrix
is presented, enmploying a reduction of the effective model dimensiocon,
the error’'s asymptotic steady state 1limit, and a time-invarian
linearization of the dynamic model for the error integration. The
approximations lead to dramatic computational savings in applying
estimation ftheory to large complex systems. We examine the vtility of
the approximate filter in assimilating different measurement types

ing a twin experiment of an idealized Gulf Stream. A nonlinear
imitive equation model of an unstable east-west Jet 1s studied with
state dimension exceeding 170,000 elements. Assimilation of various
pseudomeasurements are examined, including wvelocity, density, and
volume transport at localized arrays and realistic distributions of

st
=

satellite altimetry and acoustic tomography chservations. Resulfs are
compared in  terms of their effects on the accuracies of the
estimation. The approximate filter 1s shown to gutperform  an

3 £
empirical nudging scheme used in a previous study. The oxamples
demonstrate that useful approximate estimaticn errocrs can be computec
in a practical marmer for general circulation models.
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TI: Scouth Atlantic Ocean circulation: Simulation experiments with a
guasi—gecstrophic model and assimilation of TOPEX/POSEIDON and ERS 1
altimeter data
RU: Florenchie,-P.; Verron,-J.
30: Journal-of-Geophysical-Research-C-Cceans, 1998 vol. 103, no. C11,
pp- 24,737-24,758, PY: 1958

AB: Simulation experiments of South Atlantic Ocean circulations are
conducted with a 1/6 degree , four-layered, quasi-geostrophic model.
By means of a simple nudging data assimilation procedure along
satellitd tracks, TOPEX/POSEIDON and ERS 1 altimeter measurements are
introduced into the model to control the simulation of the basin-
scale circulation for the period from October 1992 to September 1564,
The model circulation appears to be strongly influenced by the
introduction of altimeter data, offering a consistent picture of
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South Atlantic Ocean circulations. Comparisons with observations show
that the assimilating wmodel successfully simulates the kinematic
behavior of a large number of surfacs circulation components. The
assimilation procedure enables us to produce schematic diagrams of
Socuth Atlantic circulation in which patterns ranging from basin-scais
currents to mescescale eddies are portrayed in a realistic way, with
respect to their complexity. The major features of the South Atlantic
circulation are described and analyzed, with special emphasis on the
Brazil-Malvinas Confluence region, the Subtropical Gyre with the
formation of frontal structures, and the Agulhas Retroflecticn. The
Agulhas eddy-shedding process has been studied extensively. Fourteen
eddies appear to be shed during the Z-year expériment. Because of
their strong surface topographic signature, Agulhas eddies have been
tracked continuously during the assimilation experiment as they cross
the South Atlantic basin westward. Cther effscts of the assimilation

procedure are shown, such as the intensification of the Subtroplical
Gyre, the appearance of a strong seascnal cycle in the Brazil Current

transport, and the increase of the mean Brazil Current ftransport.
Thiz last result, casbined with the westward crienticn of the Agulhas
eddies' trajectories, lesads to a southward transport of mean eddy
kinetic enerqgy across 30 degree 5.
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TI: Large scale circulation in the Rellingshausen and Amundsen seas
as a variaticnal inverse of climatclogical Data
2J: Grotov,-A.5.; Nechaev,-D.A.; Pantelesv,-G.G.; Yaremchuk,-M.I.
5C: Journal-of-Geophysical-Research-C-Oceans, 1998 vol. 102, no. C6,
pp. 13,011-13,022, PY: 1998

AB: Atmospheric and oceanic climatological data are combined with the
World Ocean Circulation Experiment 5S4 section hydrology in the
framework of a variational data assimilation scheme intc a steady
state nonlinear model of  the large-scale circulation. The
reconstructed fields of density and three-dimensiconal velccity are
dynamically balanced and provide qualitative and quantitative
estimates of the circulatlon features of the Amundsen and
Bellingshausen seas. Natural assumpticns on the spatial structure of
the density covariance matrices enable us to obtain realistic coastal
currents near the continental slopes of Antarctica within the
framework of model equations. The horizontal circulation pattern
reveals along shore westward current with typical velocities of 1 cm
s superi{-1) and cyclonic gyres in the Amundsen and Bellingshausen
zeas transporting 2 and 0.5 Sv, respectively. Three eaztward branches

of  the Antarctic Circumpolar Current are observed 1in  offshore
regions. Their transports are diagnosed as 12, 12, and & &v. The
lower layer 1s characterized by westward countercurrzent in  the

northwestern part of the basin with the transport of 8 Sv. Average
Ekman upwelling rate in the major part of the basin amounts to 20-25%
m v super (-1). Downwelling in  the shelf regions of the
Bellingshausen and AZmundsen seas 1s estimated as 250-350 m yr super (-
1).
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Ti: An optimized design for a moored instrument array in the tropical
Atlantic Qcean
All: Hacgfrt,fE.C.; Miller,-R.N.; Busalacchi,-A.J.
50: Joutnal-of-Geophysical-Research-C-Oceans, 1998 vol. 103, no. Cf,
pp- 7491-7508%, PY: 1598

AB: This paper presents a series of observing system simulation
experiments (0S55Es) which are intended as a design study for a
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proposed array of instrumented moorings in the tropical Atlantic
Ocean. Fields of TOPEX/Possidon sea surface height anomalles are
subsampled with the goal being reconstruction of the original fields
through the use of reduced-space Kalman filter data assimilation at a
restricted number of locations. Cur approach differs from typical
identical and fraternal twin experiments in that real observed data
{(i.2e., TOPEX/Poseidon data) are subsampled and used in place of
synthetic data in all phases cof the 035Es. In this way the guestion
of how closzely a particular model-generated data zet rezembles nature
is avoided. Several data assimilation runs are performed in order to
optimize the location of a limited number of moorings for fThe
proposed Pilot Research Moored Array in the Tropical Atlantic
(PTRATA) . Results of experiments in which data are assimilated at
degree N, 2 degree S5 and the equator and the longitude 1
tematically varied by 95 degree show that Lthe greatest impact o©
assimilated data occur= when the cbhservationz are taken betwese
degree W and 30 degree W. MNext, a more systematic technique is
sented which allows us to determine optimal points in an objective
by applying a least squares regression approach 1o
ruct the errors on a dense array of points from the data
at any three selected points. The forecast error structure
om the Kalman fillter is used in a novel way Lo assess the
ptimality of mooring locations. From a large sample of triads <f
points, the optimal mooring locations are found to be along the
equator at 3% degree W, 20 degree W, and 10 degree W. Additicnal
cuperiments are performed to demonstrate the efficacy of the initial
and final PIRATA configurations and the added wvalue that can be
expected from PIRATA observations beyond existing expendable
bathythermograph observafions.

3 Mh N

[

s QT

It
s

=4 (055 R YT = WIlE It

n

LT e

g
-

L]
1 S
£

n
=+ O
[ N

n

=l

g
=]
ot

[ = e R A
r W

ASFA 1997-2000/09 277 of 3732
TI: Gulf Stream and ring feature analyses for forecast mnodel
validation
All: Glenn,-5.M.; Crowley, M.F.
501 J.-ATMOS.-OCEAN.-TECHNOL. 1997 vol. 14, no. &, pp. 1366-1378
PY: 1897

AB: A series of Culf Stream forecast model test cases were developed
for the Data Aszimilation and Model Evaluation Experiment (DAMEE).
The model initialization and verification procedure relies heavily on
a series of accurate synoptic snapshots of the Gulf Stream north wall
and ring locations. Satellite infrared imagery, Geosat altimetry, and
numerous in  situ  temperature profiles were combined using a4
wgecgraphic information system to construct Gulf Stream a
location analyses at approximately weekly intervals during a f-week,
data-rich time period. To improve the accuracy of the feature
analyses, a new image compositing technique <alled patching was
developed to decrease the spatial smearing ezperienced with standard
warmest pixel composites. During the 6-week test period, three ring
formations, two ring absorptions, and one ring merger event were
ochserved. The average difference between the weekly north wall
positions ranged from 20 to 24 km {average 27 km). When the DAMEE GSR
north wall positions were compared to two independent analyses for
the same time period, the average offsets were found to vary from 14
to 53 km (average 29 km) for the first comparison set and 14 to 30 km
{averagge 22 km) for the second. These differences, which are similar
in magnitude to the observed wsekly evolution, are attributed to
differences in the data treatment for cloudy regions and the
subjectivity of the image analysts when dealing with incomplete data.
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TI: Gulf Stream system assimilation experiments: A sensitivify study
Al: Malanotte-Rizreoli,-P.; Young,-R.E.

50: J.-ATMOS.-CGCEAN.-TECHNOL. 1997 wvol. 14, no. 6, pp. 1392-1408

PY: 1997

o

AB: The major cbjective of oceanic data assimilation studies has beer

imensi 1 realization {space plus tim
of the oceanic flow simultaneously consistent with the ckservation
and the model dynamics. In these latest years, however, th
forecasting of oceanic motions has emerged as a lagitimate and
important goal per se. In particular, the operaticnal prediction of
mesoscale flows and frontal systems has been the objective of recent
assimilation applications in wvariocus regicnal systems of the World
Qcean. One gsuch effort focused on the short-term prediction of the
Gulf Stream system in the DEMEE GSR  (Data Assimilation and Model
Evaluation Experiments Gulf Stream Region} sponscored by the U.3.
Navy. The objective of DAMEE GSR phases I and 11 was l-Z-week
forecast experiments. Phase I1I extended the suite of case studies by
adding a Z-month-long assimilation experiment to assess the impact of
long-term assimilations on model performance and forecasting skill.
In thiz paper the authors report the results of DAMEE GER phase 111
but broaden the perspective by addressing twe further issues, namely,
the model sensitivity to the choice of the initial fields and th
frequency of intermittent data assimilation.
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TI: Data assimilaticn experiments in the Sulf Stream Region: How
useful are satellite-derived surface data for nowcasting ths
subsurface fields?
All: Ezzr,-T.; Mellor,-G.L.
8G: J.-ATMOS.-CCEAN.-TECHNGCL. 19%7 vol. 14, no. &, pp. 1379-13
PY: 1997

=]

.
s

atellite-derived surface data have become an important source of
ion for studies of the Gulf Stream system. The guestion of
how uszeful these datasets are for nowcasting the subsurf
thermal fields, however, remains to be fully explcred. Three typ
surface data - sea surface temperature (33T), sea suriace :
(55H), and Gulf Stream position {GSP) - are used here in a serie
data cassimilation experiments to test their usefulness
assimilated into a realistic primitive equation model. The U.
Navy's analysis fields from the Optimal Thermal Interpolat Syst
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are used to simulate the surface data and fto evalua 34
Correlation factors between variations of the surface data and
variations of the subsurface temperature are used to project the
surface information into the deep ceean, using data and model error
estimates and an optimal interpolation approach to blend model and
observed fields. Wnile assimilation of each surface data source shows
some skill in nowcasting the subsurface fields (i.e., reducing errors
compared to a caontrol case without assimlilation), S5SH data reduce
errors more effectively 1in middepths ({around 500 m), and 58T data
reduce =rrors more =ffectively in the upper layers (above 100 mj.
Assimilation of GSP is effective in nowcasting the deep Gulf Stream,
while the model dvnamics produce eddies that are not included in the
GSP analysis. An attempt to optimally combine 53T and SSH data in the
assimilaticn shows an improved skill at all depths compared to
assimib#tion of each set of data separately.
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TI: Linearization of an oceanic general circulation wmodel for data
assimilation and climate studies
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Al Menemenlis,-L.; Wunsch, -C.
5C6: J.-ATMOS.-OCEAN.-TECHNOL. 1997 vol. 14, no. 6, pp. 1420-1443

PY: 1987

AB: A recipe for the linearization and state reduction of & general
circulation model (GCM) 1s evaluated in a Neorth Pacific test basin.
The underlying assumption 1is that modern GCMs are, or will become,
sufficiently accurate so that large-scale differences with the real
ocean are small and have linear physics. Model Green'z functions are
used to construct a reduced-order linear model that compares
favorably with the large-scale response of the GUM away from the
Wostern boundary. Ih a numsrical example, the linear model iz applisd
to the estimation <f the large-scale internal structure of a
simulated ocean using pseudotomographic and altimetric measurements.
The sensitivity of the sclution to & priori statistical assumptions
analyzed. Several algorit ¢ improvements are explored to render

ficient, more accurate, and easier to
es

iz mi
the estimation procedure more ¢
implement than in previous studies.
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TI: Variational data assimilation in ocean model: A simulation
experiment

Al: Kumar,-R.; Basu,-3.; Pandey,-P.C.

50: Indian-J.-Mar.-Sci. 1998 vol. 27, no. 1, pp. 52-59

NT: Special issue: Satellite Oceancgraphy and Modelling ed. by P.C.
Pandey, PY: 1998 :

AB: Variational data assimilation approach using adioint equations
has been used in a reduced qgravity model of the Northwestern Indian
tcean. The method minimises a cost function defining the misfit
between the model and the data with the model equations acting as
constraints. Several numerical experiments have been performed with
simulated data gensrated from a control run of the modsl with

analysed wind forcing data. In the case of perfect data, assimilation
procedure 1is able to recover Ser Surface Elevation and current. The
algorithm is found o have good potential and will be very much
applicable for assimilation of spacehorne altimeter data.
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TI: A real-time oceanographic nowcast/forecast system for the
Mediterranean Sea
2li: Horton,-C.; Clifford,-M.; Schmitz,-J.; Kantha,-L.H.
S0 J.-GEOPHYS.-RES.-C-0QCEANS 1987 wol. 192, no. Cil, pwp. 25,122-
z
P

e a nowcast/forecast system for the entire

AR: We describe her
Mediterranean Sea, designed for real-time forecasts and closely
resemb s

bling operational numerical weather prediction systems. The core
of the system 1is a high-resolution {10 km} three-dimensional
primitive egquation-basad, sigma-coordinate numerical circulation
model, assimilating  remotely sensed multi-channel sea surface
temperature znd in situ expendable bathythermograph /conductivity-
temperature—depth observaticnal data, using an optimal-
interpolational scheme. We present results for 1993 and 1994 from
this data-assimilation model, focusing principally en the mescscale
features plevalent in the western and eastern Mediterranean Sea. We
show that the model exhibits considerable skill in simulating both
the permanent and transient mesoscale features in the Mediterranean.
In particular, hitherto less well-known and less well-studied
circulation features in the Adriatic and Aegean Seas are carefully

&)

53



examined and presented. Particular care is given to discussing the
circulation in the entire Mediterranean, with particular attention to
flows through various straits and their variability.

ASFA 18597-2000/09 303 of 273
TT: Variational data assimilation in a reduced gravity model of the
northwestern Indian Ocean: Experiment with Kelwvin waves
Al: Basu,-S.; Kumar,-R.; Gairola,-R.M.; Pandey,-P.(C.
$0: Indian-J.-Mar.-Sci. 1997 vol. 26, no. 3, pp. 263-270, PY: 1997

AB: Variational method of assimilating data in a reduced gravity
model of the northwestern Indian Ocean is discussed. A coast function
representing the misfift between the model and the data is minimised
with the model equations acting as constraints. The initial
conditions of the modsl are used as control parameters and the best
fit initial conditions are determined as a result of minimisation
carried out using a variable-storage quasi-Newton method. Experiment
has been done with simulated data generated from a control run of the
model descriking progagation of Kelvin waves. Asszimilaticn of uppet
layer thickness data alone has been found to ke sufficient for a good
recovery of the initial state. The method has been found to have good
predictive potential and is particulariy suitable for assimilating
data from satellite altimeters.

ASFA 1987-2000/09 315 of 373
TI: Data assimilation and dynamical interpolation in GULFCAST
experiments
AU: Robinson,-A.R.; Spall,-M.A.; Walstad,-L.J.: Leslie, -W.G.
S0: DYN.-ATMOS.-CCEANS 1989 vol. 12, no. 3-4, pp. 2301-316, PY: 1989

AB: GULFCAST is a forecast system for the Gulf Stream meander and
ring regilcon consisting of a dynamical open-ocean mwmodel and an
cbservational network comprised of remctely sensed sea-surface
temperatures (and recently, sea-surface height? and critically
located air-dropped expendable bathythermographs (AXBTs). We present
fere the case study of a real-time forecast system carried out for 2
weeks in the Spring of 1986 during the development of GULFCAST
methodology. The AXBT data from successive flights were assimilated
and a frontal leocation was "nowcast' and forecast within the erreor
bounds "of navigation, AXBT sampling and model resolution during a

multiple ring--stream interactlicn event (DRO).
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TI: Data assimilation into a numerical equatorial ocean medel. 1 The
model and the assimilation algorithm
Al: Tong,-R.B.; Thacker,-W.C.
50: DYN.-ATMOS._-CCEANS 198% vol. 13, no. 3-4, . 275-412,  PY: 1988

AB: Numerical modeling provides a powerful ool for the study of the
dynamicz  of ccsans and atmospheres. However, the relevance of
modeling results can only be established by reference to observations
of the system being modeled. Typical oceanic observation sets are
sparse, asynoptic, of mixed type and limited reliability, generally
inadequate in some respects, and redundant and inconsistent in
others. An optimal procedure for interfacing such data sets with a
numerical model is the so-called adjoint method. This procedure
effectivly assimilates the observations into a run of the numerical
model by finding that solution to the model equations that best fits
all observations made within some specified space-time interval. The
method tequires the construction of the adjoint of the numerical
model, a process made practical for models of realistic complexity by
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the work of Thacker and Long. In the present paper, the first of two
parts, we illustrate the application of Thacker and Long’s approach
by constructing a data-assimilating wversion of an equatorial ocean
model incorporating the adioint method. The model is subsequently run
for 5 ysars to near-steady-state, and exhibits many of the fsatures
known to be characteristic of equatorial oceanic flows. Using the
last 54 days of the run as a control, a set of simulated sea-level
and subsurface-density observations are ccllected, then successfully
assimilated to demonstrate that the procedure ¢an recover the control
run, given a genercus amcunt of data. In part II we conduct a
sequence of numerical experiments to explore the ability of wmore
limited zets of observations to fir the state of the wmodeled ocean:
in the process, we examine the potential value of sea-level data
obtained via satellite altimetry (DBO).
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TI: Data assimilation into a numerical equatorial ocean medel. 2.
Ezsimllation experiments
AU: Long,-R.B.; Thacker,-W.C.
SO: DYN.-ATMOS.-OCEANS 198% vol. 13, no. 3-4, pp. 413-439, Y: 1289

AB: A sequence of numerical experiments is conducted using a linear,
semi-spectral egquatorial ocean model and an advanced data
assimilation scheme. The numerical model iz based on decomposition of
the oceanic f£ields into Kelvin and Rossby waves belonging to the
baroclinic medes of a stratified eguatorial ocean. The assimilation
procedure finds that solution to the model equations that best fits,
in the generalized least-squares sense, all chservaticns made within
some specified space-time interval. All experiments are of the
‘identical twin' type; synthetic data are generated by sampling the
chservable fields produced by a contrel run of the model, then the
data are assimilated using the same model. The sequence of numerical
experiments serves two purposes; to demonstrate the performance of
the asszimilation procedure in the contexrt of a fully thres-
dimensional, time-varying equatorial ocean model; and fo examine the
utility of specified data sets, in particular, observations of sea
level, in estimating the state of the equatorial ccean. The results
indicate that the assimilation procedu
sufficlent data are provided. However, =sea-level data alone are not
sufficient and must be supplemented with subsurface observations if
more than a few baroclinic modes are allowed in the model ocean. The
required amount of supplementary subsurface data (in the form of
density profiles 1in these experiments) can be reduced by imposing
smoothness contraints on the recovered model scolution (DBO).

re works wery well when
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TI: The assimilation of XBT data intoe a layer model o©f the tropical
Pacific Ocean
All: Moore,-A.M.; Anderson,-D.L.T.
50: DYN.-ATMOS.-OCEANS 198% vol. 13, no. 3-4, pp. 441-464, PY: 1989

]
o

model of the tropical Pacific Ocean by updating it at re ar
intervals with expendakle bathythermograph ({XBT} observaticns of the
16 degree C isotherm <collected as part of the TOGA ship-of-
opportunity program. An  interpolation procedure based upon the
successi correction scheme was used to combine the new observations
with the model first-guess each time the model was updated. The model
was driven by the monthly mean winds of Legler and O'Brien, and when
forced only with the wind field {(i.e., no data assimilated}, there

were  substantial differences between the model and  the  XBT
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ohservations. When data was assimilated, the model solution was
substantially modified, particularly in the east Pacific. The length
of time for which information imparted to the model by assimilation
was retained varies geographically but 1z everywhere more fhan a
month, implying that information was not projected hesavily on to the
gravity wave modes and dispersed. In fact, the result of data
retention experiments (in which the model was initialized with part
of the XBT data set and then forced with only the wind) indicate that
away from the Eguatcor in the west and central Pacific, the structure
of any isctherm in the thermocline can ke retalned for up tcoc 1iZ
months. In the eastern equatorial Pacific, the improvements from data

T -

assimilation are lost more guickly becsuse they are not balanced by
the forcing. Planetary waves are excited on a time-scale of a month
or two, which degrades the solution in the east. This detericration
then propagates westward eventually degrading the solution there too.
The data-retention period of the model will therefore, in general, be

a function of the model stratification and the forcing fields used to
drive the model (DBO!}.
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TI: Anplicaticn of multi-variate statisti
the circulation in the tropical Atlantic f
AU: Carton,-J.A.; Hackert,-E.C.

SO: DYN.-ATMOS.-OCEANS 1982 vol. 13, no. 3-4, pp. 491-515, P¥: 1389

AB; Close comparison of numerical simulations and observations, and
milation of observaticons  into numerical medels, require

assi
technigues to map scattered data of differing types on fto a uniform
grid. Development of these technigues for the tropical ocean poses
special problems because of the sparseness of data and the need to

uze multiple data types. We provide a detalled description of ths
application of multi-variate statistical objectlve analysis to the
estimation of the surface circulation in the tropical Atlantic. The
effectiveness of the algorithm is demonstrated using the multi-level
model of Philander and Pacanowski and data from the SEQUAL/FOCAL

experiment during August 1983, The circulaticn estimated from surface
drifters and from hydrography show many similarities. They indicate
that the model North Eguatorial Countercurrent is too weak. Issuss of
data checking and error sstimates are also discussed (DBG).

ASFA 193%7-2000/09 324 of 373
TI: Mapping Tropical Pacific sea level: Data assimilation wia a

reduced state space Kalman filter

AU: Cane,-M.A.: Kaplan,-A.; Miller,-R.N.; Tang,-Benyanyg; Hackert,-
E.Z.; Busalacchi,-A.J.

S0: J.-GEQPHYS.~REE.-C-CCEANS 1896 wvol. 101, no. Cl3, pp. 22,05%9-

BF: The well-known fact that tropical =sea level can be usefully
simulated by linear wind driven models recommends it as a realistic
test problem for data assimilation schemes. Here we report on an
assimilation of monthly data for the period 1975-19%2 from 34
tropical Pacific tide gauges into such a model using a Kalman filter.
We present an apprcach to the Kalman filter that uses a reduced state
space representation for the required error covariance matrices. This
reducticrmmakes the calculation highly feasible. We argue that a more
complete representation will be of no value in typical oceanographic
practice, that in principle it is unlikely to be helpful, and that it
may even be harmful if the data coverage 1s sparse, the usual case in
oceanography. This 1is 1in part a consequence of ignorance of the
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correct error statistics for the data and medel, but only in part.
The reduced =state space 1= c¢btained from a truncated set of
multivariate empirical orthogonal functions (EOFs) derived from =z
long model run without assimilation. The reduced state space filter
is compared with a full grid point Kalman £ilter using the same
dynamical model for the period 15%75-196%, assimilating eight tide
gauge stations and using an additional seven for wverification,
Results are not inferior to the full grid point filter, even when the
reduced filter retains only nine EOFs. Five =ets
filter assimilations are run with all tide gauge data for the pe
1975-1992. In each set a different number of EOFs is retained: 5, 9,
17, 32, and %3, accounting for 60, 70, B0, 20, and 5%% of the nodel
variance, respectively. Each set consists of 34 runs, in each of
which one station is withheld for verification. Comparing each sst to
the nonassimilation run, the average rms errcr at the withheld

ations decreazes by more than 1 cm. The improvement is generally
larger for the staticons at lowest latitudes. Increasing the number of
EOFs  increases agreement with data aft locations where data are
aszimilated; the added structures allow better fits locally. In
contrast, results at withheld stations are almost insensitive to the
number of EOFs retained. We alsce compare the Kalman filter
theoretical error estimates with the actual errvors of the
asgimilations. Features agree on average, but not in detail, a
reminder of the fact that the guality of theoretical esztimates 1=
limited by the quality of error models they assume. We briefly
discuss the implications of our work for future studlies, including
the application o¢f the method to full ocean general circulatlon
models and coupled models.
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imation of the efficiency of POLYMODE data assimilation in a
numerical barotropic model of synoptic motions

Al: Grachev,-Yu.M.; Grigor'-Ev,-A.V.; Kharkov,-B.V.

SO: MORSK.-GIDROFIZ.-ZH. 1993 no. 4, pp. 32-40, PY: 1582

LS: English; Russian

TIi: E

AB: This paper presents results
POLYMODE data assimilaticn in a tro
dynanics.. The model's response to dat
spatial-temporal assimilation intervals is
application of the algorithms of optimum interpolation and the
modified optimal filtering are compared. A gqualitative similarity
with such computations carried out by a simulation modelling method
is found, The optimum assimilation algorithms are determined
the spatial-temporal interval employed. The optinmum

dernending on
denendling  oOn e spatial

values of observation intervals are suggested for the POLYMODE
conditions.
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Leetmaa,-A.; J1,-Ming
DYN.-ATMOS . -OCEANS 1989 vol. 13, no. 3-4, pp. 465-490
Special issue: Data assimilation, PY: 19889
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AB: Numerical sexperiments were run to examine the sensitivity of the
simulationg to small changes in the stress fields. Variations of the
drag coefficient by 15% result in differences 1in sea-surface
temperature (S3T) and subsurface thermal structure in the eastern
Pacific that are comparable with the observed annual and interannual
variability. Comparisons with simulations in which the wind stresses
were derived from coperational atmospheric analyses show sensitlivities
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of the same magnitude. Compariscns of simulations forced gither with
these or ship-recorded winds to a run with data assimilation show
that significant errcrs are found in both, especially in the off-
equatorial regions. Consequently, until forcing fields are improved,
accurate simulations will reguire the use of data assimilatizsn (DBCY .

ASFA 1997-2000/09 348 of 373
TI: Appiication of multi-variate statistical obijective analysis to
the circulation in the tropical atlantic ocean
All: Carten,-J.A.; Hackert,-E.C.

80: DYN. -ATMOS.-OCEANS 1989 vol. 13, no. 3-8, pp. 491-515
HT: Special issue: Data assimilation, PY: 1938

L

AR: Close comparison of numerical simulations and observations, and
assimilatien of observations inte numerical models, require
tarhnimues to man scattered data of A1'F‘Farlqg f\rps::c* o to oa unif

Lo LT 0 gl Sl AL L Giilci

grid. Development of these technigues for the tropical ocean poses
special problems because of the sparseness of data and the need to
use wmultiple data types. We provide a detailed description of the
applludtlon of multi-variate statistical objective analysis te the
sctimation of the surface circulation in the tropical Atlantic. The

effectiveness of the algorithm is demonstrated using the multi-level
modal of Philander and Pacanowski and data from the SEQUATL/FOCAT

0

rm

expariment during ABugust 1983. The circulation estimated frem surfac
drifters and from hydrography show many similarities. They indicate
that the model North Equatorial Countercurrent is too weak. Issuss of

data checking and error estimates are also discussed (DBOj.

ASFA 19G7-2000/09 3 of 373
TI: The assimilation of XBT data into a layer model of the tropical
pacific ccean
AU: Moore,-A.M.; Anderson,—D.L.T.
S0: DYN.-ATMOS. -OCEANS 1989 vol. 13, no. 3-4, pp. 441-464

NT: Special issue: Data assimilation, PY: 1989

AB: Attempts have been made to initialize a one-layer reduced-g
model of the tropical Pacific Ocean by updating it at  reg
intervals with expendable kathythermograph (XBT) ckservations of

16 degree C isotherm collected as part of fthe TOGA ship-o
cpportunity program. An  interpolation procedure  based  upon the
successive correction scheme was used to combine the new chbservaticn
with the model first-guess each time the model was updated. The mode
was driven by the monthly mean winds of Legler and O'Brien, and when
forced only with the wind field {(i.e., no data assimilated), there
were substantial differences between the model and the XBT
ohservations. When data was assimilated, the model solution was

substantially modified, particulariy in the east Pacific {DBO).

ASFA 1997-2000/09 350 of 373
Tl: Data assimilation inteo a numerical eguatorial ocean model. 2.
Assimilation experiments
AU: Long,~R.B.; Thacker,-W._C.
S0: DYN. -ATMOS.-OCEANS 198% vol. 13, no. 3-4, pp. 413-435
issue: Data assimilation, PBY: 1989

: A sequence of numerical experiments is conducted using a linear,

i 3%ral squatorial ocean  model and  an advanced  data
n i eme. The numerical model is hased on decomposition of
e oceanic fields into Kelvin and Rossby waves belonging to the
roclinic modes of a stratified equatorial ocean. The assimilation
procedure finds that solution to the model equations’ that best fits,
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in the generalized least-squares sense, all cbhbservatlons made within
some specified space-time interval. BAll experiments are of the
“identical twin' type; synthetic data are generated by sampling the
observable fields produced by a control run of fthe model, then the
data are assimilated using the same model. The sequence of numerical
experiments serves two purposes; to demonstrate the performance of
the assimilation procedure 1in the contesxt of a fully three-
dimensional, time-varying eguatcrial ocean nmcdel; and to emamine the
utility of specified data sets, in particular, chkservations of =sea
level, in estimating the state of the egquatorial ocean. The results
indicate that the assimilaticn procedure works very well when
sufficient data are provided. However, sea-level data alone are not
sufficient and must be supplemented with subsurface chservations 1if
more than a few baroclinic modes are allowed in the model ocean. The
required amount of supplementary subsurface data (in the form of
density profiles in these experimentz} can be reduced by impesin

smoothness contraints on the recovered model sclution (DBO).

ASFL 1997-2000/09 351 of 373
TI: Data assimilation into a numerical equatorial ocean model. 1. The
modal and the assimilation algorithin
AlJ: Long,-R.B.; Thacker,-W.C.
SC: DYN.-ATMOS . -0OCEANS 1989 wol. 13, no. 3-4
NT: Special issue: Data assimilation, PY: 1

2B: In ths present paper, the first of two parts, we illustrate the
application of Thacker and Long's approach by constructing a data-
assimilating version of an sguatorial ocean model incorporating the
adjoint method. The model is subsequently run for 5 years Lo near-
steady-state, 1 exhibits many of the featureas bnowm o e

cnaracterlstlv of equatcrial oceanic flows. Using the last 54 days of
the run as a control, a set of simulated sea-level and subsurface-
density observations are collectad, then successfully assimilatsd to
demonstrate that the procedure can recover the control run, given a
generous amount of data. In part II we conduct a sequence of

numerical expsriments to explcore the ability of more limited sets of
observations to fix the sztate of the modeled ocean; in ths procsszs,
we examine the potentlial wvalue of sea-level data oktained via
satellite altimetry (DBO).

AU: Roblnson,—A.R.; Spall,-M.A.; Walstad,-L.J.; Le
SC: DYN.-ATMOS.-CQCEANS 1989 vol. 13, no. 3-4,
NT: Spec1al issue: Data assimilation, PY: 198

AB: GULFCAST 1s a forecast system for the Gulf Stream meander and
ring region caonsisting of a dynamical open-ocean model and  an
servational network comprised of remotely sensed sea-surface

emperatures (and recently, sea-surface height) and critically
coated alr-dropped expendable bathythermographs (AXBTsz). We prasent
here the case study of a real-time forecast system carried out for 2
weeks in the Spring of 1586 during the development of GULFCAST
methodology. The AXBT data from successive flights were assimilated
d a frontal location was ‘nowcast' and forecast within the error
nds f*nav1gaflon, AXBT sampling and model resclution during a

tiple ring-stream interaction event (DBO).

ASFA 1997-2000/09 360 of 373
TI: On the thermal monitoring of the upper ccean layer
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Al: Resnyanskil,-Yu.D.; Zelen’-Ko,-A.A.

SG: MORSK.-GIDROFIZ.-ZH. 1994 no. Z, pp. 37-45, ©PY: 1994
L5: English; Russian

AR: The paper addresses some problems relatad with the development of
systems for global sea surface temperature monitoring. Some data on
the sea surface temperature are considered, and the estimates of
their accuracy are provided. Various models, used to calculate sea
surface temperature, are briefly reviewed in connection with the
develcpment of systems for occeancgraphic data assimilation.

ESFA 1387-2000/00 364 of 373
TI: A hindcast experiment in the East Sea (Sea of Japan)
AlJ: Bang, - Inkweon; Choi, -Jei-Kock; Kantha, -Lakshmi; Horton,-C.;

Clifford, -M.; Suk,-Moon-Sik; Chang,-Kyung-Ii; Nam,-Sco-Young; Lie,-
‘‘‘‘‘‘‘

50: UMI-MER 19%¢ vol. 34, no. 3, pp. 105-130,

BY: 1996

AB: We describe here a hindcast exrperiment in the East Sea {Sea of
Japan} for 1993, using a data-assimilative circulation model
assimilating altimetric data. Climatological simulations and a
synoptic run for 1993 are alsc described. The mcdel reproduces many
of the known circulation features in the East Sea. Altimetric data
assimilation reproduces the anticyclonic eddy along the Polar Front
displayed both by the tracks of the two drifter bucys deployed in the
Juns <f 1993 and TOPEX altimetric data.

ASFA 1997-2000/0% 368 of 373
TI: Successive correction of the mean sea surface height by the
gimultaneous assimilation of drifting buoy and altimetric data
AU: Ishikawa,-Y.; Awaji,-T.; Akitomo,-K.; Qiu,-B,

50: J.-PHYS.-OCEANOGR. 199%% vol. 26, no. 11, pp. 23B1-23%7, PY: 1996

AB: A simulfanecus assimilation medel of drifting buoy and altimetric
data is proposed to determine the mean sea surface height (3S5H) as
well as the temporal evolution of the surface circulation on synoptic
scales. To demcnstrate the efficiency of our assimilation model,
several identical twin experiments for the double-gyre circulation
system are performed using a 1 1/Z-layer primitive eguation medel. An
optimal interpolation for the multivariate is used for the
assimilation scheme that assumes the geostrophic relationship between

the nature of the aszimilation of the bucy-derived velocities into
the dynamical ocean model, the authors first conduct the assimilation
sxperiment using the drifting bucy data alone. The result shows that
realistic buoy deployment (32 in a 40 degree square} can effectively
constrain the modesl variables; that is, both the absolute (mean plus
time varying) velocity and 5SH (interface depth} fields are
significantly improved by this buoy data assimilation. Moreover, in
the case of denser bucy deployment in the energetic western boundary
current regions, where the mean SS5H is comparable to the ftime-varying
part and the geold srror is relatively large, the assimilation
provides a better determination of the absolute velocity and SSH.
This is because significant changes 1in the mean SS5H lead to an
improvement along the extensive buoy trajectories associated with the
strong cugrent. It 1is worth noting that the assimilation of drifting
buoy datd is more effective than that of moored velecity data, thanks
to the Lagrangian information content of the drifting buoys.
Successive correction of the mean SSH is made with simultanecus
assimilation of drifting buoy and altimetric data. Consequently, a
better correction of the mean SSH is obtalned: The initial error of
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the mean S3H 1s reduced by approximately 40% after the l-year
experiment. In contrast, the assimilation experiment of altimetric
data alone corrects only the time-varying part, but yields little
error reduction for the mean 3SH in our modsl. These results clearly
show  that the simeltanecus assimilation of drifting buoy and
altimetric data into the dynamical model is a very useful tool for
improving the model™s realism.
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GENERAL STUDIES

ASFA 1978-1387 12 of 373
TT: Data ascimilation tests with an oceanic mixed-layer model.
All: Elskberry,-R.L.; Warrenfeltz,-L.L.

50: J.-PHYS.-OCEANOGR. 1982Z. vol. 12, no. 8, pp. 839-850, FY: 1982

AB: A data assimilation technique using & one-dimensional, ocean
mixed-layer model to advance the thermal structure observations £

the analysis time is tested. The effects of inserticns of erronecus
temperature profiles in such a model are studied for winter and
summer periods. Sets of 5, 15 or 30 model-generated profiles at
random times during the 15 days prior to analysls time are modified
by adding errors in layer depth and temperature and in tLhe
thermocline temperature gradient. Bach of the modified profiles is
advanced by the mired-layer model to the initial forecast time. This
preduces a series of temperature profiles that are consistent with
the prediction wmodel and with the atmospheric forcing at that time.
The profiles are combined by a simple level-by~-lovel averaging. A
prediction from this averaged profile, or a similar profile after
screening for extreme temperatures, 1s compared to a pradiction from
the last available ohservaticon in the set. A contrel run of the medel
provides complete 3 h verification data.

L

ASFA 1988-199%96 20 of 373
TI: HNumerical & i data as
dynamic stochastic model of the synopti
closed at the level of the second moments
AlJ: Grigor'-Ev,-A.V.
30: MORSK.-GIDROFIZ.-ZH. 1992 no. 3, pp. 37-54, FPY: 19%2

ri riments with

AB: The results of the numerical experiments with data assimilation
in the non-linear model of the ccean synoptic dynamics are presented.
2 response of the non-linear model to data assimilaticn at wvarious
values of the relative error in determining the initial fields and
assimilation discreteness is studied. The results of application of
the algorithms of optimal filtration and optimal interpolation are
compared. The advantages of using the filtration algorithm are
manifested only in the case of low errors available in determining
the initial fields. Feasible detericration of prediction estimates

during data assimilation with discreteness lower than some threshold
value is noted.

1 10 of 373

TT: On the sensitivity of a least-squares fit of discretized linear
hyperbolic equations to data

AU: Callies,-U.; Eppel,-D.P.

S0: TELIUS-SER.-A:-DYN.-METEORCL.-OCEANCGR. 1995 vol. 47A, no. 1, pp-
go-102, BY: 1850

AR: Difficulties are investigated which occur when frying to specify
a4 noise_free initial model state as the solution of a variational
data assimilation problem. A linear shallow water model is used to
investigate the existence and physical basis of the model fit to
data. As in this context the shape of the cost function is of crucial
importanceg the interrelations between the cost function's Hassian
and specific model-data configurations are investigated. Special
emphasis 1is put on the influence of the temporal/spatial data
distribution and the cholce of the scheme used for numerical model
integration. Tt is illustrated how such detalls may cause intelerable
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uncertainties for those aspects of the recovered solution that are
related to very small eigenvalues of the curvature operator.

ASFA 1GB8-109
Ti: Data aszsimilati
troplcal ocean model
AU: Zheng, -H.
CA: California Univ., Los ABngeles (UUSA)
SO: 18%1 5 pp, NT: NTIS Order No.: NB1-21687/9/GAR. .5. thesis..
PY: 1991

26 54 of 373
re

on and wind-stress error cor

AB: A maijcr error source in numerical simulations of treopical oceans
is5 the uncertainty in wind stress. Assimilation of ocean data is used
to correct this simulation errcor. The model used is governed by the
reduced dgravity shallow water equations modified by the long wave
approzimation, within a rectangular basin symmetric about  the
Equator. All experiments are of the ‘'identical twin' +type: the
ob=eryvations  are generated by sampling the desired reference
solution, and the dalta are assimilated by optimal interpolation (OI)
into the same model, with wind stress forcing different from that in
the reference case. The effect of the Kelvin wave and Roszzby waves
wcited by the updating of observations is assessed by examining tle
rformance of the assimilation runs with data projected onto these
waves. When Dboth thermocline depth and zonal wvelocity at  all
gridpoints are observed, data assimilation compensates for the wind
stress errors. The relative importance of the Information in Kelvin
and Rossby waves dwp@ndd on where the wind stress error occurs: when
the error is over the western parT of the kasin, the Kelvin wave
play an important role 1in the assimilation; for wind stress errors
aver the eastern part, the Ross by waves are important. (DBRO
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TI: 25th International Liege Ceolloguium on Ocean Hydrodynamics Liege,
2

May 3-7, 1993

AU: Nlhoul J.C.J.; Brasseur,-P.

503 -MAR.-3YST. 1995 vol. ©, noe. 1-2, pp. 1-2

NT: Spe;;al Izzus: Data Assimilation in Marine Science, PY: 1885
AB: The Internaticnal Liege Collogquium on Ocean Hydrodynamics 1s
crganized annually. The topic differs from one year to ancther in an
attempt to address, as much as possibkble, recent problems and
incentive new subiects in physical oceancgraphy. Assembling a greoup
of active and eminent sclentists from various countries and often
different disciplines, the Collogula provide a forum for discussion
and foster a mutually beneficial exchange of information opening on
te a survey of major recent discoveries, essential mechanisms,

impeliing question-marks and valuable recommendations for future
research. The objective of the 1993 Colloquium was to svaluate the
progress of data assimilation methods in marine science.

ASFA 1988-199%6 78 of 373

TI: The application of a technique for vector correlation to problems
in meteorology and oceanography

AU: Breaker,-L.C.; Gemmill,-W.H.; Crosby,-D.S.

S0: J_-APPL.-METEOROL. 1994 wol. 33, no. 11, pp. 1354-1365, PvY: 1994

. C

AB: In a recent study, Croshy et al. proposed a definition for vector
correlation that has not been commonly used in metecrology or
oceancgraphy. This definition has both a firm thecretical kasis and a
rather complete set of desirable statistical properties. In this
study, the authors apply the definition to practical problems arising
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in meteoralogy and oceancgraphy. In the first of two case studies,
vector correlations were calculated betweer, subsurface currents for
five leocations alcng the southeastern shore of Lake Erie. Vector
correlations for one sample size were calculated for all current
meter combinations, first including the seiche frequency and thsn
with the seiche frequency removed. Removal of the seiche fregquency,

which was easily detected in the current spectra, had only a small
effect on the vector correlations. Under reascnable assumptions, the
vector correlations were in most cases statistically significant and

revealed considerable fine structure in the wvector correslation
Seguences. In some cases, major variations in vector correlation
coincided with changes in surface wind. The vector correlaticonz for
the wvarious current meter combinations decreased raplidly with
increasing spatial separation. For one current meter combination,
cancnical correlations were also calculated; the first canconical
correlation tended to retain the underlying trend, whereas the secaond
cancnical correlation retained the peaks in the vector correlations.
In the second case study, vector ¢orrelations were calculated between
marine surface winds derived from the HNational Metecrcliogical
Center's Global Data Assimilation System and observed winds acquired
from the network of National Data Buoy Center buoys that are located
off the continental United States and in the Gulf of Alaska. Results
of this comparison indicated that 1) there was a significant decrease
in correlation hetween the predicted and observed winds with
increasing forecast interval out to 72 h, 2} the technique provides a
seznsitive indicator for detecting kbad busy reports, and 3) there was

no obvious seasonal cycle in the monthly vector correlations for the
period of observation.

ASFA 109E88-19%96 81 of 373
TI1: Ocean data assimilation and the Kalman filter: Spatial regularity
Al Bennett,-A.F.; Budgell,-W.PD.
J.

SO: -PHYS.-OCEANOGR. 1887 wvecl. 17, no. 10, pp. 1%83-1601, PY: 1987
AB:  Ocean  ocirculation medels are infinite-dimensional dynamical
systems. If the Kalman filter 1s used to assimilate data into such

y then thelr infinite-dimensicnality must ke recognized. In
other words, numerical approximations to the Kalman gains must
convergse to smooth functions of position, as spatial resclution is
improved. It is shown here, by asymptotic analysis and numerical
experiment, that the Kalman gains converge if and only if the
wavenumber spectrum of the system noise 1is suitably cclered. For a
quasi-geostrophic ocean model without eddy wiscosity, the wavenumber
spectrum of the vorticity system nocise must be D{n superi{-1)} as n
arrow right infinity , 1in order to ensure a continuously
differentiable worticity gain. If the model includes eddy viscosity
then a milder requirement holds, but the streamfunction and vorticity
gains have unphysical boundary layer structure near measurement
points. The analysis and experiments described here employ linear
ocean models, and include the cases of data available continucusly in
time and discretely in time. The experiments show that, in the case
of  continucus  data, the matrix Riccati equation for  the
streamfunction covariance matriz is numerically well-conditicned
provided the streamfunction system noise 1s colored. The analysis
shows that the covariance matrix 1is banded only in the case of
discrete data and only if the system covariance greatly exceeds the
measuremer® noise variance. We also find that, if the spatial
reqularity of the Kalman filter has been ensured, then the gains may
be computed at modest  resolution. This vyields considerable
computational savings. It 1s concluded that rigorously correct
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applications of the Kalman filter to linear ocean circulation models
may be achieved with reasonable computational overhead. (DBO)

ASFA 1988-12826 82 of 273
TI: Feasibility of extracting current profile information from HF-
radar surface curreni measurements, part 1 and 2
AU: Devalk,-C.F.; Klein,-R.E.; Peters,-H.C.
CA: B leidingscommissie Bemote Sensing, Dslift (Netherlands)

20 pp, Y: 1991

AR: The need for current information in the Netherlands is cutlined
and the status of current measuring eqdlpment and hydrodynamic models
cutlined. With the present means it is difficult to measure currents
permanently and in real time 1n the harsh marine environments.
However, recent development of new remcte sensing technigques like HF
Doppler radar and accustic Doppler current profilers and the
develooment of hydrodynanic mﬁdolﬂ are very promising modern means to
deliver current information. Since one dimensicnal current models are
now readily availakle that are able to calculate the vertica

al current
profile, the possibility to extrapolate the surface current measured
by a HF radar to larger depths with the help of such a cone

dimensional model was investigated. A feasibility study which made
use of available HF radar data gathered in a previous measurement
campaign 1s outlined. The data are suitable, because at some
locations current profiles were measured by ships simultaneously with
the HF radar data. This offers the possibility to comparse the
predicted current profiles, produced by the data assimilatien
procedure, with the actual measured profiles. The numerical and
graphical results of this feasibility study are pressnted. [Contract
BCRS FROJ. CP-1.36G.1 (DBO)

8% of 373
o
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TI: How useful are localized uasters of traditional oceano aphis
measurements for data assimilation?
AU: Malanotte-Rizzoli,-F.; Young,-R.E.
S0: DYN.-ATMODS.-OCEANS 19582 wol. 17, no. 1, pp. 23-61, PY: 189%2

AB: Regional data sets such as those provided hy localized clusters
of moorings are rich in information, especially for resclving the
structure and wvarlability of the deep oceanic layers that are not
‘seen’ by altimetry. Long time series of velocitw and temperature

measured at different depths over the entire ater column 1n
localized clusters of moorings constitute  an examyl ot common

oceanographlc measurements. Can these localized clusters of data
points be wuseful and effective when assimilated into an ocean
circulaticn model for process studies in the Gulf Stream system? Can
the model internal dynamics, constrained by the limited datsa sets,
reconstruct events such as meander formation and steepening, ng
pinch-off and migration in the wide regions that remain void of

KEeasurenments?

ASFA 1988-1996 95 of 373
Ti: Alr-sea interaction
AlU: Hasselmann, -K.
CA: Max-Planck-Inst. fuer Chemie, Mainz {FRG), SO: 1991, 4 pp, Py:
15931

»

AB: &ince the atmosphere and the occean are the two most important
parts of the climate system, it is expected that a major thrust in
climate research will be directed in the future towards a better
understanding and modeling o©f the coupled ocean-atmosphere system.
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This coupling occurs at the air/sea interface. In the large scale,
the two systems interact by means of the fluxes of solar and infrared
radiation and by exchange of momentum, latent and sensible heat, and
fresh water (precipitation minus evaporation). On the smaller scale,
these fluxes are governed by complex turbulsnt interaction pracesses
at the moving sea surface. They can be determined reliably only
through a proper understanding of the dynamics of the interface and
the interactions of the turbulent atmospheric and oceanic boundary
layerz in which it 1is emkedded. Air =sea fluxes are normally
represented 1n large scale ocean, atmosphere or coupled models by
highly simplified bulk formulae. Improved descriptions of these
fluxes are locked for; the benefits that these would have for climate
studies are stated. A table of the sea surface and near sea surface
variables that can be measured from space is presented. Reascons for
implementing an end to end data assimilation system, including sensor
algorithms, data quality control, first guess forecasts, and model
initialization are given.

ASFA 1988-1996 101 of 373
TI: Simulation and data assimilation of drifting buoy trajectories.
All: Okamcto,-H.; Kubota,-M.*; Shikauchi,-A.
: J. FAC. MAR. 5CI. TECHNCOL. TOFKAI UNIV. TOKAIDAI KIYOD KAIYOGAKUBU
94 no. 37, pp.- 13-28, FPY: 1994

AB: The Lagrangian motion of drifters was simgplated by using surface
currant field based on the composite combination of geoqtrophic
current and Ekman flow. It was found that the simulated trajectories
are different from the real trajectories. To correct the inaccuracy
sf =sesa surface current field, we applied a simple assimilatison
technique called Sucoessive Correction Method (35CM), and predicted
the frajectory again. In this technique, we assimilate current data

a

1\

derived from drifters ints sea surface current field each day. As
result, the assimilated traijectories are more realistic than the
simulated trajectories.

ASFA 1988-1996 110 of 373
TI: Evolution of coupled air-sea models  at  Fleet Numerical
Cceanography Center
Alf: Clanvy,-R.M.; Plante,~R.J.
S0 MT5.-93: TECHNOLOGY REQUIRBEMENTS IN THE NINETIES. PROCEEDINGS.
Marine-Technalogy-Scc., Washington-DC, USA, MTS 1883 pp. Z286-280
PY: 1995

AB: The U.S. Navy requires accurate predictions of environmental
2 atmosphere to the bottom of the ocean.

Particular attention is focused on conditicons at or near the air-sea
interface, where most critical naval operations and sigaificant air-
sza interactions ooy Pragress toward improving the HNHavy's
wirocnmental prediction in the 1990s will involve the
se of fully-coupled air-sea models and coupled air-sea data
assimilation. One cof the keys fo accurate numerical prediction of the
air-sea environment 1is the use of coupled air-sea models. Fleet
Numerical Oceancgraphy Center (FLENUMOCEANCEN) has operated one-—way
coupled modﬂls {i.e., the atmosphere driving the ocean, but no
fezdba since ths late 1%260s. Beginning in the early 1980s, the
first "lgﬂsely coupled™ or "asynchronous" two-way interactive air-sea
models came into service at  FLENUMOCEANCEN. In these models, the
atmosphere drives the ocean and the ocean response is fed back to the
atmesphere, but not continuously on a time-step by time-step basis.
In these models, ocean ' surface properties (e.g., sea surface
tenperature, wave sSpectra, 1ce concentration) will continuously

conditions from the top of th
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affect air-sea heat and momentum exchanges which, 1n turn, will
feedback continucusly to affect the time evolution of the ocean
surface properties. These models will provide the improved
representation of the marine boundary layer required by the Navy, and
enhance both long-range weather and ocean prediction.

ASF2 1988-1%9¢6 114 of 373
On the formation of initial values in oceancgraphic prediction
Wang, -Sizhen; Yu,-Ying; Xu,-Qichun
TRANS . ~QCEANCL. —LIMNOL. -HAIYANG-HUZHAO-TONGEAD 1993 no. 2, pp. 1-
EY: 1993, LA: Chinese
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AR: The formation of initial wvalues 1is a «critical problem in
oceanographic prediction and is a rather new subject in China. Based
on the present condition of ccean observations, the principal links
and  existing problems in the formation of 1initial wvalues are

approached tentatively in the paper. The links discussed consist of
the wvaristies of oceanographic ocbssrvations, the guality control of
data, objective analysis, initialization and four-dimensicnal data
assimilation. As an example, the method of formation of initial

v the 287 prediction model is elucidated, and has
been proved to be stable and effective, though the method is
preliminary.

ssalues established
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Tl: Determinaticon of ocean surface heat fluxes by a wvariational
method
aU: Regust,-H.; Planton,-5.; Gaspar,-P.
50: J.-GEOPHYS.-RES.-C-0OCEANS 1993 wvol. 98, no. C6, pp. 10,211-10,221
PY: 19263

AB: A new technique of determination of the "nonsolar" heat fiux (sum
of the latent, sensible, and net infrared fluxes} at the ocean
surface is proposed. It applies when cceanic advection remains weak
and thus reliss on a one-dimensional modeling approach. It 1s based
oh & variational data azsimilation scheme using the adjoint eguation
formalism. This allows to take advantage of all observed data with
their error estimates. PResults from experiments performed with
station Papa {(Gulf of Alaska) and Long-Term Upper Ocean Study (LOTUS,

Sargasso Sea)l data sets are discussed. The temperature profiles
assimilation allows the cne-dimensiconal model to reproduce correctly
he temperature evolution at the surface and under the oceanic mixed
yer at the two sitegs. The retrieved fluxes are comparsd to the
luxes calculated through c<lassical empirical formulae. The diurnal
pendence  of the flures at the LOTUS site is particularly
investigated. The results are alsc compared with these obtained using
a simpler technigque based on an iterative shooting method and
allowing the assimilation of the only sea surface ftemperature. This
second comparison reveals that the wvariability of the retrieved
fluxes iz damped when temperature in the inner ocean are assimilated.
This is the case for the diurnal cycle at the LOTUS mooring. When the
available current data at this site are assimilated, the diurnal
variability of the refrieved fluxes i1s further decreased. This points
cut A model discrepancy in the representation of mixring processes
associated to 1rterndl wave activity. The remaining part of the
diurnal cycle is significant and could be due to a dirett effect of
alr-sea temperature difference.

ASFA 1988-1996 131 of 373
Tl: Present methods of data assimilation in the U.5. Navy's sea ice
forecasting models.
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AU: Preller,-R.H.; Posey,-F.G.
CA: Naval Oceanographic and Atmospheric Research Lab., Stennis Space

Cent., MS (USA}, SC:  1289. 6  pp, RN: NOARL-AB-85-322-063
(NOARLABB9322063)
FY: 1589

AB: The U.5. Navy presently has two sea lce forecasting systems
running on & daily operaticnal schedule at the Fleet Numerical
Oceancgraphy Center. The first forecast system, the Polar Jee
Prediction System (PIP3S), covers the Arctic basin,

and the Greenland Sea using 125 km grid resolution. The second mcdel,
the Reqicnal Polar Ice Prediction System-Barents (RPIPS-B), cover the
Rarents Sea and western have of the Kara Sea using 23 km grid
rescalution. Both medels are forced by atmospheric forcing from the
Naval Operational Global Atmosphsric Prediction System and monthly
mean geostrophic ocean currents and deep ocean heat fluxes. The
models are run daily making 120 hour forscasts of drift, ice
thickness and ice concentration. Both models are updated, once per
week, by assimilating digitized concentration data from the Haval
Polar Oceanography Center. Accuracy in the digitized data as well as
the timeliness of the data shown to have a serious impact on the
model forecasts.

ASFA 1988-19%¢ 135 of 373
TI: Simulated annealing: A tool for data assimilation into an almost
steady medel state.
AlJ: Krueger,-J.
S0: J.-PHYS.-OCEANOGR. 19%3. vol. 23, no. 4, pp. 679-688, PY: 1993

oy

AB: A new method is used to calculate a steady-state best (it of

1y nonlinear time-dependent model to cobserved data. The
proposed technique has a statistical nature and is known as simulated
annealing. It is described in detail and two examples are presented.
In the first example & simple put highly nonlinear model s
comzidered. It is shown that simulated annealing is robust and
converges  to  the solution, whereas the adjoint technique, a

i n ot h
given st h

socphisticated optimization methed, fails. The second example
illustrates that simulated annealing is alsc able to handle a protein
with many degrees of freedom { similar te 4000). The required amount

of computer time can be accepted.

Fhy

ASFA 198B-15%85% i36 o

373
TI: The role of integratlon Time In det
through data assimilation.

Al Marotzke,-J

s0: J.-PHYS. QCEANOGR. 1%%2. wvol. 22, no. 12, pp. 1556-1567, PY:
1592

m

rmining a steady ztate

2B: The length of time an ocean medel and its adjoint should be
integrated in determining a steady state compatible with observed
data is investigated. The starting point is based upon a suggestion
that only one time step is required. This method fails to converge to
an acceptable solution when applied to a genseral circulation modsl
(GCM) of the North Atlantic. Using a very coarse resclution GUM in an
idealired  geometry, the problem 1is traced to the interplay of
convecti adjustment and the wvery short integration time. The
gensral assimilation technigque is explored using a very simple model,

ear first-order equation with forcing and damping. The model 1s
to provide a dynamical coupling between the forcing and the
response, owing to a mismatch of integration time and

w5
w
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adjustment time scale. Coupling can be enforced in the simple linear
wodel  through a careful choice of weighting factors, a strategy
excluded In the GCM due to the presence of very fast processes like
convective adjustment. An integration over a sufficiently long time
can avold the problems encountered. Experiments with the idealized
GCM prove successful for longer integrations, and a tentative upper
limit of 50 years 1is given for inversions aiming at the main
thermocline structure.

l\.l

ASFA 1988-19%¢ 127 of 373
I: Inverse modaling of the action-balanc equation. Part 1: Source
Xi}&ub_;luu and ad |ulnt ~model cquati"uha-

3

a

AU: Snyder,-R.L.; Lawson,-L.M.; Long,-R.B.

§C: J.-PHYS.-OCEANOGR. 1992. vol. 22, no. 12, pp. 1540-1555,  PYy:
laaz

AB: In this paper a serles of numerical experiments is defined to

e
explore the inverse modeling of the action-balance equation governing
the evolution of the surface gravity wave field, using the adicint
data-assimilation wodel-optimization procsdure of Thacker and Long.
We begin by exploiting power series, functional power series, and a
variety of physical and mathematical considerations to derive a
systematic expansion of the source terms in this equation for the
deep-water case. Thiz expansion, which naturally incorporates a
Thacker representation for the nonlinear transfer from wave-wave
interactions, defines a set of dimensionless expansion coefficients
to be determined by the inverse modeling and identifies the
simplified cases to be investigated in the numerical experiments.

ASFA 1988-1996 144 of 373
TI: The Fleet Numerical Oceanography Center regional ocean thermal
analysis system.
AlU: Cummings,-J.A.; Ignaszswski,-M.J.
S50 MTE-"-21.-AN-OCEAN-COOPERATIVE: - INDUSTRY, —GOVERNMENT, -ANL-
ACADEMIA. -PROCEEDINGS . -NEW-ORLEANS -CONVERTICN-CENTER, -NOVEMEER~ 10—
14,-1991. Marine-Technology-Soc.,-Washington, -DC-USA WASHINGTON, -Df-
USA MTS 1961, pp. 1123-1129, PY: 1991
: Version 3 of the Optimum Thermal Interpolaticn System (OTIS
as been developed at the U5 Navy's Fleet Numerical Oceancoraphy
nter (FNOC) as part of a data assimilation scheme desiqred to

depl L in a dynamirally consistent manner the three dimensional ocean

mass structure in regions dominated by strong thermal fronts. This

paper provides a brief overview of the design of OTIS 3.0, with

eramples drawn from the Gulf Stream and Kuroshio regional analyses.
ASFA 1588-19%%¢ 148 of 373

TI: An analysis Scheme for Hﬁfermln%tion of true surface winds at sea

from ship synoptic wind and pressure cohservations.

AlU: Bumke,-K.; Hasse,-L.

01 BOUND. -LAYER-METEOROL. 195%. vcl. 47, no. 1-4, pp. 295-308

NT: Special issue, PY: 1985

AB: For oceanographic studies, a high resclution description of the
wind field at the sea surface i1s required. In order to estimate the
air-sea ypte raction fluxes <correctly, it is important that the
derived wind field has the characteristics of actual surface winds.
Ship synoptic observaticons are at dirregular positicns, whils
applications require boundary conditions at a regular grid. Th
problem is solved by locally fitting a second-order pressure surface
to both wind and pressure observations, with the aid of a boundary—

4
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layer formulation. For the ship synoptic data available via GTS fer
the North Atlantic Ocean, spatial resocluticn, as expressed by an
equivalent filter half-width, 1is 220 km, considerably improved
compared to typical data assimilation schemes used in numerical
forecast models.

ASFA 1988-1996 156 of 373
Ti: Technical description of the optimum thermal interpolation
system. Version 1. A model for oceanographic data assimilation.
AU: Clancy,-B.M.; FPhosbus,-P.A.; Pollak,-K.D.
CA: Naval COcean Research and Development Activity, HNSTL Station, MS

FTTO AN
VUoA

SO: 1989. 40 pp, RN: NORDA-Z240 (NORDAZ40), PY: 1989

The Optimum Thermal Interpclation System (OTIS} 1s an ocean
iwct developed for real-time operational use at

salie}

e

mal analysis prod
Eieet Numerical Oceanography Center. GTIS is expected fto hecome
centerpiece of the Wavy's ocean thermal analysis and prediction
sabilities both aszhore and afloat. It provides a rigorous framework
the synergistic combination of real-time data, climatology, and
dictions from ocean mixzed-layer and circulation models to produce
Kavy's most accurate representation of ccean thermal structure on
and regional scales. OTIS is particularly well 5n1ted for
ation of remotely sensed data from zatellites because of its
y to account for the relative accuracies of varicus types of
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TI: Note on relations of satellite image data and physical models.
Toward an ocean data assimilation.
AU: Kamachi, -M.
50: SORA-TO-UMI. 1%90. no. 12, pp. 45-50, PY: 19%%0,LA: Japanese
S: Englishk

ABR: Relations of satellite image data, ship data and physical models
are reported and a method 1is introduced which deduces the advective
surface wvelocity fields from =seguential satellite imagesz. T
advective surface wvelocity consists of an ageostrophic wve it
although a geostrophic veloclty can actually be deduced. A ¥
batwsen sea surface temperatures {(53T) and sea level was derive
and sea level were shown to be modally biased, supplementing each
other, and can 1n principle be combined to yield a three dimensiconal
ocean picture. An example of retrieval of $ST data with a variational
method 1s given, and the variational adjustment method (VA), one of
two main types of four-dimensional data assimilatlion methods, is
discussed.

ASFA 1988-1%8%¢ 173 of 373
Tl: {Data assimilaticon algorithm and ite realiration with reference
to zones of active enerqgy exchanges.j.
Al: Gannochka, -V.A.; Protassov,-A.V.
S50t

{ CURANOLOGY -AND-METEQRDLOGY -OF -THE-ATLANTIC-COCEAN. . CKEANOLOGIYA-
T-METEORCLOGIYA-ATLANTICHESKOGO-CKEANA MOSKVA-USSR-GIDROMETEOQIZDAT
1989, no. 178, pp. ©5-73, PY: 1989, LS: Bussian

AB: A m%%pod is considered of restoration of multi-dimensional fields
of ocearfographic elements by assimilation of data from cceanographic
stations and using variance principle of identification of model
parameters. Results of numerical experiments emnploying information
from an oceanographic polygon made within the frames of the "RAZREZY"
program are presented.
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TI: An experiment assimilating sea surface temperatures into a one-
dimensional model of the mixed layer.
AU: Mohr,-D.L.; French,-J.P.; Warn-Varnas, -A.C.
50: J.-GEOPHYS.-RES.-C-QCEANS. 1988. wvol. 93, no. C8, pp. 9253-22&0
BY: 1588

AB: Sea surface temperatures (58Ts} from ship observations are
assimilated intoc the Mellor-Yamada level 2 one-dimensional model of
the mixed layer using a nonlinear version of the Kalman filter,
similar to the extended Kalman filter. The model is initialized from
expendable bathythermograph (XET) temperature profiles at a weather
ship location and is driwven using the ship’s observed metecrological
forcing. At the end of 3 and 5 days, the analyses are compared with
another XBT prefile at the same locaticn. The data assimilation
improves on the model forecasts by giving greater accuracy in the 20
to 25 m near the surface, whlch iz a large portion of the very
shallow mixed layer in these data. No improvement was found below the
nixzed layer.

ASFA 1988-195%¢6 182 of 373
TI: Systematlic design of observaticnal arrays.
All: McIntosh,-P.C.
S0: J.-PHYS.-OCEANCGR. 1%87. vol. 17, no. 7, pp. 885-20Z, PY:
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AB: The variational data assimilation method of Bennett and McIntosh
permits ns assessment of the information content of observational
arrays. This method reliss on an approzimate knowledge of the
{linear}? dynamics of the system, and on the instrument location, so
that the sfficiency of arrays may be ascertained before deployment.
The cumbersome trial-and-error optimization of array configuration
may be circumvented by a careful study of the physics uuderlylng the
data assimilation procedure. As an cxample, arrvay design criteria are
developed for observing barotropic tides using tide gauges. In an

open-ended channel, the variaticnal method of endeavors to synthesize
the free modes of an infinite channel. Instruments should be locatsed
to facilitate the resolution of these modes. The maximum number of

e

instruments contributing independent information depends both on th
accuracy of the numerical wodeling invelved and on the data accuracy.

ASFA 1%88-10%6 183 of 373
Ti: Ocean data assimilation and the Kalman filter: Spatial
reqularity.

Al: Bennett,-A.F.; Budgell,-W.P.
S0: J.-PHYS.-OCERNOGR. 19287. wvol. 17, <. 18, pp. 1%83-1601, PY:
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Ooesan circulabion models are  1nfinite-dimensieonal dynamical
emz. If the Kalman filter iz used to assimilate data intc such
ems, then their infinite-dimensionality must be recognized. In
r  words, numerical approzimations to the Kalman gains muast
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coverage to smooth functions of position, as spatial resclution is

improved. It is shown here, by asymptotic analysis and numerical
expariment, fhat the Kalman gains converge 1if and only if the
wavenumb rum of the system noise is suitably colored. The
authors aglso flnd that, 1if the spatial reqularity o<f the Kalma
filter has been ensured, then the gains may be computed at modest
resolution. This vyields considerable computational savings. It is
concluded that rigorously correct applications of the Kalman filter
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to linear ocean circulation models may be achieved with reasonakle
computational overhead.

ASFA 19BB-19%6 186 of 373
TI: (Monitoring of hydrophysical filelds in the ocean.
2U0: Kochergin,-V.P.; Timchenks,-1.E.
30: LENINGRAD-USSR-GIDROMETEQIZDAT 1987. 27% pp, FY: 1987
LS: English; Russian

AB: Principles and methods of control over evolution of hvdrophysical
fields in the ocean are outlined. A new promising method of ocean
monitoring is suggested to be based on the aszimilation of paszt data
in numerical dynamico-stochastic models. Methods of development of
the models are conzidered to involve probability and variance
algorithm ot four-dimensional data assimilation. Practical
application of the methods 1s shown with reference to control over
large-scale and synoptic eddies. Prospects of satellite-based ocean
monitoring are demonstrated.

ASFA 1997-2000/09 195 of 373
TI: Applying Keural Network Models to Prediction and Data Analysis in
Meteorology and Cceanography
AU: Hsieh,-W.W.; Tang,-Benyang
50: Bulletin-of-the-American-Metecrological-Socisty [Bull-Am-
Meteorol-Soc] 1998 vol. 79, no. 9, pp. 1855-1870, PY: 1998

AR: Empirical or statistical methods have been introcduced into
meteorology and oceanography in four distinct stages: 1) linear
regqression {and correlation}, 2} principal component analysis {(PCA},
3} rcanonical correlation analysils, and recently 4 neural nebwork
(NN} models. Despite the great popularity of the NN models in many
fields, there are three obstacles +to adapting the NN method to

metecrology—-oceancgraphy, especially in large-scale, low— freqguency
studies: {a) nonlinear instability with short data records, (b) large
spatial data fields, and (<) difficuities 1n interpreting the

nonlinear NN results. [Recent ressarch shows  that these thrse
obstacles can be overcome. For obstacle {aj, ensemble averaging was
found to be effective in controlling nonlinear instability. For (b},
ths POA method was used as a prefilter for compressing the large
spatial data fields. For {c), the mysterious hidden layer could he
given a phase space interpretaticn, and spectral analysis aided in
understanding the nonllnear NN relations. With these and future
improvements, the nonlinear NN method is evolving to & versatils and
powerful  technique capable of  augmenting traditicnal  linear
statistical methods in data analysis and forecasting; for exzample,
the NN method has been used for El Ninc prediction and for nonlinear
PCA. The NN model is also found to be a type of variaticnal (adjeint)
data assimilation, which allows it to be readily linked to dynamical
wodels under adjoint data assimilation, resulting in a new class of

hybrid neural-dynamical models.

ASFA 1997-2000/08 198 of 373
TI: A study on the application of data assimilation in numerical
products and prediction of oceanocgraphy
Ali: Han,-Guijun; Li,-Dong; Ma,-Jirui; He,-Bairong
SO: Mar-Sci-bBull; Haiyang-Tongbao 1999 vol. 18, no. 5, pp. 54-86Z
PY: 199

AB: The motivation, significance, methods, present situation and

application of data assimilation 1in the numerical products and
prediction of oceanography are discussed. The thecries of objective
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analysis and adjolnt methods are given and the experiments are
carried out 1n the light of the practical oceanic problems and the
results of data assimilaticon are offered. At the same time the theory
of second order adjoint model is illustrated.

ASFA 1G87-2000/08 205 of 373
< Data m-del integration -- a necessary appr oach, to integrated
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delling to extend and underpin predictability

: Brummelhuis,-P.G.J.; Boon,-J.G.; Gerritsen,-H.; Vos,-R.J.

: Third suropean marinse science and technology confersnce MAST-
conference, Lisbon, 23-27-May-1998: Conference proceedings, BRarthel,
K.G.-led.}; Barth,-H.-(ed.); Bohle-Carbonell,-M.-{ed.); Fragakis,-C.
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ted. ) Lipiatou,~E.-{ed.}; Martin, -P.-{ed. ) Cllier, -G.—{ed.};
Weydert,-M.-{ed_} Luxembourg- Luxembourg  Huropean-Commission-DG-12-
Science, ~Rezearch-and-Development 1999 pp. 308-310, PY: 195%

BE: The ocbjective is: 1) to identify and quantify the uncertainties
and weaknesses 1in the process components and data slements in
sediment and morphological modelling by means of formal data
assimilation techniques. 2} to improve the information and forecast
by aptimising the combined use of modelling, in-situ and resmote
sensing data. (MAST-3/PROMISE; BCRS/RESTWAC). Background Large-sca

sediment behaviour on shelf seas and the net exchange with the coas
are the result of the combined action of wind, waves, ides and
interaction with the bed, across different scales of time, space and
depths. White descriptions for the different process mechanisms
exist, albeit with varying levels of wvalidation and robustness, the
combination of the wvarious proceszes in a description of {net
sediment transport and morphological change on longer time scales

5till rather qualitative. Our limited understanding of the processe
of interaction across scales and the observational difficulties 1z
recognised. The approach adopted here uses formal data assimilation
rechniques to identify and gquantify the impact on the predicticn of
the net transport or sediment exchange, of possible uncertainties or
errors in the various elements of the total process description and
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inputs. The same holds for natural variability. Based on this
insight, the level of predictability can be improved by addressing
the weakest links in the process descriptions and data ssts. This
rigorous analysis approach is necessary to really extend

predictability for complex integrated processes, The approach
moregver provides quantitative informaticon on the confidence with
which such predictions should be treated. BResults. Fesults focus on
the sensitivity of a North Sea scale sediment transport model wor.t.
meteorclogical, hydrodynamic and wave parameters as well as empirical
cosftficients in the formulation of the erosion and sedimentation
processes and sediment inputs such as dumpings, coastal erosion and
riverine inflows. The model performance is evaluated by comparing the
computed concenkrations and transports with observed data derived
from NOAR /JAVHRR reflectance imagery in combination with in-situ
chservations. Conclusions. The results scofar show the relative
importance of hydrodynamics, waves and specific sediment processes
and their inputs on the simulated not transport. Vice versa, this
provides the information on the respective requirements; to obtain a
net transport prediction of a certain accuracy or robustness.

ASFA 1997-2000/09 209 of 373
Datd assimilation into nonlinear stochastic models
Alf: Miller,-R.N.; Carter,-E.F_.,Jdr_; Blue,-3.T.
5C0: Tellus-Series-A:-Dynamic-Meteorology-and-Oceanography [Tellus-A-

yo~-Meteorol-Qeeanogr] 1999 vol. 51A, no. 2, pp. 167-184, PY: 1995
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AR: With very few exceptions, data assimilation methods which have
been used or proposed for use with ocean models have been based on
some assumption of linearity or near-linearity. The great majority of
these schemes have at their root scme least-squares assumption. While
ons can always perform least-sguares analysis on any problem, diract
ation of least squares may not yield satisfactory results in
- in which the underlying distributions are significantly non-
Gaussian. In many cases in which the hehavior of the system is
governed by intrinsically nonlinear dynamics, iztributions of
solutions which are initially Gaussian will not remain so as the
system evolves. The presence of nolse is an additional and ilnevitable
complicating factor. Besides the imperfections in our models which

(o8
[

result from physical or computaticonal simplifying assumptions, there
is uncertainty in forcing fields such as wind stress and heat flux
which will remain with us for the foreseeable future. The real world

is a noisy place, and the effects of noise upon highly nonlinear
systems can be complex. We therefore consider the problem of data
assimilation into systems modeled as nonlinear atochastic
differential equations. When the nmodels are described in this way,
the general assimilation preobiem becomes that of estimating the
prokability density function of the system c¢onditicned on  the
cbkservations. The quantity we choose as the sclution to the problem
can be a mean, a median, a mode, or some other statistic. In ths
fully general formulation, no assumptions about moments or near-
linearity are required. We present a series of simulation experiments
in which we demcnstrate assimilation of data intc simple nonlinear
models in which least-squares methods such as the (Extended) Kalman
filter or the weak-constraint variational methods will not perform
weli. We illustrate the basic methed with three examples: a simple
cne-dimensiconal nonlinear stochastic differential equation, the well
known three-dimensional Lorenz model and a nonlinear guasigeostrophic
channel model. Comparisons to the extended Kalman filter and an
sxtension ©o the extended Kalman filter are presented.

ASFA 19%97-2000/00 221 of 373
: A wvalidation of the incremental formulaticn of 40 wvariational
data assimilation in a nonlinear harotropic flow
AU: Larcche,-S.; Gauthier,-P.
50: Tellus-Series-A:-Dynamlc-Meteorology-and-Oceanography [Tellus-A-
0

wo-Meteorol-Ccsanogr] 1998 vol. S0A, no. 5, pp. 557-572, PY: 1998

AB: In order to meet current operational limitaticns, the incremental
approach 15 being used to reduce the computational cost of 4D
variational data ass n the incremental 4D-Var,
the tangent linear (TLM) and adjoint of & simplified lower-rescluticn
nodel are used to describe the time evolution of increments around a
trajectory dsfined by a complete full-resclution model. For nonlincar
problems, the trajectory needs to be updated reqularly by integrating
the full-resclution model during the minimization. These are referred
to as outer iteraticns {(or updates) by copposition to inner iterations
done with the sgimpler TLM and adijoint models to minimize a local
guadratic approximation to the actual cost function. In this study,
the role of the inner and outer iterations 1is investigated in
relation to the convergence properties as well as to the interactions
between the large (resoilved by both mwmodels) and small scale
components of the flow. A 2D barotropic non-divergent model on a beta
-plane #® used at two different resolutions to define the complete
and simpler models. Our results show Lthat it is necessary to have a
minimal number of updates of the trajectory for the incremental 4D-
Var Lo converge reasonably well. To assess the impact of restricting
the gradient to its large scale compononts, experiments are carrisd

milation {4D-Vari. In

74



out with a so-called truncated 4D-Var in which the complete model is
used to compute the gradient which is truncated afterwards to retain
only those components used in the incremental A4D-Var. A comparison
between the truncated and incremental 4D-Var shows that the large-
scale components of the gradient are wesll approzimated by the lower
resolution model. With freguent updates to the trajectory, the
incremental 4D-Var converges to an analysis which is close to that
chtained with the truncated 4D-Var. This conclusion is werified when
perfect chbservations with a2 complete spatial and temporal coverays
are used or when they are restricted to bhe available at a coarser
resolution (in space and time) than that of the model. Finally,
unbiazed chservational error was introduced and the results showed
that at some point, the minimization is overfitting the observations
and degrades the analysis. In this context, a criterion related tc
the level of observaticonal noise is found Lo determine when to steop
the minimization when the complete 4D-Var is uzed. This criterion
dcoes not hold however for the incremental and truncated 4D-Var,
thereby indicating that it may be very difficult to establish in a
more realistic context when the error is biased and the medel itseltl
is introducing a biased error. The analysis and £forecasts from the
incremental 4D-Var compare well to those from a full-resclutiocn 4D-
Var and are more accurate than those obtained from a low-resclution
iD-Var that uses only the simplified model.

ASFA 1957-2000/09 230 of 373
TI: On determining initial conditions and parameters in a simple
coupled atmosphere-ccean model by adjoint data assimilaticon
AU: Lu,-Jdingxi; Hsieh,-W.W.
307 Tellus-Series-A:-Dynamiz-Meteorology-and-Cceancgraphy ([Tsllus-&-
Dyn-Meteorol-Oceanogr) 19%8 vel. H0A, nc. 4, pp. 534-544, FP¥: 1598

2B: The general problem of retrieving beoth initial conditions and
model parameters for coupled atmosphere-ocean models by the adjoint
data assimilation method was formulated. In particular, for a simple
coupled equatorial model, where the atmosphere and the ocean were
cach represented by & linear shallow water model, retrieval of
oceanic initial conditions (the sea level height (SLH) and the
horizontal current components} together with 6 (damping and coupling)
paraméters was performed. Identical twin experiments assimilating
wind and SLH data were conducted to test (i} the mutual influence of
initialization and parameter estimatiomn, {ii} the infeormation
transfer efficiency between the atmosphere and the ocean during
retrieval, and {iiiy the effect of imitial guess on retrieving ths
initial conditions and parameters. By assimilating the wind and S5SLH
data cnce per day at every grid point, retrieving both the parameters
and initial conditions together was found to be more difficult than
retrieving either of them separately. Assimilating the same data once
per day in the TAD array yielded a much poorer but still acceptable
retrieval, as the amcunt of information might be insufficient. The
wind and SLH data were comparable in importance when retrieving the
initial conditions, but not so when retrieving parameters, the wind
data being more helpful for retrieving the atmospheric dampin

cosfficients, and the SLH data for the oceanic damping coefficients.
Errors in the initially guessed values of the parameters or the
initial conditions generally affected the retrieval gquality. The
initial, condition retrieval was more sensitive to errors in the
guesseé‘initial cenditions, especially to phase errors, while the
parameter estimation was more sensitive to errors in the guessed
parameters.

™D g
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TI: Spatial regression and multiscale approximaticns for sequential
data assimilation in ocean models

2ll: Chin,-Toshic-M.; Mariano,-A.J.; Chassignet,-E.P.

50: Journal-of-Geophysical-Research-C-Oceans [J-Geophys-Res-C-Oceans]
1999 vol. 104, no. C3, pp. 7991-8014, PY: 19859

AR: Effects of spatial regularity and locality assumptions in the
extended Kalman filter are examined for occeanic data assimilation
problems. Bicorthogonal wavelet bases are used to implement spatial
regularity through multiscale approximations, while a Markov random
fisld (MRF) is used to impose locality through spatial regression.
Both methods are shown to approximate the optimal Kalman filter
estimates closely, although the stability of the estimates can be
dependent on the cholce of basis functions in the wavelet case. The
obhserved filter performance is nearly constant over a wide range of
values for the scalar weights {uncertainty wvariances) given to the
model and data examined here. The MRF-bhased method, with its
inhomogeneous and anisotropic covariance parameterization, has been
shown to be particularly effective and stable in assimilation of
similated TOPEX/POSEIDON altimetry data into a reduced-gravity,
shallow-water equation model.

ASFA 109067-2000/09 243
TI: The adjoeint method of data assimilation a
application to the oceans

All: Lan,-Jian

S0: J-Ocean-Univ-Qingdac; Qingdac-Halyang-Daxue-Xuchao 1998 wvol. ZE,
no. 2, pp- 173-178, P¥: 1598, LS3: Chinese; English

AB: Three kinds of data assimilation schemes are presented at flrst.
and then the adjoint method 1s introduced in detail. It alsc
summarizes the applications of the adjoint method to the oceans in
recent years. Finally, It is suggested that the adjoint method will
be a very useful and popular data assimilaticon schewe because of the
developrent of satellite data.

ASFA 1957-2000/0% 248 of 373
TI: A singular evolutive extended Kalman filter for data assimilation
in oceanography
AlJ: Tuan-Pham,-D.; Verron,-J.; Roubaud,-M.C.
50: Journal-of-Marine-Systems [J-Mar-Syst] 1998 wol. 16, no. 3-4, pp.
323-340, PY: 1998

AB: In this work, we propose a modified form of the extended Kalman
filter (KF)Y for assimilating oceanic data into numerical models. Its
development Consists essentially of approximating the error
covariance matrix by a singular low rank matrix, which amcunts in
practice to making no correction in those directions for which the
srror is the most attenuated by the system. This not only reduces the
implementation cost but may also improve the filter stability as
well. These 'directions of correction' evolve with time according to
the model evolution, which constitutes the most original feature of
this filter and distinguishes it from other sequential assimilation
methods based on the projection onto a fixed basis of functions. A
method for initializing the filter based on the empirical orthogonal
functio {BOF) is also described. An example of assimilation based
on the fguasi-geostrophic (QG} model for a square ocean domain with 2
certain wind stress forcing pattern is given. Although this is only a
simnle test case deszigned to assess the feasibility of the methcd,
the results are very encouraging.
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TI: {(Physical oceanography in the '00s }
2U: Malanotte-Rizzolil,-P.
50: Proceedings-of-the-lith-Conference-of-the-Italian-Association-of-
Cceanclogy—and-Limnclogy, —Sorrento, ~26-28-0October-1994—and-
proceedings-of-the-Italian-Association~-of-Oceanology-and-Limnology-
AIOL-from-1-Jarmuary-1993-to-31-December-1994-Atti-del-11lo-Congresso-
della-Associagzicone-Italiana-di-Oceanclogia-e-Limnclogia,-Sorrento, -
26-28-0Ottobre-15994-¢e-atti-dell "-Associazicne-Italiana-di-Oceanclogia-
e-Limnclogia-AIOL-dal~le-Gennaio-19%3-al1-31-Dicembre—-1534
Albertelli,-G.-{ed.); De-Maio,-A.-(ed.):; PFPiccazzo,-M.-(&d.) Genova-
Italy AIOL 1%%6 pp. 21-32, PY: 19596

AB: A brief history is given of the data assimilation problem and why
its importance and need have emsrged only iIn the last decade. This
delayed developmen is due mailnly to twe reasons. First,_ the
difference 1in motivation from meteocrology where the necessity for
better weather prediction prompted the growth of data assimilation
already in the 60'=z. Second, the difference in phy=zics betwsen the
twoe fluilds that makes observational work much more difficult in the
ocean than in the atmosphere. The situation 1is presently changing
thanks fto the advent of satellite oceancgraphy. The decade of the
0's marks in fact two very important advances in
capabilitles, namel the satellite altimetric dataset of TOPEX
/POSEIDON  and the wind stress field measured by scattercmetry.
Examples are presented fram the recent scientific literature of
assimilation of different types of oceanographic observations into
numerical models of the ocean circulation.

the ¢hservational

ASFA 1397-2000/06 255 of 373
TI: Variational data assimilation in the transport of sediment in
river
alU: Junging,-Yang; LeDimet,-F.X.
50: Science-in-China-Series-D-Barth-Sciences [Sci-China-Ser-D-Earthi-
Scij 1998 vol. 41, no. 5, pp. 473-485, PY: 1968
LA: English

AB: The wvariational method of data assimilation is used to solve an
inverse problem in the transport of sediment in riwver, which plavs an
important role in  the change of natural environment. The cost
function 1s defined to measure the error between model predictions
and field obssrvations. The adjoint model of IAF river sedimentation
model is created to obtain the gradient of the cost functicon with
respect to control variables. The initial conditicns are taken as the
control  wvariables; theilr optimal  wvalues can  be retrieved by
minimizing the cost function with limited memory guasi-Newton method
{IMON). The results show that the adjoint method approach can
successfully make the model prediction well £it the simulated
sbhservations. And it 1s expectsed to use this method to solve other
inverse problems of river sedimentation. But some numerical problems
need to be discussed before applying to real river data.

ASFA 1557-2000/0% A 256 of 373
TI: Data assimilation by optimal control method in a 3D coastal
oceanic model: The problem of discretization
AlU: Lellouche,-J.-M.; Devencn,-J.-L.; Dekeyser,-I.
S0: Journal-~of-Atmospheric-and-Oceanic-Technology [J-Atmos-Ocean—
Technol] 1998 vol. 15, no. 2, Yo 1958

AB: A methocdology to proceed from the continucus £o the discrete
crmulation of a control proklem is described. The aim of a boundary
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control procedure is te identify boundary forcing to ensure the best
fit between data and model results by wminimizing a function that
measures model and data discrepancies. A continuous variational
formulation invelving the adjoint technique 1s used. To ensure the
minimization of the "cost function™ in the discretized form as well
as in its continuous form, particular discretizations are performed.
The model considered at first 1is given by Burger's eguation. Then
results are extended to a typical 3D multilayered ocean circulation
model for a semienclosed basin Kelvin wave.
”

ASFA 19%7-2000/0% Z58 of 37
TI: Conference on Coa=ztal Change, BORDOMER-%5. Proceedings jointly
organized by the Intergovernmental Cceancgraphic Commission of UNESCO
and BORDOMER Organization, France. Bordeaux, France, 10-1% February
1965
AU: Duursma,-E.-{ed.)

S0: Workshop-Rep-Icc Paris-France UNESCC 1926 no. 105, suppl., 1025
PP
PY: 1996

AB: IOC and the Region dfAguitaine have organized fhe internatiocnal
Conference on Coastal Change BORDOMER 695. The Aquitaine coast
represents a particularly interesting model of a coastal zZone,
offering a lot of diversified and changing littoral systems. This is
probably one excellent reason to explain the specific efforts which
have been carried out during the last twenty years to provide support
to oceanographic research and to initiate and develop BORDOMER
meetings. BORDOMER is now a very well known event within th
oceanographic community. This conference is an improved knowladge o
coastal/ocean ecosystems which is a pre-reguisite for more effective
decisionmaking and sustainable development of coastal zones. This was
clsarly stated in the UNCED procesedings, the Integrated Coastal Area
Management Programme {(ICAM) needs to be based on a more complete
understanding of how the marine systems function, an ability to
predict how the systems will respond to various activities and some
idea of +the n©prcbable effectiveness of alternative management
techniques. This need for action in the face of an inadequate
information base 1s an increasing source of conflict between
scientists and managers. Coastal systems are highly wvariable,
evolutive and complex including from the scientific point of view. It
would be unsatisfactory to over-simplify them. The manager needs
straightforward advice on how to improve fisheries stocks, where to
construct a port facility, on efforts of pollution control or how to
reduce pclluticn, which should be gilven con a scientific basis.
Cceanography can now provide management tools in  the form of
systematic observations, data assimilation and modelling for analyses
of management coptions. The coastal module of GOOS is aiming at this.
If the scientific input is to become an inteqral component of ICAM, a
compromise is in order. Managers must clearly state their needs and
objectives, define funding and time limitation. Scientists must
present detailed scientific studles practicable as a precursor to
most coastal management decisions. Thus we need to increase and
strengthen the dialogue between science (natural and socialj),
management and decision-makings Also, coastal zones, rich in natural
and cultural rescurces play an important role in the lives of the
people. Varicus sessions present the change and all the developed

thy ([

topics during this conference: 1 -- mechanisms and processes (sea
level  variability, coastal impact, geological and physical
oceanography framework), 2 -- regional and national case studies in
Africa, Pacific, Caribbean, tropical coasts, France, 3 -- short-term
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mechanism, processes and modelling, 4 -- coastal and inshore

information systems, % —- training capacity building and management.
ASFA 19%7-2000/09 259 of 373
TI: Overview of the Coastal Ocean Prediction Systems {(COFPS] Program

Al: Mooers,-C.N.K.
50: Bruun-Memorial-Lectures,-1991-Mcdelling-and-prediction-in-marine-
science Paris-France UNESCO 1892 no. 29, pp. 7-20, PY: 1992

AB: The Coastal Ocean Prediction Systems Program, COPS, has besen
proposed in the USA to conduct the focused research and deyelopment
necessary to produce, within a decade, the first-generation
operational prediction system for the coastal ocean. COPS is based
upon societal need and scientific and technological opportunities.
The societal need is Lo manage the coastal ocean ever morie
comprehensively as it becomes more impacted by climate and global
change, local and regional pollution, and humankind's intensifying
multiple uses. The scientific and technological opportunities are
those provided by improved <coastal ocean process understanding;
electronic sensors; accoustic, optical, radar, and satellite remcte
sensing; autonomous in situ observing systems; numerical circulation
models; data-assimilation methods; tele-communications; workstaticons:
supercomputers; database management systems; and computer animation.
The operational manifestation of COPS is envisioned to provide =
capability for simulating, reconstructing, tracking, and anticipating
the synoptic avclution of coastal acean circulation and

stratification, analogous to what the naticonal weather services of
the world provide for atmospheric weather patterns.

ASFA 19%97-2000/09 285 of 373
: Bpplications of 3-D visualizations of oceancgraphic data bases
: Bead,-M.E.M.; Luong,-Phu; Houston-Costeolo,-J.; Countryman,-K.;
zezechowski, -C.
O: PROCEEDINGS-CF-OCEANS-'-97.-VOLUME-2. MTS-IEEE MTS-IREE 1997 787

AB: Creative use of two-dimensional {Z-D) techniques in oceancgraphic
data analysis has proven sufficient for many tasks of analysis,
review, and planning. Often, however, a greater understanding of &
data set and reduced analysis time can be achieved by supplementing
traditional methods with three-dimensiocnal (3-D) wvisualization and
display technigues. Virtual-environment wvisualization of 3-D surfaces
offers a means to review large ocean areas rapidly as a component of
cceancgraphic data base verification and validation. For this paper,
3-D temperature, salinity, and density surfaces are combined with
high-resclution mcdels of seaflccr bathymetry and supplemented with
retrievable alphanumeric markups such as latitudes and longitudes and
point wvaluss of displayed parameters. These visualizations can
enhance considerably the oceanographer’'s ability to detect and
analyze features within the data sets. Applications to gquality
control of oceancgraphic data bases and modeled oceancgraphic fields
are described and illustrated. Oceanographic fields for the examples
are drawn from the Gdneralized Digital Envirenmental Model {GDEM) and
the Modular Ocean Data Assimilation System ({MODAS). Cther potential
applications described include scund-speed and density surfaces and
oceanographic-feature displays for training, planning, and rehearsal
as well as tactical displays for overall improved situational
awareness. Examples presented may be viewed and navigated using
electrao-aptical 3-D eyewear in the Commander, Naval Meteorology and

Oceancgraphy Command booth.
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TT: Extended Kalman filtering for vortex systems. Part 1: Methodology
and point vortices
AU: Ide,-K.; Ghil,-M.

50: DYN.-ATMOS.-OCEANS 1998 vol. 27, no. 1i-%, pp. 301-332, ©P¥: 1233
AB: Planetary flows - atmospheric and oceanic - are approximatel

ke

two-dimensional and  dominated by coherent  concentrations o
vorticity. Data assimilation attempts to determine ontimally th
current state of a fluid system from a limited mumber of current an
past observarions. In this two-part paper, an advanced method of data
& laticn, the extended Kalman filter, is applied to the
Lagrangian representation of a two-dimensional flow 1in terms of
vortex systems. Smaller scales of motion are approximated here hy
stachastic forcing of the wvortices. In Part I, the systems studied
have either two point vortices, leading to regqular motion or four
point vortices and chactic motion, in the absence of stochastic
forcing. Humerical experiments are performed in the presence or
absencs of stochastic forcing. Point-vortex systems with both rﬁgula:
and chactic motion can be tracked by & combination of Lagrangian
observations of vortex positions and of Eulerian observations of
fluid velocity at a few fixed points. Dynamically, ths usuwal extendad
Kalman filter tends to yield insufficient gain if stochastic forcing
is absent, whether the underlying system 1is regular or chaotic.
Statistically, the type and accuracy of observations are the key
factors in achisving & sufficiently accurate flow description. A
simple analysis of the update mechanism supports the numerical
results and also provides geometrical insight into them. In Part 17,
tracking of Rankine vortices with a finite core area is 1nve%t1gated
and the results are used for cbserving-system design.
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ASFA 1997-2000/06 300 of 373
TI: Practical and theoretical aspectz of adjoint parameter estimation
and identifiakility in metecrclegy and oceancgraphy
AU Navon,-1.M.
o DYH.-ATMOS.-CCEANS 1998 vol. 27, no. 1-4, pp. 55-70¢, PY: 1936

AB: The present paper has two aims. One 1is to survey briefly the
state of the art of parameter estimation in wmeteorolegy and
oceapﬂ“raphy in view of applications of 4-D variational data
assimilation techniques to 1inverse parameter estimaticn problems,
which bear promise of serious positive impact on improving wodel
prediction. The other aim is to  present crucial aspects ol
jdentifiability and stability essential for validating re sult=s of
optimal parameter estimation and which have not been addressed so far
in either the meteorclogical or the oceanographic literature. As
y in the context of ground water flow parametor astimation
inverse or parameter sstimation problern is often ill-posed a

by instability and nonuniqueness, particularly 1f one see
parameters distributed in space-time domaln. This approach will all
one  to  assess and  rigorously  validate resulits  of parameter
estimation, i.e! do they indeed represent a real identification of
physical model parameters or just compensate model errors? A brief
survey of other approaches for solving the problem of optimal
parameter estimation in metecrology end oceanography is finally
presented.

ASFA 1887-2000/09 301 of 373
TI: Adaptive filtering: Application to satellite data assimilation in
oceanography
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All: Hoang,-S.; Baraille,-R.; Talagrand,-0O.; Carton,-X.; De-Mey,-F.
SO+ DYN.-ATMOS.-GCEANS 1998 vol. 27, no. 1-4, pp. 257-281, PY: 1998

AB: A new approach tc assimilation of cbservations is proposed, which
extends previous work on adaptive FKalman filtering. In the latter,
the gain matrix of the filter was progressively determined without a
priori explicit specification of the covariance matrices of the model
or observatiocn noise, so as to minimize the norm of the innmovation
vector. The new step taken here is to introduce a {relatively; low
dimension parameterization of the gain matrix, thereby substantially
decreasing the numerical cost of the filter. The reduced-order
adaptive filter (ROAF) thus defined 1s tested on a simple diffusive-
reactive equation, and implemented on the four-laver adiabatic Miami
isopycnical coordinate ocean model (MICOM). In the latter case, the

filter is wused Lo ssimilate synthetic observations of urfacs
b

height. Both sets of experiments clearly show the efficiency of the

proposed approach, and its superiority, in terms of the quality of

the results, on Newtonian relaxation. In the case of the diffusive-
reactive equation, the reduced-order adaptive filter is alsc superic
to, and more econcmical than, a reduced non-adaptative Kalman fillter.

ASFA 1997-2000/0% 304 of 373
Tl: Singular evolutive Kalman filters for data assimilation 1in
oceanagraphy
All: Fham,-P.T.; Verron,-J.; Gourdeau,-L.
50: C.-R.-Acad.-Sci.-Ser.-Za-Sci.-Terre-Planet.-Earth-Planet.-Sci.

16%8 vol. 326, no. 4, pp. 255-260, PY: 1%%8, LA: French, LS: French

AB: We propose a Kalman type filter for assimilating oceanic data
into & numerical model. It essentially consists in approximating the
error covarlance matriz by a singular low rank matriz wbich leads to
making ecorrections only in those directions for which the error is
not sufficiently attenuated by the system. These directions evolve
with time according to the model evolution, yielding its adaptative

nature to the filter. The filter has been applied in a realistic
framework on the Pacific tropical ocean, yielding quite satisfactory
resuitz with simulated altimetric data, distributed according to Lhe
spatio-temporal sampling from the Topex Poseidon satellite.

ASFA 1997-2000/09 310 of 373
TI: The effects of assimilation on the physics of an ocean model.
Part 1: Theoretical model and barotropic results
AU: Woodgate,-R.A.; Killworth,-P.D.
J.-ATMOS . ~CCEAN. —~TECHNOL. 19%7 vol. 14, no. 4, pp. 897-%09, PY:

AB: Although data assimilation is now an established oceancgraphic
technique, Llittle work has been done on the linteraction of the
assimilation scheme and the physics of the underlying model. The way
in which even a simple assimilation scheme (here nudging)
significantly alter the response of the model to which it is ap
is illustra%;d here. Using analytic and ssemianalytic models,
assimilation of sea surface height, density, and velocity is studied.
I+ is shown that the assimilation can act to alter the high inertia-
gravity wave frequency to be the crder of the Coriolis parameter, a
result that is of relevance to the problems of initialization. The
theory also predicts an optimum strength of rnudging, normally
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dependent on wavelength, wave speed, and latitude, which can give
convergence of the assimilation on a timescale as short as a day. The
results are verified by identical twin experiments using a full
primitive equation model, the Free Surface Cox Code, both in
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barotropic spinup (results presented here) and in a more realistic
baroclinic situation (results presented in Part IT}.

ASFA 1997-20G0/09 312 of 373
TI: Meteorclogical data assimilation for oceanographers. Part 1
Descripticn and theoretical framework
AU: Ghil,-M.
20: DYMN.-ATMOS.-CCEANS 1989 wol. 13, no. 3-4, pp. 171-218
NT: Special issue: Data Assimilation, PFY: 1989

AB: The main theme of this article is the central reole that dynamics
ays in ¢=+1m=f1ng the ztate of the atmosphere and of the ocean from
mplete and noisy data. The evolution of meteorclogical data usage
in estimation and prediction 1is reviewed, from manual synhoptic
analysis through objective analysis to four-dimensional assimilaticn
into a prediction model. Four-dimensional data assimilation tries to
balance properly the roles of dynamical and observational
information. Seguential estimaticon 1s presented as the propsr
framework for understanding this balance, and the Kalman fiilter as
the optimal procedure for data assimilation. The optimal filter
computes forecast error covariances of a given atmespheric or oceanic
model exactly, and hence data assimilation should be closely
connected with predictability studies. A simple barotroplc model of
geophysical flow is used to illustrate the basic concepts. This
model's results with simulated data are compared with the accumuiated
experience from full-scale meteorological models, assimilating real

0 b

data. The so-called initialization problem of eliminating fast,
inertia-gravity waves in metecorological data assimilation 1is
described within the context of segquential estimation. Improvements
to operaticmal schemes of data assimilation in current meteorological
use are suggested, with a view to ocean applications (DBO).

ASFA 1997-2000/09 317 of 373
TI: Assimilation of lagranglian data intce a numerical model
All: Carter,-E.F.
30: DYN.-ATMOS.-COCEANS 1989 vol. 13, no. 3-4, pp. 335-348
NT: Special issue: Data Assimilation, PY: 1989

AB: During 1983 and 1984, approximately 40 mneutrally buoyant
(isopycnal) fleats were released into the Gulf Stream. These floats,

vhich were relecased at ‘:hh?ﬁ:“l;nafo'!u aaolrlu intervals moasured their

,,,,,,,,,,,,, appt nately weekly intervals, measured
location and depth three times a day for 230-45 days. The basic
statistics of these floats are briefly described. This flcat data set
has been applied to the important problem of assiwdlation  of
Lagrangian informaticn into a numerical medel of the oceanic
mesoscale. The assimilation method is a Kalman-filter type technique.
Since the processed float data consists of a time series of pesition,
velocity and depth it is natural to use a dynamical medel that uses
these variables directly. For this purpose a zimple shallow-water
model utilizing a Lax- Wendroff numerical scheme is used. This type
of numerical model has been successfully used in metecrological data
assimilation studies. Some results using both one- and  two-
dimensicnal versions of this model are described (DBO).

ASFA 13%37-2000/09 318 of 373
TT: Initizlization and datz assimilation experiments with a primitive

equation model

AU: Rizzoli,-P.M.; Young,-R.E.; Haldvogel,-D.B.

SO; DYN.-ATMOS.-OCEANS 1989 vol. 13, no. 3-4, pp. 349%-3738
NT: Special issue: Data Assimilation, PY: 1989

82



AB: The process of combining models of the occean circulation with
large data sets is kunown in metecrclogy as model initiallzation and
data assimilation. This process is new to oceanographers, who only
now are cn the verge of having avallable world-wide synoptic maps of
dynamic variables. In this paper we carry out a series of ideall
initialization/assimilation experiments with a primitive equat
(PE} model, which constitute a first step in developing a realis
process model and data assimilation technigques for the Gult
system. The PE model is used in a spin-down mode and initialized wit
an analytic Jjet profile with geostrephically balanced fields. Two
raior questions are addressed in the present study. The first
concerns the initialization process of a PE model during which
internal/inertial gravity wave noise 1s produced. We ask: are the
initializaticn shocks equally crucial feor ocean models as they have
bean for their atmespheric counterparts? The results of an extensive
ias of halanced wversus unhalanced initializations indicate that

o
an
i

Fe a PE model with a rigid lid, a brutally uﬂbﬂlanced ini TlallZdthﬂ
is refquired to produce strong intermal gravi ave shocks. A
geostrophically  balanced initialization Is “'-nt Lo ensure
smooth jet evolutions, with no apparent gravit over long time
durations in the spin-down mode. HNo sophisti initialization

procedures seem, therefore, to ke reg
addressed is: which component of the flow is € nos
data assimilation to drive the model response towards a baseline
reference ocean? We specifically compare the knowledge of the depth-
integrated flow only, corresponding to measurements of the total
transport, with the knowledge of the density field only, or
equivalently the velocity shear. The knowledge of the interiocr
density field is much more effective in decreasing the root-mean-
square (r.m.s.) errors relative to the reference ocean. If the
baroclinic structure is known, coarse horizontal resclutions of data
insertion can be reached before significantly worsening the model
estimates {DBO) .

ASFA 1947-2000/09 325 of 373
TI: Review of inverse methods in physical cceancgraphy
AU: Zhang,-Aijun; Hou,-Wenfeng

China
SO+ MAR.-5CI.-BULL.-HAIYANG-TONGBAD 1996 vol. 15, ne. 3, pp. 75-80
PY: 1826, LS: Chinese; English

AR: Inverse methods differ from common dynamic computations; the
combine oceanic observations with theoretical models of the ocean
circulation to calculate absolute flow field and confusing parameters
using temperature and salinity data. In recent years, the growing
interest of oceancographers in applying inverse methods o
mceanography is largely in response to the arrival of great vo
of data collected by earth satellites. Up to now, inverse method
(&)

h
mcean and data assimilation of the deep ocean. In this paper, in
order to understand inverse methods clearly, we sum up many ¥inds &
references and introduce in detail the states of applying of inv
methods in oceanography, the geometrical interpretation,

determination of inverse models and optimum solution.

ASFA 16%7-2000/09 330 of 373
Ti: On the use of ocean-atmosphere heat and moisture exchange
formulae in radiometric szatellite data assimilation.
AU: Grankov,-A.G.; Novichikhin,-E.F.
SO: METECROL.-GIDROL. 1597 no. 1, pp. 81-90, PY: 1897, LS: English:
Russian
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AB: The authors examine the possibility of reconstructing aerodynamic
bulk formulae used in calculations of turbulent heat and moisture
fiuxes over the ocean as combinations of those heat and moisture
parameters in the ocean-atmosphere system which are directly related
to characteristics of IR and UHF radiation of the syster. Analysis oI
the weather ship Volna measurements in the Newfoundland energy active
zone in Apr 1990 (AtlantEX-90) suggests that the intensity of
synoptic wvariations in the sensible and latent heat ifluzes can be
determined from modified bulk formulae with the following parameters:
sea surface temperature, surface wind velocity and integral
atmospheric molsture content whose synoptic variations are reliably
determinsed by mocdern UHF and IR satellite radicmeters.

ASFA 1997-2000/09 333 of 373

TI: Optimization of the data assimilaticn algorithm in the model of
synoptic dynamices of the velocity field

AU: Grigor'-Ev,-A.V.

SO0: MORSK.-GIDROFIZ.-ZH. 1992 no. 6, pp. 48-53, PY: 1992

LS: English; Russian

AR: The results of the numerical experiments with data assimilation
in a non-linear model of the ocean's synoptic dynamics are given. The
results of application of simplified algorithms of optimum filtration
(with parameterization of the correlation error function, the linear
and non-iinear variants) and the optimum interpolation are compared.
The use of the non~linear equation for predicting the average values
and the linear one for predicting dispersion in the fiitration
algorithm is suggested as most expedient in the cases when non-
homogeneity of the correlation function should be allowed for. In
cther cases it will be correct and advisable to use optimum

interpolation.

ASF2 1997-2000/09 334 of 373
TI: [Method of assimilation of oceancgraphic data based on the theory
of optimal management]
AU: Zalesnyj,-V.B.
SO: MCRSK.-GIDROFIZ.-ZH. 1994 no. 1, pp. 43-48, PY: 1594
15: Engiish; Russian
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incipal items of the procedure of calculation for assimilaticon
of observation data in the model of large-scale circulation are under
discussicn. The work reflects some aspects of mathematics and
calculation character which may arise in the course of sclution of
tha greatest thecretical arnd practical problem of the World Ocean
monitoring. The basic principles of construction of the algorithm of
observations are as follows: Numerical model of data assimilation
should inherit main properties of the initial differential probism
{laws of preservation) and sofitware devsloped gariier for the problem
of the ocean dynamics. For the simpler variants of the problem (e.q.
for ‘the linear case) the algorithm should result in corract resuit
with the required accuracy. Algorithm should possess efficient

implementaticn by means of up-fo-date computers.

ASFA 1907-2000/09 343 of 373
Ti- Data assimilation in a one-dimensional heat convection-diffusicon
model in the ocean.
AU: Ventsel'-,-M.; Zalesnyi,-V.B.
0: TZV.-RAN-FIZ.-ATMOS.-OKEANA 19396 vol. 32, no. 5, pp. 613-629
¥: 1596, LS: English; Russian
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AB: The data assimilation problem is a locally one-dimensional model
of oceanic vertical heat exchange 1is considered. A convection-
diffusion equation with parametrizaticn of convective adjustment is
used as the model equation. Numerical aspects arising in variatlonal
adjustment problems are studied. Attention is given to peculiar

behaviour of the numerical solution vihen the convection
parametrization changes. Comparison of certain assimilation
algorithms is made which concerns the accuracy of the retrieved

initial condition and externmal scurce, the sensitivity of the
solution to variaticons of model parameters, and the efficiency of
implementation. Two ways for improving the assimilation algorithm are
propozed: regularization of the problem through variation of the
minimized functional form and the use of a 'more implicit' scheme for
time integration.

ASFA 1997-2000/09 352 of 373
TI: Initialization and data asgimilation experiments with a primitive
equation model
AU: Malanotte-Rizzoli,-P.; Young,-R.E.; Haldvogel,-D.B

S0: DYN.-ATMOS.-OCEANS 1989 vol. 13, no. 3-4, pp. 349-378
NT: Special issue: Data assimilation, FPY: 198%

AB: The process of combining models of the ccean circulation with

large data sets is known in metecrclogy as model initialirzation and

data assimilaticn. This process is new to oceancgraphers, who only

now are on the verge of having available world-wide synoptic maps of

dynamic variables. In this paper we carry out a series of idsalized

initialization/assimilation experiments with a primitive egquation
)

(PE) model, which constitute a first step in developing a realistic
process model and data assimilation techniques for the Gulf Stream
svetem. The PE model is used in a spin-down mode and initialized with

an analytic jet profile with geostrophically balanced fields. Twc
major questions are addressed in The present study. The first
concerns the initialization process of a PE wodel duri
internal/inertial gravity wave noise 1is produced. We ask:
initialization shocks egually crucial for ocean models as &
been for their atmospheric counterparts? The second
addressed is: which component of the flow is the most important in
data assimilation tTo drive the model responze towards a baseline
reference ccean? (DBO).

ASFA 1987-2004/0G9 353 of 373
TI: Assimilation of Lagrangian data intc a numerical model
Ali: Carter,-LE.F.
20+ DYN.-ATMOS.-OCEANS 1989 vol. 13, no. 3-4, pp. 235-348

NT: Special issue: Data assimilatiomn, Y: 1989

AB: During 1983 and 1984, approximately 40 neutrally buoyant
{isopyecnal) floats were relesased into the Gulf Stream. These floats,
which were released at appronimately weekly intervals, measured their
location and depth three times =z day for 20-45 days. The hasic

statistics of these floats are briefly described. Thiz float data setb
has been applied, to the important problem of azsimilation of
agrangian information inte a numerical model of the oceanic
mesoscale. The assimilation method is a Kalman-filter type technique.
Since the processed ficat data consists of a bime series of positien,
velocity and depth it 1is natural to use a dynamical model that uses
these variables directly. For this purpose a simple shallow-water
model utilizing a Lax-Wendroff numerical scheme is used. This type of
numerical model has been successfully used in metecrological data

—
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assimilation studies. Some results using both one- and  two-
dimensional wversicns of this model are described (DRG).

ASFA 19%7-2000/09 358 of 3
TI: Metearalogical data assimilaticn for oceano
Description and thecretical framework
AU: Ghil,-M.
8G: DYN.-ATMCOS.-OCEANS 19889 vol. 13, no. 3-4, pp. 171-218
NT: Special issue: Data assimilation, P¥: 19B%

AR: The main theme of this article is the central role that dynamics
tima

rlays in estim tALg the state of the atmeszsphere and of the ocean from
incomplete and noisy data. The evolution of meteorclogical data usage
i stimaticn and prediction 1s reviewed, Ifrom manual synoptic

es
analysis through objective analysis to four—dimensional assimilaticon
into a prediction model. Four-dimensional data assimilation tries Lo
balance properly the roles of dynamical and observational
infermation. Sequential estimation 1s presented as the proper
framewcrk for understanding this balance, and the Kalman filter as
the optimal  procedure for data assimilatlon. The so-called
initialization problem of eliminating fast, inertia-gravity waves in
metecrological data assimilation is described within the context of
sequential estimaticn. Improvements to operaticonal schemes of data
assimilation in current meteocrological use are suggested, with a view

to ocean applications (DBOj.

ASFA 1997-2000/09 361 of 373
TI: Relationship between the Kalman smoothing tech
ocean diagnosis techniques

All: Moiseenko,-V.A.; Saenko,-C.A.

nigue and other

S0O: MORSK.-GIDROFIZ.-ZH. 1993 no. 2, pp. 77-80, PY: 1893, LA:
Russian

AB: Methods £or scoluticn of the problem of ocean diagnosis should
regard specific character of oceanological information {spatial-
temporal heterogeneity, various degree of noisiness) and register for

the best all available information, i.e. be optimal. Among ways of
settlement of the problem with diagnosis the following ones may be
marked: diagnostic and semi-diagnostic; wvarious schemes of mono-
elepent and multi-slement analysis; four-dimensional analysis basing
on wvariants of schemes of subsequent data assimilation; different
modifications of assimilatien szchemes basing on Kalman's filter;
variation mwethods of assimilation of measurements results. It has
been shown that all the methods may be summarired on the base of
Kalman's soothing which is well known in the theory of optimal
assessment. Scluticn of the Kalman's soothing problem incorporates
result of Kalman's filter and, in particular, for the lazt moment of

measurements data entry t = T, scothing assessment is coincident with
filter assessment. Stage of analysis of data in t = ti with different
proposals and hypotheses in respect to way of expression for welght

coefficients correspond to the methed ui multi-element obiective
analysis as well as stage of forecast with regard of applied model

1

correspond to diagnostic and semi-diagnostic schemes of calculations.

ASFA 1997-2000/09% . 362 of 373
TI: The effectiveness of data assimilation wvia the probability
techniques in a model for synoptic velocity field evolution
All: Grigor'-Ev,-A.V.; Zhukov,-A.N.
SO: MORSK.-GIDROFIZ.-ZH. 1993 no. 2, pp. 31-38, PY: 1993, LA:
Russian
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AR: The result of numerical experiments involving information
assimilation in the linear and non-linear models of syncptic ocean
dynamics are presented. Models® response iz  studied for data
assimilation at diverse magnitudes of the relative error in the
determination of the initial fields and the space-time discretenss
of Aata assimilation. The results provided by the optimal filterin
and optimal int rpolaflon algorithms are lntercomparpd Cualitativ
difference in the linear model’s and the non-linear one's response Lo
data assimilation iz noted. The limiting wvalues of the time-spacs
discreteness of chservations assimilation are determined at which
optimal interpolation may be correctly applied.

D ‘-Q L

ASFA 1997-2000/09 363 of 373
TI: Tdentificaticn of the initial cceancgraphic field by means of the
variaticon algorithm of data asszimilation
All: Eremeev,-V.N.; Kochergin,-5.V.
S0: MORSK.-GIDROFIZ.-ZH. 19%3 no. 1, pp- 65%-71, pPY: 1983, LA:
Russian

Censidered is the wvariation algorithm of the measurement data
h is bhased on wminimization of some quadratic

proble . Model numerical exp@rimenfs have been carried ouft, which
demcnstrate the potentialities of this apprcach and the prospescts st

its employment for solving the practical problems.

ASFA 1997-2000/09 365 of 372
T1: Conference on Coastal Change '95, Bordomer-95. FProceeding
jointly organized by the Intergovermental Oceancgraphic Commission of
UNESCCO (IOC) and BORDOMER Crganization (France), Bordeaux (France),
10-16 February 1895
AlJ: Duursma,-E.-{ed.}
50: WORKSHOP-REP.-IOC PARIS-FRANCE UNESCO 19%6 no. 105 Suppl, 10Z5 pp

f.l]

PY . 1Tan

1270
ARE: I0C and the Reqgion d'Aquitains have organized the international
Conference on Coastal Change BORDOMER 95. The Aguitaine coast
represents a particularly interesting model of 2 coastal  Zons,

offering a lot of diversified and bhanglng littoral systems. This is
probably one excellent reason to explaln the specific efforts which
have been carried out during the last twenty years to provide support
to oceanographic research and to initiate and develop BOPDOMER

meetings. BORDOMER i3 wnow a very well lnown event within the
oceanographic community. This conference is an improved knowledge of
coastal/ocean ecosystems which 1s & pres-regquisite for more sffective
decisionmaking and sustainable development of coastal zones. This was
clearly stated in the UNCED proceedings, the Integrated C Cnastal Area
Managemant Programme (ICAM} needs to be based on a more complete
understanding of how the marine systems function, an ability tao

ar s
the systems will respond to various activi
rnative manqgement

idea of Lhe probable effectiveness of aite

techniques. This need for acticn in the face of an inadeguats

information kase 1s  an  increaging source of  conflict  betwesn

scientists and managers. Coastal systems are highly variable,
evolutive and complex including from the scientific point of view. It

would be unsatisfactory to over-zimplify them. The manager needs

straightforward advice on how to improve fisheries stocks where to

construct a port facility, on efforts of pollution control or how to
reduce pollution, which should be given on a sclentific basis.

Oceanography can now provide management tools in the form of
systematic observations, data assimilation and mode 1ling for analyses
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of management options. The ccastal module of GCOS is aiming at this.
If the scientific input is to become an integral component of ICAM, a
compromise is in order. Managers must clearly state their needs and
objectives, define funding and time limitation. Sclentlists must
present detailed scientific studies practicable as a precurssor Lo
most coastal management decisions. Thus we need to increase and
strengthen the dialogue between science (natural and social),
management and decision-making. Alse, coastal zones, rich in natural
and cultural rescurces play an important role in the lives of the
people. Various sessions present the change and all the developed

topics during this conference: 1 -- mechanisms and processes (sea
eve variability, coastal impact, geological and ph151cal
oceanography framework), 2 -- regional and national case studies in

Africa, Pacific, Caribbean, tropical coasts, France, 3 -- short-term

mechanism, processes and modelling, 4 -- ceoastal and inshore
information systems, 5 —— training capacity building and management.

ASFA 1987-2000/00 366 of 373
Ti: On the monitcring of the thermal state cof the upper ocean

AU: Resnyansky,-Yu.D.; Zelen'-ko,-A.A.
Gt PHYS.-OCERNOGR. ;MORSK.-GIDROFIZ.-ZH. 1995;15%4 vol. &, no. 2, pp.
117-124, PY: 18%95; 1984

AR: This paper discusses scme problems related to the development of
stems of global ponitoring of the sea surface temper:
¢ characteristics of the operational SST data ars ¢

t cns of their accuracy are given. The applications cf varicus

o the computation of $ST in relation to the development of an
gqraphic data assimilation system are reviewed briefly.

H(—f‘_l.

ASFA 1997-2000/09 367 of 373
TI: A method of cceancgraphic data assimilation based con the theory
of optimal control
AU: Zalesny,-V.B.
SO: PHYS.-OCEANOGR. ;MORSK.-GIDROFIZ.-ZH. 1995;1%%94 vol. 6, no. 1, pp.
43-492, PY: 1995; 1524
AR: Fundamental points of the computational procedure for the
assimilation of observations by a model for a large-scale ocean

AoFA 1897-2006/09 370 of 373

for a nonlinear hvrir’:«n'!1r* maovla

Al: Lheruok,—D.L.; Lardner ~R.W.
50+ APPL.-MATH.-MODEL. 15%%6&6 vol. 20, no. 92, PY: 1996

it

AB: A method is developed for the optimal estimation of the
parameters in a fully nonlinear model of flow in a channel. The data
aesimilated consist of values of the water surface elevation during a
given interval. The method is based on the adjoint method of optimal
control. Tt is shown that accurate values of the parameters can be
estimated, and the estimales are stable with respect o random
perturbations of the data provided that data from a sufficient number
of locations are available for assimilation.

s1)
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QUASI-GEOSTROPHIC OCEAN MODEL

ASFA 19781487 1 of 373
TI: Predicting open ocean currents, fronts and eddies.
AlU: Robinson,-A.R.
5C: THREE DIMENSIONAL MODELS OF MARINE AND ESTUARINE DYNAMICS.
Mihcul,-J.C.J.;Jamart,-B.M.-eds. 19287. vol. 45 pp. 89-111, ELSEVIER-
OCEANOGR. -5ER. vol. 45, PY: 1987

izl

AB: The concept of ocean prediction science, related to th
forecasting cf the "internal weather of the sea" iz introduced as
important for ocean scientific research generally and for practical
application in the areas of marine operations and planstary

envirommental management. Syztematic field estimation, welding
observations obtained by remotely located and in situ sensors with
dvnamical model forecasts {i-dimensional data assimilation) 1is
advocated. The characteristics of the oceanic mesoscale (analegous to
the atmospheric synoptic scale) are reviewed. Forecasting ths
mesoscale  (O(10010 super {2} km) and O©{10-10 superil) daysi} is
feasible and has been initiated, but a regicnal approach is now
necessary. Examples of  recent progress is mesoscale prediction

research are presented, including a ongoing forecast system which is
nowcasting and forecasting in the Gulf-Stream region in real time
{(GULFCASTING) .

ASFA 1878-1587 § of 373
TI: Quasigeostrophic energetics and oceanic mesoscale dynamics.
AlF: Pinardi, -N.
80: DISS.-ABST.-INT.-PT.-B-S5CI.-and-ENG. 19%B6. wol. 47, no. 5, 250
pp, Diss. Ph.D., PY: 1986

AB: The guasigecstrophic energetics and dynamics of different
midiatitude open ocean regions are studied. The approach resides in
the blend of models and data to identify the physical mechanisms
which control the dynamics of the mesoscale/synoptic variability in
the ocean. The study of a successful forecast experiment 1in thé
California Current mesoscale system provided a unique example of
merging of two baroclinic eddies. Results are discussed. The Polymode
Synoptic Dynamical Experiment (5DE} data set iz studied and the

interpreted. The Gulf Stream prototype data assimilation studies are
presented. Satellite infrared images are used to initialize the model
with realistic shape and position of the surface Gulf stream front.

ASFA 19738-1987 10 of 373
TI: Real-time data assimilation, mescscale dynamics and dynamical
forecasting.
AU: Robinscon,-A.R.; Carton, -J.A.
SOt APPLICATICNS-CF-REAL-TIME-OCEANOGRAPHIC-CIRCULATION-MODELING: -
SYMPOSIUM-PROCEEDINGS. Parker,-B.B.-ed. 1986. pp. 79-92, PY: 188¢

AB: The Harvard group 1is carrying out research on the optimal
astimaticn of oceanic fields, focusing on real data assimilation in
dynamical models. Their conceptual basis 1=  the Descriptive-
Predictive System which consists of an observational network, a
statistical model, and a dynamical model to bhe used both for
practical forecasting and for dynamical analysis. Among the pressnt
studles are: a hierarchy of coupled models for studies of the general
circulation, transport and dispersion, developed in conjunction with
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gandia National Laboratories; a real-time experimental prediction
program in the California current, in conjunction with the Naval
Postgraduate School; development of an ocean- going forecasting system
and studies of sampling design for optimal initialization of the
frrecasts; and studies of Gulf Stream dynamics and forscasting,
including assimilation of satellite altimeter and Rafos float data.

2
L

ASFA 1988-19%6 2 of 372
TI: Mesocscale variability revealed with sea surface topography

ns Ikedd,—M.

- OCEANCGRAPHIC APPLICATIONS OF REMOTE SENSING. Ikeda,-M.:
W. eds. BOCA-RATON,-FL-33421-USA CTRC-PRESS, -INC. 1895 pp. 15-25,
PY: 1995

& i s is reviewed
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t systems are described in Section 2.2 with & focus on
ification against in situ and drifter data. Althcugh information
the mean sea surface height is usually leost in altimeter data, a
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icular case of a strong current with its axis positicon varying
tly' ir time. In Section 2.4, statistical analysis results of
scale variability are presented for a large area as a unidgue
tien of altimeter data. Application to weak currents 1s
se d in Section 2.5, and corrections for the atmospheric and
tidal effects are mentioned in Section 2.6. Data assimilation, which
5 one of the rapidly developing areas in physical oceanography, 1is
reviewed in Section 2.7. Recommendations are given in Section Z.8.
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ASFA 1%8B8-1596 44 of 373
TI: Mesoscale re-analysis for Baltex —- a pilot study
BlF: Gustafsson, -N.; Meuller, -L.
50 FIRST—wTUD”7CONF _ON-BALTEX. A.-Omstedt-ed. GEESTHACHT-GERMANY
NT . _BALTEX-SECRETARTAT 1995 vol. 3 pp. 84-85, §T: vol. 3, FEY: 1995

AR: The basic aim of the BALTEX project is to get an improved
vnderstanding of the energy and water cycles in the Baltic Sea area.
For the atmospheric contribution to these energy and water cycles, 1t
iz necessary to utilize a cembination of observational and modelling
simulation techniques, i.e. to apply metecrological data azsimilation
within the framework of a Numerical Weather Prediction (NWP} system.
In order to get a proper description of certain impertant atmeospheric
circnlation systems, for example the convective snowbands associated
with wintertime cold air outbrake over the warm water surfaces of the
Ealtic Sea (Andersson and Gustafsson, 1994), it is necesgary to apply
the metecrclogical data assimilation at mesoscale resclutieons with
model grid resolutions in the range 10-25 Km.

ASFA 1586-10%6 &6 of 373
TI: Comparison of sequential updating, Kalman filter and variational
methods for assimilating Rossby waves in the simulated GBEOSAT

altimeter data into a guasi-geostrophic model

All: Tkeda, -M.; Evensen,-G.; Cong,-L.

50: J. MAR.-SYS5T. 199% vol. 6, no. 1-2, pp. 15-30

NT: Special Issue: Data Assimilation in Marine Science, PY: 18385

AR: A variational method is examined for assimilating linear Rossby
waves to be ochserved in GEOSAT altimeter data into a quasi-
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geostrophic model and compared with both a simple sequential updating
method and the Kalman filter method. A particular emphasis is given
to the vertical transfer of surface informaticn contained in the
aitimeter data. Data are taken from theoretical solutions of linear
Rossby waves in a two-layer channsl with the data sampling scheme of
the Geosat altimeter. These simulated data are assimilated into the
same model with a domain of 8 Geosat tracks for 5 cycles of 17-day
repeats. The Kalman filter method "accumulates"™ information on error
propagation as the assimilation proceeds, and becomes more efficient
than the sequential updating method after a couple of repeat cycles.
The assimilation of the simulated Rossby waves implies advantage and
diszadvantage of each method in assipilating more general mesoscale
variability observed in altimeter data inte a quasi-geostrophic
model .

ASFA 1588-19%6 87 of 373
TI: Sequential data assimilation with a nonlinear gquasi-geostrophic
model using Monte Carlo methods to forecast error statistics
AU: Evensen,-G.
<G: J. CEOPHYS.-RES.-C-OCEANS 1996 wol. 99, no. 5, pp. 10,143-10,1682

PY: 1594

AB: A new sequential data assimilation method is discussed. It 1is
based on forecasting the error statistics using Monte Carle methods,
a better alternative than solving the traditional and computaticnally
extremely demanding approrimate error covariance equation used in the
sxtonded Kalman filter. The unbounded error growth found in the
extended Kalman filter, which is caused Dby an overly simplified
closure in the error covariance equation, is completely eliminated.
Open boundaries can be handled as long as the ocean model is well
posed. The proposed method can be used with realistic nonlinear ocean
models on large demains on existing compubers, and it is alsc well
suited for parallel computers and clusters of workstations where each
processor integrates a few members of the sensemble.

nop-
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ASFA 1988-19906 119 of 373
TI: Open koundary conditiens for the extended Kalman filter with a
quasi-geostrophic ocean model
All: Evensen, G.
30: 1.-GEOPHYS.-RES.-C-OQCEANS 1353 vol. %8, no. C9, pp. 1652916540
PY: 1933
AR: The formulation of consistent boundary conditions for the quasi-
geostrophic (QG) model with an extended Kalman filter in a data
assimilation scheme is discussed. To form a well-posed boundary value
problem for the QG model, tThe stream function must ke specified at
211 poundaries and the vorticity must be specified at the inflow
boundaries. The situation bscomes significantly morse complicated when
proper houndary conditions are +to be specified for the error
covariance evolution equation. For closed or periodic boundaries no
severe problems occur, but in general cases with open boundaries,
only approsimative methods can be usad. Here a scheme 1is presented
which allows for the stream function to be updated on the boundaries,
e.g., from the use of measurements located close to the boundaries,
or from meanders and eddies approaching the boundaries from the
interior of the domain. Further, the boundary value problem for the
srror covariance evolution equation is treated extensively. It 1is
demonstrated that numerical discretization of the error covariance
evolution egquaticn leads to severe numerical difficulties when open
boundaries are used. An approximate numerical scheme that can be used
to handle open boundaries with inflow and outflow is proposed, and
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examples are given to illustrate the methed. It is shown that the
boundary scheme is consistent and can be used even with data located
at inflow boundaries. However, the approximations used in the scheme
may lead to loss of positive definiteness feor the error covariance
matriz and an algorithm must be used to ensure positive definiteness
for long time integratlons.

ASFA 1988-1G%¢ 130 of 373
TI: Oceanographir expert Dystem validation using GOAP mesoscale

AU' bybanon, M.

CA: Naval Oceanographic and Atmospheric Research Lab., Stennis Space
Cent., MS (USA)

50: 1%%0. 36 pp, RN: NOARL-5 (NOARLD), P¥: 1990

AB: A prototype cceanographic expert system is being developed by the
Pemcte Sensing Branch of the Waval Oceanographic and Atmospheric
Research Laboratory {NCARL). System performance for eddy motion was
tested wusing GEOSAT-Ocean Applications Program (GOAPY mescscale
roducts. A second data s=t was ussad to validate the Harvard Gulicast
and the NGARL DART  (Dat Assimilation Research and Transition
program] models. Several typ 5 of performance measures were calculate
for koth warm— and cold-core Gulf Stream eddlies. Statistics compiled

ical

from the analysis results are presented in both tabular and graphica
form. The analysis shows that the expert system performs reasonab

well with respect to both eddy motion and eddy size.

i
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ASFA 15%88-1536 140 of 373
TI: Using the extended FKalman filter with a multilayer quasi-
geostrophic ocean model,
AJ: Evensen,-G.
50 J.-GEQPHYS.-RES.-C-QCEANS. 1%92. wol. §7, no. €11, pp. 17305-
17924, Py: 1962
AB: The formulaticon of the extended Kalman filter for a multilayer
nonlingar quasi-geostrophic ocean circulation model is discussed. The
noniinearity in the ocean model leads to an approximative sguation
for error covariance propagaticon, where the transition matrix is
dependent on the state trajectory. This nonlinearity complicatess the
dynamics of the error covariance propagation, and effects which are
nonexistent in -linear  systems contribute significantly. The
transition matrix can be spiit into two parts, where one part results
in pure evolution of error covariances in the model wvelocity field,
and the octher part contains a statistical correction term caused by

the nonlinearity in the model. This correction term leads to a linear
unboundsd instability, which is caused by  the statistical
linearizaticon of the nonlinear error propagation equation. Different
ways of handling this instability are discussed. Further, nconline

ar
small-scale instabilities also develop, since energy is accumulated
at wavelengths 2 Delta =, owing to the numerical discretization.
These small-scale oscillations are remcoved with a Shapiro filter, and
the effect they have on the error covariance propagatiocn 1is
dizcuzsed. Sowe data assimilation erperiwents are perfcrmed using the
full extended Kalman filter, to examine the properties of the filter.
An experiment where only the first part of the transition matrix is
used to propagate the error covariances 1is also performed. This
simplifiad experiment actually performs hettar than the full sxtandad
Kalman filter hecause the unbounded instakility assoclated with the
statistical correction term is avoided.

ASFA [585-128%6 151 of 373
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TI: Dynamics of the coastal transition zone jet. 2. Nonlinear finite
amplitude hehavior.

AU: Allen,-J.5.; Walstad,-L.J.; Newherger, -P.A.

50: J.-GROPHYS.-RE5.-C-OCEANS. 19%1. vol. 96, no. C8, vp

NT: Special section: Coastal Transition Zone, by: 1991

AB: The finite amplitude nonlinear behavior of the coastal transition
zone (CTZ) jet, assumed fo be governed by quasi-gecstrophic dynamics,
is studied utilizing numerical experiments in an idealized geometry.
Finite difference solutlions to initial value problems are obtained
for a stratified, six-layer fluid in a periodic, flat bottom, £ plane
channel. The initial flow field in all experiments includes a uniform
along-channel Jet with horizontal and vertical structure obtained
from CTZ hydrographic and current measurements made in May 1987. The
objectives here are to find the characteristics of the finite
balances for signatures of instability processes that would help with
the physical interpretation of results from limited-area CTZ data
assimilation models.

ASFA 1988-1896 152 of 373
Ti: Dynamics of the coastal transition zone through data assimilation
studies.
All: Walstad,-L.J.; Allen,-J.5.; Kosro,-P.M.; Huyer, -A.
50 J.-GECPEYS.-RES.-C-OCEANS. 199%1. vol. %€, no. C8, pp. 14,95%9-977
T: Special secticn: Coastal Transition Zone, FPY: 1991

AB: The dynamics of the coastal transition =zone off Northern
California during late May and early June 1987 are examined through
assimilation madeling studies. A regional  baroclinic quasi-

geostrophic model is driven by the data through initial and boundary
conditions. These initial and boundary conditions are specified by
objective analysis of hydrographic and acoustic Doppler current
profiler data. The data assimilation is accomplished by varying the
cbjective analysis parameters, numerical parameters, and subgrid-
scale parameters until the final solution of the model is in best
agreement with the analysis of the data. The solution which bezst
agrees with the data is regarded as a four dimensicnal field estimate
of the coastal transiticn zone flow. An aspect of this study that is
new to data assimilation modeling of mesoscale eddy fields is the use
of acoustic Doppler current profiler data. These data prove to be
very limportant to accurate description of the oceanic flow field as
indicated by comparison with fleoat trajectories. The complete data
get provides an opportunity to study the ability of dynamical
constraints to improve field estimates when acting upon a subset of
the data (hydrography).

ASFA 1%88-1565¢ 153 of 373
Tl: Ocean data assimi i i inte a
geostrophic model.

AU: Rienecker,-M.M.; Miller, -K.N.

§0: J.-GEOPHYS.-RES.-C-OCEANS. 1991. vol. 96, no. C8, pp. 15,093-10%,
PY: 1961

a

AB: Optimal interpolation {0I} has been used to produce analyses of
quasi-geostrophic (QG) stream function over a 59-day period in a 15-
km-square domain <ff ncrthern Califernia. Bydrographic observations
acquired over five surveys, each of about 6 days' duration, were
assimilated inte a $G open boundary ocean model. Since the true
forecast error covariance function required for the ©I is unknown,
assimilation experiments were conducted separately for individual
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surveys to 1investigate the sensitivity of the OI analyses to
parameters defining the decorrelation scale of an assumed error
covariance function. The analyses were intercompared through
dynamical hindcasts between surveys, sSince tLhere were too few
independent data for other verification of the various analyses. For
the hindcasts, the QG model was initialiized with an analysis for one
survey and then integrated according to boundary data supplied by the
corresponding analysis for the next survey. Two sets of such
hindcasts were conducted, since there wers only three statistically
independent realizaticns of the stream function field for the entire
observing period.

el
ntinental shelf and =lorpe
<

al model solutions 1n

La
TI: On intermediate models for barotropic c
fiow fields. Part 3: Comparison of numeri
periodic channels.
AU: Allen,-J.5.; Barth,-J.A.; Newberger,-P.A.
50: J.-PHYS.-OCEANOGR. 15306. wvol. 28, no. 12, pp. 1845-15732, FY:
1930

APB: The study of intermediate models for barotropic continental shelf
and slope flow fields initiated in Parts I and II is continued. The
objective is to investigate the possible use of intermediate models
for process and data assimilation studies of nconlinear mescscale eddy
and Jet current fieldz over the continental shelf and sliope. We
concentrate on the application of intermediate models to the f-plane
shallow-water equations. The intermediate models that we consider are
based on the balance equations {BE}, the balance squations derived
from momentum equations (BEM), the potential wvorticity conserving
linear balance eguations (LOBE), the hybrid balance eguations {HEBE),
the near balance equation (NBE}, a geostrophic vorticity (GV)
approximation, the geostrophic momentum (GM) approximation, and the
quasi-gecstrophic momentum and full continuity equations (IM).

e
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TI: Data assimilation in a quasi-geostrophic open-ocean model of the
Culf Stream region using the adjoint method.
AU: Moore,-A.M.
S0: J.-PHYS.-OCEANOGR. 1991. wvol. 21, no. 3, pp. 398-627, ¥FY: 19%1

AB: The method of adjoint data assimilation is applied in a quasi-
geostrophic {0G} open-ocean model of the- Gulf Stream region. The
results of data assimilation experiments are presented in which
simulated AXBT and satellite altimeter chservaticns are assimilated
intoe the QG model. The adjoint data assimilation scheme has the
ability to correct for large errors in the speed and position of the
Gulf Stream jet. These exrperiments provide valuable insight into the
dynamics of the assimilation procedure, and highlight the limitations
of the adjoint method in the Gulf Stream regicon. The adioint
variables of the linearized QG model are approximations of the
Green's functicns of the adjoint equations. By examining maps of the
adjoint wvariables, one can determine the domain of influence of
individual obseryvations. The results of assimilation experiments in
which GEGQSAT sea surface height observations are assimilated into the
03 model are also presentad. The results of the GBOSAT assimilation
experiments can be interpreted using the insight gained from the
sinulated data assimilation experiments. It is found that not only
can the adjcint method correct the position of the Gulf Stream axis,
but it can also reconstruct observed features present in the real
ocean {such as Gulf Stream rings) which were originally absent in the
model .
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ASFA 1988-192926 172
cean Prediction.

TI: An Experimental Center for Mesoscale O
AlU: Leesse,-J.A.

530: PROCEEDINGS, -MDS-'-80:-CONFERENCE-AND-EXPOSITION~ON-MARINE-DATA~
SYSTEMS. 1983. pp. 1%9-203, ©PY: 1989

AB: Numerical models for data assimilation to produce ocean nowcasts
and forecasts ars becoming more widespread. Some ccean models for the
mesoscale are now in the advanced development stage and could be
producing operaticnally useful nowcasts and forecasts in the near
future. There is a need to conduct validations and evaluations of
these models in a realistic operaticnal environment. This gpaper
summarirzes the major features of an Experimental Center for Mesoscale
Ocean Prediction (ECMOP} now being developed at the Institute for
Naval Cceancgraphy. The plans for future evaluations and experiments
in the ECMOP are also presentead.

ASFA 1988-159¢6 184 of 373
TI: Altimetric data assimilation for ccean dynamics
AlU: Hobinson,-A.R.; Walstad,-L.J.

S0: JOHNS-HOPKINS-APL-TECH.-DIG. 1%87. vcol. 8, no. 2, pp. 267-270
PY: 1987

and foracasting.

AR: Oceanic meszoscale wvariability 1s the "internal weather of the
sea,”™ and its prediction is now feasible and interesting for
scientific and practical reasons. A systematic appreoach 1in which
observations are melded with dynamical model ovtput (four-dimensicnal
data assimilation) 1s critically relevant. The Gulf Stream region
provides  strong mesoscale signals  and interesting dynamical
phencomena. The Harvard Ocean Dynamical Group is producing weekly
nowcasts and forecasts for the Gulf Stream in real time using
satellite infrared, dedicated  alr-expendable bathythermegraphy
flights and the Harvard open-ccean model. The addition of sea-surface
height from GEOSAT altimetric data will he powerful and effective.

ASFA 1988-1996 185% of 373
Ti: Modelling and forecasting deep ocean and near surface mesoscale
eddies: Hindcasting and forecasting with, and coupling a surface

boundary layer model to, the Harvard quasigeostrophic model.
AU: Walstad,-L.J.

CA: Harvard Univ., Cambridge, MA {USA)

50O: DISS.-ABST.-INT.-PT.-B-SCI.-and-ENG. 1%88. vol. 48, 278 pp
NT: Diss.: Ph.D. Order No.: DAB800862, PY: 1988

AR: Hindecasting and forecasting mid-ocean mesoscale flows with a
quasi-geostrophlc open ocean model 1s  studied. The  Harvard
quasigestrophic cpen ocean model has been callbratad and documented
by others. Here, these studies are synthesized and computationally
introduced errors in the integration o<f the guasigeostrophic
equations are attributed. Combining the studies leads to some
additicnal conclusions concerning the boundary conditions and the
number of vertical levels. Issues related to the applicaticn of the
model to data assimilation are focused upon. The hindcast studies
reported support the calibratien results carried out on idesalized
flows.
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TT: Numerical Studies of the Air-sea Interaction Processes in Intense
Tropical Systems Using the Coupled Ocean/Atmosphere Mesoscale
Prediction System

AlU: Hong, -X.

50: Dissertation Abstracts Intasrnational Part-B: Science  and
Engineering, 19%% vol. 59, no. 10, p. 5406

NT: Degree: PhD. Thesis Publ. Date: 189958, 189 pp. Source: UMI, 300 N
Yeeb Rd, POB 1346, Ann Arbor, MI 48106. (300-521-0600), AW L UL . COm.
EN: AAT 2905472 (9909472), PyY: 18090

AB: The purpose of this study 1s to further our understanding of the
air-sea interaction processes in intense tropical systems through
numerical meodeling. Three well-documented intense tropical systems
are selected to study several aspects of the air-sea processes.
First, the ocsan rasponse (one-way interaction) to an idealized
representation of Hurricane Gilbert (19%88) using the GFDL's Modular
Ocean Maodel wversion 2 (MOM2) is given. Then the two-way interactions
between a TOGBA COARE squall line and the trepical ocean in an
idealized =zetting using the NRL's original Cecupled Ocean/Atmczphers
Mescscale Prediction System (CORMPS) are shown. Finally, the mutual
responses between Hurricane Opal (19505) and a Warm Core Eddy (WCE) in
the Gulf of Mexico using a more recent version of COAMPS, of which
the MOM? is used as an oceanic couponent, are presented. Results show
that the Hurricane Gilbert increases the local speaed of Loop Current
over 55%. The maximum increase of WCE F surface current speed 1is
approrimate 133%. The near—inertial oscillation in the WCE F persists
for at least 7 IP and propagated downward to 400 m. with the effect
of Gilbert, the similated translation of WCE F to the Mexrican coast
is more realistic. with the WCE F effsct, ths storm-induced surface
current speed reduces by about 50%. The near- inertial oscillation
and the wvertical structure in the along-track direction are also
influenced. The storm-induced sea surface temperature (5571 decrease
in Gilbert's wake 1is over 2.5 degree C. the simulated TOGA COARE
squall line from idealired conditions reproduces most of the features
as observed. The =quall line-induced SST decrease 1s about 0.21
degree C, resulting in about 10% less surface heat fluxes and weaker
convective motions. the coupled system using real data is capable of
reproducing the observed Hurricane Opal intensity. The simulated
track is located directly over the simulated WCE. Maximum induced 55T
cooling bkehind the storm is 2 degree C, whereas this cooling is
significantly less over the WCE due to deeper warmer layers. The
induced surface currents with a maximum of 200 cm s[-1] are
characterirzed by near-inertial oscillations superposed on the
anticyclonic circulation around the WCE. in addition, other features
of the response are: (1} the WCE is responsible for 60% of the Opal's

intensification; {2} the maximum surface sensikle and latent heat
flux amounts to 2842 watt m{-21; {3} Opal extracts 408 of thse

available heat capacity (temperature greater than 26 degree [} from
the WCE; and, (4) the negative feedback of the induced 35T cooling to
Hurricane Opal is smaller with the WCE than without the WCE due to
the relatively large heat content in the WCE. Overall, the results
indicate that the ocean plays an important role in contreolling the
intensity of the tropical systems; and the tropical systems exert
large forcing to the ocean and modify the ocean requiring a long time
to recover. If is necessary to use a coupled modeling system in
hurricane forecast, especially in the region with large spatial
variations of upper ocean thermal content. The results also indicate
the needs of the development of advanced ocean data assimilation
procedures in the future version of COAMPS.
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TI: Variaticnal assimilation of Geosat altimeter data into a two-
laver quasi-geostrophic model over the Newfoundland ridge and basin
AU: Cong,-L.Z.; Ikeda,-M.; Hendry,—-R.M.
30t Journal-of-Geophysical-Research-C-Oceans, 1998 vol. 103, no. c4,
pp- 7719-7734, PY: 1998

AB: A variational data assimilaticn model is examined as a method for
reconstructing ocean current fields from sea surface dynamic height
ohserved with the OGecsat altimeter. A two-layer, eddy-r ng,
quasi-geostrophic medel with realistic bottom topography is used. The
space of control variables 1s composed of initial as well as boundary
conditions in both layers. A cost function is defined as a misfit
between ths altimeter data and  the assimilation sclution.
tion terms are alsc included in the cost functicn in a form
order spatial and temporal derivatives of the stream

~reparation step i1s taken to construct a fast guess for
the variaticnal method; prior to the full assimilation, the lower-
order assimilation iz carried out with fewer control wvariables
included, Fecus is  put  on three potential  problems: (1) the
horizental resolution of the data, (2) the vertical projection of sea
surface information inte the leower ocean, and {3} nonlinesar behavi
of the mesoscale variability. This method iz applied to the energe
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features in the Gulf Stream extension over the Newfoundland
ridge and basin. The ocean current fisld constructed in the godel
through the data assimilation is significantly correlated with the
velocity field directly observed with current meters; both near the
surface and at subsurface (near the bottom). The near-surfacs
velocity is highly correlated between the data and the meodel, whils
the correlation coefficients of the subsurface wvelocity components

are less than 0.5, with nearly unity regression slopes. Thus it is
clear that the data contain part unezplained by the quasi-geostrophi
model. The horizontal data resolution is adequate for describing
lesmscale variability near the surface, and it is feasible to extr:
i

=

the quasi-geostrophic component in the lower ocean veloclity fi
Once nonlinearity becomes very intense, local minima in the
function prevent convergence to a unigue solution. We show
remctely collected satellite data can be utilized for monitoring

global ocean at all depths.

ASFA 1997-2000/0%8 309 of 373
TI: Vertical projecticn of surface velocity data using the
variational assimilation method with guasigeocstrophic dynamical
constraints

-

V .; Yaremchuk,-M.-I.; Tkeda,-M.
50: J.-Oceanogr. 1997 vol. 53, no. 3, pp. 271-282, PY: 1997

AB: The variational data assimilation technique has heen applied to

=4
velocity data. The dynamical constraint 1ls provided by a nonlinear
quasigeostrophic model, which has two layers over bottom topography
in a chanmel. The sfficisncy of the scheéme is examined by twin data
assimilation experiments. A focus is given to vertical projection:
how well the lower—layer flow field and the density field are
reconstructed, and how well separation of two wvertical modes is
achieved. The =cheme is pawerful for this task, as long as perfect
data are provided for the upper layer velacity. As the data density
decreases, reconstruction of the density field becomes wmore
difficuit: about 10 velocity wvalues are reguired for one mesoscale
feature. Covariance structures, which are directly inverted from the
Hessian matrix, suggest propagation paths of information. The results
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imply the feasibility of estimating an oceanic state from drifters
and/or surface faatures tracked by satellite imaging-

ASFA 1997-2000/08 313 of 373
TT: The ¥alman smoother for a linear quasi-geostrophic model of ocean
circulation
AU: Bennett,-A.F.; Budgell,-W.P.
2 DYN.-ATMOS.-OCEANS 1989 vo

1. .
NT: Special issue: Data Assimilation, PY:

AB: An explicit algorithm is given for the generalized inverse or
Falman smocther of a tfime-dependent, linear, quasi-geocstrophic medel
of ocean circulation. The algorithm requires computation of the
Kalman filter but, 1f the smoother error covariance matrix is not
required, then it is not necessary to invert and store the filter
orrer  covariance matriz. That is, the algorithm ylelds smoother
estimates of the system nolse, the messurement noise and the state
with relatively low computational effort. Theoretical estimates and
computaticnal practice show the integrations in the algorithm to be
well conditioned. The thecretical investigation of the smoother shows
the need to assume red wavenumber spectra for the systen noise, 1
order to ensure the efficiency of the smoother at estimating noiseg,
in order to achieve spatially regular and thus physically realizakle
estimates of the state, and in order to lower the computational
burden. The smoother estimate of the system nolse is shown not to
have the unphysical ngn-linear boundary layer structure found in the
filter estimate. The filter and smoother are compared with a series

of numerical examples (DBC).

SFA 1997-20005/00 357 of 373

The Kalman smoother for a linear quasi-geostrophic model of ocean
c ularion

AU: Bennett,-A.F.; Budgell,-W.F.

Sy: DYN. ~-ATMOS. -OCEANS 198% wol. 12, no. -4
NT: Special issue: Data assimilation, PY: 1

AR: An explicit algorithm is given for the generalized inverse
Falman smocther of a time-depsndent, linear, quasi-geostrophic model
f ocean circulation. The algorithm reguires computation of

wan filter but, if the smoother error covarlance matrix 1is
gquired, then 1t is not necessary to invert and store the filter
ror covariance matrix. That is, the algorithm yields smoother
s
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estimates of the system nolse, the measurement noise and the state
with relatively low computational effort. Theoretical estimates and
computational practice show the integrations in the algorithm to be
well conditicned. The theoretical investigation of the smocther shows
the need to assume red wavenumber spectra for the systien noise, in
order to ensure the efficlency of the smoother at estimating nolss,
in order to achieve spatially regular and thus physically realizable

cstimates of the state, and in order to lower the computational
noise 1s shown not to
cty
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burden. The smeother estimate of the systea
have the unphysical non-linear boundary layer stru
filter estimate. The filter and smoother are compared with a series

re found in the

of namerical examples (DBO).
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TI: Conductivity-temperature-depth data assimilation into three-
dimensicnal quasigecstrophlic open ocean model
AU+ Nechaev,-D.A.; Yarenmchuk,-M.I.
s DYN. -ATMOS.-OCEANS 19%4 vol. 21, no. 2-3, pp. 137-165, FPY: 1994
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AB: A variational assimilaticn technigue is applied to processing the
conductivity-temperature-depth (CTID} observations obtained in the
Gulf Stream extension in May 19%0. The data are assimilated into a
quasigeostrophic open ocean model based on the evolution equations
for busyancy and wertical mean relative wvorticity. The sslution is
controlled wvia the initial  and  boundary conditions for model
equations and the unknown forcing in the vorticity equation. The best

fit for OTD data is compared with the results of optimal
interpolation and the ordinary model forecast. The a331milatioﬁ
solution displays obvious advantages of the adjeint ssimilation

technique in  comparison with these ftraditional methodc of data
processing. We have also performed an error analysis of the resultant
solution via estimation of the Hessian matrix elements assoclated
Wwith the minimized cost function. The results show the important role
of regularization terms, which smooth the solution, making it less
dependent on the first guessz in the space ¢f contrel variables and
filtering out the data compeonents which are nct described by the
model. The analysis has also revealed a rnumber of problpms connected
with slow comvergence of the assimilation procedure owing Lo NOh-
=3

& @
efficient descent in the zubspace of boundary conditions.
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SATELLITE DATA ASSIMILATION

ASFA 1978-1287 5 of 373
TT: Data assimilation with wind scatterometer data.
All: Hollingsworth, -A.
SO: REP.-WMO-WORLD-CLIM.-RES.-PROGRAMME. 1986. no. 122, pp- 16-18
PY: 1286

ASFA 1978-1937 6 of 373
TI: SEASAT scatterometer data assimilation experiments.
RU: Duffy,-D.G.
50: REP.-WMO-WORLD-CLIM.-RES.-PROGRAMME. 1986. no. 121, pp. 47-40
PY: 1986

ASFA 1278-1687 g of 373
TI: Ocean surface wind stress.
AU: Harrison,-D.E.
30: LARGE SCALE OCEANOGRAPHIC EXPERIMENTS AND S
€.; Fieux,-M.-eds. 1984. vol. 128 pp. 29-116, P

ATELLITES. Gautier,
Y: 1984

AB: There 1is an urgent need in physical oceanographv meteocrology,
marine operations and climate research for improved surface wind and
wind stress information. Much can be done to improaa cur knowledge
through befter collection of existing observations, deployment of
properly  instrumented drifting buoys, better Cdlibration and
collection of cloud motion vectors, increassd  scrutiny  and
development of analysis/forecast methods of surface data assimilation
and more widespread direct measurement of surface stress. But the
space and time sampling constraints on  such  technigues will
inevitakly limit the lmprovement to less than is desirable or ngeded
r,

-
Only satellite-borns senscrs microwave scattercmete adequately
deployed and calibrated against high quality, Surfa:e data can

provide the needed information.

ASFA 1988-199%¢6 19 of 3732
TI: Impact of altimeter, thermistor, and expendable hathythermograph
data on retrospeﬂtive analyses of the Tropical Pacific Ocean
All: Carton,-J.A.; Giese,-B.2.; Cao,-Xianhe; Miller, -L.

501 J. —UEUPHYQ.—RES.—C—OCEANS 1996 vol. 101, no. Co, pp. 14147-1415%5,
PY: 1996

2AB: This tudy explores the relative ?mpac- of three major components
of the Tropical Pacific Ocean cbserving system on data assimilation
analyses. The extensive observing Pomp nents that are available
during the 2 year period froem October 1992 through September 1934
include sea vel derived from TOPEX/POSEIDON altimetry, thermistor
data from the Tropidal Ocean/Global Atmosphere Tropical Atmosphers-
Ocean (TOGA TAC) mooring array, and expendable bathythermographs
{(XBTs) from the Voluntesr Observing Ship program. In the first part
of this study, methods are introduced to assimilate these data into a
primitive egquation model using optimal interpolaticon. The resulfing
velocity and thermal analyses are then compared with a numerical
ulation that has no data assimilation. The most innovative aspect
the assimilaticon procedure iz the development of a statistical
model that uses satellite altimetry to update the subsurface thermal
field.
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TI: Monitoring of the Gulf Stream path using Geosat and
Topexr/Poseidon altimetric data assimilated into a model of ocean
circulaticon |

AU: Blayo,-E.; Verron,-J.; Molines,-J.M.; Testard, -L.

SO+ J.-MAR.-SYST. 1996 vol. 8, no. 1-2, pp. 73-89, PY: 1996

AB: Two years of altimetric data from the Geosat satellite and ons
year from Topex/Poseidon were assimilated into a numerical ocean
circulation model of the North Atlantic. The results of these
simulations were used to compute statistics concerning the movements
of the Gulf Stream from Cape Hatteras to 45 degree W. This approach
snabled us to cobhtain almost continuous spatio-temporal coverage of
the phencmencon; it also allowed observations of the wvertical
structure of the current to be made. The mean path of the Gulf Strean
s described. This trajectory is affected by the New England Seamcount
hain which gives rise to a south-easterly deflection and to an

1
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increase in poq1tlond1 variability which reaches a maximum near 6l
degree W. Downstream from this chain, the Gulf Stream reaches its
highest  latitude, ard favoured positions for  meandsrs we
identified: two crests near H7 degree W oand 51 degree W flanking
trough near 53 degree W. In terms of the vertical structure of th
current, a southerly shift of the Gulf Stream path as = function o
depth was clearly seen. The Gulf Stream has a marked seaﬁonal cycle
with northerly mazima in August-September and southerly
Fepruary-March. This c¢ycle 1s not, however, 1in phase with that
chserved near to the North American continent. Sscond : ks
extrema, on the other hand, do not always occur at the
year. Spectra of the lateral dispiacements of the Gulf Stream a

F

2 R T

r
remarkably similar at all points. The spectra considered are red
spactra with slopes of almost -2, ezxcept to the east of the New
England Seamount chain where the SlOpP falls off for periods of more
than 50 days. The statistics presented in this article are very mich
in agreement with earlier work on the subject and thus show ths

feasibility and wvalue of such a Jjeint model/data as ssimilation
approach for monitoring major ocean currents.

ASFA 1068~ 1,96 27 of 373
Ti: A thought on inf ed and water color satellite data assimilation
AlJ: Oiao,-Fangli; qhang,Jﬂlnqhua

1
GR. —HUANGHAI -BOHAIL-SEAS-HUANGBOHAT-HAIYANG 19%4 vol. 12,
£4, PY: 1994, LS: Chinese; English

AB: Based on the studies of infrared and water color satellite data
assimilation, by way of creating a coupled numerical model of the
moticn of mixzed layer and eddy-solved quasi-geostrophic movement, the

sent paper gives a way for such a satellite data assimilatieon.
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TT1: Assimiiation of ERS-1 altimeter data in a ti
continertal shelf
BU: Mouthaan,-B.E.A.; Heemink,-A.W.; Robaczewska, -K.B.
02 DTSCH.-HYDROGR.-Z. 1994 vel. 46, no. 4, pp. 285-319, FY: 1

model of the

EL:

s

AB: In this paper, ERS-1 altimeter data are used for the calibration
of a tidal model of the Furopean continental shelf. The data
assimilation precedure to estimate the uncertain parameters in the
model is based on the adjoint method. Here the estimation problem is
formulated az a large scale optimization problewm, that is soclved s with
a gradient based optimization method. The gradient 1is determined
efficiently by using the solution of the adjoint problem. The data
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assimilation procedure is applied by using the ERS-1 data with and
without other measurement information from water level stations.

ASFA 1988-1806 4% of 373
TI: Assimilation of simulated 3lgl“et95 data in a two-layer linear
ssby wave model using the variational method

Rosshy
AU: Cong,-L.Z2.; Ikeda,-M.
20 J.-0OCEANCGE. 1995 wel. 51, no. 3, pp. 201-326, PY: 1285

AB: The variational assimilation method has been examined for ability

of reconstructing mesoscale features in altimeter data using a simple
dvynamic model. A one-dimensional, two-layer PO” by wave model in a
cross-tra channel has bpen chosen. The "simulated" data are
constr u:fed, from a theoretical solution, which 1s composed of any

hination of two normal vertical {(barctroplc and barcclinicimodes.

combinati
The data are collested along tracks and with repeat pericds similar
to those of the Geosat altimeter. The phase space of contrel
variables is composed of initial and boundary conditicns. A cost
function iz defined to measure differences between the simulated data
and the model solution. Regularization (smoothing)terms are also
included in the cost function in the form of second-order spatial and
time dexlvatlve; of the solution. In this paper, two potential
ms existing in the altimeter data assimilation are addressed:
one is low cross-track resolution, and the other is vertical
projection of the data measured at the sea surface.
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TI: Pacific ocean general circulation model for sa
assimilaticon
Alj: Chao,~Y.: Halpern,-D.; Mschoso,-C.R.
SO: 1991 38 pp
NT: NTIS Crder No: NS2-12384/3/GAR.
RN: NAS 1.26:189447, JPL-PUBL-921-9, NASA-CR-18G447
(12618%447JPLPUBLO19NASACRIZS447), PY: 1901
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AB: A Tropical Pacific Ocean General Circulation Model (OGCM) to be
used in satellite data assimilation studies 1s described. The
transfer of the OGCM from a CYBER-205 at NOAA's Geophysical Fluid
Dynamics Laboratory to a CRAY-2 at NASA's Ames Research Center is
documentad. Two 3- y@ar model integrations from  identical initial
conditions but performed on those two computers are compared. The
model =imnlations are very similar to each other, as expected, but
the szimulations performed with the higher-precision CRAY- i
smoother than that with the lower-precision CYBER-205. The CYBER-Z0
and CRAY-? use 32 and 64-bit mantissa arithmetic, respectively. Th
major features of the oceanic circulation in the Tropical Facific,
namely the North Equatorial Current, the North Eauatorial
Countercurrent, the South Equatorial Lurzent, and the Eguatecrial
Undercurrent, arve realistically produced and thelr seasonal cycles

r= desscribed. The OGCM provides a powerful tool for study ot

tropical occeans and for the assimilation of gatellite altimetry data.
{DEO)
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TI: Asslmllation af altimeter data into a quasigeostrophic ocean
model using optimal in terpolaflon and ECFs
Al: Rienecker,-M.M.; Adamec,-D.

(L*

50: J.-MAR.-8Y3T. 198% Vol. &, no. 1-2, pp. 125-143, Special Iz
Data Assimilation in Marine Science, FPY: 1595
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AR: An ensemble of fraternal-twin experiments is used to assess the
utility of coptimal interpolation and model-based wvertlcal empirical
orthogenal  functicons {ects) ~f streamfunction variakllity to
assimilate satellite altimeter data into ocean models. The use of
vertical eofs determined from the model-gencrated streanfunction
variability is shown to be effective in aiding the model's dynamical
extrapolation of the surface information throughout the rest of the
water column. The essence of the methed is that the eofs capture the
statistics of the dynamical balances in the model and ensure that
this balance is not inappropriately disturbed during the assimilation
process. This statistical balance includes any potential vorticity
homogeneity which may be assoclated with the eddy ztirring by wid-
5

latitude

ASFA 1588-1596 5% of 373
TI: Comments on "The sea surface pressure formulatlion of rigid 1id
models. Implications for altimetric data assimilation studies"™ by N.
Pinardi, A. Rosati and R. Pacancwski
All: Deleersniider,-E.
6: J.-MAR.-SYST. 10%5 wol. 6, no. 1-2, pp. 121-123, Special Issue:
Data Assimilation in Marine Science, PY: 1885

ASFA 1%985-195¢% 60 of 373
TT: The sea surface pressure formulation of rigid lid modelsz.
Implications for altimetric data assimilation studies
AU: Pinardi,-N.; Rosati,-A.; Pacanowski, -R.C.
. T.-MAR.-SYST. 109% wol. &, no. 1-2, pp. 10%-11%, Special Issue:
Data Assimilation in Marine Sciences, PY: 1595

AB: The sea surface pressure formulation of the rigid 1lid primitive
cguation oceanic problem is reviewsd and ~larified. The geocstrophic
limit for the sea surface pressure equation is then considered and a
new diagnostic relationship 1is  found that relates the surface
pressure to the barotropic and baroclinic  components  of  t
subsurface flow field. We demonstrate that a direct insertion in th
model equations of sea surface information, such as that provided by
satellite altimetry, does not produce changes in the subsurface
dynamics due to the divergenceless nature of the barotropic flow
field. The geostrophic 1imit of the sea surface pressure fi

computed from a standard general circulation meodel of the world ocea
is pressntsd and the barotropic/baroclinlc components of the absolute
dynamic topography of the gleobal general circulation are discussed.

ASFA 1935-149%¢ g4 of 373
TI: Continuols  assimilation of  GEOSAT  altimetric sea  level
cbsorvations into a numerical synoptic ocean model of the California
Current
AU: White,-W.B.; Tai,-C.-K.; Holland,-%W.R.
S0z J.-GEOPEYS.-RES.-C-0OCEANS 19390 vol. 95, no. 3, pp. 2127-3148,
PY: 1990

AB: In this study, real Geosat altimetric sea level observations for
the 1l-year period extending £from January to December 1987 were
assimilated into a realistic wind-driven numerical synoptic occean
nodel of the California Current. The objective was to evaluate the
cffectiveness of using a realistic synoptic ocgan model Lo
interpclate {dynamically) real altimetric sea level chservations from
the Geosat ERM onto a regular grid. First, the model mean sea level
was shown to simulate gualitatively the observed mean sea level found
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in in siftu CalCOFI hydrographic data. Second, the model was shown to
simulate approximately the space- time statistics of mesoscale eddy
variability contained within the altimetric sea level observations.
Third, prior to assimilation the altimetric sea level observations
were referenced using this model mean. Then the referenced altimetric
sea level observations were assimilated into the modal with the
resulting sea level residuals compared with estimates from in situ
{expendable bathythermograph) observations. This rompﬁrlson vielded
nearly exact agreement at low frequency (i.e., the semiannual c¢ycle},
but less agreement on month-to-month time scales of wvariability (yet
still significant), probably owing to the unfiltered nature of the in
situ estimates. Subzequent comparisons of the dynamically
interpolated altimetric sea level residuals with those cobtained from
the statistical interpolation yielded marked improvement in  the
latter over the former; 1i.e., dynamical interpolation allowed
ohoerved meszoscale wvariability to be conducted from the Geozat ERM
repeat tracks into the regions between tracks with little change in
magnitude and structure, not possible with the btatlleLdL
1nterpoldt1un. The latter tended to produce extrema on grid points
that coincided with the track lines. As such, dynamical interpolation
demonstrated marked improvement in resolution, time-space continuity,
intensity, and gradient structure of mesoscale eddy activity over
that p0551b1e with statistical interpolation. Model-data assimilation
also allowed for the determination of the vertical structure of the
mesoscale  eddy activity. Moreover, it vyielded a forecasting
capability that had a statistically significant improvement over
persistence in specifying mesoscale eddy activity 2-3 weeks into the

future. (DBO)

ASFA 1988-19%8 85 of 3732
TI: Tropical data assimilation experiments with simulated data: The
impact of the treopical ocean and global atmosphere thermal array for
the ocean
AU: Miller,-R.N.
gO: J.GEOPHYS.-RES.-C-OCEANS 1890 vol. 95, no. /7, pp. 11461-11482,
PY: 1950

AR: A series of observing system simulation experiments {(O53E) 213
performed on a simulated data set which was designed to mlmlc the
wind-forced response of the tropical Tacific ocean. This data set was

constructed by adding random perturbdtlonS to the F3U monthly mean
pseudostress anomaly data. Thes perturbed pseudostress ancmaly
fields were used to drive a simple linear model whose output was
sampled to form synthetic observations. The statistics of the
perturbations are given by estimates of the errors in  the
nseudostress data calculated in an earlier study. OSSE are performed
using simulated sea level helight data from island tide gauge stations
and from selected TOGA-TAC (Tropical Ocean and Global Atmosphere
Thermal Array for the Ocean) ooring sites. Data from the TOGA-TAC
moorings are assumed, in one experiment, to consist of sea level
height data, identical to that from tide gauges. In a Tfurther
experiment, mooring data consist of amplitudes of the first twa
vertical modes. Errors in the OSSE are seen to be comparable to
errors obtained in comparison to real data where such Fomparlsond are
available. Assimilation of data at six island stations results in
noticeable, but not dramatic improvement in the analysis, a3 was
noted in an earlier study with actual observations. OSSE using
simulated mocring data showed accuracy in the sea level height field
comparable to that of the instruments across much of the basin.
Inclusion of the separate baroclinic modes resulted in negligible

improvement. Simulated fields of 20 degree isotherm depth anomaly
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were also produced. BResults were similar to the sea level height
results. As in the simulation of sea level height, inclusion of the
separate baroclinic modes resulted in negligible improvement. (DBO)

ASFA 1988-1996 93 of 373
TT: The assimilation of altimetric data into the barctropic mode of a
rigid lid ocean model
AU: Deleersnijder,-E.
§0: MATH.-COMPUT.-MODEL. 19%4 vol. 20, no. 1, pp. 85-924, PY: 1294

the computation of the barotropic mode of a

primitive equations, rigid 1id, global ccean model ave reviewad in
the perspect of data assimilation. It is ghown that "blending" the

surface pressure predicted by the model and that obtained from
altimetry is impracticable, since mass comservaticon must be enforced.
By relaxing the momentum equation, however, it is possible to take
the measurements into account. A variational method, requiring that
the perturkation to the momentum eguation be minimal, is suggested. A
Poisson equatiom iz chtained for the streamfuncticn for which a
noniterative solution methed is derived. Implicaticns for altimetric
data assimilation of the elliptic nature of the rigid lid equations
are presented, and & comparison with the hyperbolic squations of a
free surface model 1s ocutlined.

ASFA 19838-159%6 117 of 37
TI: Assimilation of satellite color observations in a coupled ocean
GUM-ecosystem model
AU: Sarmiento,-J.L.
CA: Princeton Univ., NJ (IJSA}
53: NASA-CONTRACT.-REP. 1992 5 pp
RN: NAS 1.26:191218; NASA-CR-191218 (126151218NASACR1IOIZI18), PY:
1992

AB: Monthly average coastal zone <olor scanner (0705 estimates of
chlorophyll concentration were assimilated into an ocean global
circulation model (GCM) containing a simple model of the pelagic
ecosystem. The assimilation was performed in the simplest possible
manner, to allow the assessment of whether there were major problems
with the ecosystem model or with the assimilation procedure. The
current ecosystem model performed well in scme regions, but failed in
others to  assimilats chlorophyll estimates without disrupting
important ecosystem properties. This experiment gave insight into
those properties of the ecosystem model that must bs changsd to allow
data assimilation to be generally successful, while raising other
important issues about the assimilation procedure.

SFA 1588-15%¢ 124 of 373
Ti: On altimetric data assimilation experiments in a linear model of
the tropical Atlantic Ocean
BJ: Arnault,-5.; Bourles,-B.; Frovost,-C.
SC: SATELLITE-ALTIMETRY-FOPR-OCEANCGRAPHY-FROM-DATA-PROCESSING-TO-
DATA-ASSIMILATION. #JCURNEES-ALTIMETRIE-SATELLITAIRE-FPOUR-LT -
OCEANOGRAPHIE-JASC Verron,-J.-ed. 1992 vol. 15, no. 5 pp. 525-536
ST: GUCEANOL.-ACTA wvol. 15, no. 5, PY: 1552
BB: We present resultsz of sequential data assimilation of altimetric
data in a linear tropical Atlantic model, using an analysis technigu
that we have developed. We usec sea level anomaly fields chtained from
altimetric data of ths satellite Geosat. Despite the week amplitudes
of the anomaly fields, we obtain marked improvements of the model
simulations due to assimilations. Thus, we show that altimetric data

f'D
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may be very useful for improving model simulations when adapted
assimilation techniques are applied.
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25 of 373
ceans: A view
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ASFA 1588-1856
TT: Altimetry and model
Ali: Arnault,-3.: Perigaud,-C.; Verron,—J.

S0: SATELLITE*ALTIMETRY—FOR*OCEANOGRAPHY—FROM#DATAvPROCESSING*TO—
DATA—ASSIMILATION-#JOURNEES—ALTIMETRIEASATELLITAIRE—POUR—L'—
OCEANOGRAPHIE-JASG Verron,-J.-ed. 1992 vol. 15, no. 5 pp. 411-430

ST: OCEANOL. ACTA vol. 1%, no. 5, PY: 199Z

in the tropical

13

AB: Tropical oceans play a key role in climatic variations. OQcean-—
atmosphere  interactions induce large-scale and  low frequency
variaticns which, due to the specificity of tropical ccean dynamics,
are very difficult to observe with traditicnal in situ measurements.
During the past twenty years, 2 variety of numerical modals o
diverse complexity have contributed much to the description,
understanding and prediction of ocean variapbility in the tropics.
However, the capacity of these madels to simulate adequately the
ocean wvariability heavily depends on the accuracy of the atmospheric
forcings and that of initial conditions. Satellite altimetry provides
a unigque cpportunity to aveid the problem of scarce and non-synoptis
in situ data coverage for the large-scale low-frequency monitoring

the tropical ocesans. Preliminary results have been obtained with Ge
3 and Seasat altimeter data acquired in the late 1970s. The
nt demonstration of such a capacity 1s the multi-year G
{an of the late 1080s. Data assimilation inte numerical mode s
airly new adventure of oceanographers, the few examples of
inilation of actual altimetric data in the tropics being of very
ont date. Different methods have been applied in these =sxamplses
w different objectives of assimilatiomn, indicating a wvariety of
ctions for future research in what is a preomising field.
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TI: Satelli
assimilaticon
GT: Journees altimetrie satellitaire pour ltoceancgraphie (JASC)
2: Verron, —dJ.

c0: OCEANOL.-ACTA 1952 vel. 15, no. 5, pp- L09-583, Y 1982

AR: Satellite altimetry is a majer part of the cbservational
component of international oceancographlc programmes, such as the
World Ocean Circulation Experiment (WOCE} or the Tropical ©Qcean and
Global Atmosphere {TCOGA) prograim, which are intended to provide
improved description  and improved wmodels of the large-s<
circulation of the world ocean. The feasibility of altimet
measurements to access the oceanic circulation has already been

—
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L

demonstrated by several satellite wmissicns, aspecially Geosat. HNew
satellites, such as ERS-1, launched last year, and Topex-Poseiden,

launched this summer, will provide, n a glckal scale, altimetric
measurements of unprecedented guantity and quality. The Resecarch
Group “Methodes Variationnelles en Meteoralogis et Oceancgraphie”
carries out research on data assimilation, through variaticnal as
well as other methods. The Group 1s partlcularly interested in the
processing of altimetric data, because assimilation, by appropriately
merging informaticn contained in obzervations and information
provided by dynamic models, constitutes the best means of taking full
advantage of the data and obtaining a consistent space-tine
description of the ocsanic circulation. The momentum created within
the Group, especially through interaction betwsen oceanographers and
metecrologists, has been instrumental in the development of metheods,
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including variaticnal methods, which look extremely promising for
oceanography.

ASFA 1988-15%6 1
TI: Geosat sea-level assimilation in a tr
Kalman filter

AU: Gourdeau,-L.; Arnault,-S.; Menard,-Y.; Merle,-J.

50: SATELLITE-ALTIMETRY-FOR-OCEANOGRAPHY-FROM-DATA-PROCESSING-TO~
DATA-ASSIMILATION. #JOURNEES-ALTIMETRIE-SATELLITAIRE-POUR-LY-
OCEANOGRAPHIE-JASO Verron,-J.-ed. 1992 vol. 15, no. % pp. 567-574

ST: CCEANCL.-ACTA vol. 15, no. 5, PY: 1842

27 of 37
opical A

AB: We present preliminary results on Gensat altimetric dara
assimilation in a linear wvertical mode model of the tropical Atlantic
Ocean. The Kalman filter technique is used to assimilate altimstric
data along one track at a time as the satellite overflies the basin.
Sensitivity and validation tests have besn performed with simulated
data. The results obtained with Geosat data are presented and
compared on a monthly basis with objective analysisz of altimstric
data and cceanic general circulation model results.

ASFA 1938-1596 128 of 273
TI: A preliminary study of the impact of the ERS 1 ¢ band
scatterometer wind data on the FEuropean Centre for Medium-Range
Weather Forecasts Glcobal Date Assimilation System
All: Hoffman,-R_N.

SO: J.-GECOPHYS.-RES.-C-GCEANS 1993 wol. %8, no. C6, pp. 10,233-10,
PY: 1952

ta

i1

AB: A preliminary assessment of the impact of the EES 1 scatterometer
wind data on the current EBEuropean Centre for Medium-Range Weather
Forecasts analysis and forecast system has heen carried out. Although
the scatterometer data results in changes to the analyses and
forecasts, there is noc conzistent improvement or degradation. In this
sense, the impact of the data 1s neutral. Our results are based on
comparing analyses and forecasts from assimilation cycles which are
identical in all respects except that the control experiment uses no
scatterometer data. The two sets of analyses ar

for the low level wind fields over the ocesan. Impacts on the analyzed
wind fields are greater over the southern ocean, where other data are
scarce. For the most part the mass field increments are too small to
balance the wind increments. The effect of the nonlinear normal mode
initialization on the analysis differences is guite small, but we
observe that the differences tend to wash oubt in the subsequent 6&-
hour forecast. In the northern hemisphere, analysis differences are
very =small, except directly at the scatteromster locaticons. Forecast
comparisons reveal large differences in the southern hemisphere after
72 hours. Notable differences in the northern hemispherse do not
appear wuntil late in the forecast. ©Overall, however, the southern
hemisphere impacts are neutral.

re very similar excent

a
I

ASFa 1585-1%5%6 138 of 373
TI: Toward altimetric data assimilation in a Tropical Atlantic model.
All: Bourles,-B.; Arnauvit,-3.; Provost,-C.
50: J.-GEOPHYS.-RES.-C-QCEANS. 1992, wvol. 97, no. Cl2, pp. 20271-
20283
BY: 1562
AB: We present three types of experiemnts of sequential assimilation
of altimetric data in a linear tropical Atlantic model, using an

analysis technigue we developed. In the first experiments we
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assimilate dynamic height fields calculated from simulated data in
order to study the impacts of assimilations. In the second ones we
assimilate dynamic height anomaly fields calculated from simulated
data, and finally, in the third ones we use sea level ancmaly fields
cbtained from altimetric data from Geosat. Ferturbations are ohbssrved
in the castern part of the basin, due to kelvin waves artificially
generated in the west eguatorial basin. However, we shown that
altimetric data may be very useful for improving model simulaticns in
the tropics when appropriate assimilation technigues are uszed.

ASFA 1988-198¢e 154 of 373
TI: Modselled time-dependent flow in the Agulhas retroflection region
as deduced from altimeter data assimilation.
AU: Holland,-W.R.; Zlotnicki,-V.; Fu,-L.-L.
So: S.-AFR.-J.-MAR.-SCI.-S5.-AFR.-TYDSKR.-SEEWET. 1%%1. wvol. 10, pp.
§G7-427, PY: 1891

AB: The past decade has seen the rapid development of scphisticated,
eddy-resclving models of ocean circulation. What has been missing
thus far in creating realistic descriptions of ocean flows is the
availability of sufficient synoptic data that can be incorporatad
into such models to initialize the models and keep thelr forward
integration on track. Observation of the ocean from space provides
such a possibility for assimilating the dynamic signal needed to
the models towards reality and to allow oceanographers £o
a synthesis and description ©f time-varying currents in a
of interest. The very large eddy signal present in the region
of South Africa makes that area ideal for studies of the

milation of data derived from the Gegsat (the U.S. Navy’'s
ﬂe*lc satellite) altimeter. Maps of the eddy variability have been

SRR
T
W
i)

H
F
Coux o

[T

Q

e )]
D‘D(‘TM
S

ructed over a few hundred days of the repeat orbit mission ([Dec
-Feb 1988} for data-assimilation purposss. The method of
ssiv corrections wWas used to carry cut the optimal
palatlon from the track data fto a reguiar 1/4 degree
ude/longitude grid.

[tw]
W M@ oW
o
'ns

st
[
M

sl =N

I
oo

I S R~ s R R m
»—*(D

+

of
imil

~d

ASFA 1988-19%¢
TI: A Gulf Stream model and an altimetry
Ali; Mellor,-G.L.; Ezer,-T.
o0Gs J.-GEOPHYS. -RES.-C-OCEANS. 199%1. vol. 96, no. CH, pp. 8779-8795
PY: 1291
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ion scheme

AB: A continuous data assimilation scheme and a multilayer, primitive
equation, numerical model are described. The model 1s an eddy-
resclving, coastal ocean model that has been extended to include the

Gulf Stream region. It has complete thermchaline dynamics, & beottom-

following, sigma, vertical coordinate system, and a coastal-
following, curvilinear orthogonal, horizontal coordinate  system.
Calculated model fields are used fo provide a model climatclogy and
correlations between subsurface temperature and salinity anomalies
and surface elevaticn ancmalies. An optimal interpolation methed, the
surface to subsurface correlations, and estimated model and data

errars are the basis of the assimilation technique. Altimetry ancmaly
data extracted from the model calculations according to the Geosat
orbital schedule are used to test the assimilation scheme and to
provide nowcasts and forecasts. Sensitivity studies are performed to
test the effects of varicus parameters of the scheme. Tt is found
that the =cheme is less efficient in the shallow continental shelf
area than in the deeper regions of the model.

ASFA 1588-1556 181 of 373
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TI: (The use of satellite altimeter data for numerical model of
oceanic circulation at medium latitudes.) Impacts des donnees
d'altimetrie satellitaire sur les simulations numerigues des
cireulations generales cceaniques aux latitudes moyennes.

AU: Verron,-J.; Holland,-R.

50: ANN. -GEOPHYS . —ATMOS . ~HYDROSPHERES-SPACE-5CT .. 198%. vol. 7, no.
1, pp. 31-46, PY¥: 1989, L3: English; French

AR: Tests of altimeter data assimilaticn are conducted into a
quasigeostrophic eddy-resolving three-layer model. The authors aim at
investigafing the dynamical behaviour of the model under the data
constraints. When the data is expressed in the form of the vorticity
ficld and assimilated with the simple technique of nudging, ths

subsurface transfer of information is rather efficient and the modsl
is brought into agreement with the observations even in the deep

layers of the wmodel ocean. It is shown that fruncation of <the
vearticity data along any horizontal direction leaves its efficiency
to  the assimilation process. The effects of time and space

undersampling are progressively investigated up to a case which
schematizes the planned mission for Topex-Poseidon. With the chosen
assimilation technique the 10-day nominal orbital period has been
found to be inadequate to guarantee the model convergence. On the
other hand, a 20-day period is sufficient to ensure the convergence
for the energy-containing scales. This emphasizes the requirement for
an adequate sampling of the mesoscale eddies.

BSFA 1807-2000/09 187 of 372
71: A Multi Parameter Empirical Ocean Algorithm for SSM/I Retrievals
AU: Krasnoplosky,-V.M.; Gemmill,-W.H.; Breaker, L.C.
S0:  Canadian Journal of Remote Sensing; Journal Canadien de-
Teledetection [Can-J-Remote-Sens; J-Can-Teledetect] 19599 wvol. 25, no.
5, pp. 486-503, PY: 1995, 1S: English; French

2y

AB: A new empirical multi-parameter SSM/I retrieval algorithm based
cn the neural network approach 1is  introduced. This algorithm
retrieves wind speed, columnar water wvapour, columnar liquid water,
and 55T simultanecusly, using only SSM/I brightness temperatures. The
new algorithm is compared with six existing global SSM/I wind speed
retrieval algorithms. In terms of accuracy in retrisving wind speed,
the new algorithm systematically outperforms all six algorithms under
211 weather conditicns where retrievals are possible with an
algorithm rms error of 1.0 m/s undsr clear, and 1.3 m/s under clear
plus cloudy ceonditions. It alsc generates high wind speeds with
acceptable accuracy. This improvement in accuracy 1is coupled with
i rage, an obvious advantage for operational
applications. In terms of columnar water vapour and columnar liquid
water, the new algorithm reproduces the results of existing
algorithms closely. S8T retrievals are 1less accurate and have low
spatial resclution; however, by including 55T as an additicnail
output, the accuracy in retrieving wind speed 1is improved,
particularly at high wind spesds. In April 19%8, the new algorithm
was implemented operationally in the globkal data assimilation system
at the Naticnal Centers for Envircamental Prediction. Finally, this
SSM/I retrieval algorithm i1illustrates a new generic approach, in
developing a multiparameter empirical rotrieval algorithm based on
neural networks. Because of its generality, this approach may find
application in other areas of remcte sensing as well.

increacsad areal cove =

ASFA 1997-2000/09 206 of 373
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TI: Assimilation of altimetric data in the mid-latitude oceans using
the Singular Evolutive Extended Kalman filter with an eddy-resolving,
primitive equation model

AU: Brasseur,-P.; Ballabrera-Foy,-J.; Verron, —-J.

S0: Journal-of-Marine-Systems (J-Mar-Syst] 199% wvol. 22, no. 4, pp.
26%-294, PY: 1999

AB: A new data assimilation scheme has been elaborated for ocean
circulation modelz based on the concept of an svolutive, reducsed-
order Kalman filter. The dimension of the assimilation problem is
reduced by expressing the initial error covariance matrix as a
truncated series of orthogonal perturbations. This error sup-space
evolves during the assimilation so as to capture the growlng modes of
the estimarion error. The algorithm has been formulated in quite a
general fashion to make it tractable witii a large variety of ocean
models and measurement types. In the present paper, we have examined
rhree possikle strategies to compufte the evoclution of the error
subspace in the sc-called Singular Evolutive Extended Kalman (SEEK)
filter: the steady filter considers a time-independent error suks-
space, the apprentice filter progressively enriches the error sub-
space with the information learned from the innovation vector after
ecach analysis step, and the dynamical filter updates the error sub-
space according to the model dynamics. The SEEK filter has been
implemented to assimilate synthetic observations of the surface
topography in  a non-linear, primitive eguation model that uses
density as vertical cocrdinmate. A simplifisd box configuraticn has
been adopted to simulate a Gulf Stream-like current and ifs
associated eddies and gyres with a resolution of 20 kin in the
horizontai, and 4 levels in the vertical. The concept of twin
experiments is used to demonstrate that the conventicnal SEEK filter
must be complemented by a learning mechanism in order to model the
misrepresented tail of the error covariance matrix. An approach based
on the vertical physics of the isopycnal model, is shown particularly
robust to control the velocity field in deep layers with surface
observations only. The cost of the method makes it a suitable
candidate for large-size assimilation problems and operational
applications.

ASFA 1697-2000/008 223 of 373
TT: Estimation of Friction Velocity and Direction at the Ocean
Surface from Physical Models and Space-borne  Radar Scattercmeter
Measurements
All: Lettwvin,-E.E.
S0t Dissertation  abstracts International  Part-B: Science  and

Engineering [Diss-Abst-Int-Pt-B-Sci-and-Eng] 1999 vol. 59, no. 10, p.
291, RN: AAT 6908034 (5509834, PY: 1599

AR: Numerous disciplines require knowledge of the wind field at the
ccean surface, such as weather forecasting, global climate and ocean
wave modeling, and ship routing. Recently, satellite-borne radar
scatterometers have made it possible to estimate the wind or the
friction velocity at the ocean surface. Most techniques use
scattercmeter measurements to estimate Lhe wind speed at the ocean
surface. However, the friction velocity, and not the wind speed, is
more closely coupled to ocean surface roughness. Most wind retrieval
techniques are empirical and do not use physical models of either the
waves at the ocean surface or of the microwave scattering from the
air-sea interface. Here, we present a technigue for estimating the
magnitude and the direction of the friction wvelocity at the ocean
surface from radar scatterometer measurements that is based primarily
on the use of in situ measurements and physical models. This
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technique uses in situ measurements to characterize the ocean waves
at low wave numbers, and the Phillips 1985 equilibrium range spectral
model to characterize the ocean waves at mid and high wave numbers.
The directional Spreading' of ocean waves 1s treated using models
derived from both in situ and remote measurements of the sea surface.
Estimates of the radar cross section are determined by applying the
composite surface model for electromagnetic scattering from a rough
surface tc these two-dimensional ocean wave spectra. Using a data
assimilation technique, radar cross section predicticonz dsrived from
these physical models are combined with scatterometer measurements
obtained by the ERS-1 system, to derive friction velocity estimates.
in this work we successtully implement such a scheme, and demonstrale
that it is capable of obtaining accurate friction velocity retrievals
under a vwvariety of wind and wave conditions. We also use this
technique to characterize the impact of long wavelength waves on the
ocean surface radar cross section. This technique was also used as a
tool for investigating ocean wave model parameters, and their
potential impact on radar cross section prediction.

ASFA 1997-20006/09 282 of 373
TI: Real-time altimeter data aszsimilation experiments in an Bastern

North-Atlantic monitoring and pradicticn system

AU: Giraud,-S.; Dombrowsky,-E.; Bahurel, -

50: Oceans-98-Engineering-for-zustainable-use-of-the-cceansi-
conference—proceedings-28-3eptember -1-Cctober-19%8, ~-Nice-France
Piscataway, -NJ-USA IEEE; OES 1998 vol. 2, pp. 871-874

NT: Available from: IEEE Service Center, 445 Hoes Lane, PO Box 1331,
Piscataway NJ 088h5-1331, USA, 7PY: 189G8

AB: SOPRANE is an operational ocean mesoscale forecasting s;st
aimed at routinely providing real-time nowcast and forecast bulletins
of the mescscale ocean circulatiocn in the Eastern HNorth-Atlantic
basin to support sea activities such as Naval Operations  an

oceanographlc research cruilses.

;:L

ASFA 1997-2000/0¢9 287 of 372
T1: A hydrodynamic ocean tide model dimproved by assimilating =
satellite altimeter—derived data set
AlU: Le-Provest, -C.; Lyard, -F.; Mclines,-J.M.; Genco, M. L.
Rabilloud, -F.
§0: J.-GEOPHYS.-RES.-0-0OCEANS 1948 wvol. 103, no. €3, pp. 58513-5520
PY: 19958

AB: An upgraded wversion of the tidal soluticns {FESGE 1 13
preseﬁted, cbtained by assimilating an altimeter-derived data =set in
the finit clement hydrodynamic model, following the representer
approach. The assimilated data are drawn from the CSRZ.0 Texas
solutions sampled on a 9 degree x 5 dsgres grid. The assimilation

is applied over the Atlantic, Indian, and Paclfic Oueanq. The
standard release of the new FES95.2 =soluticns is a 0.5 degree =z 0.5
degree  gridded wversion of the full finite element solutions. The
associated tidal prediction model includes 26 const tuent=. The sight
major censtituents are drawn directly from the hydrodynamic model: K
sub(l), © subi{l), ¢ sub(l), M sub{2), 5 suk{2), N sub{2), K sub(2)},

and 2N sub{2), corrected by assimilation except K sub(Z) and ZH

sub{2). The other 18 constituents are derived by admittance. Among
them are mu sub{2}, v sub{2), L sub(2}, T sub(2), M subl(l), P
sub{1l), J subi{l), and 20 sub{lj. The quality of these selutions 1is
evaluated hy reference to a standard sea truth data set of 9%
stations. This quality is significantly improved after the

assimilation process is applied: the root-sum-square (RS5) of the
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differences between sclutions and observations, for the eight major
constituents, is reduced from 3.8 cm for FES94.1 to 2.8 cm for
FES95.2, i.e., a gain of 1 cm. The performances of the prediction
model are evaluated by comparing tidal predicticns with observations
at 59 sites distributed over the world ocean and by looking at ths
level of variance of the sea surface variability observed by the T/P
altimeter at its cross-over track points after tidal cerrection.
These evalualions lead to the same conclusion: this new prediction
model performs much better than the one based on FES98.1, becauze of
correction of the major constituents by T/P datra assimilation and
because of the increase in the number of constituents from 13 to Z26.
The tidal predictions are at the level of accuracy of those produced
by the best recent T /P empirical models.

ASFA 19G7-2000/0% 307 of 373
TI: Remote sensing applied to operational models - MNorth Sea
Al: Jenkins,-A.D.; Evensen, -G.; Bijcergo,~E.; Espedal,

Korsbakken, ~E.: Kloster, -K.; Hamre,-T.; Jensen, -V.: Samusl, -P.;
Durand,-D.; Lahoz,-M.G.; Carretero,-J.C.; De-Va kL, -C.; et-al.

S50: Rep.-Proudman-Oceanogr.-Lab. -Bidston  Merseyside-UK  Proudman-
Oceanographic-Laboratory 1997 no. 49, [90 ppl, PY: 1997

AB: This report is a review of the availability of remcte sensing
data, principally from satellites, for application to pre—operatiung
modelling at a Nerth Sea scale. Such data cover the electromagne ti
wave spectrum from optical wavelengths through near-infrared, thermal
infrared, to microwaves, and alsc include radic waves of sseveral
metres wavelength if we include land-based Doppler radar instruments.
The most wuseful techniques are 1llkely to be, depending on the
processes which are to be monitored, and the frequency cf available
coverage. Suspendsed szediments and zediment transport: optical data,
inciluding the optical and near-infrared NOAA AVHRR channels;
Bathymetry: Synthetic aperture radar (SAR} for monitoring spatial and
temporal variations in bottom topography; Waves: Altimeter data for
wave height, synthetic aperture radar (SAR) for ceoastal st udies in
areas exposed to the open ocean; Currents: SAR will oft show
current patterns, and can be used 1n conjunction with 1n1ra#red
images of frontal structure; Temperature and salinity: Thermal infra-
red images (AVHRR, ATSR), are of most value. Satellite remcte sensing
data are now generally available in near-real time, 50 they are
suitable for operaticnal purposes via data assimilation techniques in

ﬂ }--“u)

mumerical models.

ASFA 1887-2000/09 311 of 373
TI: Variability in upwelling systems as observed by satellite remote
sensing
BU: Abbott,-M.R.; Barksdale,
S50 UPWELLING-IN-THE-CCE AN ~-MODERN-PROCESSES - AND-ANCIENT-RECORDS.
Summerhayes,~-C.P .,Emelu,—k.—u.,Anqu,—M.V.;Dmlth,*R-L.;Zei zschel, -
BR.-eds. JOHN-WILEY-and-SONS no. 18 pp. 221-238
ST: ENVIRON.-SCI.-RES.-REP. 1995 no. 18

AB: Satellite remote sensing is now commonly used to study the
dynamics of upwelling systems. Given the correspeondence of the
biclogical and physical scales of variability and the scales that can
be resolved with remote sensing, these studies have produced many new
insights into the biclogical and physical properties of the upwelling
regions of the world's oceans. However, they have also shown that
hoth small-scale events and large-scale forcing can significantly

affect upwelling. Drawing on research in ecological theory, the
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spectrum of environmental fluctuaticons may be as important to the
structure of the oceanic ecosystem as the fluctuations themselves.
The development of new sampling techniques, such as remote sensing
and unattended moorings and drifters, will allow us to characterize
these patterns of wvariability, instead of focusing only on singls
events. This article discusses recent results in satellite remotse
sensing as applied to wupwelling regicns and the challenges of
sampling these wvariable envirconments. One approach is to calculate
higher order statistics that can be uszed in optimal interpolation and
data assimilaticn models. (DBO)

ASFA 1997-2000/09 314 of 373
TI: Ocean modelling studies in support of altimetry
AU: Berry,-P.; Marshall,-J.
O: DYN.-ATMCS.-0CEANS 198% vol. 13, no. 3-4
T: Special issue: Data Assimilation, PY: 1
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AB: Simulation studies are presented that consider the degree to
which baroclinic ocean circulation models are «constrainsed by
cbhservaticns of the surface pressure field on space and time-scales
possible with future satellite-borne altimeters. Two- and three-layer
eddy resolving quasi-geostrophlc models are used to simulats and
assimilate altimetric observations. For synoptic mapping of the
oceanic eddy field on the scale of an ocean basin, a satellite orbit
repeat time of 14 days 15 found to be optimum. Our studies suggest
that altimetric cbservations will provide strong constraints on the
surface flow of such models and, if used in cenjunction with them,
may be used to infer the deep flows (DBQ).

ASFA 1957-20600/
TI: Direct assimilati
filter
All: Miller,-R.N.
SO: DYN.-ATMGS.-OCEANS 1989 wvol. 13, no. 3-4, pp. 317-332
NT: 8Special issue: Data Assimilation, PY: 1989

0% 316 of 373
on of altimetric differences using the Kalman

AB: One nmethod that has been proposed for aveiding the effscts of
geclid error in the use of satellite altimeter data in oceanography is
the use of temporal differences of the data, either along repeat
tracks or at points where ascending and descending orbital passes
cross. Here, the Kalman filter for this special case is derived and
its properties exzamined. The special form of the datz does not lead
to additional computational workload, as onre might expect. The

question of ocbservability, i.e., whether temporal differences alcne
are sufficient to determine the model state uniquely, is discussed,
and criteria for observability are derived in terms of the properties
of the dynamical model (DBO).

ASFA 1987-2000/0% 346 of 373
TI: Geosat data assimilation with application to the sastern North
Atlantic

AU: Stammer,-D.
50: J.-PHYS.-CCEANCGR. 1997 vol. 27, no. 1, pp. 40-61, PY: 1997

AB: An attempt 1is made to determine the three-dimensional ocean
circulation from satellite altimeter measurements by assimilating
Geosat sea surface height data intc an eddy-resolving
quasigeostrophic (QG} model of the eastern HNorth Atlantic Ocean.
Results are tested against independent information from hydrographic

ield cbservations and moorsd current meter data collected during the
Geosat ERM. The comparison supports the concept of inferring aspects
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of the three-dimensicnal flow field from sea surface height
observations by combining altimetric measurements with the dynamics
of ocean circulation models. A Holland-type 05 model with open
boundaries is set up on a 2000 km = 2000 km demain of the eastern
North Atlantic betwean 2% degres and 49 degree N, 32 degrse and ¢
degree W. By using a simple nudging technique, about two years of
Geosat altimeter data are assimilated into the model every five days
as space-time objective analyses on ths model arid. The error
information resulting from the analysiz iz used during the
assimilation procedure to acccunt for data uncertalnties. Results
show an intense eddy field, which in the surface layer interacts with
a meandering Azores Front. Compared to Geosat, the model leads to
smoothed fields that follow the observations. Model simulations are
significantly correlated with hydrographic data from March 1988 and
June 1985, both close to the surface and in the subsurface. Good

1

agreement iz also found between the model velocity fields and moored
current meter data in the top two model layers. The agreement is
is

visually weak in the bottom layer, although a coherence analys
ment between the model zimulation and current mster

reveals an agresw
data over the full water column at periods exceeding 80 days.
ASFA 1857-2000/09 354 of 373
TI: Direct assimilation of altimetric differences using the Kalman

filter

AU: Miller,-R.H.

SC: DYN.-ATMOS.-OQCEANS 198% vol. 13, no. 3-4
NT: Special issue: Data assimilation, PY: 1

AB: COne method that has been proposed for avoiding the effects of
geoid error in the use of satellite altimeter data in oceanography 1s
the use of temporal differences of the data, either alcong repeat
tracks or at points where ascending and OEbCéhdiﬂq orbital passes
cross. Here, the Falman filter for this special case is derived am
its properties examined. The special form of the data does not lead
to additional computational workleocad, as one might expect. The
gquestiocn of chssrvability, 1.e., whether tempeoral differences alone
are sufficient to determine the model =tate uniq*el iz discus
and criteria for chservabillity are derived in term f the
of the dynamical model (DBOj.
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Ti: Ocean modelling studies in support of altimetry
Ali: Berry,-P.; Marshall, -
SO: DYN.-ATMOS.-OCEANS 1989 vol. 13, no. 3-4, pp. 269-300
NT: Speclal issue: Data assimilaticn, PY: 198%
AB: Simulation studies are presented that consider the dwg CEN Ka
which baroclinic ocean circulatlon models are constrain
observations of the surface pressure flield on space and time-scales
possible with future satellite-horne altimeters. Two- and three-layer
eddy resclving guasi-geostrophic models are used to simulate and
assimilate altimetric ohssrvations. For synoptic mapping of the
oceanic eddy field on the scale of an ocean basin, a satellite orbit
repeat time of 14 days is found to be optimum. Our studies suggest
that altimetric cbservations will provide strong constraints on the
surface flow of such models and, if used in conjunction with them,
may be used to infer the deep flows (DBO).

re
ed by

BSFA 1997-2000/09 359 of 373
TI: Monitoring of large-scale cceanic dynamics based on the satellite
data assimilation
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AU: Timchenko,-I.E.; Talanov,-V.M.; Igumnova,-E.M.

SO: MORSK.-GIDROFIZ.-ZH. 1994 no. 3, pp. 28-37, PY: 1994
1S: English; Russian

AB: The results of satellite monitoring of large-scals dynamics in
the Eastern Tropical Atlantic during April 19%0 are discussed. For
satellite data a sequence of averaged 5b-day charts on sea surface
temperature obtained by TNGAAT sateilites are usad. The application
of =satellite data for modelling of upper ocean layer dynamic werse
estimated. Recommendaticns are provided for selecting the areas mos
appropriate for the express-analysis of the oceanic circulation.
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SMALL SCALE FLOW MODELS

ASFA 1985-19%6 16 of 373
TI: Computation of M =ub(2?) tide for the Yellow Sea and the
China S=za using data assimilation
AU: Lee,-Jong-Chan; Jung,-Kyung-Tae
50: OCEAN-RES. 1956 vol. 18, no. 1, pp. 13-24, FY: 1596
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AB: This paper is concerned with the development of a two-dimensiona
numerical model with improved accuracy for the M sub{2) tide of the
entire region of the VYellow Sea and the East China Sea. The model
employs a simple data assimilation technigue (Kantha 1995) in which
water elevation at selected interior points of the mocdel domain iz
defined as the weighted average of observed and computed values.
total of 5§ points was chosen for assimilation, and a total of 20
points was used for the comparison. The model experiments wer
carried cut for a range of wvalues of weighting factor{ gamma }oan
bottom friction coefficienti{c sub(f}). Calculation with gamma =0.732
and ¢ sub{f)=0.002% prcduced mean absclute errors of Scm in amplitude
and approximately 8 degree in phase lag, while calculation without
data assimilaticon { gamma =0.0) produced mean absolute errors of 1ldcm
in amplitude and 10 degree 1in phase lag. Use of data assimilaticon
results in local violation of continuity and, conseguently, energy
balance. There was, however, no indicaticn of instakility even wikth
gamma =1.0. Az in previcus studies, four amphidromic peints rotating
anticlockwise were clearly reproduced. Calculaticn of energy balance
has shown that choosing optimal value of bottom fricticon coefficients
reduces the degree of viclation in total energy in the system.

O, M o

ASFA 1488-1996 17 of 373
TI: The adjoint method of data assimilation used operaticnally for
shelf circulation
AU: Griffin,-D.A.; Thompzon,-K.R.
5G: J.-GEOPHYS.-RES.-C-CCEANS 1996 vol. 101, no. T2, pp. 3457-3477,
PY: 1996

AB: A real-time shelf circulation model with data assimilation
been successfully used, possibly for the first time, on the outer
Nova Scotian Shelf. The adjcint method was used to Infer the tine
histories of flews across the four open boundaries of a 60 km X ou k
shallow-water equation model of Western Bank. The aim was to hindcas

el

and nowcast currents over the bank 350 that a patch of watsr
{initially 15 km in diameter)} could be resampled cver a 3-week period
as part of a study of the early life history of Atlantic cod. In this
paper we (1} document the model and how the data are assimilated, {2)
present and discuss the observations, {3) demonstrate that the

interpolative skill of the model exceeds that of simpler schemes that
use just the current velocity data, and (4) provide eramples of how
particle tracking with the model cnablez asynoptically acqguired data
to be displayed as synoptic maps, greatly facilitating both underway
cruise planning and postcrulse data analysis.

ASFA 1588-12%¢ 28 of 373
TI: Data assimilation in a tide model of a marginal sea applisd to
the Irish and the Celtic Sea.
AU: Gekeler,—J.
50: BEE.-ZENT.-MEERES—KLIMAFORSCH, -LUNIV. -HAMB. -B-OZEANOGE. 1994 no.
12, 15% pp., F¥Y: 1894, LS5: German
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AB: 14 measured water level data and up teo 3 gravimeter data were
assimilated into a frequency-dependent tide model of the M sub(2)
tide in the area of the TIrish and Celtic Sea. The load and self-
attraction effect (CLSA) was fully taken into account. Along the open
boundaries of the model area, the surface topographic data of a
gicbal 0.5 degree % 0.5 degree model, after interpolaticn into
spherical functions, were introduced into the 5' x 5" grid of the
area studied. Assimilation of the 14 surface topographic data with
uncorrected boundary values, and to an even larger extent with
corrected boundary values (reference solution), led to a considerabie
reduction in the standard deviation from the offshore and onshore

data. (DBO}.

ASFA 1988-19%6 32 of 373
TI: The M sub(Z?) tide in the Mediterranean Sea: Dynamic analysis and
data assimilation
AU: Lozano,~C.J.; Candela,-J.
50: OCEANOL.-ACTA 1995 vol. 18, no. 4, pp. 419-441, PY: 1995

AB: The opredominant M sub{Z) tide in the Mediterranean Sea is
examined using the linearized Laplace tidal equations including the
astronomical gravitaticnal potential, the Atlantic tide entering
through the Strait of Gibraltar, the Earth tide, the effects of the

Earth dsformation due to the ocean tide load and bottom friction. The
model solution is based on a decomposition of the primitive variables

in terms of basis functions associated to the Helmholtz-Proudman
potentials. The net tidal power input into the basin is 1.&3 10

super (8) W. Bottom fricticen disgipation accounts for -0.24 18
super!{8) W. The work dene by the bottom deformation due to gleobal (-
0.62 10 super(8) Wi and local { -0.07 10 super(8) W) tide load

effects extract energy from the system. The net energy flux intc the
basin through the Strait of Gibraltar {6.52 10 superi(8; W) 1s four
times larger than the net power input, but the astronomical tidal
body forces operating over the interior of the basin do work in
uuuuuuuu , implying a net power extraction of -4.89 10O super(f)] W.
In addition to the Helmholtz mode with a period of 5.2 days, the
normal modes contributing to the M sub{2) tide have pericds &
h and 22 h. These modes are assoclated to regicnal sea level and
transport structures in the Gulf of Gabes (8.2 Iy, the Adriatic and
Aegean Seas (12.0 h) and basin-wide features in the Eastern and
Western basins (1.3 d). Sixty tide-gauge stations 1inside the
Mediterranean Sea, together with transport measurements through the
Strait of Gibraltar, are used to calibrate the model. Comparison oI
the data and the unconstrained dynamic model sea-surface height shows
a tms difference of 4.5 cm. Allowing for errors in the model and the
observations and selecting the magnhitude of the errcr in the mode
(32 %), a robust estimate of the basin response yields a rm
difference of 2.5 cm with the observations.

tn =

ASFA 1988-1496¢ ]
TI: Global ocean tide inversion: Preliminary results and parallel
implewmentation
AU: Andersen,-0.B.; Ashworth,-M.; Wilkes,-S.
SO: REP.-PROUDMAN-OCEANOGR.-LAE.,-BIDSTON 189% no. 41, 52 pp, PY:
1585
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AB: This project was initiated in 1994 teo investigate and use the
sophisticated methods for ocean tide determination derived hy A.
Bennett [1992] wusing global inversion. As distinct from other
empirical approaches, this approach uses the fact that the tides are
constrained by two different types of Information. The first is that
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obtained from the laws of physics, and the second is the empirical
data collected from tide gauges and satellite altimetry. The aim of
data assimilation in the tidal model is to derive a solution for the
ocean tides that in a mathematical sense best fits the hydrodynamic
equations as well as the cohservational data for further progress
with the method, it is essential to transport the schemse to a more
powerful machine. The major difference to the approach taken by
Egbert et al. [19%4] is that we attempt to derive a hydredynamic
ocean tide model using harmonic constants derived from tide gauge
readings AND from cbservations from TOPEX/POSELDON, whercas Egbert et
al. only used direct altimetric observations from TOPEX/POSEIDCN.
Bgbart et al. [15%4] used the direct chservations from tThe
TOPEX/POSEIDON satellite at crossover locations and entered these
directly into the formulations, whereas we derive the harmonic
constituents from the altimetric observaticons first, and subseguently
ugse these constants to derive the overall ocean tide signal. Theareby,

we were able to run one constituent at a time, simply estimating the

kel

coefficients for a single constituent each time, which lowered the
number of unknowns substantially. We also used a different set of
parameters for the hydrodynamic eguaticons that betfer matches the
local conditicns in  the Neorth Atlantic Ocean, and particularly

matches the conditicns in the Northwest Buropean sheif region, as
thiz was our main area of interest. This also entailled the inclusicon
of enhanced bathymetry, different dissipation parameterisation and
the use of a different ocean tide model for the northern boundary of
the modesl grid. Fimally, we attempted to use different resciutions of
the model grids: one run having 512 = 256 global elements
corrasponding to a spatial resolution of 0.7 = 0.6 degrees for the
calculation of the representers and also of the final model. Another
run, <constrained to  observations  from  tide  gauges and from
TOPEX/POSEIDON altimetry in the Baltic Sea, used a glckal regular
grid with a size of 1024 ® 512 elements. This cocrresponds to 0.35 =
0.3 degrees or approximately 17 2 30 km. For the latter run, we only
calculated 25 representers, whereas we for the coarser nmodel we
calculated around 400 representers. The approach that we have applied
here seems to provid@ the basis for fuxther improvinq the acrurary of
ccean tide models,
and a number of SClentlth uOmmunltle& w1ll hﬁ ahlu fo h@nc—;t frgu
this improvement, especially those that use ocean tide models as a
standard correction to be applied before =tudying other signal
related to the ccean.

45
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Da_ﬂ assim 119+1ﬂn into a num@rlcal shallow water flow model: A
AU: Heumlnk, ~ALW. S Metpelaar, I.D.M.

S0: J.-MAR.-SYST. 1995 wvol. 6, no. 1-2, pp. 145-158

NT: Special ilssus: Data Assimilation in Marine Science., PY: 1985

AB: To assimilate water level data into numerical shailow water flow
models Kalman filtering and model fitting <an be employed. An
advantage of FKalman filtering 1is 1its stochastic nature. By
introducing a system noize process into the %ystem equations it is
possible to take into account the inaccuracies of the underlyil
deterministic system. However, Kalman filtering can only be ﬁmp1nyed
for 1linear or weakly nonlinear problems. Model fitting 1is more
suitable for nonlinear problems but 1t is a deterministic method. T
combine the hkest of both approaches, a data assimilation procedure
based on stechastic optimal contreol theory has been developed. The
new approach is applied to assimilate water level data into a stomm
surge prediction model.

[l
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ASFA 1588-1996 68 of 373
TI: Variational data assimilation with a variable resoclution finite-
element shallow-water equations model
AU: Zhu,-Keyun; Navon,-I1.M.; Zou,-Xiaclei
S0: MON.-WEATHER-REV. 1994 wol. 122, nc. %, pp. 92456-965, PY: 1994

AB: The adjoint model of a finite-element shallow-water equations
model was cobtained with a view to calculate the gradient of a cost
functional in the framework of wusing this moedel to carry out
variaticnal data assimilaticon (VDA) experiments using optimal control
of partial differential equations. The finite-element model employs a
triangular finite-element Galerkin scheme and ssives &35 a protolype
of 2D shallow-water equation models with a view of tackling problems
related to VDA with finite-element numerical weather predictic
models. The derivation of the adioint of this finite-element model
involves overcoming specific  computational problems ralated o
cbtaining the adjoint of iterative procedures for sclving systems of
nonayrmetric  linear equations arising  from the finite-elsment
discretization and dealing with irregularly ordered discrste
variables at each time step. The correctness of the adjioint modﬁl Was
vaerified at the subrcoutine level and was foliowed by a gradient check
conducted cnce the full adjoint model was assembled. VDA experiments
were performed usin model-generated ohservations. In cur
experiments, assimilation was carried out assuming that observations
consisting of a full-model-state vector are available at every time
step in the window of assimilation. Successful retrireview was
obtained using the iritial conditions as control variables, involving
the minimization of a cost function consisting of the weighted sum of
differance between model solution and model-generated observations.
2n additional set of experiments was carried out aiming at evaluating
the impact of carrying out VDA invelving variable mesh resolution in
the finite-element model over the entire assimilation period. Several
conclusions are drawn related to the efficiency of VDA with variable
horizeontal mesh resoluticon finite-element dlscretization and the
transfer of information between coarse and fine meshes.

I

ASFA 1988-1996 163 of 373
TI: The variational technique of data assimilation using adjoint
equations in a shallow water model
BU: Basu,-S.; Subramanian,-V.; Pandey,-P.C.
20- PEOC. ~INDIAN-ACAD.-SCI . -EARTH-PLANET.-3CI. 1992 wvol. 182, no. 4,
op. 521-536, PY: 1993

AR: The variational technique of data assimilation using adjoint
equations has been 1illustrated wusing a nonlinear oceanographic
shallew water model. The technique consists of minimizing a cost
function representing the misfit between the model and the data
subject to the model egquations acting as constraints. The problem has
besn transformed inte an unconstrained one by the use of lLagrange
multipliers. Particular emphasis has been laid on finite difference
formulation of the algerithm. Several numerical experiments have been
conducted using simulated data obtained from a contrel run of the
model. Implications of this technique for assimilating asynoptic

satellite altimeter data intc ocean models have been discussed.
DE: data-collections: hydrodynamic-sguations; shallow-water; models-
oceancgraphy-

ASFA 1888-19%6 132 of 373
TI: Optimization of shallow sea models.
Heemink, -A.; Van-5tijn,-T.
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So: CRAY-CHANNELS. 1993. veol. 1%, no. 1, pp. 206-22, PBY: 1953

AB: To improve the accuracy of water ievel forecasts in the
Netherlands, the Dutch Water Management Agency's (Rijkswaterstaat)
Tidal Waters Division, the Computing and Tnformation Center for Ciwvil
Engineering and the Ervironment (ICIM, Informatica Centrum voor
Tnfrastructuur en Milieu}, and the Royal Meteorclogical Institute
(KNMI) are cooperating to develop a new storm surge forecasting
system. Operation of the very large storm surge barrier now under

construction in the HNew Waterway Gto Rotterdam {2} will depend

directly on the precision and timeliness of the storm forecasting
svstem's oubtput. The new sLOrm surde forecasting system is bazed on &
¥ J G

detailed numerical model that describes the tidal flow on the entire
Northwest European Continental Shelf. The metecrological input for
this hydrodynamic model is determined using a numerical model of the
atmosphere. The resulting system iz not perfect, however, as €rrors
are introduced by inaccuracies in the meteorclogical input and by
uncertain parameters in  the model.  Tn addition, considerable
uncertainty iz assoclated with the poundary conditions along the
Atlantic Ocean. Therefore, an algorithm has been developed for the
optimization of the uncertain parameters in the models using the
available measurements. A data assimilation scheme also 1s t
implemented to incorporate anline measurements of the water 1
into the hydrodynamic model, thereby improving the water lewv
forecast on a routine basis.

ASFA 1988-195%6 134 of 373

. Overview of the Coastal Ocean Prediction 3ystems (COP3) Program.

+ Mooers, -C_N.K.

: BRUUN—MEMORIALfLECTURES,—1991.—MODELLING*AND—PREDICTION#IN—
MARINE*SCIENCE.—PRESENTEDgAT—THE—SIXTEENTH*SESSION*OF—THEfIOC—
ASSEMBLY,fUNESCO,—PARIS,—7-21-MARCH-1991. 100, Paris-France 1%%2. no.
39 pp. 1-20
ST: TECH.-3ER.-IOC. no. 39, PY: 1962

AL: The Coastal ©Ccean Prediction JSystems Program, ©OFS, has been
proposed in the USA to conduct the focused research and development
necessary Lo produce, within a decade, the first-gensratic
operational prediction systen for the coastal ocesan. COPS 15 baszec
upon sccietal need and scientific and technological opportunities.
The soccietal need 1is to manage the coastal ocean  ever MmOrs
comprehensively as it becomes more impacted by climate and Flobal
change, local and regional pollution, and nunmankind's intensiiying
miltiple uses. The seientific and technological opportunities are
those provided by improved coastal ocean process understanding;
electronic sensors; accustic, cptical, radar, and satellite remcts
sensing; autonomous in situ observing systems; numerical circulatios
models; data-assimilation methods; tele-communications; workstations;

supercomputers; database manadgement systems: and computer animation.

[ar

The operational manifestation ~f COPS is envisioned to provide a
capability for simulating, reconstructing, tracking, and anticipating
the synoptic evolution of coastal Soean circulation and
stratification, analogous to what the national weather services of
the world provide for atmospheric weather patterns.

ASFA 1988-1906 147 of 373
TI: The Great Lakes Forecasting System - Lake Erie
nowcasts/forecasts.

2U: Bedford, K.W.; 5chwab,-D.G.
5o+ MTS  T-91. BN OCEAN COOPERATIVE: INDUSTRY, GOVERNMENT, AND
ACRDEMIA. PROCEEDINGS. NEW ORLEANS CONVENTION CENTER, NOVEMBER 10-
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14,1951, MarinefTechnology-Soc.,—Washington,—DC—USA WASHINGTON, ~DC-
UsSA MTS 1991, pp. 432-436, PY: 1991

AB: This article briefly summarizes the Great Lakes Forecasting
gystem and it's prototypée the Lake Erie Informaticn Systen (LEIFSY .

Employed to provide hazard warning and reduction, enhance commercial
activities, aid in scenaric testing and risk analysis, and manage
rssource preservation activities, this system 1is helieved to be
amongst the fist integrated functicning system for regional water
bodies of its kind. Being comprised of Evaluation, Data Assimilation
and Modeling Modules, significant use of Graphical User Interface
technology results 1in a retatively easy-to-use integration of the
module functions. HNowcasting and forecasting data flows are
summarized. Nowcasting is now performed on a regqularly scheduled

hasis.-

ASFA 1988-19%6 165 of 373
TI: Data assimilation for non-linear tidal models.
AU: Heemink, -A.W.; Kloosterhuis, -H.
S0: INT.—J.*NUMER.—METHODS«FLUIDC. j900. wvol. 11, no. 8, pp. 10675~
112
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AR: A data assimilation procedure Lo incorporate measurements into 2
non-linear tidal model by using ¥alman-filtering technigques 1is
developed., The Kalman filter is based on the two-dimensional shallow
water equaticns. To account for the inaccuracies, these equaticns are
embedded into a stochastic environment by introducing a coloured
systom noise process into the momentum ogquations. The continuity
equation is assumed o e perfect. A Chandrasekhar-typs filfer
algorithm 1is employed fo cbtain the constant-gain extended Kalman
filter for weakly non-linear systems. The capabilities of the filter
are illustrated by applying 1t to the assimilation of water level
measurements into a tidal model of the North Sea.

ASFA 1997-2000/0% 188 of 372
TT: Simulations of the Sumnmer Hydrometeorolegical FProcesses of Lake
Kinneret
AU: Avissar,-R.; Pan,-H.
20: Journal-of-Hydrometeorclogy [J-Hydrometeoroll 2000 vol. 1, no. 1,

pp. 95-10%, FY: 2000

AB: Lake Kinneret is a 168-km super{2) lake lozated in northern

Tsrael. It provides about 50% of the drinking water consumed in this
arid country. To manage correctly this vital water resource, it is
essential to understand the wvarious hydrometecrclogical processes

that affect its water budgset and, in particular, its svaporation. The
complexity of the terrain in this region (varying ftrom approeximately
2800 m to approximately -410 m Wwithin a short distance;, combined
with different types of soil and ground covers surrounding the lake,
results in complicated microscale and mescscale atmospheric motions,
inciuding sea, lake, and land breezes, as well as anabatic and
katabatic winds. The Regional Atmospheric Madeling System {RAMS), a
state-of-the—art nonhydrostatic model with two-way interactive
mi:ltigrid nesting and four-dimensional data assimilation
capabllities, was used, together with observations collected near the
western and esastern shores of the lake, to study thess processes. It
was configured with two nested grids centered in the middle of the
lake: 1} a coarse grid with 4 km x 4 km grid elements representing a
264 km x 240 km domain including Mount Hermon, the Dead Sea, the
Golan Heights, and the Mediterranean coast; and 2) a fine grid with 1
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km = 1 km grid elements covering a 42 km = 50 km domain. Two three-
day periods in the sSummers of 1992 and 1593, during which
hydrometeorological chservations were avallable, were simulated. To
account for synoptic conditions, the HNational  Centers for
Enyironmental Prediction-National Center for Atmospheric Research
mandatory-level reanalyses produced every 6 h for these pericds were
assimilated by the model. The strength and timing of the wvariocus
atmospheric motions that develop in that region and their
interactions significantly affect the hydremetecrological processss
~f the lake, which are subject to important diurnal and spatial
variations of wind intensity and direction, temperature, humidity,
and fluzes. Since these processes have a strong feedback on the lake
hydrodynamics and thermal structure, it iz concluded that the
development of a coupled lake-atmosphers model is needed to provide

good  estimates of  lake evaporation when lake water surface
temperatures are not avallable. Here, it is demonstrated that RAMS
performs properly, given the particular complexity of the Lake

Kinneret system and the uncertainty inherent in observations above
turbulent water.
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All: Bobanovic,-J.
AF: Dalhousie University (Canada)

50: Dissertaticn Abstracts International  FPart-B: Science and
Engincering ‘Nigs-Abst-Int-Pt-B-Sci-and-Eng) 19%9 wvol. €0, no. 3, p.
1G0s

NT: Thesis publ. date:

1994, 1%2 op. Source: UMI, 300 N Zseb Rd, FPOB
i3d6 Znn Arber, MI 48
ie 2

106, {A00=521-0600), www.uni.com., RN: AAT
G

’
MOAESAG (NQZ6549), PY: 1999
AR: Barotropic wvariability of the Canadian Atlantzic Shelf on synoptic
fime-scales 1is examined wusing data analysis, statistical and
dynamical models. The main cbjective is to understand the connections

i
pbetween the subregions and develop mnodels that can be used
opsrationally. Data are used to determine dominant scales, run
statistical models and valldate dynamical models. Data assimilation
is used to infer open boundary conditions for the dynamical models.
In the first study synoptic variability of the Labrador Shelf is

exan g a limited area model. Wind and upstream boundary
forcing are found to be the most important  sources  of  the
variability. Based on model results a forecasting scheme is designed
and testad. The second sSubregional study concentrated on the

variakility in the Gulf of Saint Lawrence. Boundary forcing via Cabot
Strait is found to be the dominant source of variability. Data
analysis indicates the presence of resonances in the Gulf, some of
which can be related to wind and boundary forci
a large scale madel of the Canadian Atlantic Sh ¥y
air pressure is used to examine connections betwesen the regions. The
wodel showed very good predictive skill for sea level and along-shore
coastal currents. The wind driven flow from the Newfoundland Shelf is
the most dominant source of remcte variability for the Gulf of Saint
Lawrence anpd the Scotian Sheif. High frequency signals from the
Newfoundland Shelf can cross the lLaurentian Channel and directly
force the Scotian Shelf. Non- izcstatic pressure forcing within the
domain is negligible. The model driven by forecast winds can be run
cperationally to predict sea level and currents variabllity or supply
Soundary conditions for more sophisticatea limited area moagel.
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TI: A Direct Tnverse Method for Inferring Open Boundary Conditions of
a Finite-Element Linear Harmonic Ocean Circulation Modsl

AlJ: Xu,-Zhigang

50: Journal of Atmospheric and Oceanic Technology [J-Atmos-Ocean-
Technol] 1998 wol. 15, no. 6, pp. 1379-1399, ©PY: 1998

AR: A direct inverse method is presented for inferring numerical
model open boundary conditions from interior observational data. The
dynamical context of the method is the freguency-domain 3D linear
shallaw water equaticns. A set of welght matrices 1s derived via
finite-element discretization of the dynamical equations. The weight
matrices explicitly express any interlor solution of elevations or
velocities as a weighted sum of boundary elevaticns. The interior
data assimilation 1s then cast as a regression problem. The weight
matrix may ke s r, which implies there may be an infinite set of
boundary condit hat fit the data equally well. With the singular
valus decompositicn technique, a general solution is provided for
this infinite set of mninimum-squared-misfit boundary ceonditions.
Among  them, a particular Dboundary condition, which minimizes
potential energy on the boundary (hence the whole domair), is studlied
in detail: its confidence interval is defined and a way to smocth 1t
is discussed. Green's function maps for the welght matriz provide
insights intc the dynamics inherent Lo the model domain. Such maps
should be nseful for many purposes. One of their uzages demonstrated
irn  this paper is to provide a physical explanation for the
singularity of the system. Also discussed are how to assess the
compatibility between data and the model and how to design & rnuli-
space smoothing device for smoothing the potential enerqy minimurm
boundary condition. While maintaining the goodness of fit between
data and model, smoothing of the boundary condition may improve the
intericr sclutions at the locations where the data have poor control.
The method is tested in a realistic domain but with synthetic data.
The test yields very satisfactory results. Application of the method
to Lardner's open bay tidal problem demonstrates its advantages in
computational accuracy and inexpensiveness.
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TI: Island-trapped waves, with application to observations off
Bermuda

AU: Brink,-K.H.
50: Dynamics-of-Atmospheres-and-Oceans [Dyn-Atmos-Goean
29, no. Z2-4, pp. 93-118
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NT: Special Issue: Theory and Modeling of Ocean Circulation, Data
Assimilatien and Interdisciplinary Applications: A Tribute fo
Professor Allan B, Robinson, PY: 1999

AB: A theory is presented for linear island-trapped waves around a
cireular isiand with stratification and bottom relief. The free waves
propagate clockwise 1in the northern hemisphere and are quantized
azimithally and in the radial-vertical plane. A formalism is derived
for low freguency {subinertial freguency: motions forced either by
winds or by ambient occeanic moticns. The present model results appear
Lo reproduce four observed (from moored array data) resonances to
within less than 0% in freguency. Observations and results of the
wind-forced thecry suggest that sublnertial sea level fluctuations
of f Bermuda are driven by ambient oceanic fluctuations. As long as
the oceanic motions have scales large relative to the island, they
ought to appear in island coastal sea level records without
distortion.
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TI: Adjoint Data Assimiiation in an Equatorial Coupled Atmosphere-
Ocean Model

A3 Lu, —J.

AF: The University of British Columbia (Canada)

30: Dissertation Abstracts International FPart-B: Science and
Engineering [Dis5rhbstflnt-Pt—BfScivand—Eng} 1998 vol. 59, no. 2

NT: Degree: PHD. Thesis Fubl. Date: 1997, 134 pp. Source: UMI, 300 N
Zesh Rd, POB 13246, Ann Arkor, MI 48106. {800-521-08600), W UL . COM.
pN: AAT NQ25100 (NQZL10G), PY: 1598

AB: a general procedure of adjcint data assimilabion for atmosphereé-
scean coupled systems was developed. a simple equatorial coupled
atmosphere-ccean model, with the atmosphere and the ocean sach
represented by & single-layer linear shallow water model, was then
used to explore the effects sf data type (wind or sea level height
(SLH} ), data sparsity, noise, and initial guess on the retrieval of
model parameters and initial conditions. Six parameters {two Rayleigh
damping ceoefficients, &Lwo Newtonian coocling coefficients, and two
coupling parameters) of the szimple model werse estimated with its
initial cenditicons specified.’ by assimilating the wind and 3LH data,
the temporal sparsity of the data was found to be more detrimental
for parameter cstimation than their spatial sparsity, and sparss Wind
data were more detrimental than Sparse SiH data. Longer assimilation
windrws improved the parameter estimation, but the best window length
for the wind data was not the best for the SLH data. 4 prieri
information for individual parameters as implemented in the cost
function was useful 1in providing information for the size of the
parameters and in enhancing the convexity of the cost functien, but
hot as a substitute for inadequate data. Three initial oceanic fields
(51H and twe horizontal current components}) in the simple cocupled
model were estimated with the sSix parameters specified. by
assimilating either the wiind or SLH data, it was found that the 5LH
data were more efficient in retrieving the oceanic initial conditions
than the wind data, and the initial SLH field was ROI& accurately
retrisved than the initial currents. The current fields were
sensitive to the temporal density of data, gspecially with wind data,
where once a day would be the minimum density needed for a
satisfactory retrieval. The error in the magnitude of the initial
gquess was readily corrected, while the large phase error was not even
with both the wind and SLH available. Assimilation of noisy data
showed that the retrieval of the initial conditions was far more
sensitive to noise in the SLH data than in the wind data.
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= Santa PBarbara ~Channel
circulation

AU: Chen,-C.-5.7 Wang,-D.-P.

50 Journal—offGeoph'sical—Research—C#Oceans, 1939 vol. 104, no. <27,
PO i5,727-15,741, FY: 1595

AB: The seasonal circulation in the Santa Barbara Channel (SBL)
consists of a cyclenic eddy in the western basin and a poleward
current along the northern coast. In this study the menthly mean
circulation is simulated using & three—-dimensional primitiveéequatiom
medel with data assimilation included. The data are derived from the
Santa Barbara Charmel and Santa Maria Basin Coastal Circulation
Study, covering an 8 month peried from January to August 1994. The 6-
hourly moored temperaturs chservations in the upper 100 m water
column are continucusly aszimilated into the model uzing a local
correction method, aithough satinity and wind forcing are not
explicirly included. Compar isons with the observations indicate that
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the model results generate realistic flow and temperature structures
inside the SBC. The assimilation model faithfully reproduces the
cyclonic eddy, bub it fails to predict the currents at the exits of
the channel. The issue of the data need is addressed through a
sensitivity study.

ASFA 1997-2000/00 227 of 373
T1: The Atlantic Ionian Stream
AU: Robinzson,-A.R.; Sellschopp,—J.:; Warn-Varnas,-A.; Leslie,-W.G.;
Lezane, -C.d.; Haley,-P.J.,Jr.; Anderscn, ~L.A.; Lermusiaux,-P.F.J.
30 Journal-of-Marine-Systems, 1999 vol. 28, no. 1-4, pp. 12%-15%,

. HEP RSP
'Y - Lj?.?

2P: This paper describes some preliminary results of the cooperative
effort between SACLANT  Undersea Ressarch Centre and Harvard
University in the development of a regional descriptive and
predictive capability for the Strait of Sicily. The ailms of the work
have been to: (1) determine and describe the underlying dynamics of
the region; and, {2} rapldly assess synoptic cceansgraphic conditions
through measurements and modeling. Based on the 1%84-1996 surveys, a
picture of some seni-permanent features which occuy in the Strait of
Sicily 1is beginning to emerge. Dynamical circulation studies, with
assimilated data from the surveys, indicate the presence of an
Adventure Bank Vortex (ABRV), Maltese Channel Crest (MCCY, and Icnian
cshelf Break Vortex (IBV). A schematic water mass model has been
developed for the regicm. Results from the Rapid Responsse 96 real-
time numerical modeling experiments are presented and evaluated. A
newly developed data assimilation methodology, Error Subspace
Statistical Estimation (ESSE) is introduced. The ideal Errer Subspace
espans and tracks the scales and processes whare the dominant, most
energetic, errors occur, making this methodology especially usetul i
real-time adaptive sampling.

ASFA 18937-2000/09 228 of 373
TT: A model of the circulation on the outer Scotian Shelf with open
boundary conditions inferred by data assimilation
AU: Thompson,-K.R.; Griffin,-D.A.
S3: Journal-of-Geophysical-Research-C-Oceans, 1998 vol., 1023, no. Cl3,
cp. 30,641-30,660, PY: 1998

AR: The circulation on Western Bank is described using data collected
in spring 1991 and 1992 as part of an interdisciplinary study of the
early life history of Atlantic cod  {Gadus morhua;. The m@mean
sirculation over the crest of the bank is weak, of ths order of a few
contimeters per second, and 1s flanked to the scuth and west by an
nticycionic flow with a spsed of about 10 cm s super{-1). A thermal
wind calcnlation shows the mean circulation is due primarily to
horizontal wvariations in fthe density field. The M sub{Z} tidal
censtituent is deminant and reaches speeds of about 20 cm 5 super(-
1y . The tidal residuals have a standard deviation of abocut 10 cm s
super (-1) and characteristic time and length scales of several days
and tens of kilometsrs, respectively. In order to help collect arnd
interpret biclogical data from Western Bank, we developed a
hydrodynamic model of the near-surface flow that could be used
operationally. The model 1is based on a decomposition of the flow into
components driven by (1) local wind stress, {z) hcrizontal denszity
gradients, and (3} flows through the open boundaries of the model.
The wind-driven component is calculated using a simple slab model
driven by the observed wind. The other two components are estimated
through the assimilation of observed bottom pressures, dynamic
heights, and currents into the hydrodynamic model. The hindcast skill

an
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=f the model is quantified by cross validaticn and shown to be higher
than that of four simple, statistically based schemes.

ASFA 1997-2000/09 231 of 373
TI: Optimired Boundary ronditions and Data  Assimilation  with
Application te the M sub(2) Tide in the Yellcow Sea
AU: Shulman,-I.; Lewis,-J.K.: Blumberqg, -A.F.: Kim,-B.-Nicholas
50: Journal—cf~Atmospheric—and»Oceanic—Technology, 1598 wol. 15, no.
4, p. 1066, Py: 1998

AB: An optimization approach is derived for assimilating tidal height
information along the open poundaries of a numerical model. The
approach is then extended so that =imilar data alcng transects inside
4 model domain can also be optimally assimilated. To test tLhe
application of such an optimized methodology, M sub{2) tidal
cimulations were conducted with a numerical ocean model of the Yellow
Sea, an area with a strong tidal influence. The use of the optimized
open boundary counditiens and internal data assimilation lieads to A
significant improvement of the predictive skill of the model. Averags
errors can be reduced by up to 75% when cecmpared to nonoptimized
boundary conditions.

ASFR 1997-2000/09 235 of 373
T{: The time-mean circulaticn in the Agulhas ragion determined with
the ensemble smocther
AU: Van-Lesuwen,-P.J.
30: Journal-of-Geophysical-Ressarch-C-0Oceans, 1999 wol. 104, noc. CIL,
pp. 1393-1404, PY: 1599

AB: The time-mean circulation in the Agulhas Retroflection area is
determined by combining TOPEX/POSEIDON data and a two-layer quasi-
geostrophic model wusing the ensemble smoother. By taking the time-
mean circulation as the unknown in the data assimilation procedure,
the time-varying altimeter signal is used to constrain the time-wmean
field. The quasi-geostrophic model is applied as a strong constraint,
with only the time-mean circulation containing errors. Inspection of
the posterior penalty function showed that the inversion was
cuccessful. The errors in the time-mean sea surface topegraphy
reducred from about 10 to about 3 om. A cyclonic recirculation celil
cver the Agulhas Plateau was found, related to the ncorthward meander
of the Agulhas Return Current. Another cyclonic recirculation cell
was found west of Africa, probably related to the passage ot
anticycleonic Agulhas Rings south of it. The new field 1is compared
with advanced wery high rescluticn radiometer infrared satellife
data, confirming the northward meander of the Agulhas Return Current.

ASFR 19597-20G0/709 246 of 373
TI: 2Application of advanced data az=zimilation methods for the
initialisaticon of storm surge mcdels
AU: Canizares,-R.; Heemink,-A.W.; Vested,-H.J.
gC: Journal-of-Hydraulic-Research; Journal-de-Recherches-Hydraulique,
1998 vol. %6, no. 4, pp. 655-674, PY: 1958

2B: A seguential data assimilation technigue f{utilising a reduced-
rank square-root filter) has been incorpoerated into the complete non-
linear eguaticns of a hydrodynamical module of a2 standard two
dimensional hydrodynamic medelling tool. The deterministic model
output iz corrected using the available data and the hest model
initial conditions are generated. The deterministic model is then
used to generate the water level forecast. A description of the
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general technigue that is applied and its adaptation to this
particular problem are provided. The application to a real storm that
cccurred during February 1993 in the North sea is presented.
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TI: Coastal Model Simulation of the Santa Barbara Channel Circulation
All: Chen, -C.
AF: State University of New York at Stony Brook, RNY, USA
50: Dissertation Abstracts International  FPart-B: Science  and
Enginsering 199% wol. 5%, no. 8, p. 4378
NT: Degree: PhD. Thesis Publ. Date: 1998, 85 pp. Source: UMI, 300 N
Zeek R4, POB 1346, Ann Arbor, MI 48106. (800-521-0600), wsd.umi.com.
RM: AAT 9904087 (G004087), PY: 19859

AR: The Santa Barbara Channel (SBC; is located at the interface of
cold Central California Coast (CCC) water and warm Southern
California Bight (SCB) water. The temperature difference along the
channel is weak in winter and strong in summer. Winds off the CCC are
equatorward and ave upwelling-favorable in spring and summer. This
sgquatorward wind is sheltered by Santa Ynez mountains, making the SCB
and the eastern S5BC a region of low wind stress and high wind curl.
Observatiens indicated that currents in the SBU are a superposition
of a large-scale poleward through flow and an intericr coyclonic
circulaticon, and that the along-channel pressure gradient and local
wind are important forcing. in this study, a 3-D primitive equation
coastal general circulation model is used to examine the response of
the SBC circulation to these forcing. the density forcing is first
examined. The data base are from 8 current meter mocrings distributed
along the 100 m isobath inside the channel as part of the ZSBC-SMB
study. Model simulation is for the first 8 months of 1%%4 when the
data coverage is most complste. Seasonal, large-scale changes of
water mass are accounted for by assimilating of temperature and
salinity data. The assimilation is based on a local correction method
welghted by the medel-data misfits, and is applied only to model
predictions din  the channel. for the outer domain, the model
temperatures are replaced with wvalues interpolated frem the
observations. the model generates a cyclonic eddy centered at the
western portion of the SBC. The medel's meonthly mean currents and
horizontal shears agree well with the observations. the model is also
applied to study the wind forcing. To isolate the wind responss, the
model does not use data assimilation. The SBC-SMB study supplies a
comprehensive bucy observation of detailed temporal and spatial
surface wind structures. The model is driven by the observed time-
varying, spatially non-uniform winds for the same 8 month period.
Empirical crthogonal function analysis of the model results suggests
that the local wind stress is important in the open ocean and over
the southern part of the western entyance, whereas the along-channel
pressure gradient is important along the coast. (Abstract shortened
by UMI.)

[
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TI: Tidal flow modelling using a direct minimisation method
AU: Copeland, G.J.M.; Bayne,-G.L.S.

50: Coastal-Engineering [Coast-Eng) 13598 vol. 34, no. 1-2, pp. 125-
161
PY: 1998

AB: An operational model based on an inverse method 1s developed for
the study of tidal flow in coastal areas. Mocdels based on inverse
methods can accommodate large gquantities of measured data within the
model domain and do not require initial or boundary data in the state
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variables. These are benefits that overcome the weaknesses in
conventional direct models which can be ill-posed because of
inadequate bcundary data which cannot make use of extensive survey
data. The method described in the paper uses a direct minimisation
technigqus, and the governing egquaticns are included asz a weak
constraint on the solution. This allows the relative influences of
data and equatlﬁns on the final scoluticn to be defined. The model is
validated using idealised topographies in terms of data assimilation,
flow diversion by topography and tidal flooding and drying over =
shoal.
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TI: Assimilating data into open ocean tidal models
All: Kivman,-G.A.
5C: SURV.-GECPHYS. 18%7 vol. 18, no. 6, pp. 821-645, PY: 1997

AB: The probklem of deriving tidal fields from observations by reasocn
of incompleteness and imperfectness of every data set practically
available has an infinitely large number of allcwable solutions
fitting the data within measurement errors and hence can be treated
as ill-posed. Therefore, interpolating the data always relies on some
a priori assumptions concerning the tides, which pruVlde a rule of
sampling cr, 1in other words, a regularization of the ill-posed

problem. Data asslmilation procedures wused in large scale *tide
modeling are wiewed in a common mathematical framework as  such
regularizations. It is shown that they 2all  {basis functions
expansion, paramneter estimation, nudging, objective analysis, general
inversion, arnd  extended general inversion}, including those

{objective analysis and general inversion) originally formulated in
stochastic terms, may be considered as utilizations of one of the
three general mpthﬂds suggested by the thecry of ill—pospd problems.
The problem of grid refinement critical! for inverse methods and
nudging is discussed.

DE: Tidal-dynamics; Data-processing; Dynamical-oceanography; OQcean-
tides
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Ti: A nowcast model for hazardous material spill preventicon and
response, San Francisco Bay, California
Alb: Cheng,~-R.T.; Wilmot,-W.L.; Galt,-J.A.
S0: PROCEEDINGS-OF-OCEANS-'-87.-VOLUME-2. MTS-IEEE MTS-IEEE 1997 787
S5
PY: 1997

AB: The National Oceanic and Atmospheric Administraticn (NOAA)
inztalled Physica Oceanography FReal-Time System (PORTS) in  San
Francisco Bay, California to provide real-time observations of tides,
tidal currents, and meteornlogical conditions. PORTS data are use for
cptimizing veszsel operations and for increasing margin of safety for
navigation. The real-time data are also used to guide hazardous
material spill prevention and response. Furthermore, archived long-
term field data are invaluable in other studies of San Francisco BRay
ecosystem. Tides and tidal current patterns are gquite complex in San
Francisco Bay because the geometry and bathymetry of the bay are very
complicated. Clearly, limited real-time observations are insufficient
to resclve large spatial variabilities of tides and tidal currents in
a complex tidal basin such as San Francisco Bay, California. A high-
resolution, depth averaged numerical model has been implemented for

the Bay. The numerical model has been expanded and modified to
operate in a nowcast mode with which the numerical model continuously
computes the tides and tidal currents every hour starting from 24
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hours before the present time for a total of 45 hours simulation.
Nata assimilaticn techniques, which are common in numerical weather
predictions, have been adapted to derive boundary conditions for the
nowcasting model. The nowcast modeling system integrates emerging
technologies used in PORTS for real-time data collesction, nowcast
numerical modeling techniques, and disseminaticn of real-time data
and the nowcast model results through internst on the World Wide Web.
Users can dewnload the nowcasting results for tides and tidal current
distributicns in San Francisco Bay for their specific applicationz
and/or for further analysis.
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TI: Local data assimilation in specification of open boundary
conditions
A2U: Shulmar, -1.
ao: J.-ATMOS.-OCEAN.-TECHNOL. 1897 vel. 14, no. 6, pp. 1400-1419
PY: 19597

AR: A data assimilation approach to specify open boundary conditions
is proposed. The boundary values are determined from the sclution of
the special optimization problem: minimization of the difference
Letween the model and reference boundary valuss under the integral
constraints on the open boundary. These constraints represent ths
energy, momentum, and  mass filuxes through the open  boundary.
neference values represent the a priori knowledge about the boundary
values. They might be derived from ohservations, results <f another
model rtun, or from another approach o the specification of open
boundary conditiens. Optimized open boundary conditions are presented
i for the barctropic case and when only one integral

t is considered: enerqgy flux through the open boundary. It
is shown that well-known radiation-type boundary conditions
introduced by Reid and Bodine, and Flather, are special cases of the
derived optimized conditions. The results of application of the
proposed boundary conditions are demonstrated in the modeling of
tidal and wind-driven circulation for a channel and for the northern
part of the Adriatic Sea. The results of studies of the model
predictions’™ sensitivity to errors in the reference wvaluesz used in
the boundary conditions are presented. The applications of coptimized
openn boundary ceonditions show a significant reduction in errors when
compared to the commonly used, nonoptimized schemes.

in detail
-
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TI: Forecasting ceastal circulation using an approximate FKalman
filter based on dynamical modes
AU: Dowd,-M.; Thompseon, -K.R.
a0 ront.-Shelf-Res. 1998 vol. 17, no. 14, pp. 1715-1735, FPY: 1958

We present an approximate Kalman filter for nowcasting and
sting of ccoastal ocean circulation. Reduction in the effective

achieved by eformulating the original model in terms of its
dynamical modes. A subsst of the modes prefer ntially excited by ths
model forcing is chosen as the basis for a reduced ocean model .
Seclving the Kalman filter equations in this reduced dimension modal
space retains the important components of the dynamics necessary for
model forecasts and error propagation, as well as allowing for a
cemputationally efficient means to implement this data assimilation
scheme. The approximate Kalman filter was applied to a prototype
model of the Scotian Shelf off Canada's east coast. This limited-area
moedel is based on the linearized, depth-averaged shallow water
squations. The dominant modes were identified for both wind and

.

- pet

dimension of the ocean model, and consequently the Kalman filter, is
r
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boundary forcing, leading to an approximately 90% reductich in the
dimension of the system. Synthetic data based on both fixed (coastal
sea level and current meter) and moving (ship ADCP) observation
arrays were used to test the performance of the filter. Even with
significant observation noise, the results indicated that the
approximate filter is able to recover the temporal evolution of the

actual (model generated) ocean state to within + subk(-) 1% at the
observation locations for all test cases. Satisfactory performance
waz alsc achieved in recovering the entire flow field {extrapclaticn)

for the fixed c¢hservation array, bub poorer results were found in the
case of the moving array.
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TI: Model parameter estimation from data assimilation moadeling:
Temporal and spatial variability of the bottom drag coefficient
AU: Ullman,-D.5.; Wilson,-R.E.
50: J.-GEQPHYS.~-RES5.-C-OCEANS 1988 wvol. 103, no. C3, pp. 5531-5549
PY: 1958

AB: Acoustic Doppler current profiler {ADCP) data collected from a
moving vessel are assimilated, using the adijcint method, into a tidal
model of the lower Hudson Estuary with the objective of estimating
the bottom drag coefficient and residual upstream setup. An obiective
strategy for determining the weight given to pricr estimates of the
model parameters 1s shown to be necessary. The method of cross
validation performs well for this purpose. Results of the
assimilaticn experiments indicate that the drag coefficient increases
by approximately 30% from neap tides to near-spring tides.
Hydrographic data indicate that this increase 1is coincident with a
decrease in vertical stratification. A point model of the vertical
structure in an oscillatory boundary layer shows that the damping
effect of stratification on turbulent mixring causes a reductiecn of
the bottom drag cosetficient. The assimilation results also indicate
relatively large spatial wvariability 1in the drag coefficient, with
higher wvalues found in shallow regions flanking the estuary channel.
This agrees with the results of the boundary layer model which sheow
that a reduction in drag coefficient is associated with an increase
of the ratio of water depth to bottom roughness.
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TI: Data assimilation .
AU: Robinson,-A_R.; Lermusiaux,-P.F.J.; Slcan,-N.Q.,III
S50: The-Giobal-Coastal-Ccean: -Processes-—and-Methods Brink, -

K.H.;Robinscn, “A.R.-eds. 605-Third-Avenue John-Wiley-and-Sons,-Inc.
vol. 16 617 pp

5T: The-Sea:-Ideas-and-Observations-on-Progress-in-the-Study-of-the-
Seas 1998 vol. 19

AB: The ceastal ocean 1is a complex system in which 1t can be

. 7 to measure and predict guantities of interest
for scientific and management purposes. The estimation of a guantity
of interest wvia data assimilation involves the combination of
chservaticnal data with the underlying dynamical principles governing
the system under observation. The melding of data and dynamics is a
powerful methodology that makes possible efficient, accurate and
realistic estimations which might not ctherwise be feasible. Tt is a
methodcology that can optimize the extraction of reliable information
from ohservations. Data aszimilation has recently entered
oceanography from the related fields of meteorology and engineering.
It is expected to provide rapid advances in important aspects of both
basic ocean science and applied marine technology and operaticmns. In
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this section we present the concepts of field estimation, give an
overview of the general methodology and goals of data assimilation,
and discuss implications for the coastal ocean in the context of
marine science and technology in general.

ASFA 1997-2000/09 306 of 373
T1: Beundary flux measursments in the coastal ocean
AlJ: Brown, -W.S.
S0 The—Global—Coastal—Ocean:—Processes—andfMethods Brink, -
K.4.:Robinscn, —A.R.-eds. €05-Third-Avenus ohn-Wiley-and-Sons,-Inc.

vol. 10 817 pe
The-Sea: -Ideas—and-Observations—on-Progress-in-the-S

: —of-the-
Seas 1998 wvol. 10

T
[
[eR
<

AB: As we move rapidly foward operaticnal use of regional data
assimilation models for monitering and prediction in the coastal
ocean, appropriate cbservatlonal systems will have to be ilmplemented.
Various ceombinations of measurements and models will be necessary to
Lath force and constrain the models. There are two basic ways to
approach the problem of combining observaticns and regional models of
the coastal ocean. Cne is to apply “observed! boundary fluxes to the
open boundaries of the model of choice. The other 1s to assimilate
observations into the interior of the model using statistically and
dynamically consistent methodology. The boundary fluzes then becoms
part of the solution. In this chapter the former approach 1s
emphasized while brief comment is made of the latter apprcach. In
particular we review some of the methods presently used for providing
various boundary fluxes through the surface, bottom and latera

houndaries of typlcal ccastal ocean domains. Although any number of
other coastal domains could serve our purposes here, we consider
wethods for measuring boundary fluxes as they apply to the Gulf of
Maine region. Geographically, the Gulf of Maine 1s a marginal sea
embedded in the northeast American continental shelf. Georges and
Browns Banks effectively buffer the interior qulf from the deep
ccean. This and adiacent reglons contain a variety of coastal ocean
environment=s, including wide shelves, narrow shelwves, shallow banks,
deep basins, and regions of both complex and smooth bathymetry-

ASFA 1997-2000/09 321 of 373

T1: A residual analysis method for quantitative comparison of spatial
data from the Iceland-Faerces Front

AU: Aranuvachapun,-5.3; Maskell,-S.J.

acv: OCEAN-ENG. 1997 vol. 24, no. 8, pp. 721-741, PY: 1997

AE: A spatial statistical method has been developed from the well-
known Kriging technigue in geostatistics, as a way of providing
quantitative comparizson betwsen a pair of spatial data =zets, and a
measure for such a comparison, This residual analysis method is
applied to oceanographic data in order to compare Iceland-Faeroes
Front (IFF) model predictionz against appropriate field chzervations,
with an aim to assess the IFF model performance and its predicticon
accuracy. The method i1s also used to evaluate the model-generated
dynamical variability within the model predictions, as well as the
natural wariebility within the frontal chservations. From the
results, it has been found that the IFF model is highly robust, and
gives hetter predictions at depth 150-350 m than elsewhere. Within
such a depth (i.e. 250-350 m), there is also evidence to suggest that
the main frontal region is most active above the IF Ridge. The
natural variability obtained from the cbservations appears to be
comparable to the model-generarted dynamical varlability after 20 days
of integration, indicating a certain degree of accuracy in the model
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predictions. The method reported in this paper could alsc be extended
for further use in model data assimilation. Thus, the work not only
demenstrates how sSpatial statistics can be applied to oceanographic
data, but alsc opens up new statistical tools for data handling in
ocean modelling.

ASFA 1997-2000/09 332 of 373
TI: The hydrography and through-flow of the north-eastern RNorth
Atlantic Qcean: Project Dutch-Warp
A - Van-Aken,-H.M.; De-Boer,-C.; De-Munck,-J.C.; Ctto,-L.; Cher,-5.;
Manuels,-M.; De-Koster,-R.X.
SG: ANNU.-REP.-NETH.-INST.-SEA-RES. 1996 pp. 27-30, F£Y: 1296

AB: In 1989 the DUTCH-WARP project was initiated by the NIOZ
department of physical oceanography. In this project the hydreography
and circulation in the Iceland Basin was studied. The goals were to
understand gualitatively and quantitatively (1) the near-surface £l
of Sub-Polar Mode Water (SPMW) from the North Atlantic Current {NAC)
to the Horweglan Sea, (27 the transport of Tceland-Scotland Sverflow
Water (ISOW) through the iceland Basin, from the ridges near the
Faeroe Islands to the Charlie-Gibbs Fracture Zone in the Mid-Atlantic
Pidge at 52 degree 30'N, 35 degree W and to thse Peorcupine Abyssal
Plain, and (3} the interaction bstween the different water types in
the Iceland BRasin like Labrador Sea Water (L3W) at intermediate
levels, and Lower Deep Water (LDW) originating from the near bottom
layer wver the Porcupine Abyssal Plain. The programme also
contributed to WOCE, by surveying twice the WOCE Hydrographic
Programme (WHP) repeat section ARVE between Ireland and Greenland.
These larter data have been submitted to the WHP Data Assimilation
fentre and are now available from the WHP Special Analysis Centre in
Hamburg. The data from the other hydrographic surveys have been
submitted to the ICES oceanographic data centre in Copenhagen. Until
new DUTCH-WARP data have contributed to 5 data reports, 13 scientific
publications and cone PhD thesis. In 1989 a hydrographic section along
the 20 degree W meridian was surveyed by RV Tyro, while in 1990 and
1591 more extensive high rescolution hydrographic surveys and XBT
surveys were carried out in the Iceland Basin as well as the surveys
of WHP section ARTE. On each statlon in these surveys a CTDO profile
was measured and water samples were taken for the determination of
salinity, dissclved oXygen, nitrate, nitrite, phosphate and silica.
In 1560 tritium concentrations were measured also for samples from a
limited number of hydrographic stations. In 198% and 1990 2 total of
5 current meter moorings were deployed in the Iceland Basin, while 19

Lagrangean ARGOS surface drifters were deployed beftween 1590 and
1993, Additienal to the DUTCH-WARF data hydrographic data became

available from other cruises of RV Tyro, and from surveys of RV
Oceanus, BV Gaussz, and BV Tydewan, asz well as trom the ICES
hydrographic data centre.

ASFA 19937-2000/09 33
TI: Assimilating data intoc a tidal model of the
Al: Gekeler,-J.
50t CONT. SHELF-RES. 19%% wvol. 1%, no. 11-12, pp. 1381-1408, PY:
1955

AR: A data assimilation procedure, which has successfully been
applied to global ocean tide models, 1is briefiy described and applied
to the shelf sea area of the Irish and Celtic Seas. The frequency-
dependent model of the M sub{2) tide wused in the assimilation
procedure incorporates the full load and self-attraction effect by
svaluating the convolution integral wusing Green's function for
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potential perturbation, bhotton deformation and self-attraction. A
grid resolution of 5° north-south and west-east is accompanied by
hoth a realistic reproduction of the M sub{?)} tide in the Irish and
Cceltic seas and an accurate determination of the short-distance
offect of loading and salf-attraction. Whilst assimilating 14
offshore tidal elevation data, the mass is exactly conserved. The
statistic properties of the model, e.g. the connection between Lhe
weights matrix and the error covariance matrix, are briefly derived.
Along the open boundaries of the model area, Sea sSuriace topography
values from a glcobal 172 degrees model are specified. A. posteriori
the variance of these poundary values is statistically estimated from
the residuals. This estimate iz used in a successive correction
mechanism to get a new set of boundary valuss. The direct solutlion as
well as the solution influenced by the data agrees much better wit!
the elevation and current data using the set of boundary values

[

ahtained in this way.
ASFA 1957-2000/09 338 of 373
TI: The identification of parameters of model passive impurity

transport in the Black Sea
al: Eremeev,-V.N.; Kochergin,-S.V.
53t PHYS-*OCEANOGR.;MORS{.fGIDROFIZ.sz. 1947 vol. 8, no. 1, pe. 30—

PY: 1997
AR: Using varlational algeorithms, computations alming at the

reconstructicn of the initial passive dimpurity field have been
performed. The likely areas of impurity propagation from various

sources in the Black Sea have been identified. The paper discusses
different aspacts of the application of wvariaticmal methods cf data
assimilation in the course of modelling passive lmpurity propagation.

ASFA 199%7-2000/05 340 of 373
TI: Progress and recent developments in storm surge modeling
AlJ: Bede,-L.; Hardy,-T.A.
Ge J.-HYDRAUL.-ENG. 1997 vol. 123, no. &, pp. 315-331, P¥: 1997

AR: The field of storm surge modeling has developed and matured
considerably over the past 30 years. Several operatiocnal surge models
have been implemented 1in  Eurcpe over the past decade. These
operaticnal advances have een accompanied by rescarch into new

rzas, chisfly coupled surge-wave models and data assimilation, both
of which are covered in this review. Surgs-wave models atfempt To

provide more realistic model physics for the crucial area of air-sea
interaction. Assimilation techniques use available data to generate
improved numerical soclutions, desplte model inadequacies. The current
activity in surge modeling and related areas 1is highlighted by the
large proportion of recent papers cited in this work. Despite this
activity, thers is a goneral recognition  that  inadesquats

meteorological inputs remain the weak link in surge nodeling. In
sddition, the advances in midlatitude modeling are not mirrored in
the tropics. This is largely due to difficulties in predicting the
paths and properties of tropical storms, but it alzo servez to
emphasize the lmportance rhat has bkeen attached to storm surge
nedeling in Burope.

ASFA 195%7-2000/09 344 of 373
TIl: Comparison of reconstruction accuracy of hydrophysical parameters
in models with assimilatien of in situ measurements and csateilite
altimeter data.

132



Alj: Demyshev, -5.G. ; Knysh,-V.V.; Korotasv,-G.K.; Saenko,-0_A.;
Chernov, -V.V.

50: OREANOLOGIYA 1896 vol. 36, no. o, pp. 671-680, ©BY¥: 105¢

LS: English; Russian

AB: The paper presents results of assimilation into the Black Sea
circulation mnodel of model-simulated temperature and salinity
‘measurements’ az well as sea level ‘'measurements'. Temperature-
zalinity and sea level data were assimilated separately over the same
tinme interval under conditions maximally approzimating real COMSELACK
'93  survey conditions ankd  TOFEX/POSEIDON  satellite <tracks. In
addition to simulated data, numerical experiments were also performed
with assimilaticn intc the model of real temperature and salinity

neasurements in the COMSBLACK area in April 1992, High informative
value of zatellite altimeter data iz shown.

ASFA 1997-2000/09 345 of 3732
TI: [A regional model of the western Baltic with open boundary
conditions and data assimilation]
AU: Meier,-H.E.M.
S0: BER.-TNST_-MEE

.-ME
117 pp, PY: 1996

AB: Within BALTEX (the BALTi¢ Sea BXperiment), a three dimensional
baroclinic model of the wes altic has been developed to
calculate the water and salt exchange betwesn the Nerth Sea and the
Baitjc Sea. To resolve the topography in the Danish Straits, a
rezolution of one nautical mile in the horizontal and three metors
the vertical direction is used. The model deomain comprises Kattegat,
Belt Sea, Arkona and Bornholm Basin. Space and time dependent active

t

e

boundary conditions for temperaturs, salinity and surface clevation
are implemented at the open boundaries of the regional model.
Realistic initial and forcing fields from the German weather forscast

model for Burope are used. September 1992 until September 1993 is
chosen as a test period, including the latest major inflow event. The
results of the model are compared te hydrographical, sea level and
veloclty measurements.

ASFA 1897-Z000/09 372 of 373
Ti: Swafs: shallow water analysis and forecast system
AU: Clifford,-M.; Horton,-C.; Schmitz,-J.
50t QUEAN3-24 -HELD-IN-CONJUNCTION-WITH-OSATES-G4 . ~OCEANS-ENGINEERTNG-

)

FOR-TODAY " -8~ TECHNOLOGY - AND-TOMORROW ' —S~PRESERVATION PROCEEDINGS , — 12—
16-SEPTEMBER-1994, -BREST-FRANCE-VOL. 3. Sabathe,-P. eds. NEW-TORK-USA
INSTITUTE-CF-ELECTRICAL-AND-ELECTRONICS-ENGINEERS 1904 pp. TII.87-
ITI.86, FY: 1594

AB: A numerical ocean forecast system has been aszembled and applied
to several semi-enclosed basins. The modelling system includes a
numerical model of ecean circulation, & data assimilation scheme,
real-time meteorclogical forecasts, and data bases of in sSitu
temperature observations and sea-surface temperatures inferred from
satellites. Forecast results for the Red Sea are shown.
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WAVES DATA ASSMILATION

ASFA 1978-1987 3 of 373
Tl: Recent re=zult= with third-generation ocean-wave model.
Al Komen, -G.Jd

501 MEASURING-OCEAN-WAVES-FROM-SPACE. -PROCEEDINGS-OF-THE-SYMPOQSIUM.
Besal,-R.C.-ed. 1887. wvol. 8, no. 1 pp. 37-41, PY: 1987

AB: Wave researchers from many different instituticns are working on
developing and implementing a so-called third-generation occean-wave
model. With a test wversion of the model, runs have been made on the
CRAY computer at  the European Centre for Medium Range Weather

asting. First results have been compared with observations; they
zem £o indicate that the high expectations were justified. The uss
f wave observations from satellites for model wvalidation and data
ssimilation is discussed.

ASFA 1978-1987 7 oof 3732
TI: Data assimilation 1n wave models.
All: Hasselmann, K.
50: REP.-WMO—WORLD-CLIM.-RES.-PROGRAMME. 1986. wvol. WCF-12Z, pp. 29-
32, PY: 1986
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TI: An improved algorithm for the retrieval of ocean wave spectra
from synthetic aperture radar lmage spectra
All: Hassplmann -5.; Bruening,-C.; Hasselmann,-K.; Heimbach, -
S5G: *bEUPHlS. ~RES.~C~-OCEANS 19%6 wvol. 101, no. C7, pp. 1

16,62 Q PyY: 1896
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AB: An earlier algorithm for retrieving two-dimensiconal wave spectra
from synthetic aperture radar (SAR) image spectra is improved by
using a modified cost function and introducing =zn  additicnal
iteration loop in which the first-gquess  input  spectrum 1is
systematically updated. For this purpose a spectral partitioning
scheme 13 applied in which the spectrum is decomposed into a finite
nuinber of distinct wave systems. At each iteration step, the
individual wave systems of the partitioned nth-guess wave spectrum
are adjusted to agree in mean energy, frequency, and direction with
he corresponding mean values of the associated wave systems of the
R-inverted wave spectrum. The algorithm retrieves szmooth wave
pectra, avoiding the discontinuities which tended to arise in The
pr vious algorithm in the transition regicn near the azimu
wavenumber cutsff of the SAR image spectrum. The azimuthal cutoff of
the SAR spectrum is also reproduced more accurately. The greatest
improvement of the new retrieval algorithm is cbtained when the
discrepancies between the initial first-guess wave spectrum and the
observed SAR spectrum are large. In this casze the additional updating
loop for the input spectrum enables the retrieved spectrum to adjust
such that the simulated SAR spectrum matches more colosely the
observed S5AR spectrum. The overall correlation of a large set of
simulated SAR spectra with the measured SAR spectra is found to be
significantly higher than with the previous algorithm, indicating
that the algorithm not only overcomes isclated shortcomings of the
eariier algorithm but also yields retrieved wave spectra which are
generally more consistent with the input SAR data. An additional
practical advantage of the new algorithm is that it returns spectral
particoning paramsters which can be used in SAR wave data assimilation
schemes.
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ASFL 1988-19%6 56 of 373
TI: Variaticnal wave data assimilation in a third-generation wave
model
AU: De-las-Heras,-M.M.; Burgers,-G.;:; Janssen, -P.A.E.M.
SO0 J.-ATMOS . -OCEAN. -TECHNOL. 1994 wvol. 11, no. &, pp- 1350-132469,
Y 15994

AB: The adjcint of the wave model WAM, which runs operationally
performing global wave forecast at the Furopean Centre for Medium-
Range Weather Forecasts, has been constructed. In this model, the
nonlinear interactions are described by the discrete interaction
approximation of Hasselmann et al., and the wind input and the
dissipation are consistent with the theory of Janssen. The drag
coefficient depends not only on the wind speed, but also on the wave-
induced stress, reflecting in this way the dependence of winds on
waves. The adiocint scheme constitutes a new (the first wvariational)
method to assimilate arbitrary wave data into the WAM. Up to now,
this had been done wusing an optimal interpolation technigue
{sequential method), and only for wave heights. The new assimilation
scheme has been tested with a one-gridpoint wversion of the WAM.
Assimilating only wave data-significant wave height and mean wave
direction-is sufficient to reconstruct all wind fields, significant
wave height, and two-dimensional wave spectra fields, respecting the
wave model dynamics. To investigate the relation merits of the two
methods, a number of realistic assimilation experiments have been
performed showing the potential of the adjoint technique for wave
data assimilation.

ASFA 1588-159%9¢6 53 of 373
Tl: DASWAM: A program for data-assimilation in a 2rd generation wave
model
AJ: Groenewoud, -
50: 1980 47 pp
NT: NTIS Order No,: N91-22680/3/GAR. ETN-91-9%10%, PY:1920

el

AB: DASWAN is a computer algorithm for data assimilsticon in a thir
generation wave prediction model. DASWAN corrects simultaneously ths
computed sea states and the wind fields driving the wave model. The
wind filelds are adjusted iteratively, to minimize the difference
between wave model output and obssrvations. An approximate model
replaces the (expensive) third generation wave model during the
minimization. The modularity of the program facilitates the
maintenance of the procedures that are subject te further improvement
or even replacement (e.g., the wave model}. As a frameword, DASWAN
provides quite extensive possibllities for input and output of data.
Certain aspects of an operational situation can be simulated by using
the internal restart option. Sits dependent tasks such as storage and
retrieval of data are part of a separate pre and postprocessing
program called PRESAT. The composition of the (external) systen
documentation and the user aspects of Gthe DASWAN program are
presented. (DBO)

ASFA 1988-1996 56 of 373
TI: A first evaluation of ERS-1 synthetic aperture radar wave made
data
All: Bruening, -C. Hasselmann,-5.; Hasselmann, -K.; Lehner,-5.;

Gerling,-T.
50: GLOBAL-ATMOS.-OCEBAN-3YST. 1994 wol. 2, no. 1, Pp. 61-928, PY: 19%%4
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AB: Wave spectra extracted from 467 EBERS-1 Synthetic Aperture Radar
(SARY} § x 12 km wave mode imagettes obtained over the Atlantic for
the three-day period 22-24 January 1992 are compared with predictions
of the WAM wave model {WAModel). The model was run on a 1 degree x 1
degree grid and driven by the analyzed winds of the European Centrs
for Medium Range Weather Forecasts. Wave spectra are extracted from
the imagette spectra by inverting the closed transformation relation
of Hasselmann and Hasselmann that describes fhe nonlinsar mepping of
a surface wave spectrum into a SAR image spectrum. The inversion

algerithm is based on the minimizaticn of a cost functicn which
inciudes a first-guess wave spectrum &s a reqularization term. The
retrisved two-dimensional wave spectra are  fully calibrated

internally by the c¢lutter spectrum, without reference to the 32AR
instrument calibraticn. The inversicon scheme converged in all but 185
of the 485 imagette spectra, which passed the quality control checks
applied to the original set of 424 imagette spectra. The SAR-

retrieved wave spectra show good overall agreement with the WAM wave

spectra both for complex sea states and in cases in which the imaging
is strongly nonlinsar. Intercompariscons of the mean wavelength, mean
propagation direction and directiomal spread show no systematic
biasez and only little scatter, while the SAR-retrieved significant
wave 1 eights show a 5lmilar agreement with the modeled wave heights
for 211 and medium waves but an approximately 15% overestimatiom

for waves larger than about 5 m. More detalled analyzes using
spectral correlation and multi-peak spectral partitioning technigues
revezl differences for individual wave systems which can largely bhe
attributed to deficiencies in the wind fields. Although limited to =
first analysis of only a small subset of the available ERS-1 wave

mode data, this first investigation demonstrates the high quality of
ERS-1 SAR wave mode image spechtra and the considerable potential of
this data, once it has been incorporated in a general wind and wave
data assimilation scheme, for improving glcobal wind and wave

forecasts.

ASFA 1938-199¢6 63 of 373
Wave data assimilation in tThe WAM wave model
De-Las-Heras, -M.M.; Burgers,-G.; Janssen,-P.A.E.M.
J.-MAR.-SYST. 1995 vol. 6, no. 1-2, pp. 77-8%
Special lssue: Data Assimilation in Marine Science. PY: 1555
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AR: Hsing the adjoint tfechnigue, wave height data have been
assimilated into the third generation ocean wave model WAM, :
runsg pﬂratinnally at ECMWF. WAM describes the eveolution of a two-
dimensional wave spectrum and it is driven by surface winds. WAM
considers three source functions: wind input, dissipaticn by white
capping and non-linear wave-wave interactions between the different
components of the spectrum. The wind input term is taken from the
theory of Janssen (1991). According to this theery, the drag
cosfficient demends not only on the wind =zpeed but alsc on the wave
spectrum through the wave stress. Up to now, a cne-gridpoint version
of the adjeoint of the WAM has been constructed and tested. The
assimilation scheme optimizes the driving wind sequence. The
potential benefit of the scheme is investigated by performing some
idealized experiments

fa)
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frol in the MNorth Sea

r
All: Etala,fM.P., Eurgers,—G.*
20 J.-ATMOS.-CCEAN.-TECHNOL. 19%9%4 wvol. 11, no. &, pp. 1611-16Z4,
BY: 1221
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AB: The use of ccean wave data in new data assimilation techniques
prompted the development of & real-time quality control system for
wave height and wave period cobservations. Over the North 3Sea, a
relatively large number of wave cbservations, as well as a reliable
wave model, are available. Therefore, a varisty of tssts can b2 made,
allowing for a quite sophisticated wave-data quality control system.
The system uses some of the ideas of Gandin's comprehensive gquality
control. In particular, an ensemble of single-variate tests is used
instead of one large multivariate test, and data are not rejected and
thrown away in successive tests but can be rehabllitated until the
very end. Three months of data have been used to test the system. The
ucbi;;on, of the Dysb;m are found Lo agree with manual analyses. The

After quallty control, the reslduals of the quallty control tests
have almost Gaussian distributions.

ASFA 19885-~19%0 108 of 373
TI: The performance of the Canadian Spectral Ocean Wave Model (CSOWM)
during the Grand Banks ERS-1 SAR wave spectra valida tion sxperiment

All: Fhandekar,-M.L.; Lalbeharry,-R.; Cardone,-V.
20: ATMOSPHERE-OCEAN 1994 vol. 32, noo 1, pp. 31-60, PY: 1994

AB: CSCWM is Environment Canada's operaticnal wave model that is
operated daily at the Canadian Meteorological Centre (CMC
Montreal and is driven by surface winds generated by the re
weather prediction medel of CMC. For the duration of the Grand
:5-1 SAR wave spectra walidation field experiment, itwo versic
OWM--a first genervation {1G} version and a third generatlon (3G
ersion--were used 1in a hindcast mode to generate wave model
products. The evaluation suggests that both versicns of CSOWM
cerformed reascnably well and generated error statistics that were
quite comparable with those generated by scme of the operational wave
models presently implemented in national weather services of
countries. The results presented here have provided a degrse of
confidence in the use of CSOWM products for further analysis on SAR
data assimilaticn in wave models. )

ASFA 1G8B-19%6 108 of 373
TI: Effect of wave data mer:
wave enerqgy advectio
AU: De-Las-Heras M.; Burgers, -G.
CA: Royal thherlands Meteorological Inst., De Bilt (Netherlands)
S0: 19930 42 pp, PY: 1950
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AB: Simulated observaticns are assimilated into a simple wave modsl
in which only propagation is considered. The approach used t
assimilate them is called 'model fitting.' It laocks for the solution
of the model equaticns which hest fits the observations to the space-
time domain one is considering. It is  also reguired that th

deviation from 'a priori' knowledge {in this case the model initil

state) remains as small as possible, in some well specified sense
The method is based on the minimiration of a 5o called
function,' which is a quadratic function of the differences betwse
modeled data and cbservaticons on the cne hand, and betweoen modeled
and 'a priori' data on the other hand. The winimization of the cost
function i3 done by means of an iterative gradient-based descent
method. (DBGO}

SFA 1968-195e6 112 of 373
TI: Peal-time wave data guality control algorithm
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AF: Div. Oceancgr. Res., Royal Netherlands Meteorol. Inst., De Bilt,
Netherlands
S0: 1991 37 pp, PY: 1931

AE: Wave data guality control is a common practics in zlimatoiogical
or model verification applications, and it is based on both objective
criteria and human experience. Traditional wave models do not uss
wave chservations. Initial fields are retrieved only from wind
ficlde. Currently, new data assimilation techniques in wave models
are heing tested in corder to improve the forecast by assimilating
wave observations. This paper gives a first appreach to real-time
quality control of wave height and periocd chservations from ships,
bucys and platforms in the North Sea angd Norwegian Sea. The method
follows in a simple manner, the idea of Comprehensive Cuality Contraol
(CGC) first applied at the Hydrometecrolegical Center in Moscow and
already in practice at the National Meteorological Center in
Washingteon for height and temperature rawinscnde data. The principle
of the method is not to reject data by the appilcation of successi
checks, but to apply at least LwWo more ov less independent checks and
then evaluate the results by a so-called Decision Making Algorithm
{DMA). The ODMA can elther reject, accept, suspect, correct or
rehabilitate the data.

ASFA 1988-1929%¢ 13% of 373
TI: Data assimilation with a coupled wind-wave model.

AU: Heras, M.M.-de-las; Janssen,-FP.A.E.M.

50: J.-GEQPHYS. RES.-C—OCEANS. 19%92. wol. 97, no. ClZ, pp. 2
20270

PY: 1852

A first attempt to assimilate cbservations into a coupled wind-
model system is presented. A special feature of the wind model
at the drag coefficient depends on the wave age, re lecting the
dence of the air flow on the wave state. WUsually, both wind and
iata are assimilate. The assimilation is carried out by means of
adjsint technique. This coupled wind-wave data assimilation not
2 successfully both model fields, but their dynamical
is retained. Furthermcre, the assimilation of only wa
sults in encugh information on the atmospheric state at t
face that it can correct both wave and wind fields as wel
er, there is still some impact of the assimilation during t
st period. This persistence is found to be dependent on £
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relaxation time scale of the wind modsl, and alsc to be
to the =well decay time scale due to wave breaking. The

ations reveal the Iimpertance f both the coupling and the
nled wind-wave data assimilation scheme that has been developed.
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ASFA 1988-19CG6 141 of
TT: Validation and assimilation of Seasat al
using the WAM wave model.
AlU: Bauer,-E.; Hasselmann,-3.; H
g0: J.-GEQPHYS.-RES.-TC-OCEANS. 1
PY: 1532
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meter wave heights
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elmann, -K.; Graber,-H.C.
c 87

vol. 97, no. C8, pp. 12671-12

ABR: The mutual consistency of the Seasat global data ssts of
scatterometer winds and altimeter wave heights is investigated for
the complete Seasat period using the third-generation wave model WAN.
The wave muodel was driven by surface {1000 hPa; wind and surface
streze fields constructed by the Goddard Laboratory for Atmosphere
{GLR) by assimilation of the scatterometer winds in an atmospheri
model. For the 10-day period September 7-17 the intercomparison wa

m
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ended to two further scatterometer wind fields: a 1000-hPa
ssimilated wind field froam the Eurcpean Centre for Medium-Range
wWeather Forecasts and a subjectively analyzed 19.5-m-helght surface
wind field from the Jet Propulsion Laboratory. On the global average,
he modeled and cbservad wave heights agree reasoconably well. Regional
£
e}

ext
o

w

ences, however, can be large and sometimes exceed 40%. The
are attributed mainly to deficiencies in the forcing wind
fields. Low wind speeds are found to ke overestimated and high wind
speedsz underestimated by the Seasat scattercmeter algorithm. The
friction velocities of the GLA model are found to be significantiy
underestimated in the high-wind belt of the southern hemisphere. The
analysis demonstrates the diagnostic advantages of applying a wave
model for the quality assessment of satellite wind and wave data. A
preliminary wave data assimilation scheme is presented in which the
wave field 1s updated without changing the forcing wind field.
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BSFA 1985-1996 150 of 3
TI: Surface wave simulations during the Oc r s
AU: Graber,-H.C.; Caruso,-M.J.; Jensen,-R.E.

S0: MTS'-%1. AN OCEAN COOPERATIVE: INDUSTRY, GOVERNMENT, AND
ACRDEMIA. PROCEEDINGS. NEW ORLEANS CONVENTION CENTER, NOVEMBER 10-14,
1%91. pp. 15%-164, PY: 1501

3
orm in SWADE.

AB: This stndy describes hindeast simiiations of the surface wave
field with four different wind fleld specifications for an intense
storm in October 1920 during the Surface Wave Dynamics Expsriment
{SWADE}. The purpose of thesse simulations was to examine the

limitations of the spatial resolution in global wind fields
{nominally 1.25'}. Two high-resolution wind fields were cons tructed
oyar the SWADE aresa usin observations from a dense array of
wind/wave bucys. The predicted wave fields ferced with global winds
are compared with wave parameters obtained from the wind fields with
data assimilaticen. Evaluation of the model predictions  agains
measurements involved wind and wave parameters as well as the
directional wave field.

ASFA 1988-199%8 155 of 37
TI: Wave data assimilation in a 3rd generation. Wave prediction model
for the North Sea: An optimal control approach.
El: Devalk,-C.F.; Calkoen,-C.d.
‘2. Begeleidingscommissie Remote Sensing
22 3

C Delft (Netherlands)
50: 1990, 125 pp, RN: BCRS-B%-22 {BCRS iy

r
9223, FY: 1990

AB: An algorithm was developsd for assimilation of wave and wind data
in the numerical Wave Prediftion Model (WAM) with the purpose of

effectively using data from -1 and other satellites. Based an
glven requirements, wave datd assimilation was formalated as  an
optimal control problem: wind fislds are adjusted in order -
minimize a cost functlon, which penalizes differences betwe the

simulation and observations as well as deviations from the pre dlC ted
wind fields. A nonlinear approximation of the wave modsl is used in
the optimizaticn. The adjoint model 1s used to compute the gradient
of the cost functicn. These ideas were implemented in a data
assimilation scheme for a regional WAM model for the North Sea.
Results of the first tests show that the approach works: even large
errors in the driving wind fields can be corrected, and computational
reguirements are modest. (Sponscred in Part by Eec Prepared in
Cooperation with Delft Hydraulics Lab., Devoorst, Netherlands; Royal
Metherlandz Msteorclogical Inst., The Hague; and Rijkswaterstaat,
Delft, Netherlands.)
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AGFA 1988-19096 175 of 373
TT: Hindcasts and data assimilation studies with the WAM model during
the SEASAT period.
Ali: Janssen,-P.A.E.M.; Liocnello,-P.; feistad, -M.; Hollingsworth, -A.
an: J. GECPHYS. RES.-C-OCEBNS. 1989. wol. %4, no. C1, pp- 273-992
FY: 188%

D
D

AR: In the next decade a wealth of ocsan surface data will bec
available through the launch of satellites such az ERS 1. We discus
the problem of how to make optimal use of this data. We hav
investigated the benefits of having a coupled wind-wave analysis over
the oceans for guality assessment of zatellite data, for monitoring
the performance of the algoxlthm (e.g., for the scatterometer}, and
for producing ceonsistent wind and wave analyses. tsing a reliable
wave predicticon scheme, the WAM model, we show how to cross validate
altimeter wave height with scattercmeter data and how to construct an
analyzed wave model spectrum from the altimeter wave height. The
nalyzed wave spectrum mnay be cross-validated with the synthetic
perture radar image spectrum. implications for improvement of, for
zample, the SEASAT scattéeromefer algorithnm are pointed out.
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ASFA 1557-2000/09 200 of 373
TI: Spectral wave data assimilation for the prediction of waves 1n
the North Sea
&lr: Voorrips,-A.C.
o Coastal-Bnginesring {Coast-Eangl) 1999 wvol. 37, no. 3-4, pp. 455-
5%, PY: 1958

[&1]

AB: Spectral observations from pitch-and-roll bucys have been
accimilated in a North Sea wave model, in order to study their impact
on the wave analysis and feorecast. The assimilation is hased on
Optimal Interpolation (O0I) of a iimited number of characteristic
spectral paramsters. In =& cas study, the propagation of th;
corrections through the model domaln iz followed, and it is clari
for which wave conditions the data assimilation has the la
influence on the forecast: this is especially the case for
waves with long travel times between the assimilation site and
location where wvalidaticon is carried ount. A 1-year st has
carried out in which an analysis and subsequent fore ast w
produced four times a day From a statistical analysis <f the re
a modest but systematic improvement of the i2-h forecast 1is f«
When only swell casss are selected, the impact 15 mOre pronounce
is arqued that for shelf seas like the North Sea, more progress
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ASFA 1997-2000/09 20
: Bathymetry Assessment :yutem {BAS)
2lU: Wensink,-G.J.; Calkoern,—-C.J. ; Hesselmans, -G.H.EF.M.
5C: Third eurcpean marine science and tachneology conference, MAST-
o

conference, Lisbon, 23-27-May-19%8: Conference prﬁfﬁedA“gJ Barthel, -
K.G.-led.}; Barth,-H.-led.); Bohle- Carkbonell, .—fed.y; Fragakis,-CT.-
(ed Lipiatou, ~E.-(ed.}; Martln,mP.—\ed Cllier,-G.-(ed.);

ey ~M.—f{ed.) Luzembourg-Lusenbourg Europaan Commission-pDG-12-
Scienﬁe,—Research—anduDevelopment 1999 pp. 47-48, PY: 19990

ZB: Under normal metecrclogical and hydrodynamic conditions {(moderate
winds of 3 to 5 m/s and significant tidal currents of about 0.5 m
/sy, air- or space borne Synthetic Aperture Radar {SAR} imagery shows
features of the bottom topography of shallow seas. The imaging
mechanism of mapping sea bottom topography by imaging radar consists
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cf three stages. (1) Interaction betwsen (tidal) flow and bottom
topography results in modulations in the (surface) flow wvelocity.
This relation can be described by =zeveral models with an increasing
level of complexity: continuity eguation, shallow water equations,
and the Navier 3Stokes equations. {2} Modulations in surface flow
velocity cause variations 1in the surface wave spectrum. This is
modelled with fthe help of the action balance equation, using a
relaxaticon source terrn to simulate the restoring forces of wind
input and wave breaking. (3) Variations in the surfece wave szpectrurn
cause modulatlions in the level of radar backscatter. To compute the
backscatter wvariations a simple Bragg model can be used, but also
availakle are two-scale and first Ilteration EKirchoff (Hcolliday)
models. Based on the above three stage mechanisms, a suite of
computer models has been developed and operatioconalized at ARGOSE.
Models with different levels of complexifty and physical detail are
available for each step. These models deszcribe the flows, waves and
electromagnetic scatter and can be used for a quantitative analysis
of radar imagery. This suite of computer models generate the radar
backscatter given the bathymetry and the wind. In order to invert
this depth-radar backscatter relation, a data assimilation scheme has
been developed, minimizing the difference between the calculated and
the measured radar backscatter by adjusting the bottom topography.

BSFA 19497-2000/09 203 of 373
I: The bathymetry assessment system
Us Wensink,-G.J.; Hesselmans,-G.H.F.M.; Calkoen,-C.J.
C: Third suropsan marine science and technology conference, MAST-
conference, Lisbon, 23-27, May, 1995: Session report Seafiocr
characterisation, Ollier, -G.~{ed. )’ Cochonat, -P.—-{ed.} s Mendes-—
d.) Luxembourg-Luxzembourg European-Commission-DG-12-

Ly e -3

Victor,-L.-

(e
Science, -Research-and-Development 19%% pp. 49-54, PY: 1955

AB: In the presence of current and wind, submerged topographic
features of the sea bhed produce contrasts in radar images. These
contrasts can be guantitatively understoocd and modeled, based on
hydrodynamics and electromagnetic scattering theory. A sulte of
models has been developed based on the generally accepted imaging
mechanlism, which consists of three steps: (1) surface current
nodulation by the bathymetry, (2) modulation of the (small! wave
spectrum by wave-current interaction, and (3) radar backscattering by
the sea surface. In order to invert this depth-radar backscatter
relaticn, a data assimilation scheme has been developed. These
numerical models have implementesd, leading to the Bathymetry
Azzeszment System (BAS). An example of an application in the Dutch

coastal waters 1s presented.

ASFA 19%7-2000/09 216 of 373
TI: Annual validation of significant wave helghts of ERS-1 synthetic
aperture radar wave mode spectra using TOPEX/Poseidon and ERS-1
altimeter data
AU: Bauer,-E.; Heimbach,-P.
S0: Journal-of-Geophysical-Research-C-Coeans [J-Geophys-Res-C-0ceansz)
1992 vol. 104, no. T6, pp. 13,345-13,357, PY: 1999

AB: Significant wave heights retrieved globally during 19%4 from low
bit rate imagette spectra of the synthetic aperture radar (S2R)
operating in the intermittent wave node (SWM) onboard the first
Eurcpean Remote Sensing (ERS-1})  satellite (H super{s) sub(s)
super (W) ) are validated using independent, bucy-validated satellite
altimeter data fram TOPEX/Poseidon (H super{t) sub{s} superi{op); and
ERS5-1 (H super(e) sub(s; super(rs)). H super(s) sub(s) super(wm) is
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retrieved using the extended inversion algorithm of the {ully
nonlinear wave-to-SAR spectral integral transform [Hasselmann et al.,
159¢]. The statistical comparison shows that globally retrieved H
super (s) subi{s) super{wm) agree remarkably well with collocated data
of both altimeters. Histograms of global H superis} sub(s) super (wm)
are well approximated by the wuniversal lognormal distribution
function. 2 small but systematic underestimation of H super(s) sub(s}
super (wm) with respect to both altimeters by 0.1 m 1s noticed. This
bias is s=mall compared to the uncorrelated root-mean-square {(rms}
deviation of 0.5 m. The underestimation coriginates from
underestimations of the high sea states dominated by wind sea. The
entire range of swell waves of H superis) subi{s) super{wn), however,
corresponds very closely to H super(t) subi{s) super{op). Thus the
high accuracy of SWM-retrieved swell wave heights substantiates their
ty for model wvalidation and for operational wave data
ion. To achieve also reliable estimatesz of the high seca
states, the ccombined analysis of wave and wind data from both
modeling and observation is the most promising approach.

ASFA 19597-2000/09 222 of 373
TI: Wave data assimilation with the Kalman filter
AU: Voorrips,-A.C.; Heemink,-A.W.; Komen,-G..J.
50: Journal-ocf-Marine-Systems {J-Mar-Syst} 19599 wol. 19, no. 4, pp.
267-291, PY: 199%

AR: A new data assimilation method for ocean waves is presented,
based on an efficient low-rank approximation to the Kalman filter.
Both the extended FKalman filter and a truncated second-order filter
are implemented. In crder to  explicitly estimate past wind
corrections based on current wave measurements, the filter is
extended to a fixed-lag Kalwan smocther for the wind fields. The
filter is tested in a number of synthetic ezxperiments with simple
geometries. Propagation experiments with errors in the boundary
condition showed that the KF was able to accurately propagate
forecast errors, rasulting in spatially wvarying error correlations,
which would be impossible to model with time-independent assimilation
methods like ©0I. BAn explicit comparison with an ©I assimilation
scheme showed that the KF also is superior in estimating the s=a
state at some distance from the observations. In experiments with
errors in the driving wind, the modeled error estimates were also in
agreement with the actual forecast errors. The bias 1in ths ate
estimate, which is introduced through the nonlinear dependence of the
waves on the driving wind field, was largely removed by the se
order filter, even without actually assimilating data. Assimilation
of wave observations resulted in an improved wave analysis and in
correction of past wind fields. The accuracy of this wind correction
depends strongly on the actual place and time of wave generation,
which is correctly modeled by the error estlmate supplisd by the
Falman filter. In summary, the KF approach is shown to be a reliable
assimilation scheme 1in  these simple experiments, and has the
advantage over ofther assimilation methods that 1t supplies explicit
dynamical error estimates.
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ASFEZ 1997-2000/00 229 of 373
TI: Validation of NCEP's ocean winds for the use in wind wave models
AU: Tolman,-H.L.
50: Glokhal-Atmosphere-and-Ocean~-System [Glcbal-Atmos-COcean-Syst] 1998
vol. 6, no. 3, pp. 243-268, PY: 1998

AB: The quality of analyzed ocean surface winds from the Glcohal Data
Assimilaticon System (GDAS) and forecasted winds from the early aor

142



‘aviation® cycle of the global medium range forecast model (AVN] of
the National Centers for Environmental Prediction (NCEP) is assessed
as part of a validation study of a new wave forecast system. This
validation is performed using conventional bucy data and satellite
retrieved wind spoeds from the ERS1 altimeter and scattercmeter. Both
GDAS and AVN wind filelds are shown to include moderate systematic
biases, for which statistical corrections based on both satellite and
buoy data are presented. Furthermere, buocy data are shown not to be
representative for a global validation study. The altimeter data are
potentially of significant importance for wave model validatlonsz, as
they include collocated wind and wave measurements. The altimeter
winds, however, are shown to be seriocusly contaminated by ths
development stage of the wave field. As it does not appear to be
possible to remove this contamination, altimeter wind data should not
be uszsed in the validation of wave models.

ASFA 1997-2000/09 271 of 373
TI: An optimal interpolation schems for the assimilation of spectral
wave data
AU: Hasselmann,-5.; Licnello,-P.; Hasselmann, -K.
SC: Journal-of-Geophysical-Research-C-Oceans [J-Geophys-Res-C-Dceans]
1867 vol. 102, npo. C7, pp. 15,823-15,826, FY: 1897

AB: An optimal interpolation scheme for assimilating two-dimensional
wave spectra is presented which is based on a deccmposition of the
spectrum into principal wave systems. Each wave system is represented
by three characteristic parameters: significant wave helghi, nean
propagation direction, and mean frequency. The spectrum is thereby
reduced te a manageable number of paramsters. From the correcticon of
zea =system a correction of the local wind is derived. A 2-
month test of the system using wave spectra retrieved from EBRS L
synthetic aperture radar wave mode data in the Atlantic yielded
consistent corrections of winds and waves. However, the oorrscted
wind data alone, although valuakle in identifying wind errors in
critical high wind speed regions, are too sparsely distributed in
space and time to be used in isolation and need to be combined with
cther data in an atmospheric data assimilation schemse. This
emphasizes the need for the development o©f combined wind and wave
data assimilation schemes for the optimal use of satellite wind and

wave data.

the wind-zca =sv
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