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The U.S. Naval Academy’s Oceanography Department hasthe largest undergraduate physical oceanography program
inthenation. Theprogramisanchored by only fivetenuretrack faculty and complemented by six rotating military faculty and one
externally-funded research faculty. Their combined meteorol ogy and oceanography (METOC) scientific and pedagogical research
productivity, especially when teamed with midshipmen, was quiteimpressivefor the 1999-2000 research year.

Led by Associate Professor David R. Smith, the department commenced itsresearch efforts by hosting its sixth Maury
Project summer workshop in July 1999. Twenty-six K-12 science teachers from across the nation were introduced to physical
oceanography teaching methodologies. Physical oceanography isrecognized by pedagogical researchersasbeing moreattractive
to K-12 studentsthan the moreintimidating topics of physics, mathematics, and chemistry; yet it includes applicationsof dl these
fields. Thusthese K-12 teacherswill use physical oceanography to get their students excited about science and mathematics.

Fourteen midshipmen weredirectly involvedin METOC research. Their research projectswere cooperative effortsby
the midshipmen and their research advisors. The projectsintroduced the midshipmen to the excitement and responsibility of data
collection and analysis, aswell as exposing the midshipmen to independent scientific thought and eval uation. At theend of each
semester, these midshipmen presented their results to the department’s faculty in aformal presentation. As aresult of these
efforts, severa midshipmen went on to deliver oral and poster presentations at scientific conferences.

The annual Oceanographic Yard Patrol (Y P) Summer Cruise aboard Y P686 was conducted in June 2000. Thiscruise
continued in its second year of acquiring research-quality datafor two of our faculty. Datawill be used to support publishable,
refereed research.

All civilian faculty continued their strong research effortswith multiple articles submitted for publication.

Sponsor ed Resear ch

Development of Specificlon Probesfor Usein Seawater
RESEARCHER: Professor John W. Foerster
SPONSOR: Naval Research Laboratory (NRL)

Research was conducted into devel oping polymer based specific ion probes for detecting chromium (V1) and lead in
seawater. Both diphenylcarbizide (for Cr) and dithi zone (for Pb) dyeswasincorporated into anionomeric membrane (Nafion) and
atest developed for measuring these trace metal contaminants. This project is relevant to Navy environmental projects and
shipyard contamination monitoring.

Use of aNafion MembraneProbefor Quick, On-the-Spot Deter mination
of lonic Copper Contamination L evelsin Natural Waters
RESEARCHER: Professor John W. Foerster
SPONSOR: Department of Defense (DoD)

Strategic Environmental Research and Devel opment Program

A magjor source of trace metal contamination in the marine environment isthe copper containing anti-foulant paintson
ship hulls. An anti-fouling paint containing copper (1) presents a challenge to the environment because its design is to leach
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continuously over aperiod of time. Thisstudy tests the hypothesisthat the organic molecule, 2,9-dimethyl-4,7-diphenyl-
1,10-phenanthrolinedisulfonic acid (Bathycuproinedisulfonic acid = BCS) is a reliable chemical to use in developing a
sensor capable of measuring copper (1) in seawater. The purposeisto acquaint environmental users and managers with a
system easily used to determinelevel s of copper contamination. A sensor system that will measure trace metal contamination
quickly will help in the deployment of remedial methodsto avert an environmental problem. The sensor must have

- partsper billion (ppb) detection limits,
- environmental immersion capability, and
- the ability to detect the copper (1) oxidation state.

Results of this study show copper oneleaching at arate of 1.2ppb/hour. After 2 hours Cu (1) beginsto convert to
copper (11). Bothionsaretoxic above very low ppb concentrations (<5.0ppb). Initially for thefirst 2 hoursyou have 100%
copper (1) leaching into thewater and by 20 hourstheratio is 38% copper (1) to 62% copper (11). The BCS chemical isaquick
and relatively easy way to determine the concentration of copper (I) in marine and estuarine waters.

PROBE (Plankton Resear ch on Bay Environments)
RESEARCHERS: Professor John W. Foerster and Captain Dennis J. Whitford, USN
SPONSOR: USNA Oceanography Department as part of Summer Cruise Program

Currentsare the most potent factor in the mixing water. Thisisimportant because nutrients are depleted in the surface
layersof thewater and the currentswill replenish thesefrom depth. You canthink of the Chesapeake Bay asalarge mixing bowl.
Currents from the ebb and flood of the tide, and from the inflowing freshwater create a mixing interface. Ecologists call this
interfacethe edge effect (ecotone). Thisisazonewheretwo different environments mix together. Thebiological productivity is
greater inthe mixing areathan in either of the environments on either side of theedge. 1n the case of the Chesapeake Bay, itisa
typeii salt-wedgeestuary. The predominant flow istida which suppliestheenergy and turbulence necessary to mix theinflowing
waterswith the outflowing waters. In the Chesapeake Bay, the mixing zone extendsfor 216km (180 mi). Thisdevelopsalong,
horizontal region of mixing. How thetidal currentsinteract and mix thewatersispart of this study.

PAPA - Pipeline Automated Planning Aid I |
RESEARCHER: Professor Peter L. Guth
SPONSOR: U.S. Army Quartermaster School

Thiswork has added a pipeline planning tool to the TerraBase Il program. The tool allows graphical selection of a
pipelinerouteusing digital NIMA map data, and then computesthe required locationsfor pumping stations, overpressurerelief,
andthelogistica requirementsfor the pipeline. Thetool hasbeen usedinreal world planning for pipeline requirements, and will
be taught in the courses at the Quartermaster school.

TerraBasell: Computerized Terrain AnalysisTraining System
RESEARCHER: Professor Peter L. Guth
SPONSOR: U.S. Army Engineer School

TerraBase |1 is a training system to expose soldiers to the nature and types of digital terrain data, procedures for
visualizing terrain, and integrating terrain into tactical planning. The program runs on standard desktop, |aptop, and notebook
computers with the Windows 95, 98 or NT operating system, and uses standard terrain data from the National Imagery and
Mapping Agency. The program providesbase mapsfor tracking situation, terrain computations (e.g. line of sight, dopefor cross
country mobility, sunrise/sunset), and 3D visualizations. The program integrates digital elevation models and satellite imagery.
This year's work greatly increased the number of data sets the program used, increased the number of display and analysis
options, and improved display capabilities. In particular the display optionsfor vector map datawere greatly improved.
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Thelnfluenceof Dynamicsand Thermodynamicson the Diagnosisof Marine Atmospheric

Boundary Layer Statisticsby Synthetic ApertureRadar
RESEARCHER: Assistant Professor Todd D. Sikora
SPONSOR: Officeof Naval Research (ONR)

An agorithm for calculating marine atmospheric boundary layer statistics from synthetic aperture radar (SAR) 10m
neutral wind imagery inthe presence of convectionistested on 6 Radarsat images. The 6 Radarsat imagesare scenesfrom off the
East Coast of the United Statesduring the cold air outbreaks. Comparisons are made between theresultsfor the Okukhov length
of the SAR agorithm and those from a bulk flux algorithm, which uses corresponding buoy data as input. In generd, the
agreement isbetter, themore unstable the surfacelayer isdefined by the Bulk Richardson Number. Deviationsare better, themore
unstablethe surfacelayer asdefined by the Bulk Richardson Number. Deviationsrangefrom 23% to two ordersof magnitude. It
is hypothesized that the effects of non-surface forced convection such as cloud radiative cooling and precipitation evaporation
can lead to the SAR algorithm out performing the bulk flux agorithm. Potential sources of error for the SAR algorithm
are discussed.

TheMaury Project - Exploring the Physical Foundationsof Oceanogr aphy
RESEARCHERS: Associate Professor David R. Smith
with |.W. Geer (American Meteorological Society)
SPONSORS: Commander, Naval Meteorology and Oceanography Command,
NOAA National Environmental Satellite,
Dataand Information Service, and the Office of Naval Research (ONR)

The Maury Project is ateacher enhancement program on the physical foundations in oceanography for pre-college
educators. Each year approximately twenty-six teachers are brought to the United States Naval Academy to attend a summer
workshop where they learn about fundamental concepts in physica oceanography. This includes a combination of lectures,
hands-on laboratory exercises, field experiences, and tours of oceanographicfacilities. Upon completion of the summer workshop,
these teachers return to their respective states where they conduct peer-training sessions for other teachers using materials
developed by project staff.

Water intheEarth System
RESEARCHERS: Associate Professor David R. Smith
with |.W. Geer and J.M. Moran (American Meteorological Society)
SPONSOR: National Science Foundation (NSF)

Water in the Earth System is a teacher enhancement program on the role of water and water processes in the Earth
system. Thisisadistance-learning course which usesthe Internet to deliver instruction to pre-college educators. This summer,
35teacherswill be brought to Annapolisto attend asummer training workshop where they learn about fundamental conceptsin
meteorology, physical oceanography, and hydrology. Upon completion of the summer workshop, these teacherswill return to
their respective stateswherethey will serve astheleadersfor thelocal implementationteamsthat will mentor other teacherstaking
thedistancelearning course. Thisyear the initial training workshop was planned.

A Study of Water Quality intheDouro River Estuary (Portugal)
RESEARCHERS: Associate Professor Mario E.C. Vieiraand A. Bordal o (Porto University)
SPONSOR: Porto University (Portugal)

Based on the data collected in 1994 and a box mode of the hydrodynamics of the Douro River estuary, exchange
coefficients are estimated. Fluxes throughout the estuary are computed for the following parameters: chlorophyll, bacteria,
planktonic viruses, nutrients, and ammonia.
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Internal Tidesin the Setabal Canyon (Portugal)
RESEARCHERS: Associate Professor Mario E.C. Vieira, LCDR F. Coelho PN,
and A. Clemente (Portuguese Hydrographic Institute)
SPONSOR: Portuguese Hydrographic Institute

The Settibal submarine canyon startsits descent through the narrow Portuguese continental shelf at depths of about 50
m, attaining abyssal depths of 4000 m after running for about 100 km. This investigation focuses on the hydrodynamics at the
head of the canyon and adjacent shelf through the analysis of hydrographic data taken by the Hydrographic Ingtitute. The
hypothesisisthat tidal and atmospheric forcing determine theinjection of energy from the open ocean into the canyon and onto
the shelf, whereupon the vertical structure of the column responds at inertial and subtidal frequencies. A linear model isgiving
encouraging results. Thisisan ongoing project, started during thefirst investigator’s sabbatical in spring 1998.

A Study of theL ower Douro River Estuary (Portugal) DuringOneTidal Cycle
RESEARCHERS: Associate Professor Mario E.C. Vieiraand A. Bordal o (Porto University)
SPONSOR: Porto University (Portugal)

Observations of salinity, temperature, currents and oxygen concentration are made at 6 stations spread throughout the
lower Douro estuary over onecompletetidal cyclein May 2000. Longitudinal cross-sectionsof density and vel ocity elucidatethe
behavior of the salt wedge during alow river flow regime. Vertical profilesallow the study of stratification and itsrelationship to
tidal forcing. Diffusive coefficientsare calcul ated.

| ndependent Resear ch

Testingthe Extraction of Marine Atmospheric Boundary L ayer Statisticsfrom Synthetic
ApertureRadar Using Comparisonswith Bulk Statistics
RESEARCHER: Assistant Professor Todd D. Sikora

An agorithm has been devel oped to extract marine atmospheric boundary layer statistics, such asthe Obukhov length
and the surface buoyancy flux, fromwind imagesderived from RADARSAT synthetic apertureradar (SAR) data. Theagorithm
has been tested against bulk-derived statistics from coincident buoy datafrom off the east coast of the United States. Agreement
isencouraging. Therateof acquisition of RADARSAT SAR-derived wind imagery availableto theinvestigators of the proposed
researchisscheduled toincrease. Imagery will be available over the Gulf of Alaskaaswell asoff theeast coast of the United States
in conjunction with the National Oceanic and Atmospheric Administration-sponsored Storm Watch program. Therefore the
potentia for robust testing of the SAR algotithm will exist. It is proposed that this testing take place. The proposed research
should beviewed asatest of an algorithm that, if successful, can compete with the bulk estimates of MABL statisticsfrom buoy
data. Questions to be addressed include the influence of the surface wave state, the synoptic and mesoscale meteorological
environment, pixel size, and the averaging window size of the SAR wind imagery on the performance of the SAR agotithm.

Synthetic Aperture Radar asaTool for Investing Polar M esoscale Cyclones
RESEARCHER: Assistant Professor Todd D. Sikora

Polar mesosca e cyclones are intense vortices that form in cold, marine air masses poleward of mgjor jet streams and
frontal zones. Synthetic aperture radar (SAR) should be considered as apotential tool for the study of polar mesoscale cyclones
because of itsability to remotely sense, at |east quditatively, the high-resol ution near-surface wind field independent of daylight
and cloud conditions. Four case studies demongtrating this ability are presented. SAR imagery from the Canadian Space
Agency’sRADARSAT are compared to corresponding infrared imagery, surfaceanalyses, and upper-air analyses. Inthreeof the
four case studies, it isargued that the addition of SAR imagery to the process of generating amanual surface analysiswould have
lead to abetter product. Moreovey, it isdemonstrated that the SAR imagery revealsahost of marine-meteorological phenomena
in the vicinity of the polar mesoscale cyclones including atmospheric gravity waves, roll vortices, and cellular convection.
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Because of the high-resolution attributes of SAR imagery such as those demonstrated in the present research, SAR shows
promiseto aid theforecaster and researcher in the study of marine-meteorol ogical phenomenasuch as polar mesoscale cyclones.

Observationsof a Progressive War m-Fresh Oceanic Front

and aCool-Moist Atmospheric Front at Duck, North Carolina
RESEARCHER: Assistant Professor Todd D. Sikora

This paper presents aunique set of observations of nearly coincident and progressive oceanic and marine atmospheric
boundary layer (MABL) frontsin a coastal zone. The event was observed during the afternoon of 12 May 1996 at the United
States Army Corpsof Engineer, Coastal Engineering Research Center, Field Research Facility pier at Duck, North Carolina. The
oceanic front was warm and fresh. Current and sea surface roughness variability accompanied the oceanic front. A marked
MABL front preceded the oceanic front by severd minutes and had characteristics of a sea breeze front. This MABL front
separated warmer and dryer pre-frontal air from cooler and moister post-frontal air. Wind vector and sea surface roughness
variability accompanied the MABL front. Radar backscatter from the sea surface is combined with supporting data to identify
each front and calculate its corresponding velocity. Variations in radar backscatter from the sea surface across each front are
compared to corresponding variationsin wind speed, wind direction, and air-seatemperature difference.

Using Synthetic ApertureRadar inthe Forecasting of Polar M esoscale Cyclones
RESEARCHER: Assistant Professor Todd D. Sikora

The unpredictable weather and lack of in situ datain the Bering Sea warrants the experimentation with new forms of
forecasting toolsin the region. Synthetic aperture radar (SAR) iswell suited for use in weather prediction in the Bering Sea
becauseitsradiation is mainly unattenuated by the atmosphere, can be used day or night, and can image the effects of the near-
surfacewind ontheocean surface. Of particular interest isthe ability of SAR toimage polar mesoscalecyclones(PMCs). These
storms can form unexpectedly and contain winds that are dangerous to unsuspecting vessels at sea. SAR is currently being
introduced to the National Weather Service Forecast Office Anchorage (NWSFOA) along with products derived fromit. Asa
precursor to their use of the data, a meteorologist at NWSFOA was asked to produce a surface reanalysis for three days when
SARimaged PMCs. Theresultsshow that in these cases, the SAR dataled to asignificant difference betweenthe origind surface
analysis and the reanalysis.

Satellite Synthetic ApertureRadar Signaturesof Deep Atmospheric Convection
over theAtlantic Ocean
RESEARCHER: Assistant Professor Todd D. Sikora

A case study of aparticularly severe cold air outbreak over the North Atlantic Ocean isdescribed. Nearly coincident
RADARSAT satellite synthetic apertureradar and NOAA satellite Advanced Very High Resol ution Radiometer imagery illustrate
many interesting features of thiscold air outbreak asit spread from the northeast coast of the United Statesto the Gulf Stream. In
addition, National Weather Service rawinsonde data, National Data Buoy Center buoy data, and Woods Hole Oceanographic
Institute Coastal Mixing and Optics mooring data are presented in support of a conceptual model of the marine atmospheric
boundary layer processesinvolved in this outbreak. This conceptual model shows how this caseis similar to that of acold air
outbreak over the Great Lakes. The clouds begin to appear some distance offshore and then increase in horizontal extent inthe
downwind direction, with a subsequent jump in size downwind of the Gulf Stream north wall. The SAR provides vauable
information about the spatial scale of the eddies that aids in the interpretation of this case study.
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Gravity WavesCan Directly Influence Surface-L ayer

Wind Stressin aConvective Boundary L ayer
RESEARCHER: Assistant Professor Todd D. Sikora

Atmosphericinternal waves(called“gravity waves’ here) have been observed at al levels of the atmospherewherethe
air is stably stratified. Indeed, a region of stable stratification has been generally considered a prerequisite for not only the
production but also the support of significant wind variations associated with gravity waves. Therefore, it should bedifficult for
gravity wavesto manifest themsalvesin deep, well-mixed regions of the atmosphere such aswithin ahighly convective atmaospheric
boundary layer. Here, we show two case studies over Lake Superior that indicate the superposition of terrain-forced gravity
waves on ahighly convective boundary layer during cold air outbreaks over Lake Superior. Thefirst containsthe superposition
of gravity waves and cellular convection; the second contains the superposition of gravity waves and roll convection. These
case studiesare based on analysisof nearly coincident Advanced Very High Resolution Radiometer (AVHRR) and RADARSAT-
1 Synthetic Aperture Radar (SAR) imagery, along within-situ profile measurements. The simultaneous presence of gravity waves
and convection isevident in both cloud patterns captured by AVHRR imagery and in lake-surface roughness variations captured
by the SAR imagery. Of particular interest isthefact that wind variations associated with the gravity waves manifest themselves
not only in the inversion where these features are generated - but also as surface wind speed variations on the surface of Lake
Superior at the base of the convective boundary layer, where the atmosphereiswell-mixed.

Resear ch Cour se Proj ects

Differ encesin Bulk and Satellite-Derived SST and their Relation

to Air-Sea TemperatureDifference
RESEARCHER: Midshipman /C Andrew Ceniseroz, USN
ADVISER: Dr. Kenneth S. Casey
(Commander, Naval Meteorology and Oceanography Command Research Chair, CNMOC)

In situ observations extracted from the 1998 World Ocean Database containing air temperature and in Situ seasurface
temperature (SST) were collocated with satellite-derived skin SST from the Advanced Very High Resol ution Radiometer Pethfinder
algorithm to correlate air-sea temperature difference (ASTD) with skin-bulk SST differences, in an attempt to determine the
relationship between ASTD and skin-bulk SST differenceonaglobal scale. Resultsindicatethat if theair temperatureiswarmer
thantheinsitu SST (negative ASDT), then the satellite-derived skin SST isgreater thanthein situ SST (positive Pathfinder bias).
Conversdly, if theair temperatureiscooler thantheinsitu SST (positive ASTD), then the satellite-derived skin SST islessthanthe
in situ SST (negative Pathfinder bias). The dataset is analyzed for seasonal and latitudinal variations of thisrelationship. The
relationship between bulk-skin SST differences and ASTD is compared to Similar data from May and Holyer (1993) and an
evaluation of the Pathfinder algorithm is discussed.

Mathematical M odeling of Atmospheric Gravity Waves
RESEARCHER: Midshipman 1/C James Cook, USN
ADVISER: Associate Professor David R. Smith

Scientific research frequently utilizes mathematical models to improve comprehension of complicated processes.
Atmospheric gravity waves, free oscillations between density stratified layers, are one meteorol ogical phenomenon that benefit
from modeling techniques. They play a significant role in the atmosphere’'s energy balance and produce clear air turbulence.
These wave interactions within the boundary layer are of special interest to weather analysts and the public at large. Beginning
with the fundamental equations of motion and founding assumptions, solutions for gravity waves horizontal and vertical
velocitiesare derived. Two dimensional component velocitiesare plotted over timewith the Mathematicaprogramto gaininsight
into gravity waves characteristic behavior.
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Computer-Aided Visualization and Animation of Ocean Wave Dynamics
RESEARCHER: Midshipman 1/C CharlesF. Gould, USN
ADVISER: Captain DennisJ. Whitford, USN

Ocean wavesare the most recognized phenomenain oceanography. Students majoring in oceanography first encounter
the complex mathematical theories of these surfacegravity wavesin upper level undergraduate and lower level graduate courses.
Linear wavetheory isthe simplest theory which mathematically model sthese waves, yet its complex mathematical equationsare
often difficult and confusing to students. This difficulty is due to linear wave theory’sinherent dependence on time and space
alongwithitsmixtureof linear, hyperbolic, and trigonometric functionsinitsequations. Asaresult, verbal descriptionsand two-
dimensional illustrations are often insufficient for in-depth student comprehension. Thus, computer-aided visualizations and
animations are awel come pedagogical supplement to traditional methods of instruction.

WewroteaMATLABY software program to compute, visualize, and animate various ocean wave dynamicstopicsfor
ingtructional purposes. These topics include: water particle orbital paths, displacements, velocities and accelerations; static,
dynamic and total sub-surface pressures; and velocity potentials and streamlines. By using our provided computer code, others
may producethesevisualizations of ocean wave dynamicswithout thebenefit of an extensivebackground in computer programming.

AnnapolisHurricaneHaven Study
RESEARCHER: Midshipman 1/C Joseph J.Kato, USN
ADVISER: Commander Raymond M. Robichaud, USN

The U.S. Navy recognizes the hazards that severe weather presents to ships in port. To minimize these hazards, the
Marine Meteorology Division of the Naval Research Laboratory (NRL) periodicaly evaluates major portsfor hurricane haven
suitability. The goa of the Annapolis study is to provide guidance in assessing a hurricane's threat and likely impact on the
Annapolisareato give captains an informed choice of options. The study includes useful port and climatology information, and
model data that is presented to facilitate better understanding of a given situation. The climatological and model data was
prepared by NRL. Interpretation of the data resulted in the following conclusion: athough hurricanesrarely influence the area
with severe weather, Annapolis should not be considered a haven. Should a major tropical cyclone pass close by, shipsin the
main anchorage woul d experience excessivewinds. In the constricted channel of Chesapeake Bay, the danger of dragging anchor
would necessitate movement of the ships from Annapolis.

Differencesin Bulk and Skin SST and Their Relation to Wind Speed
RESEARCHER: Midshipman 1/C Peatrick C. Marvil, USN
ADVISER: Dr. Kenneth S. Casey
(Commander, Naval Meteorology and Oceanography Command Research Chair, CNMOC)

In situ observations extracted from the 1998 World Ocean Database containing wind speed, bulk SST, and other
parameters are collocated with satellite derived skin SSTs from the Pathfinder + erosion dataset in an attempt to correlate wind
speed with bulk-skin SST differences. Thiscollocation processyieldsadataset for theyears 1985 through 1990 that coversalarge
portion of theglobe. Thisdataset isanalyzed for trends between wind speed and bulk-skin SST differences. Overall satisticsfor
all observations show no clear relationship.

Observations separated by day and night then grouped separately by |atitude and month indicate daytime satellite skin
SSTstend to bewarmer than their corresponding bulk SSTs, whilenighttime satellite skin SSTsare colder during low wind speed
conditions. Overall daytime bulk-skinSST bias (-0.03 degree C) is negative whilethe nighttime bias (0.15 degree C) ispositive,
consistent with adiurnal heating and cooling of the skin. At higher wind speeds the bias difference between day and night are
much smaller, indicating that the wind disrupts the skin and reduces the diurnal effect.
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Thelnfluenceof Surface Waveson M omentum Exchange
RESEARCHER: Midshipman 1/C Timothy McGeehan, USN
ADVISER: Lieutenant Michiko J. Martin, USN

Aswind blows over the surface of the ocean, there is an exchange of momentum. This momentum flux can be only
calculated directly by thedirect covariance method, whichisasimplecalculation of the Reynolds stress. However, measuring the
datathat make up theinputsfor thismethod isdifficult to do on amoving platform, such asaship at sea. Therefore, several other
methods have been introduced to model the momentum flux using more easily measured variables. The bulk aerodynamic method
andtheinertia disspation method aretwo of thesemethods. Using MATL AB and data collected by the Woods Hole Oceanographic
Institution as part of the Coastal Mixing and Optics Program for the Office of Naval Research, these two model swere simulated
to determine the momentum flux for selected cases of rising and decaying seas. These results were compared to those obtained
by the direct covariance method, which was used asabasdline. 1t was postulated that the bulk aerodynamic method would give
skewed data due to the Charnock constant within it which assumes a fully developed sea, and the inertia dissipation method
would be affected by the similarity theory onwhichit relies. It wasfound that both methodswould be affected by the similarity
theory onwhichit relies. It wasfound that both methods performed better for cases of rising seasthan they did when compared
to results using the whole record. The methods both gave similar momentum flux estimates to the whole record in cases of
declining sess.

AnomalousCloud Linesover the Chesapeakeand Delawar e Bays
RESEARCHER: Midshipman /CErin O’ Marr, USN
ADVISER: Assistant Professor Todd D. Sikora

Anomalous cloud lines over the Chesapeake and Delaware Bays have been observed in numerous National Oceanic
and Atmospheric Administration Advanced Very High Resolution Radiometer (AVHRR) images. These cloud linestend to be
oriented along thelong-axis of the baysand stand out as being fundamentally different in shape and brightnessfrom neighboring
clouds. The Ocean Remote Sensing Group at the Johns Hopkins University Applied Physics Laboratory has archived AVHRR
images covering the Chesapeake and Delaware Bayssince 1996. Two yearsworth of thisdatahasbeen reviewed and 75 cases of
anomalous cloud lines associated with the Chesapeake and Delaware Bays have been found. We choseto concentrate this study
ontwo robust cases. Thefirst caseisfrom 11 October 1996 and the second isfrom 23 October 1998.

Local National Wesather Service Forecastersareaware of these cloud linesand they have speculated that the phenomena
aretheresult of thermal plumesover the Baysduring cold-air outbreaks. Whilethishypothesisisplausible, thereisevidencethat
the cloud lines are anthropogenic in nature. We believe the cloud lines are ship-induced. We have connected the origins of the
cloud linesin our case studies to diesel shipstransiting up the Bays. Additiona evidenceis periodic geometrical irregularities
found within severa of the cloud lines and the up-bay growth of several of the cloud lineswith time.

Thelnfluenceof El Nifioand LaNifiaon Tornado Occurrencein theUnited States
RESEARCHER: Midshipman 1/C Adam Rosensweet, USN
ADVISER: Associate Professor David R. Smith

El Nifioisaphenomenonthat hasfar reaching implicationsfor global climate. Itinfluencesawiderange of meteorologica
and oceanographic occurrences, but the totality of its effects are not yet fully understood. This paper examines the effect of El
Nifio upontornado formationin the United States. A comparison of annual tornado frequency datafrom yearswith high, low, and
moderatelevelsof theMultivariate El Nifio Index provides evidence of acorrelation between ENSO and the number of tornadoes
within the country. Annual tornado frequency wasfound to increase during El Nifio years. Thisresult wasespecialy trueinthe
Midwest, the region often referred to as “Tornado Alley.” Additional research about tornado intensity and the relationship
during La Nifiayears should be conducted to compl ete the entire picture of thisrelationship.
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Publications

FOERSTER, JohnW., Professor, “ Copper Sensor System for Unattended Marine Operations||. Development of aPolymer Sensor
andFidd Tests” SPIE. 3856:128-139.

A magjor source of ionic copper [Cu(l) and (I1)] trace metal contamination in the marine environment is the copper
contai ning anti-fouling coatings on ship hulls. Tracing this contamination is difficult because theionic copper released
from these coatings complexesrapidly with organic and inorganic ligandsin thewater column. Thisresearch examines
the potentia for using the organic dye 2,9-dimethyl-4,7-di phenyl-1,10-phenanthroline (Bathocuproine=BCP) embedded
in the ionomeric polymer, Nafion 117, asasensor for quickly measuring ionic copper in seawater. Results show the
Nafion 117 containing BCP measures Cu(l) within 17% of measurements made with the Standard M ethod bathocuproine
di-sulfonic acid (BCS) procedure. To measuretotal ionic copper with the membrane probe, thereductant, hydroxylamine-
hydrochloride, is added to the sample. The use of the polymer with Bathocuproine (BCP) allows for arapid optical
measurement. Response times depend on the size of the membrane used. Presently, the optical comparator using a2 x
3 cm (6cm?) membrane takes 20 minutes to develop color. A comparator has no electronic parts and requires only a
comparison of color depth to determine the level of ionic copper in the sample. This makes it useful for monitoring.
Therefore, the Nafion 117 polymer impregnated with Bathocuproine (BCP) isarapid method useful for detectingionic
copper released into the marine environment.

FOERSTER, John, W., Professor, “ Runoff Induced Hazardous Algalblooms,” The People, The Coast, The Ocean-Vision 2020
ASCE Coastdl Zone 1999, pp. 241 - 244.

Coadtal zone managers and regulators need a rapid analysis tool to assist in decisions concerning hazardous algal
blooms (HAB). In recent years, the HAB have become a more frequent coastal zone problem. Many scientists and
managers assume an HAB is a function of increased loading of the coastal marine environment with nitrates and
phosphates. They assumethat these nutrients, coupled with warm water temperatures and abrackish salinity contribute
to the onset of abloom. If thisistrue, why do the HAB not become a continuing and constant feature of water masses
inthe coastal zone? In most coastal zone regions, nutrients arein ample supply and environmental conditions are met
inthe summer. There must be other environmental factor(s) that induce this explosive growth. If so, what isthistrigger
and isit predictable? Searching for the existence of this “trigger,” we test the hypothesis that runoff from intense
summer storms creates the conditions leading to the HAB. To study this, we use climatological data, stream flow
measurements, environmental data, satellite AVHRR data, and Weather Radar 86 collectionsfor the summer of 1997in
the Pocomoke River/Pocomoke Sound area of the Central Chesapeake Bay. During August of 1997, the dinoflagellate,
Pfeisteria piscicida, became asignificant HAB. Intense, localized rainfall precedes both the August 6, and August 26,
1997, outbreaks and subsequent fish kills. During each storm event, the water temperatures drop 5°-6° C and then
stabilize at alower temperature. In thisperiod of temperature stability, the Pfiesteriabloom. We concludethat localized
intense rainfall events coupled to a stable lower temperature are akey useful for indicating the onset of an HAB. With
Pfiesteria, food safety and public hedlth are aprimary concern. Therefore, sincerainfall eventsand lower stable water
temperatures seem to correlate with the Pfiesteria outbreaks, coastal zone managers have atool to assist in making
decisions and deploying treatments. In addition, we discuss some remedial solutions.

GUTH, Peter L., Professor, “Quantifying and Visualizing Terrain Fabric from Digital Elevation Models’ in Diaz, J., Tynes, R.,
Caldwell, D., and Ehlen, J., eds., Geocomputation 1999: Proceedings of the 4" International Conference on GeoComputation,
Fredericksburg, Virginia, USA, 25-28 July, 1999, CD-ROM ISBN 0-9533477-1-0. Available onlineat http://mww.geovista.psu.edu/
geocomp/geocomp99/index.htm.

Digital elevation models (DEMs) yield a terrain classification based on three variables: elevation, ruggedness, and
topographic fabric or grain (tendency to form linear ridges). To quantify fabric, the analysis extracts eigenvectors and
eigenvaluesfrom a3 by 3 matrix of the sums of the cross products of the directiona cosines of the surface normals at
each pointinthe DEM. Thisfabric measuresapoint property of the DEM and the underlying topographic surface, but
the property depends on the size of theregion considered. This property variesin asystematic way, both spatially over
aregion and at asingle point asthe region sizevaries. Visualizing this organization of topography requiresavariety of
graphical techniques, including contoured stereographic projections of surface normals, graphs showing the variation
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in ruggedness and fabric strength as a function of analysis region size, colored maps showing the strength and
orientation of the fabric, and contour or reflectance maps with the direction and strength of the fabric overlaid by
vectors. Animations showing how these parameters vary with region size greatly assist in the analysis process.

GUTH, Peter L., Professor, (co-author), “ Serving Spaghetti: Displaying Vector DatainaSoldier-friendly System,” Proceedings of
the Vector Moving Map Symposium, sponsored by the Naval Research Lab, Alexandria, VA, 3-4 August 1999. Availableonline
at http://pogtoffice.nrlssc.navy.mil/mmc/Sympos um/Proceedings/ Frames.htm

TerraBasell providesatraining systemfor introducing soldiersto digital topographic data. TBII attemptstointelligently
and rapidly display dataappropriately for warfighters. Origina versions concentrated on raster databut amajor effort
in the summer of 1999 included vector data, both independently or overlaid on raster data. Vector data alows many
choicesfor display, appropriate for the sophisticated user, but baffling to typical soldiers who just want the map data
displayed on screen. Vector dataneeds smart reformatting to leave the GISrealm of fine cuisine and enter the foxholes
asMRESCMapsReady to Explait.

SIKORA, Todd D., Assistant Professor, (co-author), “ Testing the Diagnosis of Marine Atmospheric Boundary Layer Structure
from Synthetic Aperture Radar,” The JohnsHopkins Applied Physics L aboratory Technical Digest, 21, 94-99. (Invited paper)

A method for cal culating Obukhov lengths and drag coefficients from high-resolution synthetic apertureradar (SAR)-
generated wind speed imagery istested. Thewind imagery were created from six RADARSAT scenescollected off the
East Coast of the United Statesduring cold air outbreaksin thewinter of 1997. Comparisonsare made betweenthedrag
coefficient and Obukhov lengths obtained from the SAR method and those obtained from the Tropical Ocean-Globa
Atmosphere Coupled Ocean-Atmosphere Response Experiment 2.5 Bulk Algorithm which uses corresponding buoy
data as input. In genera, the drag coefficients are in good agreement. Agreement is less precise between the two
methods when comparing Obukhov lengths. It isimportant that the SAR imagery be inspected for the signature of
convection (mottling) beforeimplementation of the SAR method. Potential sourcesof disagreement between theresults
of the two methods are discussed.

SIKORA, Todd, D., Assistant Professor, (co-author), “ Onthe Extraction of Atmospheric Structurefrom Synthetic A perture Radar
Imagery,” Preprints, International Geosciencesand Remote Sensing Symposium 1999, | EEE, Hamburg, Germany, 28 June-2 July,
1972-1974. (Invited Pape).

Synthetic apertureradar (SAR) imagery can be converted to neutral windimagery using astandard transfer function. Two
methods have previoudy been presented which employ Monin-Obukhov and mixed layer similarity theory to produce
Obukhov length, convective velocity scale, buoyancy flux, and stability corrected wind speed from the SAR-derived
neutral wind imagery. These procedures are based on the variance and spectral shape of the neutral wind imagery which
arefunctionsof thedegree of convectioninthemarineatmospheric boundary layer (MABL). Theahility of SARtoreved
the existence of convection (made evident by mottling of theimage) is, among the other things, afunction of the MABL
gtatic stability and mean wind speed (the Richardson Number). In the presence of MABL convection, it isreasonableto
expect that as the dtatic stability and mean wind speed change, mottling variability will aso change. An increase or
decreasein MABL dtic stability will causeacorresponding decrease or increasein mottling variability, al e sebeing equal.
It is therefore reasonable to expect that there is a Satic Stability/mean wind speed limit in SAR=s ability to detect the
presenceof MABL convection. Thislimitiswhenthemottling variability approacheszerobut theMABL isdtill convective,
not neutral. Thisposesapotentialy serious problem when employing SAR for the above mentioned MABL techniques.
Thecurrent research will quantify thispotentia problem by comparing SA R-derived estimates of Obukhov lengthwithin
Stu estimates of Obukhov length under varying degrees Richardson Number.

SIKORA, Todd, D., Assistant Professor, (co-author), “ Anomolous Cloud Linesover the Chesapeske and Ddlaware Bays,” Preprints,
Tenth Conference on Interaction of the Seaand Atmosphere, AM S, Fort Lauderdale, FL, 29 May - 2 June 2000, pp. 39-40.

Anomalous cloud lines over the Chesapeake and Delaware Bays have been observed in numerous National Oceanic
and Atmospheric Administration Advanced Very High Resolution Radiometer (AVHRR) images. These cloud lines
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tend to be oriented aong the long-axis of the bays and stand out as being fundamentally different in shape and
brightness from neighboring clouds. The Ocean Remote Sensing Group at the Johns Hopkins University Applied
PhysicsLaboratory hasarchived AVHRR images covering the Chesapeake and Del aware Bays since 1996. Two years
worth of this data has been reviewed and 75 cases of anomaous cloud lines associated with the Chesapeake and
Deaware Bays have been found. We chose to concentrate this study on two robust cases. Thefirst caseisfrom 11
October 1996 and the second isfrom 23 October 1998.

Local National Westher Service Forecastersareaware of these cloud linesand they have speculated that the phenomena
are the result of thermal plumes over the Bays during cold-air outbreaks. While this hypothesisis plausible, thereis
evidence that the cloud lines are anthropogenic in nature. We believe the cloud lines are ship-induced. We have
connected the origins of the cloud linesin our case studiesto diesdl shipstrangiting up the Bays. Additiona evidence
isperiodic geometrical irregularitiesfound within severa of the cloud linesand the up-bay growth of severd of thecloud
lineswithtime.

SIKORA, Todd D., Assistant Professor, (co-author), “ Anomal ous Cloud Lines off the East Coast of the United States,” Preprints,
Ship Detection in Coastal Waters Three Day Workshop, AMRS, Nova Scotia, 31 May - 2 June 2000, available on-line at http://
www.amrs.org/pdf%20files/'s kora.pdf.

Anomalous cloud lines over the Chesapeake and Delaware Bays have been observed in numerous National Oceanic
and Atmospheric Administration Advanced Very High Resolution Radiometer (AVHRR) images. These cloud lines
tend to be oriented aong the long-axis of the bays and stand out as being fundamentally different in shape and
brightness from neighboring clouds. The Ocean Remote Sensing Group at the Johns Hopkins University Applied
PhysicsLaboratory hasarchived AVHRR images covering the Chesapeake and Del aware Bays since 1996. Two years
worth of this data has been reviewed and 75 cases of anomaous cloud lines associated with the Chesapeake and
Dedaware Bays have been found. We chose to concentrate this study on two robust cases. Thefirst caseisfrom 11
October 1996 and the second isfrom 23 October 1998.

Local National Westher Service Forecastersareaware of these cloud linesand they have speculated that the phenomena
are the result of thermal plumes over the Bays during cold-air outbreaks. While this hypothesisis plausible, thereis
evidence that the cloud lines are anthropogenic in nature. We believe the cloud lines are ship-induced. We have
connected the origins of the cloud linesin our case studiesto diesdl shipstrangiting up the Bays. Additiona evidence
isperiodic geometrical irregularitiesfound within severa of the cloud linesand the up-bay growth of severd of thecloud
lineswithtime.

SMITH, David R., Associate Professor, (co-author), “ Meeting Report on the Eighth AM S Symposium on Education”, Bulletin of
the American Meteorol ogical Society, 81(2), 305-312. (2000).

The American Meteorological Society held its Eighth Symposium on Education in conjunction with the 79th Annua
MestinginDdlas, Texas. Thethemeof thisyear’s Symposumwas* Enhancing Public Awareness of Wesather and Climate
Prediction’. Forty ora presentations and 58 poster presentations summarized a variety of educational programs or
examined educational issues for both the precollege and university levels. There was dso ajoint session with the 11
Conference on Applied Climatology and a specia session on uses of educationa technology for effective teaching and
learning. Over 200 peoplerepresenting awide spectrum of the Society attended one or more of the sessionsinthistwo-day
conference. Theprogram for the Eighth Sympos um on Education can beviewed inthe October 1998 issueof theBulletin.

SMITH, David R., Associate Professor, (co-author), “ Water inthe Earth System(WES): An Online Distance L earning Program for
Precollege Teacher Enhancement and L eadership Training,” Preprints of the 9th AMS Symposium on Education, Amer. Meteor.
Soc., Boston, MA, 62-64. (2000).

The American Meteorol ogical Society (AMS) wasrecently awarded amgjor grant from the National Science Foundation
to conduct a Teacher Enhancement Project with astrong leadership component. Aninnovative I nternet-based distance-
learning course directed toward precollegeteacherswill be devel oped and implemented nationwide. The course, Water
inthe Earth System (WES) Online, will incorporateinquiry-based instructional strategiesand aholistic concept of Earth
from oceanic, atmospheric and terrestrial water and problem-focused perspectives. Course participantswill be prepared
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as WES resource teechers. They will demonstrate, through investigations of the global water cycle, the value of Internet
access to environmental information in classroom applications. All teachersinvolved will be prepared to promote Earth
system studies across the school curriculum in support of the National Science Education Standards. The United States
Nava Academy, the U.S. Navy, the Nationa Oceanic and Atmospheric Administration, and the State University of New
York at Brockport will provide assistancein the program. The project will develop and implement agraduate three credit-
hour distance-learning course partialy delivered by Internet that introduces over 1600 teachersto scientifi-cally authentic
and pedagogi-cdly sound learning activities. As WES resource teachers, the course partici-pants will interact with an
estimated 16000 teachers (and 160000 students) in their home schoolswithin two years of taking the course. A coregroup
of 40teacher Loca |mplementation Team leaderswill betrained to provide courseimplementation and follow-up leadership.

SMITH, David R., Associate Professor, (co-author), “ The Effect of El Nifio onthe Weather of U.S. Cities’, Preprintsof the 11th
AMS Symposiumon Global Change Studies, Amer. Meteor. Soc., Boston, MA, 113-116. (2000).

Studies have shown that El Nifio atersthetracks of extratropical cyclonesto the south over North Americaduring the
winter months. This shift from the normal tracks of stormsresultsin differencesin weather conditions. In thisstudy an
analysisof datasetsfor fourteen different stations across the continental United States was conducted to determinethe
effectsof El Nifio on the normal weather conditionsof U.S. cities. The analysiswas performed for thewinter months of
December 1997 through March 1998 to determine deviationsfrom normal dueto the changes associated with the 1997-
1998 El Nifio. Thisanaysiswasaccomplished by cal culating the deviationsfrom 30-year normalsfor both temperature
and precipitation onamonthly basis. All of these stations’ weather changed dueto the El Nifio event. Furthermore, the
results show that most stations experienced an increase in precipitation and temperature. Also, the southern-most
stations deviated further from normal than did the northern-most stations.

SMITH, David R., Associate Professor, (co-author), “ The Effect of LaNifiaon the Weather of U.S. Cities,” Preprintsof the 11th
AMS Symposiumon Global Change Sudies, Amer. Meteor. Soc., Boston, MA, 109-112. (2000).

LaNifia has been shown to shift poleward the tracks of extratropical cyclonestraversing the North American continents
during winter months. An anadysisof extra-tropica cyclonesduring thewinter of 1998-99 corroboratesthisphenomenon.
Given such a shift from the normal track of winter storms, one would expect that this would have an effect on weather
conditions. In this study, data sets for fourteen different stations across the United States was examined to determine the
effectsof LaNifiaon thenorma weather conditionsof U.S. cities. Thisstudy revea sthe specific effectsonthewesther for
thesegtationsduetothe1998-99 LaNifia. Ananadys swascompleted for the period of December 1998 through March 1999,
to determine the deviations from normal due to the changes associated with the 1998-99 La Nifia. Temperature and
precipitation datawere collected for the period of interest.

Deviationsfrom 30-year norma vauesfor both temperature and precipitation on amonthly basiswere cal cul ated, plotted
in aspreadsheet and graphed. Cooler and drier conditions were expected for the La Nifiaevent. For the stations selected,
theweather con-ditionsdid show significant deviationsfrom normal duetothelLaNifia, butin many casesthetemperatures
were till above normal. The precipi-tation had much more distinct results. Most of the southern stationswere much drier
than normal, as nearly al storms passed to the north. The northern stations were either at or above normal asthe storms
tracked across the northern United States. The greatest deviations were experienced in stations along the west coast and
most closely experienced the expected weather conditions for aLa Nifia event. This paper will present results collected
during the winter of 1998-99 to determine the effect that the La Nifia during this period had on the temperature and
precipitation on fourteen stationsin the United States compared to norma winter conditions. Inaddition, it will aso examine
variationsintemperatureand precipitationto thewinter of 1997-98, an El Nino year, and to thewinter of two other LaNifia
years(1988-89 and 1995-96).

SMITH, David R., Associate Professor, (co-author), “A Survey of College Women: Factors that Contribute to the Choice of a
College Mgjor,” Preprints of the 5" International Conference on School and Popular Meteorological and Oceanographic
Education, Australian Meteorol ogical and Oceanographic Society, Melbourne, Austrdia, 128-131. (1999).

Onthecollegiatelevel, the number of women choosing to magjor in science, especially the physica sciences, traditionaly
has been disproportionately small. Studies suggest women choose science as a college mgjor a only one-third the
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number of their male counterparts. Furthermore, educationa researchers have noted asignificant number of women
who changetheir mgjor from scienceto another field before graduation. Clearly, thistrend makesanimportant contribution
to the under-representation of career women in scientific fields.

Thisstudy isan attempt to determine factorsinfluencing the choice of acollege major by women attending the United
StatesNaval Academy. TheNava Academy, with astrong academic traditionin science, mathematics, and engineering,
naturally attractshigh school studentswho areinterested in science. The admissionscriteriaat thisingtitution are some
of the most stringent in the country, requiring applicants to meet the very highest standards in academics, leadership,
physica conditioning and character development. Moreover, since the Nava Academy traditionally has a highly
technical core curriculum including coursesin science, mathematicsand engineering for all studentsregardiessof mgjor,
this suggeststhat all prospective students sel ected for admission would have a pre-college academic background with
sufficient rigor in mathematics and science to successfully compl ete the demanding program.

A survey of femae students at the Naval Academy has been conducted. A questionnaire was distributed to women
majoring in ascience (Oceanography) and ahumanities (English) discipline. The questionnairewasdesignedto determine
their major and reason for choice, ultimate educationd goals, involvementsin athleticsand extracurricular activities, role
models, high school background and experiences, including science, mathematics and computer science courses. The
questionnai rewasdistributed to all women inthethree upper classes (freshmen do not havemgorsat theNava Academy)
for the Oceanography (N=70) and English (N=58) mgjors. The number of respondents was quite high (Oceanography:
N=47; English: N=29), providing a reasonable sample size for this study. The results provide insight into why female
students at the Naval Academy chose their mgjor field of study and the factors which influence that choice.

SMITH, David R., Associate Professor, (co-author), “The Maury Project: A Five-year Retrospective,” Preprints of the 5"
International Conference on School and Popular Meteorological and Oceanographic Education, Australian Meteorological
and Oceanographic Society, Melbourne, Austrdia, 125-127. (1999).

The Maury Project was established in 1994 by the American Meteorologica Society (AMS) in cooperation with the
United States Naval Academy. This is a pre-college teacher enhancement program on the physical foundations of
oceanography, with primary funding from the National Science Foundation. Sinceitsinitiation both the Navy (Naval
Meteorology and Oceanography Command and the Office of Naval Research) and NOAA (National Environmental
Satellite, Data, and Information Service and the National Ocean Service) have become contributing membersin this
unique educationa partnership. Theprimary activity of the Maury Project hasbeen annua two-week summer workshops
for teacherson variousaspects of physical oceanography. The participant teachersthen become peer-trainers, conducting
workshops for their colleagues, normally at statewide science teachers conferences, using teacher guides on various
topics on the physical aspects of oceanography as the subject matter area of the workshops.  These workshops have
reached thousands of teachers nationwide over the past five years.

The presentation will focus on the accomplishments of the Maury Project over the past five years, in an attempt to
assess its contributions to science education.

Additiondly, therewill bealook at thefuturedirections of theMaury Project. In particular, theMaury Project isexploring
the development of adistancelearning course using web-based instruction and activities utilizing actua oceanographic
data bases to enhance teachers' background on the physical foundations of oceanography. Such an approach would
enable the Maury Project to reach even greater numbers of teachers with the power and versatility of the Internet.

VIEIRA, M.E.C., Associate Professor, “ The Long-term Residual Circulationin Long Idand Sound,” Estuaries, 23: 199-207. (2000).

Current meter data were acquired in Long Island Sound over a period of about six months in 1988 at six different
transects. The averages of the low-passed residual s represent the contributions from tidal steering and density forcing.
It isfound that the long-term residud circulation starts out with aclassical estuarine pattern at the Race. Theflowsinto
and out of the Sound are vertically partitioned by Long Sand Shoal; they gradually revert back to classical vertically
layered estuarine circulation as the Central Basin is traversed. Further west, the bottom oceanic water becomes a
westward flowing swift jet close to the Connecticut shore, while the East River water is constrained to flow eastward
along the Long Idand coast. Counterclockwise gyres, identified in the Eastern Narrows and Western Basins, may
increase residence times of polluted East River water in the western Long Island Sound.
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VIEIRA, M.E.C., Associate Professor, “ Pre-college Outreach and Cooperative Programs in Oceanography at the U.S. Naval
Academy,” Science Educator, 9: 14-18, 2000.

The Oceanography Department of the United States Naval Academy (USNA) has embarked in a vigorous effort to
support the advancement of education in Oceanography. The purposeisto provide opportunitiesfor the academic and
scientific communities to benefit from the expertise and resources available within the Department. Three specific
programs will be discussed. The USNA Mentorship/Internship Program involves high school students with research
projectsbeing carried out by the Department’ sfaculty. The Maury Project has been designed to enhancethe background
of pre-college science teachersin severa topicsin Oceanography, including the coastal and estuarine areas; the main
part of the programisatwo-week summer workshop i ncluding hands-on experiencewith day cruisesin the Chesapeake
Bay. A cooperative research project with the United States Environmental Protection Agency pooled resourcesto carry
out astudy of the Severn River estuary; midshipmen from the Oceanography Department and from other departments
have been involved in collecting and analyzing the data in the classroom and in connection with specia research
projects. These programs are offered as paradigms suitabl e for adoption by other academic ingtitutions.

WHITFORD, D. J., Captain (USN) and Associate Professor, “ Observations of Current Flow Through the M outh of the Chesapeske
Bay,” Estuaries, Coastal and Shelf Science, 49, 209-220, 1999.

Seven transects of the narrowly-constricted mouth of the Chesapeske Bay were made using an Acoustic Doppler
Current Prafiler (ADCP) and Conductivity-Temperature-Depth (CTD) sensor during the period September 16-21, 1996.
Datawere acquired while participating in the Chesapeake Bay Plume Outfall Experiment (COPEI). Seven CTD gtations
per transect were conducted across the 17 km wide mouth along with continuous high-resolution ADCP coverage.
Although discontinuous, the transect data covered nearly all phases of ageneric tidal current cycle. Comparison with
wind velocities showed no significant meteorological forcing of currents during the transects. Fresh water discharge
from the Bay waswell above normal during this period. The resultant flow structure obtained from the ADCPismuch
more complete than was previoudy possible with point measurements. Anaysis in al tidal phases revealed near-
isothermal conditionswith horizontal and vertical temperature differences acrossthe mouth rarely exceeding 1.0°Cin
any tidal phase, higher surface salinity to the north coupled with higher subsurface salinity inthe Chesapeake Channel,
and uni-directional flow from surfaceto depth. Horizontal and vertical current gradientswerefound to be quite strong,
0O(103) st. A consistent featurefound on nearly every ADCP transect wasasubsurface flood current coreand asurface
ebb current core, both on the right side of the main channel in the direction of flow.

WHITFORD, D. J., Captain (USN) and Associate Professor (co-author), “ Teaching Geoscience Courses Collaboratively using
Compressed Videoconferencing Technology: An Experiment conducted between the United States Air Force Academy and the
United States Naval Academy.” Proceedings of the American Meteorological Society’s Ninth Symposium on Education,
January 9—14, 2000, LongBeach CA, pp. 134- 136.

During the Spring, 1999 semester, the authors designed, planned, and conducted aseries of interactivevideoconference
(IVC) sessions between the United States Naval Academy and the United States Air Force Academy. The sessions
were designed to support asegment of a senior-level course a the United States Air Force Academy (USAFA) titled,
The Application of Geosciencesto Support Naval Operations and Joint Air Force-Naval Operations. One of the most
exciting and beneficia instructional segmentsof the coursewerethe |V C sessionsof the United StatesNaval Academy
(USNA). Although the course was designed primarily for USAFA students, the results of the experiment shed light on
the potential of employing distributed or distance learning technologies at both ingtitutions.  This paper and the
accompanying presentation will describethe design of adistance or distributed |earning course, how 1V C wasintegrated
into the course, and the results of an assessment of the IVC sessions. In addition, the authors will describe the
advantages and challenges of conducting IV C sessions and future plans for using this technology.

WHITFORD, D. J., Captain (USN) and Associate Professor, (co-author), “ Computer-Aided Visualization and Animation of Ocean
Wave Dynamics,” Journal of Geoscience Education, 2000, vol 48, pp. 267-272.

Ocean wavesare the most recognized phenomenain oceanography. Students majoring in oceanography first encounter
the complex mathematical theories of these surface gravity wavesin upper level undergraduateand lower level graduate
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courses. Linear wavetheory isthesimplest theory which mathematically model sthesewaves, yet itscomplex mathematical
equationsare often difficult and confusing to students. Thisdifficulty isdueto linear wavetheory’sinherent dependence
on time and space aong with itsmixture of linear, hyperbolic, and trigonometric functionsinitsequations. Asaresult,
verbal descriptions and two-dimensional illustrations are often insufficient for in-depth student comprehension. Thus
computer-aided visualizations and animations, accompanied by concurrent oral narration, are awel come pedagogical
supplement to traditional methods of instruction.

WewroteaMATLAB7 software program to compute, visualize, and animate various ocean wave dynamicstopicsfor
ingtructional purposes. These topicsinclude: water particle orbital paths, displacements, vel ocities and accelerations;
static, dynamic and total sub-surface pressures; and velocity potentials and streamlines. By using our computer code,
others may produce these visualizations of ocean wave dynamics without the benefit of an extensive background in
computer programnming.

Technical Reports

FOERSTER, John W., Professor, “ Copper Sensor System for Unattended Marine Operations |11: Detecting Copper (1) in the
Marine Environment with Fiber Optic Technology,” NRL REPORT #NRL/MR/6110-00-8442.

Sincetheionic forms of copper(l) and copper(ll) aretoxic in the marine environment, a portable and easy to use, rapid
measurement sensor capabl e of measuring parts per billion (ppb) levelsof ionic copper [copper(l) and copper(l1)] inthe
marine environment is needed. This study tests the hypothesis that the organic reagent bathocuproine (BCP) can be
immobilized to develop a fiber optic sensor capable of measuring copper(l) in seawater. This work describes the
response of afirst generation fiber optic/copper(l) probe. Resultsindicatethat thefiber optic probe has sensitivity inthe
ppb rangewith alower detection limit of 17 ppb. Inaddition, reduction of copper(l1) to copper(l) using hydroxylamine
hydrochloride allowsthe fiber optic probe to determinetotal ionic copper.

Presentations

CASEY, Kenneth S., CNMOC Research Chair, “North Pacific Variability and Climate Patters During the 1997-98 ENSO Event,”
presented at the Joint TOPEX/Posei don and Jason-1 Science Working Team Meeting, St. Raphael, France, October 1999.

CASEY, Kenneth S,, CNMOC Research Chair, “ Oceanic Variability and Climate Patternsfrom 1993-1998,” EOS, Transactionsof the
American Geophysical Union, Vol 80, No 49, Supplement, p. 301, December 7, 1999, presented at the AGU Ocean Sciences
Meeting, San Antonio, TX, January 24-28, 2000.

CASEY, Kenneth S., CNMOC Research Chair, “ Satellite SSTs, Ocean “HotSpots’ and Cora Bleaching (1982-1998),” EOS,
Transactions of the American Geophysical Union, Vol 80, No 49, Supplement, p. 97, December 7, 1999. Presented at the AGU
Ocean SciencesMeeting, San Antonio, TX, January 24-28, 2000.

FOERSTER, John W., Professor, “ Runoff Induced Hazardous Algal Blooms,” at the International Coastal Zone meeting in San
Diego, CA, August 1999.

FOERSTER, John W., Professor, “ Copper Sensor System for Unattended Marine Operations||. Devel opment of aPolymer Sensor
and Field Tests,” at the Photonics East meeting in Boston, MA, September 1999.

FOERSTER, John W., Professor, “Inducing An Hazardous Algal Bloom,” 5th Shallow Water Conference in Atlantic City, NJ,
March 2000.

GUTH, Peter L., Professor, “ Teaching Terrain Visudization with aMicrocomputer: 100 Digital Topographic Maps lllustrating
Physi ographic Features,” Geological Society of AmericaNational Meeting, Denver, CO, 25-28 Oct, 1999.
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GUTH, Peter L., Professor, “1I'll buy aDip and Strike,” Interactive microcomputer exerciseto teach geol ogic map interpretation:
Geological Society of AmericaNationa Meeting, Denver, CO, 25-28 Oct, 1999.

GUTH, Peter L., Professor, “ Serving Spaghetti: Displaying Vector Datain a Soldier-friendly System,” Vector Moving Map
Symposium, sponsored by the Naval Research Lab, Alexandria, VA, 3-4 August 1999.

GUTH, Peter L., Professor, “ Quantifying and Visualizing Terrain Fabric from Digital Elevation Models,” Geocomputation 1999,
4" | nternational Conference on GeoComputation, Fredericksburg, Virginia, 25-28 July, 1999.

SIKORA, Todd D., Assistant Professor, (co-author), “On the Extraction of Atmospheric Structure from Synthetic Aperture Radar
Imagery,” Preprints, I nternationad Geoscienceand Remote Sensing Symposium 1999, | EEE, Hamburg, Germany, 28 June- 2 July 1999.

SIKORA, Todd D., Assistant Professor, “Boundary Layer Similarity Theory Applied to SAR Wind Imagery,” Presented at the
Applied Physics Laboratory, University of Washington, 18 August 1999.

SIKORA, Todd D., Assistant Professor, (co-author), “Anomalous Cloud Lines over the Chesapeske and Delaware Bays,”
Preprints, Tenth Conference on I nteraction of the Seaand Atmosphere, AMS, Fort Lauderdale, FL, 29 May - 2 June 2000.

SIKORA, Todd D., Assistant Professor, (co-author), “ Anomalous Cloud Lines off the East Coast of the United States,” Preprints,
Ship Detection in Coastal Waters Three Say Workshop, AMRS, Nova Scotia, 31 May - 2 June 2000.

SMITH, David R., Associate Professor, (with M.C. Parke), “ Anatomy of aNor’ Easter: Coping with Rapidly Developing Marine
Cyclones,” aninvited presentation at the Safety at Sea Seminar, Annapolis, MD, (Mar 2000).

SMITH, David R., Associate Professor, (with S.F. Wood and A.M. Siegrist), “ The Effect of LaNifiaon the Weather of U.S. Cities,”
presented at the 11th AM S Symposium on Globa Change Studies, Long Beach, CA, (Jan 2000).

SMITH, David R., Associate Professor, (with S.F. Wood and M.J. Ledridge), “ The Effect of El Nifio ontheWeather of U.S. Cities,”
presented at the 11th AM S Symposium on Globa Change Studies, Long Beach, CA, (Jan 2000).

SMITH, David R., Associate Professor, (with 1.W.Geer, JM. Moran and R.S. Weinbeck), “ The Educational Programs of the
American Meteorological Society: Developing Partnerships to Enhance K-12 Science Education,” presented at the Spring
Meeting of the American Geophysical Union, Washington, D.C., (May 2000).

SMITH, David R., Associate Professor, (with |.W. Geer, J.R. Moran, R.S. Weinbeck, M. Ficek, J.P. Mulvany, and R.E. Hallgren),
“The AMS Education Program,” aninvited presentation at the National Science Foundation, Arlington, VA, (Apr 2000).

SMITH, David R., Associate Professor, (with 1. W. Geer and JM. Moran), “ The Educational Programsof the American Meteorological
Saciety and the United States Naval Academy: Developing Partnerships to Enhance K-12 Earth Science Education with Navy
METOC Assistance,” an invited presentation to the Oceanographer of the Navy and Staff, Washington, D.C., (Apr 2000).

SMITH, David R., Associate Professor, (with |.W. Geer, JR. Moran, and R.S. Weinbeck), “ Water in the Earth System (WES): An
Online Distance Learning Program for Precollege Teacher Enhancement and Leadership Training,” presented at the th AMS
Symposium on Education, Long Beach, CA, (Jan 2000).

SMITH, David R., Associate Professor, (with |.W. Geer and D.E. McManus), “AnOverview of theMaury Project: Teachingthe
Physical Foundations of Oceanography to Teachers,” at the 1999 National Marine Educators Association Annual Conference
(Aug 1999).

SMITH, David R., Associate Professor, (with B. Jewell and D.E. McManus), “AMS Maury Project - Pressure blocks education
workshop,” a the 1999 NMEA Annual Convention, (Aug 1999).
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