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ABSTRACT

The Coastal Studies Institute (CSI), Louisiana State University, is celebrating 60 years of trend-setting research contribu-
tions to understanding coastal and deeper marine systems. The Institute was founded by the internationally respected physical
geographer, Dr. R. J. Russell with funding from the Office of Naval Research (ONR), Geography Programs, under the direc-
tion of Dr. Evelyn Pruitt. Although unofficially organized in the early 1950s, the LSU Board of Supervisors formally recog-
nized CSI in 1954 when it became an independent unit under the School of Geoscience.

Following World War II, Russell served on a National Academy of Sciences panel designed to evaluate environmental
problems faced during the war years by the Department of Defense. The panel concluded that invasion forces were deployed
with very little coastal environmental data or predictability of coastal conditions. This knowledge gap led Russell and Pruitt to
start a research group at LSU dedicated to building a better understanding of the world’s coasts. The Institute was structured
as a self-contained unit so that its researchers could start with research ideas, collect and process field data, and prepare manu-
scripts for publication. Initial studies of trafficability and stability of various parts of the Mississippi River Delta quickly shift-
ed to other coastal types at both domestic and foreign sites. By the late 1960s, CSI was recognized by the science community as
one of the world’s most productive coastal research groups. By the mid-1970s, CSI had fielded projects on every continent ex-
cept Antarctica and research programs were expanding beyond the coast to deeper water environments.

Largely because of the research conducted by geologists, geomorphologists, and sedimentologists through CSI, the Missis-
sippi River Delta became the “standard” to which other deltas were compared. Fundamental knowledge of the delta cycle that
built the coastal plain, delta stratigraphy, sand body geometries, sedimentary structures, fluid mud dynamics, delta-front insta-
bilities, and worldwide delta variability derived from the Institute’s work. A long involvement with arctic deltas and tropical
deltas has added to the Institute’s reputation for deltaic research.

With the addition of researchers trained in coastal engineering, physical oceanography, and coastal meteorology to the
Institute’s research staff, multidisciplinary research quickly became an early characteristic of CSI field projects. This team-
work approach was first applied to the sandy beaches where sea-air-land interaction studies produced fundamental research
project results that explained beach morphology changes, rip currents, and both eolian and subaqueous sediment transport
related to their physical process environments. Later, this approach was applied to foreign deltas plus carbonate and fluid mud
coasts with results that were equally productive.

With the loss of ONR institutional funding in the mid-1980s the CSI research program broadened to meet national re-
search initiatives and available support from state and national funding agencies. From the mid-1980s through the early 2000s
large physical oceanography and marine geology projects drove much of the Institute’s research. Significant contributions to
our knowledge of: (1) Gulf of Mexico shelf and deepwater currents, (2) the dynamics of the world’s major sea straits, (3) physi-
cal processes and marine geology associated with the delta front of the Yellow River and Nile River deltas, (4) marine geology of
the Mahakam Delta and eastern Java Sea shelf, and (5) surficial geology of the northern Gulf of Mexico continental slope. Dur-
ing this period the Earth Scan Laboratory (ESL), the first satellite receiving station in the Gulf Coast region, was founded with-
in CSI. This facility continues to support CSI projects with data from six different satellites. Like ESL, the nearshore ocean

observing stations, Wave-Current Surge Information Sys-
tems (WAVCIS), established in 1998 have provided and con-
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The Institute’s research and training of students has had
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and government agencies worldwide. As the CSI researchers
and field support personnel hired during the early years of
the Institute cycle out, a new generation of researchers is
faced with a challenging set of coastal problems related to the
steady disappearance of Louisiana’s coastal plain forced by
conditions of subsidence, an increasing rate of sea level rise,
and a decreasing supply of Mississippi River sediment to help
offset growing coastal plain accommodation. Many deltaic
coasts of the world face similar problems. The 60 years of
CSI’s fundamental coastal and marine research achieve-
ments will provide a strong foundation for facing these and
other coastal challenges at home and abroad.

HISTORICAL OVERVIEW

This year, 2014, marks the 60th anniversary of Coastal Stud-
ies Institute (CSI) as an official unit of Louisiana State University
(LSU). The concept of a research institute dedicated to the study
of coasts resulted from a National Academy of Sciences (NAS)
panel convened in 1951 to evaluate problems encountered by our
troops as they landed on various types of coasts during World
War II. Dr. Richard J. Russell, Geography Department at LSU,
served on this NAS panel which concluded that a lack of
knowledge of coasts and coastal processes resulted in many un-
necessary casualties and equipment failures during wartime oper-
ations (Fig. la). Following the NAS panel evaluation, Russell
met in Washington, D.C., with the Office of Naval Research
(ONR) Director of Geography Programs, Dr. Evelyn Pruitt, to act
on the panel’s findings (Fig. 1b). Dr. Russell convincingly made
the case that a long-term and systematic research program orient-
ed toward understanding coasts and how they vary worldwide
was badly needed. He argued that a focus on coasts would pay
dividends for science, industry, and government. From discus-
sions between Russell and Pruitt, a long-term contractural rela-
tionship between ONR and LSU was established and CSI was
formed. With the first contract designed to assess the trafficabil-
ity and stability of Louisiana’s deltaic coasts (Mclntire, 1954),
Russell started enlisting both faculty and graduate students into
studies performed under the canopy of the new research-oriented
institute. Although the name of the institute and its initial fund-
ing were established in 1952, it was not until 1954 that CSI was
officially recognized by the Louisiana State University Board of
Supervisors as an independent unit under the School of Geosci-

ence.

Initially, research projects conducted through the Institute
were focused primarily on various parts of the Mississippi River
delta plain. Geomorphology, sedimentology, and impacts of
hurricanes were the themes of most of these initial projects that
lasted from 1952-58 (Morgan and Larimore, 1957; Morgan et al.,
1958; Mclntire, 1958; Chamberlain, 1959; Welder, 1959; and
many others). Even archaeology was included in these early
studies (Mclntire, 1958; Haag, 1958; Gagliano, 1963). The
Mclntire (1958) study of prehistoric Indian settlements estab-
lished the first chronology of the switching delta complexes that
built the Louisiana coastal plain. Coincident with domestic in-
vestigations, studies of foreign areas were also being conducted,
such as the study of the Bengal Basin of East Pakistan (Morgan
and Mclntire, 1959).

In the mid-1950s, legal questions concerning oil-gas reve-
nues and the State of Louisiana—Federal boundary, generally
referred to as the Tidelands Issue, prompted the first CSI studies
to be funded from sources other than ONR Geography Programs.
The State of Louisiana contracted with the Institute to conduct
studies of changes in the state’s shoreline relevant to the Tide-
lands Issue. As part of that study, the famous “mudlumps” at the
mouth of the Mississippi River’s South Pass distributary were
investigated (Morgan et al., 1963, 1968) (Fig. 2a). The Tidelands
Issue was eventually settled based largely on data collected by
CSI researchers. As a result, the state boundary was established
well offshore of the coastline. In the 1950s, oil and gas explora-
tion in southern Louisiana was moving from the coastal plain and
bays to offshore areas. Moving the state-federal boundary off-
shore resulted in increased oil and gas revenues for Louisiana.
At the same time, private industry (Gulf Oil Corporation), in-
volved in legal issues in the Mississippi Delta, contracted CSI to
conduct investigations on the development of the river’s subdel-
tas, specifically West Bay (Figs. 2b and 2c). With the increase in
funding for the institute from these two contracts along with the
institutional support from ONR, new personnel were hired and
Dr. James P. Morgan, a professor in the Geology Department,
was appointed Managing Director of CSI.

Following CSI’s initial studies, research programs quickly
expanded to include beach dynamics, coastal ecology, geochem-
istry, physical oceanography, and coastal meteorology. Not only
did the approach to studying coasts broaden, but also the study
sites expanded from a focus on Louisiana to other domestic sites
(e.g., Mclntire and Morgan, 1963) and the coasts of foreign coun-
tries (e.g., Sauer, 1960; Delany 1962; Psuty, 1965; Thom, 1967

Figure 1. (a) Dr. R. J. Russell, a
member of the National Acade-
my of Sciences panel where the
need for better coastal infor-
mation was identified and the
idea of a CSl was conceived.
(b) Dr. Evelyn Pruitt, former di-
rector of the Geography Branch,
Office of Naval Research, who
funded the formation of CSI at
LSU.
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Figure 2. (a) Drilling rig preparing to core a mudlump at the mouth of South Pass in the Mississippi River Delta during the 1960—

61 drilling program. (b) Dr. James Morgan and students planning drilling sites in West Bay (from left Choule Sonu, James
Morgan, James Coleman, unknown student, and Sherwood Gagliano). (c) Dr. James Morgan and graduate student James Cole-

man reviewing core logs from the West Bay project (circa 1962).

Gagliano and Mclntire, 1968; and others). This expansion of the
program was made possible through continued institutional fund-
ing to CSI by ONR Geography Programs. The institute ran on a
limited budget, but more important than the amount of support,
was the promise of year-to-year funding. This constant institu-
tional support allowed CSI researchers to follow research themes
for multiple years, an invaluable research advantage which would
later be fully realized when ONR changed its funding strategy
and shifted away from institutional funding to funding individual
projects.

The Institute’s programs and personnel expanded substan-
tially in the 1960s. Full-time CSI personnel were added as re-
searchers and staff. In the early 1960s, a total of 25 full-time
personnel (researchers, field support technicians, illustrators, a
photographer, an editor, bookkeepers, and secretaries), plus nu-
merous graduate students and undergraduate student workers,
worked for CSI. By this time, CSI was a “self-contained unit”
that could start with a research idea, field a data collection pro-
ject, process the data, and prepare manuscripts for both in-house
and professional peer-reviewed publications. Along with the
steady improvement of the Institute’s capabilities, the research
programs broadened to include more foreign sites, largely in re-
sponse to Navy needs. In addition to deltaic coasts, sandy beach-
es and carbonate coasts started to receive attention. Barrier is-
lands and beach ridges development in the Gulf Coast (Kwon,
1969), along the Brazilian coast Delaney (1962), and in Mexico
(Psuty, 1965) were some of the early studies of sandy coasts.
The Institute’s initial investigations of carbonate coasts of tropi-
cal islands, poorly understood environments during World War
II, started in Mauritius (Sauer, 1960; Mclntire, 1962; Mclntire
and Walker 1964) and various sites within the Caribbean region
(Russell and Mclntire, 1966; Russell, 1959, 1966; Stoddart,
1962a, 1962b). The emphasis of these early reconnaissance-level
investigations was on storm effects, geomorphology, lithification
of carbonate beaches, and vegetation.

Throughout the 1960s, solid advances were made in under-
standing details of sediment deposition in various parts of the
Mississippi River Delta. Of particular significance were advanc-
es recognizing both the stratigraphic relationships and accompa-
nying suites of sedimentary structures plus diagenetic inclusions
associated with the delta’s major lithofacies units (Coleman and
Gagliano, 1965; Coleman, 1966; Coleman et al., 1969; and oth-
ers). In addition to deltas, beaches were among the first studies
to link wave-related processes to consequent geomorphic chang-
es. These investigations were conducted by CSI along the Outer
Banks of North Carolina (Dolan, 1965, 1966, 1967). This line of
investigation was followed over the next two decades by CSI

researchers. Significant advances in understanding sandy coasts
were made during this period. The CSI Field Support Group was
started during the North Carolina beach study with the hiring of a
former navy diver, Norwood Rector.

The 1970s and early 1980s were periods when complex do-
mestic and foreign projects dealing with oceanography, coastal
meteorology, and marine geology were fielded. The capabilities
of the CSI Field Support Group steadily improved to meet tech-
nological challenges associated with fabricating, assembling, and
deploying increasingly complex field data collection systems.
Personnel were added to deal with a rapidly expanding array of
instrumentation. Foreign research projects involved thousands of
pounds of scientific instrumentation and other supporting equip-
ment. Until the formation of Homeland Security in response to
9/11, CSI did all of the diplomatic work, shipping arrangements,
ship rentals, and other logistics necessary to field a project.

During this time period, CSI developed a truly multidiscipli-
nary approach to coastal research. At the time, this was a trend-
setting approach. The initial investigation, the Sea-Air-Land-
Interaction Study (SALIS), was conducted on the sandy coast of
Santa Rosa Island, Florida (Sonu et al., 1973). At the same time,
physical process studies of carbonate reefs and shelves were be-
ing conducted (Roberts et al., 1975). Geologically, the variabil-
ity of world deltas (Coleman and Wright, 1973; Wright et al.,
1974) and delta front instability (Prior and Coleman, 1978; Cole-
man et al., 1983) were topics of primary interest. All of these
projects made substantial scientific contributions.

In the mid-1980s, ONR Geography Programs changed its
funding format from long-term institutional support, which had
sustained CSI for three decades, to project-specific support. The
Institute researchers had to quickly respond by acquiring funding
from a variety of national and state funding agencies to keep CSI
intact. Because of CSI’s reputation as an internationally-
recognized coastal research unit, the LSU administration advo-
cated salary support for researchers to make sure the unit re-
mained stable through the institutional-to-project funding shift.
Under the leadership of LSU Chancellor James Wharton, the
LSU Board of Supervisors approved academic positions in the
Marine Sciences Department for CSI researchers. Dr. W. G.
Mclntire (CSI Director) and Institute researchers had helped cre-
ate the Marine Sciences Department at LSU in 1969. The shift in
research support was a major course-changing event in the Insti-
tute’s history. After the mid-1980s, the Institute’s research pro-
grams quickly broadened from the original focus primarily on
coasts. This change was largely driven by sources of research
support, but also by individual research interests. A notable de-
velopment during the late 1980s was the founding of the Earth
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Scan Laboratory within CSI by researcher Oscar Huh. This facil-
ity was the first satellite receiving station in the Gulf Coast re-
gion.

In the 1990s, CSI researchers continued to diversify their
research with large projects involving the physical oceanographic
studies of critical sea straits, marine geology of continental
shelves and slopes, Loop Current studies in Gulf of Mexico, and
a continuation of work on muddy coasts leading the way. Alt-
hough foreign work continued, for example investigation of the
Mahakam Delta (Roberts and Sydow, 1997) and Strait of Bad al
Mandab (Murray and Johns, 1997), foreign projects organized
and run exclusively by CSI personnel were declining in favor of
smaller projects focusing on more local research as well as indi-
vidual researchers participating in large multi-institutional pro-
jects. During this time period, the state agencies in Louisiana
became increasingly aware of the important issue of coastal land
loss. Although this issue had been worked on by researchers at
CSI in the institute’s early years, noting the subdelta cycle and
constructive versus destructive phases of the delta-switching
cycle, funding was becoming available to determine the causes
and magnitudes of land loss as well as a continued interest in
hurricane impacts.

From 2000 to present, an expansion of Louisiana-based re-
search occurred, driven by the state’s need to understand details
of the processes responsible for coastal change. To help meet the
challenge of collecting physical process data along the Louisiana
coast, the CSI Field Support Group designed, fabricated, and
deployed an ocean observing system on the inner shelf under the
direction of Dr. Gregory Stone. The first station was deployed in
late 1998. Others did not became operational until later. These
wave-current-surge information systems (WAVCIS) for the first
time provided continuous near-real time data from the coast to
support both basic and applied research as well as for public and
governmental needs (Stone, 2001). In addition to local coastal
work, CSI researchers were conducting important field studies of
both the Loop Current and deeper currents in the Gulf of Mexico
(Inoue et al., 2002). Marine geology studies of the impacts of
fluid and gas expulsion processes on the surficial geology of the
Gulf’s continental slope started in the late 1980s and continued
during the 2000s (Roberts, 2001). Numerical modeling of both
shallow and deepwater Gulf environments also expanded during
this latest chapter in CSI’s history (e.g., Welsh and Inoue, 1996).

Major changes in CSI personnel took place in the 2000-
present time period. Many of the researchers hired during the
peak hiring years of the Institute (1960s and 1970s) retired,
moved to other jobs, and natural attrition took others. State fund-
ing to universities was cut several times during this time period
and vacant CSI positions were not all filled to help meet the cuts
required of the School of the Coast and Environment (SC&E),
the administrative unit under which the Institute currently re-
sides. In 2010, the faculty lines that for over 50 years had resid-
ed in the Institute were moved to the Department of Oceanogra-
phy and Coastal Sciences. So, new hires became the business of
the department faculty rather than CSI. The Institute is moving
forward under this new framework. As of 2012, Institute re-
searchers may now be housed in many departments across cam-
pus and the CSI Field Support Group operates as a cost center to
accommodate more than just CSI work.

The following sections highlight major CSI research areas
over its 60-year history and some of the important projects car-
ried out by CSI researchers and related scientific advances.

MAJOR RESEARCH SUBJECTS AND
SCIENTIFIC CONTIBUTIONS

River Deltas and Muddy Coasts

The studies for which the Institute is best known, both do-
mestically and internationally, deal with river deltas. Before the

Institute was established, Dr. Russell and co-workers conducted
important research on the Mississippi Delta (Russell and Howe,
1935; Russell and Russell, 1939; Russell and Fisk, 1942), as well
as foreign rivers and delta systems (e.g., Russell, 1942, 1954).
The Institute’s early deltaic research was concentrated on the
Mississippi system and responded directly to questions raised by
failed or difficult troop landings during World War II, trafficabil-
ity-navigability (Mclntire et al., 1954) and storm-related coastal
changes (Morgan et al., 1958). These first studies were followed
by trend-setting investigations of delta stratigraphy (e.g., Cole-
man and Gagliano, 1964; Coleman et al., 1969) and sedimentary
structures of deltaic depositional environments (Coleman and
Gagliano 1965; Coleman, 1966). Physical process studies of the
salt wedge intruding the Mississippi River distributaries plus
expansion and mixing of the effluent plume of river water started
in the late 1960s and early 1970s (Wright and Coleman, 1971,
1974).

Following these and many more early delta studies of the
Mississippi system, a four-year project, referred to as the Coastal
Information Program (CIP) was initiated, to compare deltas
worldwide. The program was directed by Dr. J. M. Coleman and
graduate student L. D. Wright. Over 200 variables including
physical process data from delta receiving basins, were collected
on 50 world deltas (Wright et al., 1974; Coleman and Wright,
1975, 1977). This database then formed the basis for field verifi-
cation studies conducted in the Burdekin (Australia), Klang
(Malasia), Ord (Australia), Ebro (Spain), Sao Francisco (Brazil),
Ganges-Brahmaputra (Bangladesh), and Senegal (Africa). The
delta variability study was the first of its kind. It established
principles for comparing delta morphology and sand body geom-
etries based on water-sediment discharge of the river versus
physical processes of the receiving basin. These efforts and the
investigation of other world deltas after CIP was completed, e.g.,
the Nile River (Murray et al., 1981), Yellow River (Wright et al.,
1990), and Mahakam River (Roberts and Sydow, 2003), and con-
tinuing research on the Colville River Delta (Walker, 2002) add-
ed significantly to detailed knowledge of deltas other than the
Mississippi (Fig. 3). These later delta field studies were multidis-
ciplinary and integrated measurements of the physical process
environment with geologic response.

In addition to the delta variability study, Institute researchers
developed three major geologic themes for delta work during the
late 1970s to mid-1980s: (1) delta front instability, (2) a new
Mississippi Delta complex in the making, the Atchafalaya—Wax
Lake deltas, and (3) muddy coasts.

Academic researchers from LSU, Texas A&M University,
and industry combined efforts to better understand slope failures
on the delta front after the loss of Shell’s production platform in
South Pass Block 70 during Hurricane Camille in 1969. With the
commercial availability of side-scan sonar in the early 1970s, it
became possible to map the seafloor with swath rather than pro-
file acoustic data. Funding from the Bureau of Land Manage-
ment supported a field project to employ this relatively new tech-
nology to map the entire front of the modern Mississippi River
Delta (Coleman et al., 1980). The map resulting from this project
and the scientific papers that were developed during and after the
mapping (e.g., Prior and Coleman, 1978, 1982; Roberts et al.,
1980a) provided another landmark for CSI researchers in the
study of modern deltas. This study was very well-received by the
geologic community. For the first time, a comprehensive under-
standing of river-dominated delta front deposition, slope failure,
and sediment transport on extremely low slopes (<0.5°) appeared
in the scientific literature. These studies of delta front instability
changed geologic thinking about how river-dominated deltas
prograde and provided industry with new information for plan-
ning production platform locations and pipelines.

Starting in 1973 when the Atchafalaya and Wax Lake deltas
entered their subaerial phase, it became clear that a new delta
complex was developing along the Louisiana coast (Rouse et al.,
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Figure 3. (a) Preparing to take a long vibracore on the shelf seaward of the Mahakam River Delta (1994). (b) Walker Winans and
Harry Roberts record high resolution seismic and side-scan sonar data on the continental shelf near the Mahakam River Delta
(1993). (c) Floyd DeMers taking a bottom sediment sample on the delta front (1993).

1978). Fundamental studies of stratigraphy and sedimentary
facies of a bayhead delta were derived from early investigations
of the Atchafalaya Delta (van Heerden and Roberts, 1988; Rob-
erts et al., 1980b; Adams et al., 1982). In the 1990s and more so
in the 2000s, when coastal research in Louisiana focused on ad-
dressing the State’s coastal plain land loss problem, it became
increasing clear that river diversions were the most promising
solutions. Because the Wax Lake Delta is the result of a man-
made diversion of Atchafalaya River water and sediment into
Atchafalaya Bay, the delta has become a model for expected
results from a river diversion. Work continues on this delta by
CSI researchers and many others as Louisiana struggles with the
coastal land loss problem. In addition to sediment from river
diversions for rebuilding coastal plain land and enhancing wet-
land plant productivity, sources of sand were sought by the state
to rebuild Louisiana’s barrier islands, the first line of defense
against erosive storm waves. Offshore shoals, Ship Shoal and the
Trinity-Tiger Shoal Complex, were initially targeted as available
sand resources. Institute personnel were involved in projects
designed to locate and evaluate offshore sand resources. The
latest of these was a comprehensive study of the Trinity-Tiger
shoals (Edrington, 2013).

Because many shorelines adjacent to deltas are mud-rich,
research on processes associated with muddy coasts were re-
searched not only along the Louisiana coast (Wells and Roberts,
1981; Kemp and Wells, 1987), but also in Pakistan (Wells and
Coleman, 1984), Surinam (Wells and Coleman, 1981), and Korea
(Wells et al., 1990; Adams et al., 1990). These studies were
some of the first investigations initiated on the physical process-
sediment interactions associated with muddy shorelines, which
make up a major portion of the world’s coasts. In more recent
years, ONR has funded a new initiative to investigate the effects
of muddy coasts on wave processes along the western Louisiana
chenier plain coast. Field measurements collected during these
studies will strengthen wave models used over seabeds character-
ized by cohesive sediments (Sheremet et al., 2002; Sheremet and
Stone, 2003). Institute-directed research has clearly shown that
muddy inner shelf and coastal environments that have unique
fine-grained sediment properties (fluid mud) efficiently extract
energy from the incident wave field. Following sediment filling
of Atchafalaya Basin and initiation of deltas in Atchafalaya Bay,
the shelf opposite Atchafalaya Bay and eastern chenier plain
started receiving abundant fine-grained sediment, causing the

chenier plain shoreline to prograde (Huh et al., 2001). Research-
ers from CSI continue to study wave-current interactions with the
unique fluid mud bottom along the eastern chenier plain coast
(Bentley 2003; Bentley et al., 2006). Active research continues
on the chenier plain coast and inner shelf, one of the few pro-
grading Louisiana coasts.

In addition to studies of modern deltas, it became clear from
various high resolution seismic datasets that the northern Gulf’s
shelf margin was constructed largely of shelf-edge deltas formed
during periods of falling-to-low sea level. These depositional
systems were the sediment source for deepwater slope and basin
floor fans. In order to build a better understanding of the lithos-
tatigraphic-chronostratigraphic characteristics of these deltas, a
group of academic and industry personnel joined to form the Gulf
of Mexico Shelf-Slope Research Consortium (GOMSSRC) and
conduct a shelf-edge delta study. Multichannel seismic data and
four long cored borings were collected as part of the study. Per-
sonnel from CSI played a key role in planning data collection,
data processing, and publication of results (e.g., Sydow et al.,
1994; Roberts et al., 2004). High quality seismic data collected
as part of the study defined a wedge of sand-rich sediment on the
outer shelf east of the modern Mississippi River Delta. An en-
trenched channel network filled with sand and gravel delivered
sand to construct the shelf-edge clinoform wedge and transport
sediments directly to deepwater environments. Slumping of the
delta front also provided a source of sediment for transport to
deep downslope sites. At present, the GOMSSRC project is the
most detailed study of a shelf-edge delta anywhere in the world.
Results provided important links between sea level change, sedi-
ment deposition, and stratigraphic response.

Arctic Coasts

Although several coastal types including beaches, barriers,
and deltas were studied in the Arctic, the unique nature of the
arctic environment sets these studies apart and therefore warrants
a separate section in this CSI history. The first major projects in
the Arctic under CSI’s direction began in 1961. Strategic interest
caused ONR (founded in 1946) to be concerned with arctic re-
search. Under ONR sponsorship a laboratory was established at
Point Barrow, a laboratory that was instrumental to the success of
the CSI research in the Arctic during the 1960s and 1970s.
Known as the Arctic Research Laboratory (ARL) and later the



Coastal Studies Institute: A History of Science Contributions for 60 Years 99

Naval Arctic Research Laboratory (NARL), it was administered
by ONR’s Human Ecology Branch, whose head was M. C.
Shelesnyak. He knew of Evelyn Pruitt’s interest in the arctic and
assigned her the task of producing a Naval Arctic Operations
Handbook (Shelesnyak, 1948). The establishment within ONR
of a Geography Branch (of which Pruitt was later to become
Director) included the transfer of arctic programs to it. Within
the new Branch, Pruitt’s duties soon expanded both regionally
and topically (including coastal science) (Pruitt, 1979; Walker
2006).

The first CSI publication from arctic research was by Smith
(1964) which reported on work conducted on ARLIS II (Arctic
Research Laboratory Ice Station II). Smith, who had begun work
on Fletcher’s Ice Island (T-3) while at Dartmouth University,
transferred to LSU and CSI in the early 1960s where he contin-
ued his research on the geologic/glaciologic history of ice is-
lands.

The two major endeavors of CSI in the arctic were: (1) a
study of the Colville River Delta (1961-78) and (2) a broader-
based program addressing Alaskan arctic coastal processes and
morphology (1971-73) (Walker, 2002). Both programs were
funded by ONR with logistical support provided by NARL.

Colville River Delta Research

The motivations for Colville River Delta research were
(1) deltas were one of the major coastal landform types to be
examined by CSI and (2) knowledge about American arctic del-
tas would provide details typical of arctic deltas elsewhere.

A reconnaissance survey was made to the essentially unin-
habited delta during the summer of 1961 by H. Jesse Walker and
H. M. Morgan. While some river depth measurements were
made and riverbank stations established, the main accomplish-
ment was the determination of a base camp location at Putu at the
head of the delta. During the spring of 1962, two cabins fabricat-
ed at NARL in Barrow were hauled 250 kilometers by tractors
and sleds across the tundra to Putu, and served as the base of
Colville delta research for the next 12 years. Additional equip-
ment (e.g., boat, snowmobiles, and generators) and supplies were
transported by twin-engine aircraft, which used the frozen river
as a landing strip. During field seasons, detailed studies were
made under the inclusive categories of deltaic morphology, hy-
drology, sedimentology, near shore oceanography, climatology,
and cryology.

The first major field season on the delta (March-October
1962) placed emphasis on determining river discharge; dissolved,
suspended, and bed load; channel morphology; river ice breakup
characteristics; and bank erosion (Fig. 4a). It was found that
there is no measurable flow under the ~2 meter thick river-ice
during winter and that a saltwater wedge progresses upstream at
least 64 kilometers. During breakup, about 70% of the flow is
through the main channel with the distributaries carrying the rest.
During flood stages, the main channel carries as much as 5.8 x
10° tons of suspended sediment and 1.3 x 10° tons of dissolved
salts. Of the total suspended load, 62% was transported during
the two week breakup period (Arnborg et al., 1966, 1967).

Early studies concentrated on cross-sections of the two main
channels, longitudinal profiles of the distributaries, and selected
river bank profiles while determining erosion rates. Because the
delta is within the zone of continuous permafrost, riverbanks are
frozen and often support ice wedges. Relatively warm river wa-
ter flowing against such banks produce thermo-erosional niches,
some of which undercut banks by as much as 8 meters, promot-
ing block collapse. The monitoring of bank retreat along selected
riverbanks that began in 1961 was continued into the 2000s
(Walker and Arnborg, 1966; Walker, 1969; Ritchie and Walker,
1974).

The 1971 and 1973 seasons advanced the research of the
previous 10 years and added the collection of data from the oce-

anic portion of the delta with the use of helicopters. During the
breakup flooding period of 1971, 10 days of discharge spread
nearly one half of the annual flow over the top of the bottom-fast
ice and further seaward beneath the floating sea ice (Walker,
1973a; Walker, 1973b; Hamilton et al., 1974, 1976; Ho and
Walker, 1976). Other research during the early 1970s included
analyses of the forms and processes of arctic river bars, sediment
deposition on sea ice by flood water, offshore island cryology,
and arctic deltaic microclimates. Additional studies during the
Colville Delta research period treated such subjects as lake mor-
phology and classification, lake tapping and filling, ice-wedge
and ice-wedge polygon classification, barchan formation, deltaic
dune classification, and perched lake formation.

Early Colville River delta research publications, most under
the auspices of the CSI, are available on the LSU website

(www.lsu.edu/diglib) under “Colville River Delta” in
“collections” (Walker, 2002). Other early studies are summa-
rized in Walker (1983).

Coastal Processes and Morphology

Between May 1971 and June 1973, CSI researchers conduct-
ed a study of the variability of physical processes and associated
morphological changes of the Alaskan arctic coast (Wiseman et
al., 1973) (Fig. 4b). Point Lay on the Chukchi Sea and Pingok
Island in the Beaufort Sea were the study sites. Drs. S. A. Hsu
and C. D. Walters, Jr. established insight into the surface bounda-
ry layer wind structure during the summer and during ice buildup
in the winter at Point Lay. They also estimated momentum trans-
fer to the Chukchi Sea. This research and similar work along the
Texas coast led to a modification of boundary layer airflow mod-
els that were used in the 1970s (Hsu, 1974a, 1974b).

Coincident with boundary layer meteorology studies, near-
shore hydrodynamic processes were investigated. Long-period
sea level variations, waves, mesoscale coastal currents, and water
mass properties were measured. From energy input to the coast,
it was determined that one day of storm-driven sediment
transport was as much as 142 days of transport under average
wave conditions (Wiseman et al., 1973). Also, flushing of
coastal lagoons introduced sediment and freshwater into the near-
shore system. Lower salinities affected the timing of freeze up
along the coast (Wiseman et al., 1974).

Coastal morphology was mapped along 1441 kilometers of
arctic coastline. A total of 22 landform provinces were identi-
fied. At the same time, more specific beach process-response
studies were undertaken to determine contrasting changes during
freezeup and breakup conditions (Short and Wiseman, 1974,
1975). Short (1975) also demonstrated the role of offshore stand-
ing waves in controlling the patterns of offshore sand bars. Alas-
kan arctic coastal studies continued until 1976 (Harper and Wise-
man, 1977; Owens and Harper, 1977; Harper, 1978) (Fig. 4c).
Another two years of arctic research was conducted along the
coasts of Svalbard, Norway, an archipelago in the Arctic Ocean
(Wiseman et al., 1981). With the exception of work on the Col-
ville Delta by H. J. Walker, the Svalbard project was CSI’s last
coastal process research thrust in the Arctic.

Later, in the 1980s, CSI researchers and technical support
personnel in conjunction with personnel from the Geological
Survey of Canada studied fan delta instability and sediment
transport processes in arctic and sub-arctic fjords (Fig. 4c). They
provided new insight on submarine morphology and gravity-
driven transport of delta-front sediment to deepwater depositional
settings (e.g., Prior et al., 1987).

Beaches and Nearshore Processes

Among the earliest CSI research projects was an assessment
of changes in the sand-rich to mud-rich shorelines of Louisiana
by Morgan and Larimore (1957). This work indicated that ero-
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distributary. (b) The CSI arctic research team off-loading supplies from an Arctic Research Laboratory transport plane in 1972
(from left, Walker Winans, William J. Wiseman, John Harper, Larry Rouse, and non-CSl personnel). (c) Brian Bornhold and Da-
vid Prior acquiring side-scan sonar data from a British Columbia fjord (1987).

sion was prevalent along most of Louisiana’s shoreline. At the
same time that CSI researchers were focusing primarily on the
geomorphology and sedimentology of the Mississippi River Del-
ta and its various coastal environments, research questions were
being asked about sandy beaches. In the early 1960s, little was
known about the relationships between physical processes and
morphological changes along sandy coasts. A study fielded
along the Outer Banks of North Carolina was CSI’s first instru-
mented beach study (Dolan, 1965, 1966). This research project
documented the summer and winter processes causing changes in
beach and shallow nearshore topography. As part of this project,
Dolan (1967) was the first researcher to use time-lapse photog-
raphy to document high frequency changes in beach morphology.
The study also required underwater photography. A former navy
diver (Norwood Rector) was hired to take underwater movies of
sand movement and install instrumentation for the study. Work
on the Outer Banks beach study led to the permanent hiring of
Rector which started the CSI Field Support Group.

Dr. Choule Sonu, a coastal engineer doing research at Tokyo
University, was hired at CSI in 1965 to conduct beach dynamics
research. He joined the North Carolina study and instrumented
the Outer Banks beach and nearshore areas to document the
wave-current processes responsible for short-term changes in
beach morphology (Sonu and van Beek, 1971). Using a rhoda-
mine dye tracer, a tethered balloon with camera, and a well-
instrumented surf zone (Figs. 5a and 5b), he observed the for-
mation of rhythmic beach topography and associated meandering
currents (Sonu, 1969, 1972).

Following the beach work in North Carolina, a landmark
study was conducted on the white quartz sand beaches of the
Florida Panhandle at Ft. Walton (Sonu et al., 1973). This study
was unusual at the time because it involved many disciplines,
boundary layer meteorology (S. A. Hsu), currents (S. P. Murray),
wave dynamics (J. N. Suhayda), and sediment transport/
beach morphology (C. J. Sonu and E. Waddell) in one field
data-collection program. This Sea-Air-Land-Interaction Study
(SALIS) focused on the sea breeze system and associated beach
changes. It was a forward-thinking multidisciplinary approach to
beach research that was followed by other research groups and a
model for the design of complex beach studies. Beach studies
along the Gulf Coast continues after SALIS (e.g., Suhayda and
Pettigre, 1977). In this same timeframe (1971-73), CSI research-
ers studied beach process-response interactions on arctic beaches
(Short et al., 1974). See Arctic section of this paper for more
details of CSI’s arctic coastal research. In the mid-1970s, similar
research was conducted on the sandy beach coast near Aracaju,
Brazil (Suhayda et al., 1977) (Fig. 5¢).

At this same time, researchers at CSI (e.g., C. J. Sonu, L. D.
Wright, and A. D. Short) started using the term “morphodyna-
mics” to describe morphological changes in beaches as well as
other coastal types in response to their physical process environ-

ment. That term is now widely used by coastal researchers
worldwide. Its origin can be traced back to CSI work in the
1970s.

Studies of storm impacts along the Louisiana coast extend
back to the beginnings of CSI. Morgan et al. (1958) carried out
the first comprehensive appraisal of coastal change after Hurri-
cane Audrey which made landfall in Cameron Parish in 1957.
Other notable studies include the impacts of Camille in 1969 on
the Chandeleur Islands and Mississippi coast (Wright et al.,
1970), Hurricane Andrew in 1992 along the Isles Derniers and
Timbalier Islands (Stone et al., 1993, 1995), Hurricane Opal in
1995 along the Florida Panhandle (Stone et al., 1996), Hurricane
George in 1998 along the south-central Louisiana coast (Stone et
al., 1999), hurricanes Isidore and Lili in 2002 (Stone et al., 2003),
Hurricane Rita in 2005 (Stone et al., 2007), Hurricane Claudette
(Sheremet et al., 2005), and summaries of storm impacts by
Stone et al. (2004) and Stone and Orford (2004).

Following studies of coastal change related to hurricanes, a
considerable effort has been focused on the importance of winter
cold front passages on sediment transport and coastline changes
(Huh et al., 1978, 2001; Armbruster and Stone, 2001; Pepper and
Stone, 2002; Stone et al., 2004). It has been determined that even
though less powerful than tropical storms, cold fronts are much
more frequent events (20—30 per year) and therefore may cause
more cumulative coastal change.

Carbonate Coasts and Shelves

Reconnaissance-level research started on tropical carbonate
coasts early in CSI’s history. These studies were initiated by
R. J. Russell in the mid-to-late 1950s with an emphasis on deter-
mining the variability and origin of beach rock. Russell traveled
throughout the Caribbean region making observations related to
lithification of carbonate beaches and is credited with originating
the term beach rock to describe these products of carbonate beach
cementation. His research papers in Russell (1958, 1959, 1962)
and Russell and Mclntire (1965) chart progress on this subject
and represent the first appraisal of beach rock formation (Fig.
6a). It is interesting that his final field project was on Cape Sable
at the southern tip of the Florida Peninsula with a focus on
groundwater and beach rock (Russell, 1971).

Other early CSI studies along carbonate coasts and on car-
bonate islands are represented by Mclntire (1961) and Sauer
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Figure 5. (a) Norwood Rector of the CSI Field Support Group dying sand for an early 1970s sediment tracer experiment along

the beach at Ft. Walton, Florida. (b) A tethered balloon used to carry a camera package for photographing rhodamine dye as
water circulated through rhythmic beach and nearshore bar morphology in the early 1970s. (c) Joe Suhayda setting up an ex-
periment to measure waves as part of a coastal processes study along a Brazilian beach in 1976.

(1962) on the island of Mauritius in the Indian Ocean. David
Stoddart from Cambridge University worked through CSI to start
his long career of studying carbonate islands and reefs with an
expedition to the atoll reef platforms off British Honduras
(Stoddart, 1962a, 1962b). Other sites of early CSI carbonate
studies include a reconnaissance of Barbuda (Russell and Mcln-
tire, 1966), an appraisal of the coral cap of Barbados (Russell,
1966), a study of Isle de Lobos, Mexico (Rigby and Mclntire,
1967), an investigation of the leeward reefs of St. Vincent
(Adams, 1968), and initial studies on Grand Cayman Island
(Rigby and Roberts, 1976). These early studies were largely
reconnaissance-level  descriptions  of  coastal  geology-
geomorphology and botany. In the mid-1970s, studies of car-
bonate-dominated areas departed from the geomorphological and
botanical approach and followed the process focus already ap-
plied to selected deltas and beaches by CSI researchers. Instru-
mentation of the forereef shelf of Grand Cayman broke new
ground in understanding the interaction of ocean processes and
reefs (Roberts et al., 1975) (Fig. 6b). These instrumented studies
continued in Nicaragua and St. Croix with an emphasis on the
waves and currents encountered by shallow reefs that influence
their geomorphology and community structure as well as sedi-
ment transport and backreef lagoon circulation (Roberts and Su-
hayda, 1983; Roberts et al., 1992; Lugo-Fernandez et al., 1998a;
1998b). Using satellite remote sensing and field measurements,
Walker et al. (1982) and Wilson and Roberts (1992) showed that
cold water generation in Florida Bay and on the Bahama Bank
produced by cold front passages caused density flows that limited
sites of coral growth and delivered sediment to surrounding deep
water environments.

Additional studies in mixed carbonate-siliciclastic systems
include the investigation of eastern Nicaragua’s coast and shelf
(Murray et al., 1982), the carbonate platforms of the northern
Red Sea (Roberts and Murray, 1984), the Java Sea shelf margin
in Indonesia (Roberts et al., 1987), and the most recent investiga-
tion of the carbonate shelf opposite the Mahakam Delta of east-
ern Borneo (Roberts and Sydow, 1997, 2003). In Nicaragua it
was found that the shelf within 20 kilometers from the coast was
dominated by terrigenous sediment, but the remainder of the
shelf was carbonate-dominated with Halimeda bioherms at the
shelf edge. Similar, but more pervasive bioherms were discov-
ered on the Sunda shelf margin and opposite the Mahakam Delta
during the Indonesian studies. The bioherms at the shelf margin
in Nicaragua, as well as in Indonesia, developed in zones of
upwelling and accounted for immense volumes of biogenically-
derived sediment. The bioherms in both Nicaragua and Indone-

sia were new discoveries. Halimeda bioherms were only known
to exist behind Australia’s Great Barrier Reef at the time of these
CSI discoveries. The Mahakam Delta study provided new in-
sight into how siliciclastic and carbonate sediments interfinger in
tropical settings and change throughout a late Pleistocene sea-
level cycle.

Although not a carbonate province, the continental slope of
the northern Gulf of Mexico has thousands of reef-like carbonate
buildups and hardgrounds that are the by-products of microbial
processes associated with hydrocarbon seeps. Many of these
sites are accompanied by densely populated and unusual benthic
communities (chemosynthetic) that live on seep products (e.g.,
methane and hydrogen sulfide). These extensive carbonates
and seep communities were unknown in the Gulf until the mid-
1980s. In 1988, CSI started a research track to study the impacts
of fluid-gas expulsion on the slope. Funding from the National
Oceanic and Atmospheric Administration (NOAA) and the Min-
eral Managements Service (MMS) supported much of this re-
search which used 3D seismic to find sites of hydrocarbon seep-
age-venting and submersibles (e.g., Johnson Sea-Link and AL-
VIN) and remotely operated vehicles (ROVs) (e.g., Woods Hole
Oceanographic Institution’s Jason) to observe and sample the
seafloor (Fig. 6¢). Research on seeps has changed our concepts
of the seafloor of the slope and added needed detail about the
geology of the slope for industries operating in the deepwater
Gulf. Institute directed work on this subject can be found in
Roberts et al. (1990) and Roberts (2001, 2010).

Physical Oceanography and Coastal Meteorology

Early in the Institute’s history (mid-to-late 1960s), it became
apparent that a more comprehensive approach was needed to
understand the physical processes responsible for coastal change.
Although projects in the late 1950s and early 1960s were multi-
disciplinary, in-house expertise in physical oceanography and
meteorology was needed in order to expand and refine many of
the research fronts initially explored by CSI investigators, as well
as to start new research initiatives. To meet this need, programs
in shallow water oceanography and coastal meteorology were
started.

In 1967, University of Chicago—trained Steve Murray was
hired to initiate a program in coastal currents. Soon afterward
(1969), a University of Texas graduate, S. A. Hsu, was added to
direct a research program in coastal meteorology. By 1971, it
was clear that at least two additional researchers were needed to
create a critical mass in physical oceanography and to meet the
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Figure 6. (a) R. J. Russell in 1965 taking notes on an outcrop of beachrock in Barbuda. (b) Norwood Rector adjusting a current
meter placed in the forereef environment, Grand Cayman Island (1974). (c) The Johnson Sea-Link research submersible used

extensively by CSI researchers in the late 1980s to 2000s to study sites of hydrocarbon seepage-venting on the continental

slope, northern Gulf of Mexico.

needs of a new arctic research program that was on the horizon.
In that year, a physical oceanographer from Johns Hopkins and
the Chesapeake Bay Institute, Bill Wiseman, was added to work
in the Arctic, as well as on general estuarine and shelf circulation
problems. With the addition of a Scripps Institute of Oceanogra-
phy researcher trained in wave dynamics, Joe Suhayda, CSI had
its first team of oceanographers to work in parallel with research-
ers working on sedimentology, beach dynamics, and coastal geo-
morphology. Later, another oceanographer, Charles Adams from
Florida State University, was hired to conduct boundary layer
research. During this era, air-sea-land interaction studies took
center stage with the initial study on the sea breeze and its impact
on coastal waves, currents, and beach response (Sonu et al.,
1973). As highlighted in Beach and Nearshore Processes section
of this CSI history, the sea breeze study was multidisciplinary
and trend-setting. Coincident with the sea breeze study, S. A.
Hsu established the theoretical foundation for the process of eoli-
an sand transport (Hsu, 1971), a subject he refined throughout his
tenure at CSI. Also, physical oceanographic work started on the
Louisiana inner shelf (Murray, 1972). Hsu continued work on
coastal meteorology by investigating shear stress and wind stabil-
ity over the coastal ocean and at air-coast interfaces (Hsu, 1974a,
1974b). Fundamental advances in our understanding of eolian
sediment transport dynamics in the coastal zone were made dur-
ing these years (Fig. 7a).

Expansion of the CSI research staff to conduct instrumented
and field-oriented oceanographic and meteorological research
made it necessary to expand technical support capabilities within
the institute. In 1968, Rodney Fredericks was hired as an elec-
tronics technician to join Norwood Rector and establish a Field
Support Group within CSI. After returning from active duty in
the Navy (January 1970-October 1972), Fredericks became the
Field Support Group Coordinator. Under his supervision, the
CSI Field Support Group expanded its capabilities to design and
fabricate complex instrumentation and deployment systems. This
in-house capability gave CSI researchers a great advantage in
competing for research funding.

During the mid-to-late 1970s, shallow water oceanography
studies along the Gulf Coast (Murray, 1975; Wiseman et al.,
1976) and in the Arctic (Wiseman et al., 1974) expanded. At the
same time, foreign projects with the focus on coastal oceanogra-
phy were begun. The first was a study of the Guayas estuary of
Ecuador (Murray et al., 1976). Later, a first time study of circu-
lation on the Nile Delta shelf and an initial investigation of the
eastern shelf of Nicaragua (Murray et al., 1982) were conducted

by CSI researchers. These two studies are still the primary re-
sources for understanding the oceanography of these two sites.
During the late 1970s, CSI also initiated a program to study sea
straits with ONR support. This program continued for nearly
20 years under the direction of Dr. Murray and is covered in this
paper under a separate heading.

Through the 1980s and 1990s, much of the Institute’s activi-
ty in physical oceanography and meteorology shifted toward the
Gulf of Mexico. By 1988, S. A. Hsu published his book entitled
“Coastal Meteorology” highlighting the results of both foreign
and domestic studies conducted through CSI (Hsu, 1988). This
book established coastal meteorology as a scientific discipline
and brought well-deserved attention to Hsu’s research and the
work of the Institute. Study of effluent from the Mississippi Riv-
er and flow on the inner shelf of Louisiana and Texas received
thorough attention during this period (Chuang and Wiseman,
1983; Wiseman and Dinnel, 1988; Dinnel et al., 1997; Wiseman
etal., 1997).

In 1991, CSI received a multimillion grant from the then
Minerals Management Service (MMS) for a multi-disciplinary
study of the Mississippi-Atchafalaya Coastal Plume (MACP).
This study joined CSI scientists with researchers from Texas
A&M University, the University of Maine, the Virginia Institute
of Marine Science, the University of Washington, the Louisiana
Universities Marine Consortium, and the Coastal Ecology and
Coastal Fisheries institutes of LSU, as well as the Aquatic Toxi-
cology Laboratory. A comprehensive report (Murray, 1998;
Murray et al., 1998) provided a treasure house of data and vastly
increased understanding of processes active in the targeted areas
of (1) remote sensing, (2) physical oceanography, (3) sediment
flux, (4) benthic boundary layer dynamics, (5) light and nutrients,
(6) hypoxia and pigments, (7) phytoplankton, (8) zooplankton,
and (9) pollutant chemistry. For example, a detailed analysis of
velocity and thermohaline properties from 5 cruises in different
seasons, from near the Mississippi River Delta all the way into
Texas, provided a new understanding of the MACP as an integral
unit with predictable seasonal and spatial variability controlled
largely by wind forcing and river discharges (Murray et al.,
1998). The close and detailed response of the coastal current off
western Louisiana to wind forcing, on scales of several days to
seasonal, was directly determined from current meters deployed
over 2 years and the data analyzed in Jarosz and Murray (2005).
Markedly different dynamical characteristics between the winter
downcoast regime and the summer upcoast regime were con-
firmed.
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Figure 7. (a) Bill Gibson of the CSI Field Support Group launching an atmospheric profiling package at an instrumented site
designed to measure air quality and study the boundary layer physics of sand transport on a Louisiana barrier island (1995).
(b) The CSI Field Support Group preparing to deploy a current meter mooring in the deepwater area of the northern Gulif of Mexi-
co continental slope in 2000. (c) Rod Fredericks, CSI Field Support Group in 1986, preparing the deck crew for deploying a

mooring in the Lombok Strait, Indonesia.

Through this variety of regional northern Gulf of Mexico
studies, Institute researchers developed the first integrated and
detailed description of the physical oceanography of the inner
and middle shelf, with particular focus on the Mississippi and
Atchafalaya river plumes and the highly-stratified coastal cur-
rents that represent their downstream extensions. These descrip-
tions include statistics of seasonal variations in current and strati-
fication, volumes of fresh water and their relationship to river
discharge, and the response of these patterns to external forcing
on time scales from hours to months. These analyses continue to
serve as the basis for further studies of the region today.

At the same time that the inner shelf work was being con-
ducted, research extended to incorporate the transport, mixing
and stirring processes that connect the waters of the inner shelf
with those of Louisiana’s highly productive estuaries (Wiseman
et al., 1990a, 1990b). Associated modeling studies have illumi-
nated the manner in which coastal trapping leads to chaotic and
efficient dispersion (Inoue and Wiseman, 2000).

In the early 1990s, the Institute also started a serious re-
search thrust in numerical modeling of deep ocean processes
under the direction of Masa Inoue and Susan Welsh. One of the
first studies dealt with modeling the upper layer circulation in the
Indo-Pacific region (Inoue and Welsh, 1991). Later modeling
studies focused on the Gulf of Mexico with particular attention
placed on the Loop Current and its eddies (Welsh and Inoue,
1996). A deepwater mooring program funded by the MMS made
great progress in understanding both the dynamics of the Loop
Current and the deep Gulf circulation below the Loop Current
and its eddies (Welsh and Inoue, 2000) (Fig. 7b).

With the retirements of S. P. Murray, W. J. Wiseman, Jr.,
C. E. Adams, and M. Inoue, the complex data collection projects
in physical oceanography in the deepwater Gulf of Mexico and
foreign areas dramatically decreased. Institute researchers pres-
ently concentrate much of their physical oceanographic research
on shallow water environments of the Louisiana coastal zone. A
new generation of studies is now being conducted in subjects
such as storm surge (Li et al., 2009), the impacts of cold front
passage on estuaries of the Louisiana coastal plain (Li et al.,
2008; Li, 2013), and other local investigations.

Sea Strait Program

In response to interest from the ONR, CSI began a program
in the early 1980s focused on the dynamical oceanography of sea

straits. With the knowledge of coastal dynamics already devel-
oped at the Institute by oceanographer Bill Wiseman, Steve Mur-
ray led an expansion to understand the role of more complex
coastal topography exhibited by sea straits on coastal circulation.
So began a long program in the Middle East, where the straits of
Jubal and Tiran at the entrances to the gulfs of Suez and Agaba in
the northern Red Sea were instrumented. Primary modes of cir-
culation and a surprisingly strong inverse estuarine circulation
were quantitatively described for the first time (Murray et al.,
1984). Work off the Mediterranean coast of Egypt in this same
time frame lead to the discovery of a strong topographic eddy
controlling sand bank evolution off the Damietta Nile promonto-
ry (Murray et al., 1981), an important effect suspected to be asso-
ciated with the catastrophic coastal erosion emanating from the
Aswan Dam closure.

Subsequently, the sea straits program was awarded funding
to tackle the much larger problem of the strength, variability, and
the forcing of the Lombok Strait, a major connection between the
Indian and Pacific oceans through the Indonesian Archipelago.
Despite extremely rigorous environmental, logistical, and politi-
cal conditions, analysis of project data discovered what came to
be known as the Indonesian Throughflow (ITF), a major
transport of low salinity water from the Pacific to the Indian
Ocean with strong seasonal variability driven by the large scale
reversal of the western Pacific monsoon (Murray and Arief,
1988; Arief and Murray, 1996). The ITF was subsequently stud-
ied by numerous other scientists from many countries as it
proved to be a key element in the global ocean circulation with
important climatic implications (Fig. 7¢).

Work continued in the western Pacific when another im-
portant ocean chokepoint was instrumented and studied for the
first time (Murray et al., 1995), when the CSI Sea Straits Team
was funded to investigate the transport characteristics of the Viti-
az Strait off eastern New Guinea. Measurement of the strength,
temporal, and cross-sectional variability of this major but little
known low latitude western boundary current was determined
over an entire annual cycle. Acquiring these logistically difficult
datasets to identify this boundary current was a major program
accomplishment.

In the late 1990s, the straits program returned to the Middle
Eastern seas when the group addressed the world class problem
of the dynamics of flow in the Bab al Mandab Strait at the en-
trance to the Red Sea and thus to the Suez Canal. Extensive in-
strumentation for measurement of currents and tidal heights ex-
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tending over 2 years led to a series of papers quantitatively deter-
mining for the first time the seasonal modulation of the two and
three layer exchange flow that characterizes the strait (Murray
and Johns, 1997), the exchanges of heat and fresh water between
the Red Sea and the Gulf of Aden (Sofianos et al., 2002), and the
observed characteristics of the tidal currents (Jarosz et al.,
2005a). A further study successfully used numerical modeling
techniques to simulate the tidal currents and tidal heights in this
topographically and dynamical complex region (Jarosz et al.,
2005b). The field observations in all of these geopolitically and
scientifically important straits have proved to be an essential
element in validating and calibrating numerical models of non-
accessible regions.

During this era of straits research, the CSI Field Support
Group under the direction of Rodney Fredericks gained a reputa-
tion as being composed of highly professional technical person-
nel that could consistently get a high rate of data return from
deepwater moorings. This technology and experience paid divi-
dends for other CSI researchers, who have deployed deepwater
projects in the Gulf of Mexico.

Satellite Remote Sensing

In 1976, Dr. Oscar Huh joined the research faculty at CSI to
start a program in remote sensing. His experience with classified
Defense Department satellite data at the Naval Research Lab in
Washington, D.C., emphasized the exceptional value of satellite
imagery to oceanographic studies. With the development of
CSTI’s physical oceanography program, there was a critical need
to place ship-based and site-specific buoy data into a larger spa-
tial context. Satellite-based remote sensing data were beginning
to fill that need by the late 1970s (Huh et al., 1978). However,
access to satellite data was a cumbersome process and sometimes
datasets could not be obtained in a temporal framework to fit the
schedule of data acquisition in the field. To make satellite data
more accessible to CSI researchers and others with a need for
imagery, Dr. Huh founded the Earth Scan Laboratory (ESL) in
1988 with a grant from the Louisiana Education Quality Support
Fund (LEQSF). At this time, ESL was the first satellite receiving
station in the Gulf Coast region and the first state-funded univer-
sity-based station in the nation.

Figure 8. Installation of an an-
tenna on top of the Howe-
Russell Geoscience Complex
Building (LSU) for receiving data
from x-band satellite systems in
support of the Earth Scan Labor-
atory.

The ESL receives, processes, and disseminates via its web-
site (www.esl.Isu.edu), and archives satellite data. Initially, the
ESL system received data from the NOAA polar orbiting envi-
ronmental satellites (POES). In 1995, the capability to capture
and process data from the geostationary satellite GOES-East was
obtained through funding from the Louisiana Office of Homeland
Security and Emergency Preparedness. Data from GOES-East,
repeated every 30 minutes, enables CSI researchers to track and
study hurricanes across the tropical Atlantic and into the Gulf of
Mexico, as well as rapidly changing oceanic features such as the
Loop Current and its eddies. A hardware and software enhance-
ment in 1996 allowed for acquisition and processing of Orbview-
2 SeaWiFS ocean color data for the study of chlorophyll-a in
water and vegetation changes on land. Following Dr. Huh’s re-
tirement in 2003, Dr. Nan Walker was appointed director of ESL.

The Louisiana Technology Innovation Fund made possible
the acquisition of a 4.4 meter tracking antenna in 2001 enabling
the real-time reception of satellite data at very high data rates,
150 times faster than previous ESL antennas. Data acquisition
from higher-resolution earth environmental satellites, (e.g.,
Terra-1 and Aqua-2 carrying the MODIS sensor) provided daily
coverage of the Gulf of Mexico and adjacent water and land are-
as. These new sensors were designed to enable researchers to
detect and quantify, with greater accuracy and frequency, the
components of the atmosphere, oceans, and land masses. By
2002, ESL antennas were receiving data streams from six unique
satellite systems on a daily basis: NOAA AVHRR, GOES-East
GVAR, Orbview-2 SeaWiFS, Terra-1 and Aqua-1 MODIS,
Oceansat-1 OCM, and Radarsat-1 SAR (Fig. 8).

The ESL facility provides a wide range of environmental
satellite measurements that have applications in many fields of
research and education including emergency response and man-
agement, land use and vegetation changes, oceanography, mete-
orology, land-water interface changes, veterinary medicine, pub-
lic health, and engineering to name a few. In 2014, the ESL

made additional upgrades to its x-band antenna, receiver, and
computers to capture and process data from NASA’s Visible
Infrared Imaging Radiometer Suite (VIIRS), one of several sen-
sors carried by the Suomi NPP polar-orbiting satellite. This new
data stream provides further improvements in spatial resolution
yielding finer details of oceanic temperature, color, and reflec-
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tance, and also a variety of atmospheric parameters. In addition
to satellite data received through ESL, other forms of remotely
sensed data are used by CSI researchers. For example, DeWitt
Braud who joined CSI in 2004, was instrumental in processing
and mosaicing light detection and ranging (LiDAR) data for the
entire state of Louisiana. He also was responsible for develop-
ment of a state-wide Louisiana GIS DVD that is currently being
widely used by academic, government agencies, and industry.

Since its founding, the ESL has been a consistent source of
satellite data for studies in oceanography (e.g., Walker and Ham-
mack, 2000; Walker et al., 2005; D’Sa and DiMarco, 2009; D’Sa
et al., 2011), meteorology (Hsu, 1998, 2013), and land gain and
land loss in the Mississippi and other world deltas (Rouse et al.,
1978; Huh et al., 2001; Coleman et al., 2008), as well as shore-
line change, coastal plain flooding, vegetation changes, inner
shelf hypoxia (Walker and Rabalais, 2006), and storm-induced
barrier island changes (Stone et al., 2003). As Louisiana faces
the 21st century, satellite data and the ESL will certainly play
critical roles in monitoring changes such as coastal plain land
loss and hypoxia of shallow inner shelf waters off the Louisiana
coast. Remotely sensed satellite data will be used extensively to
evaluate the effectiveness of human efforts to reverse land loss
and hypoxia in the face of rising sea level, a reduction in Missis-
sippi River sediment to fill growing accommodation space, and
continued nutrient-rich river discharge.

THE FUTURE

In late 2012, CSI reorganized and expanded its faculty base,
with support from the LSU Office of Research and Economic
Development. Faculty with coastal interests now resides in many
departments across campus and CSI is the central organization
that focuses interdisciplinary coastal research at LSU. The Insti-
tute’s research centers on coastal geology, engineering, and
oceanography with emphasis on deltaic, shelf, and slope sedi-
mentary environments. A well-equipped field support group
helps organize and deploy complex field data collection projects.
The goal is to continue to develop fundamental scientific
knowledge, engineering principles, and coastal management
guidelines for deltaic and other coastal types. With 60 years of
fundamental science contributions that have led to a better under-
standing of deltas, as well as other coastal types, the new CSI has
a strong foundation on which to build.
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