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This article reviews the expectations of several of 

the principle parties involved in the creation of this 
venture,  

Abstract - The EXPLORER of the SEAS is a cruise 
liner owned and operated by the Royal Caribbean 
Cruise Lines Ltd.   This vessel is the largest cruise 
liner class in operation today at 142,000 tons.  The 
EXPLORER carries about 3,000 passengers on 
weekly trips from Miami, Florida to both the Eastern 
and the Western Caribbean.  This ship is notable in 
many categories, but it is particularly unique in that 
it is also being used as a vessel of opportunity.  This 
continuing relationship is expected to collect long-
term time series data sets containing biweekly 
samples along the Caribbean cruise tracks. This new 
scientific asset is the result of a partnership among 
Royal Caribbean Cruise Lines Ltd. (RCCL), 
University of Miami Rosenstiel School of Marine and 
Atmospheric Science (RSMAS), the National 
Oceanographic and Atmospheric Administration - 
Atlantic Oceanic and Meteorological Laboratory 
(NOAA-AOML), The National Science Foundation, 
and the Office of Naval Research.  This long-term 
relationship between industry, academia and 
government is expected to allow for the collection of 
long-term time series data sets containing samples 
along the bi-weekly Bahamian and northern 
Caribbean cruise tracks. These data are hoped to 
reveal trends on shorter monthly time scales as well 
as on longer multi-year time scales.   

 
and their opinions on the program's success, to 
date, in meeting those diverse expectations. 

 

I. PROJECT HISTORY 
 

 
Aboard the EXPLORER, Eco-Learning Areas for 

passengers, in addition to the atmospheric and 
oceanographic laboratories, make the EXPLORER a 
notable departure from previous programs.  
Additionally, the installed scientific equipment is 
advanced and includes many meteorological and 
oceanographic sensors.  Two RDI Ocean Surveyor 
Phased Array ADCP units are included in the sensor 
suite and were mounted in the ships hull during 
construction. NOAA-AOML scientists are 
responsible for this data set while other scientists at 
the University of Miami work with the data from 
other sensors on a near real time basis.  The 
University of Miami Marine Operations Group 
supports and maintains this equipment.  The 
complete equipment list and current observations 
can be viewed at the EXPLORER data web site << 
www.rsmas.miami.edu/rccl >>.   

Royal Caribbean International and Celebrity 
Cruises have created a comprehensive 
environmental protection program to help 
safeguard the health of the world’s oceans.  Part of 
that program includes underwriting the Ocean 
Fund, created in 1996, whose mission is to support 
efforts to restore and maintain a healthy marine 
environment, minimize the impact of human activity 
on this environment, and promote public 
awareness of ocean and coastal issues.  Ocean 
fund grants are made to a variety of non-profit 
groups and institutions whose activities are directly 
related to marine research, education and 
innovative technologies.  Dr. Otis Brown, Dean of 
the University of Miami Rosenstiel School of 
Marine and Atmospheric Science (RSMAS), Chairs 
the Ocean Fund.  In 1999, Jack Williams, COO of 
Royal Caribbean International, met with Dr. Brown 
to discuss various aspects of environmental 
science, including the needs of the marine science 
community.  During this conversation, it became 
apparent that a cruise ship presents a unique 
concept as a vessel of opportunity, scientific 
research platform.  It is an extremely stable, large 
vessel, that may regularly traverse a scientifically-
interesting area. The primary capitalization and 
O&M costs for the vessel are funded by it’s 
commercial operations.  The science assets can 
be continuously monitored by a dedicated, 
onboard, scientific staff.  In addition, because of 
the nature of the vessel, there is an unusual 
opportunity for public education, and unparalleled 
infrastructure support.  Thus, the idea was born to 
use a cruise ship as a platform for formal scientific 
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research, public outreach, and a plan devised to 
implement lab facilities onboard the EXPLORER of 
the SEAS. 

 

A. Goals 
Specifically, the Rosenstiel Oceanographic 

Labs aboard the EXPLORER of the SEAS were 
conceived as assets to be used by the general 
scientific community to perform a significant level 
of scientific research, leveraging the vessel’s 
unique ability to produce long time-series 
observations.  Visiting scientists from any qualified 
institution can utilize this facility at a low cost, 
compared to dedicated research vessels, while 
providing a public education function to raise the 
profile of environmental research activities.  In 
addition to permanently installed instrumentation, 
the ship has international scientific value as a test 
platform for instrumentation under development, 
because of its characteristics as a stable platform, 
collecting long time series data over a repetitive 
track.   

The goals can be summarized as follows: 
• Perform formal scientific research 
• Serve as a Voluntary Observing Ship (VOS) 

asset for the entire scientific community 
• Facilitate public education in science and raise 

environmental awareness. 
• Ultimately, provide data to others: researchers, 

agencies, modelers, to facilitate secondary 
research. 

 

B. Development  
This new scientific asset is the result of a 

continuing partnership among Royal Caribbean 
Cruise Lines (RCCL), University of Miami 
Rosenstiel School of Marine and Atmospheric 
Science (RSMAS) and the National Oceanic and 
Atmospheric Administration - Atlantic Oceanic and 
Meteorological Laboratory (NOAA-AOML), and the 
Office of Naval Research.  This ongoing 
relationship between industry, academia and 
government is expected to collect long-term time 
series data sets that do not exist in Bahamian 
waters and the northern Caribbean region.  The 
original Investment of ~$3.3M was funded from 
RCCL ($2.1M), NOAA ($400K), NSF ($400K) and 
RSMAS ($400K).   RCCL provided a significant 
amount of space, throughout the ship, in the form 
of the two major labs, the passenger interactive, 
Eco-Learning Center, two science staff cabins, and 

instrumentation spaces, along with the purchase of 
some of the instrumentation and computers.  NSF 
outfitted the Atmospheric lab and parts of the 
Oceanographic lab, and NOAA-AOML procured 
the ADCPs.   

 
This concept was proposed in cooperation with 

RSMAS.  NOAA-AOML was involved early in the 
development, as a partner in this unique variant of 
the Volunteer Observing Ship concept, also with 
additional funding from NSF.  Since start-up 
funding was substantially underwritten by RCCL, 
the concept moved quickly, within about 4 months, 
to commitment.  Implementation occurred over a 
period of 18 months, requiring constant 
coordination between the RCCL technical team, 
the shipyard in Turku, Finland, and RSMAS.  Initial 
plans were conceptual, requiring an iterative 
design process that, ultimately, went better than 
expected.  For example, RCCL went aboard a 
university R/V to see how science labs were laid 
out, so the RCCL newbuild management could 
work out the detailed plans.  The final design 
required unusual, from the commercial 
perspective, shipyard services to match the 
science requirements with RCCL’s need to meet 
commercial standards, and to appoint the labs to 
meet the RCCL guest image requirements.  The 
Labs were ready for occupancy in September, 
2000.  The educational program began in October, 
2000.  The instrumentation aboard the EXPLORER 
was fully operational in May, 2001. 

 

C. Facilities  
The science facilities include the installed 

instrumentation, the ocean lab on deck 1, the 
atmospheric lab on deck 13, and space available 
for additional PI equipment within the ocean 
laboratory.  In addition, the Eco-Learning Areas 
are located on deck 4.  

 
Generally, the vessel research application 

possibilities include the following: 
• Ocean and atmosphere circulation  
• Ocean heat transport 
• Pollution in the air and sea 
• State-of-the-art computer modeling 
• Satellite imagery calibration 
• Hurricane forecasting 
• Marine organisms population monitoring 
• New equipment testing  

 1833



   

  

WeatherPak 2000 Shadowband 
Radiometer

All Sky 
Imager

Optical
Precipitation
Sensor

Radian Wind
Profiler

Ceilometer

Eco-Learning
Center (Deck 4)

Weather Pak 2000Acoustic
Doppler
Current
Profiler

Dissolved Oxygen Titrator 
& Salinometer

M-AERI

Seawater
Intake

Figure 1.  EXPLORER of the SEAS, general layout of scientific sensor systems (courtesy of U. Miami, RSMAS)Figure 1.  EXPLORER of the SEAS, general layout of scientific sensor systems (courtesy of U. Miami, RSMAS)
    
  

D. Science Operations D. Science Operations participates in the laboratory tours.  Presently, 5 
tours and 2 lectures are given on each one-week 
trip.   Individual PIs are responsible for providing 
the QC/QA of the data they collect.  RSMAS 
coordinates data processing and transfer for each 
cruise, and provides archiving and (future) 
dissemination of all QA/QC archived data. NOAA-
AOML provides archiving and dissemination of 
unprocessed ADCP data and some other ocean 
lab data, such as the Optical Particle Counter.  
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Scientific research functions are managed by 
RSMAS, who coordinates with RCCL to arrange 
the logistics for the science staff on each weekly 
cruise, administer the visiting scientist proposal 
process, and monitor and control the operation and 
maintenance of the instrumentation.  There is a 
permanently assigned Principal Investigator with 
ongoing responsibility for each piece of 
instrumentation. 
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Perhaps the most significant aspect of using the 

cruise ship as a scientific platform is the necessity 
to seamlessly integrate science operations with the 
commercial mission of the vessel.   Fundamentally, 
all shipboard activities must either be transparent 
to, or enhance, the passenger cruise experience.  
Therefore, the science labs and operations are not 
run as they are on a typical, dedicated, research 
vessel.  This difference manifests itself in many 
ways, major and minor.  Primarily, there is no PI  
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Principal Investigators (PIs) conduct their 
research using a combination of shipboard 
equipment, and their own equipment if desired. 
The onboard science staff, supplied by RSMAS, 
supports the visiting PI, maintains the onboard 
equipment, and also help conduct laboratory tours 
for passenger groups.  The visiting PI, in addition  

Principal Investigators (PIs) conduct their 
research using a combination of shipboard 
equipment, and their own equipment if desired. 
The onboard science staff, supplied by RSMAS, 
supports the visiting PI, maintains the onboard 
equipment, and also help conduct laboratory tours 
for passenger groups.  The visiting PI, in addition  
to carrying out the scientific mission, gives lectures 
on general science topics to the passengers and 
to carrying out the scientific mission, gives lectures 
on general science topics to the passengers and 
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Figure 2: EXPLORER of the  SEAS, Eastern cruise track (courtesy of U. Miami, RSMAS) 

 
 
 

 

 
Figure 3: EXPLORER of the SEAS, Western cruise track (courtesy of U. Miami, RSMAS)

 
control of the vessel; i.e., no changes in vessel 
course/speed, no change in schedule, and no 
over-the-side operations.  All equipment, either  
 
 

 
permanently or temporarily installed, must meet 
commercial passenger ship safety and 
environmental standards and cruise line cosmetic  
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standards; no duct tape or dangling wires.  Only 
existing laboratory spaces and instrumentation 
platforms are available.  Finally, the visiting 
science staff must adhere to dress and behavior 
guidelines similar to those for the crew, since from 
the passenger perspective, the science staff 
appears to be part of the crew.  The limitations on 
the science operational envelope, imposed by 
cruise ship priorities, are more than offset by the 
unique opportunity offered.  The cost of conducting 
investigations on this first class vessel is minimal, 
since virtually all the logistical cost is paid by the 
commercial operation, and laboratory operational 
costs funded through grants to RSMAS.  The 
geographic areas of vessel operation provide 
significant research opportunities.  The nature of 
repetitive, nearly identical, transects of the ship’s 
track, on a weekly basis, over a period of years, 
provides an unparalleled opportunity to collect long 
time-series observations. The public education 
component offers the unexpected pleasure of 
scientific staff translating the realities of true 
research into concepts, terms and goals relevant to 
the general public that ultimately supports those 
activities. 

II. PROJECT STATUS 
 
This ambitious facility has been up, and in 

operation, since early 2001.  However, the learning 
process is not yet over.  For all involved, it has 

taken continuous effort to set-up and refine the 
organization, devise the policies and procedures, 
and handle the logistic details to keep the science 
activities running smoothly, within the context of 
ship’s operations.  It is an extraordinary effort for a 
ship operating on the scale of the EXPLORER of 
the SEAS, one of the largest cruise ships afloat, to 
not only accommodate, but integrate, scientific 
research activities into the complexity of the care 
and entertainment of 3,000 passengers, rotating 
on a weekly basis. 

 
Results are being produced from the research 

projects, and ongoing measurement programs.  
Oceanographic and atmospheric data is routinely 
collected.  Weather balloon launches, returning 
radiosonde data, have recently started.  These are 
the first regular launches from ships.  This 
operation, performed while underway, is a 
significant venue for passenger interaction. There 
is satellite communications bandwidth available, 
and in use, for real-time scientific data transfer. 
Live instrument data is available on the website: 
www.rsmas.edu/rccl.  Current data, acquired 
continuously from the two Acoustic Doppler 
Current Profilers, is being acquired, and archived 
by NOAA-AOML. Because the ADCPs produce 
data at a rate too high for raw data transfer over 
the satellite link, real-time remote viewing is not 
available.  Publication is in process for several 
studies. 
 

Figure 4. EXPLORER of the SEAS, ADCP Gulf Stream current data (courtesy of U. Miami, RSMAS)
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Project awareness has not yet been vigorously 
pursued, either in the scientific community, or in 
the public arena.  The project is only, just now, 
attaining the level of maturity to allow the first 
studies to be published, which will then interest the 
scientific community in utilizing this asset.  The 
significant advantage of this particular cruise ship, 
in being a good platform for long term 
observations, inherently works against quickly 
producing the level of study results required to 
interest the media and public.  RCCL has 
intentionally been very cautious in general 
promotion of the scientific facilities and operations, 
primarily to protect the program against any 
negative consequences of a commercial image.  
RCCL and RSMAS management intend for this 
facility to be available for serious research by the 
professional scientific community.  Public 
education, through passenger interaction, is 
encouraged, but not to the point that it either 
interferes with science operations, or overwhelms 
the facility capacity to handle interested onlookers.  
RCCL places no emphasis on any potential market 
advantage resulting from direct promotion of the 
scientific facilities, and therefore does not feature 
the facilities in their general literature.   

 
In essence, the program is product-driven, both 

from the scientific and commercial perspectives.  
As studies produce published results, the products 
will be available to raise the awareness of this 
asset.  Due to economic changes, the proposed 
mechanism for long-term funding for facility 
operations, maintenance and the scientific 
organization infrastructure has become invalid, and 
RSMAS along with RCCL are now investigating 
other potential sources of support.  Individual 
proposals are being submitted to various 
organizations for short-term funds, but no life-cycle 
funding has been identified to support either 
operations or long term management.  This lack of 
funding affects the ability to expend effort on data 
QC/QA, data distribution, and the development of 
the website.  Staffing levels, training for new PIs on 
the installed instrumentation, and the long-term 
integration of available datasets, all are presently 
in jeopardy due to lack of funds.  The identification 
of a life-cycle funding mechanism is the most 
critical requirement to realize the benefits of this 
unique asset. 

 
In such a unique project, which functions 

through efforts of industry, academia and 
government working together, what constitutes 
success?  Good science and cruise passenger 
satisfaction are the main benchmarks.  It is early in 

the life of the program to evaluate the quantity and 
quality of the research, except to say that 
participation has thus far been limited mostly to 
RSMAS Investigators, with a few outside 
researchers taking part, due to lack of community 
awareness.  From the passenger perspective, 
following are some excerpts from Guest Comment 
Cards collected at the end of each cruise 
(representative of 2002 comments). 

 
• “The ocean and atmospheric labs were great.”  
• “The ocean lab tour and complete marine 

research concept are wonderfully forward.” 
• “The ocean lab was a distinguishing 

characteristic for Royal Caribbean.  The 
presentations were informative.”  

• “ Scientific research should be expanded on 
additional ships.” 

• “…disappointed with some of the interactive 
displays in the eco lab – out of order.  
Learning can be a wonderful part of the 
cruise, and I was delighted with what I 
learned” 

• “ The ocean lab tour and crafts were cool.” 
• “ The tour of the labs was disappointing.  We 

did not learn anything, and felt it was so 
general.  There was no depth to the 
discussion, didn’t show (how) any of the 
instrumentation worked.  The graduate 
student read from notes.  The man in the 
upstairs atmospheric lab looked bored with 
talking to us.” 

• “ We enjoyed the ocean lab tour.  I think it’s a 
wonderful idea to have a lab onboard.” 

• “ Please promote the science lab more.” 
 
Measurements of success include the Guest 

comments, and the numbers of passengers signing 
up for tours and lectures.   To date, there has been 
a medium passenger load on the science staff and 
facilities, about 100 – 150 visitors per week 
through the labs; a comfortable volume for the 
level of effort available.  Lecture attendance has 
been sporadic, depending on the subject matter.  
In general, the science demands are at the limit of 
the support crew.  

 
Subjectively, overall success so far is rated 

7out of 10, with the general opinion that the daily 
research operations are working out quite well.  
The public relations opportunities remain to be fully 
realized, and the long-term scientific benefits 
require a greater level of project maturity.   It is a 
major accomplishment that the project is, in fact, 
realized as conceived, and starting to produce 
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good science. The routine data produced from the 
permanently installed sensors has practical value 
and is being used in science research output. 
Already, there is research utilization by other 
agencies such as NASA and ONR.  Passenger 
satisfaction level is high, from all direct Guest-
feedback indications.  Feedback from researchers 
is that the data is great. In the context of a VOS 
program, it is important to note that the high quality 
of data from the EXPLORER of the SEAS is due to 
continuous, onboard, technical support and PI 
responsibility for data QC/QA.  

 
This project represents a successful case study 

of how commercial, scientific and government 
stakeholders have melded together effectively to 
produce a valuable asset that meets disparate 
needs.  

III. FUTURE 
 
As mentioned previously, a source of 

continuous funding is a critical issue. While there is 
a PI assigned responsibility for each piece of 
equipment, there is little funding to actually support 
those efforts.  Now, each user must be responsible 
for data processing, which in the case of the 
ADCPs, requires that each new PI understand 
ADCP operational optimization and VMDAS 
software well enough to get good data, and be 
able to use it effectively.  There are no funds for 
such training.  People who are working with the 
routinely-produced data are partially 
uncompensated.  There is a critical need for senior 
personnel, to get data sorted out, and devise a 
properly set-up acquisition strategy.  Funding is the 
key to get more technical support, to ease the 
vessel scientific manning situation, and to allow the 
data processing techniques to be worked out, 
canned & documented, so others can use the 
voluminous, routinely-produced data. 

 
Assuming funding will be forthcoming, to fully 

realize the benefits of the EXPLORER of the 
SEAS, several areas require further development.  
All of the stakeholders want to see maximum 
utilization of this asset for productive scientific 
research.  Expansion of the program to include 
users from across the community requires a 
certain amount of exposure.  Future science media 
events are planned, waiting for the right 
combination of available results to properly portray 
the value and capability of this VOS platform. 
NOAA-AOML, responsible for ADCP data archive 
and dissemination, will provide data (eg: Gulf 
Stream, bi-weekly average data) throughout the 

research community. RSMAS is responsible for the 
data archive and dissemination of all QA/QC data 
from both atmospheric and oceanographic 
sensors.  There are initial data distribution 
guidelines that address the issues of PI proprietary 
data, first right to publish, quality & usability of 
data, however as the program matures these 
guidelines will no doubt require amendments.  
Finally, a downstream benefit of long time series 
data archives is the potential for derivative value.  
Typically, data from each instrument is valued 
independently, in the application specific to the PI 
who collected the data.  Using ADCP data as an 
example, current and upwelling structure are 
directly related to sea-surface temperatures.  
Current data is therefore a natural bridge to tie 
together synchronous, synoptic data sets from 
different sensors, thus unifying different disciplines.  
That process requires a derivative data product, 
not yet developed nor funded, but is within the 
scope of the project.  

 
The remaining dimension of the EXPLORER of 

the SEAS VOS project is the public outreach 
component.  RSMAS is confident that RCCL is 
very committed to environmental responsibility, in 
general, and to this program, in particular.  The 
nature of this vessel, and RCCL’s commitment to 
the project, fosters direct interaction with a broad 
cross-section of the public, and allows the 
possibility for general media coverage, virtual 
classroom applications, and international 
environmental awareness.  As illustrated by the 
Guest comments (above), a significant difficulty 
lies in translating the realities of ongoing scientific 
research into scenarios that will capture the 
interest of the public.  A great deal of effort was 
focused on the design of the passenger Eco-
Learning Areas.  In practice, the kiosks are 
important in shaping the perception of the 
passengers regarding the nature of the onboard 
research.  A well thought-out design with 
interesting and relevant content, combined with 
robust interactive mechanisms that withstand 
heavy use, and continuing maintenance, are all 
required to get the science/public interface off to 
the right start.  Similar (funded) effort is required to 
expand the passenger experience beyond the 
limited, guided tours.  There is a great deal of 
potential latent in this project.  With program 
maturity and directed efforts toward public 
awareness, the relatively small amount of required 
continuing sponsorship should be readily available.  
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IV. CONCLUSION  
 
One of the obstacles to expansion of the VOS 

concept, in general, is the lack of common 
motivation among the stakeholders.  In the case of 
the EXPLORER of the SEAS, commercial, 
scientific and government interests converged on 
the central theme of environmental sensitivity.  
RCCL definitely would recommend to 
NSF/NOAA/ONR/NASA, future expansion of this 
program as a quiet, but effective, way to reinforce 
environmental commitment.  However, even in this 
case, it would be that much more effective if the 
scientific assets actually fit within the business 
model of the commercial host.  For example, short 
of actually contributing to the revenue stream, if 
data from scientific sensors also had value in 
reducing vessel operating costs, the VOS concept 
may be more widely adopted.  Lessons being 
learned, at present in this project, reinforce the 
idea that valuable benefits can be gained from the 
VOS if the proposal concept encompasses return 
on investment for all stakeholders, and life-cycle 
funding mechanisms.  The scientific community 
can define the VOS need & opportunity, initiate 
proposals, and provide a champion to shepherd 
the process, define the criteria for success, and 
create the measures to document success.  
Funding Agencies can recognize O&M 
requirements, life-cycle scope, and fund the 
infrastructure needed to realize long-term benefits.  
Sensor manufacturers can develop complex, 
automated instrumentation capable of unattended, 
and remotely-directed operation.  All of these 
actions, creatively taken together, can result in 
cost-effective augmentation of traditional research 
assets through more widespread adoption of the 
VOS approach. 
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