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Annex XIX

HIGH-PRIORITY ACTIONS STATEMENT:  CORAL REEF ECOSYSTEMS AND GCOS

James C. Hendee, Ph.D., and Alan E. Strong, Ph.D.
 National Oceanic and Atmospheric Administration

The purpose of the Global Climate Observing System (GCOS) Workshop for Central
America and the Caribbean is to discuss regional deficiencies and needs in atmospheric,
oceanographic, and terrestrial observing systems for climate and to develop a strategy
for overcoming these deficiencies.

As Co-Conveners of the Coral Reefs Session of the GCOS Workshop, we would like to
list what we feel are important topics to be addressed regarding the effect of global
climate on the health and development of coral reef ecosystems.  The phenomenon of
coral bleaching, for instance, has received widespread attention in recent years (e.g.,
see reviews by Glynn 1993, Brown 1997, Hoegh-Guldberg 1999). It is often regarded as
a generalized stress response by zooxanthellate corals to high sea temperature, which
is assumed to be due to global warming; or abnormal salinity, bacteriological or viral
infection, high solar radiation, pollutants and a range of other stressors  (Glynn 1993;
Brown 1997; Kushmaro et al 1997; Jones 1997).  In most reported incidences of mass
coral bleaching, however, locally high sea temperature is in evidence and appears to be
the chief environmental stressor (Brown & Ogden 1993).  One other meteorological
variable that is thought to be conducive to bleaching, in the presence of high sea
temperatures, is the presence of low wind speed, as this is thought to favor localized
heating and a greater penetration of solar radiation (Glynn 1993; Causey 1988; Jaap
1978, 1988; Lang 1988).  Thus, regarding physical factors which influence coral
bleaching, it would behoove us to observe sea temperature, salinity, photosynthetically
active radiation, ultraviolet radiation and wind speeds at threatened and commercially
important coral reef areas in the Caribbean.  These factors would also influence coral
and coral reef inhabitants' growth and reproductive characteristics, and in turn fisheries
(and other) recruitment.  Biological studies that elucidate changes in growth,
reproduction, larval survival and migration in response to relevant severe physical
stressors, such as high sea temperature and increased irradiance levels, would allow us
to better gauge and predict the effects of global climate change on coral reef
ecosystems.

Regarding the application of a stratagem to realize this goal, an accounting of all
physical monitoring endeavors on or near coral reefs in the Caribbean might be
compiled to identify gaps or redundancies in effort.  Similarly, a bibliography of published
work which pertains directly to the effects of the physical factors mentioned on coral reef
growth, recruitment, reproduction and migration could give researchers and
governmental policy makers a baseline status of the reefs and a standard against which
to measure change.

Presentations for the Coral Session should focus on the status, deficiencies, and needs
of coral reef monitoring as they pertain to climate change, at their site in the Caribbean,
and provide recommendations for addressing the highest priority needs.  Where
possible, quantitative data should be used.  The recommendations will be considered in
developing the final report of the workshop.
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Annex XX

CORAL REEF MONITORING - A REGIONAL PERSPECTIVE

Pedro M. Alcolado
Instituto De Oceanología

Ciudad De La Habana, Cuba

Coral reefs are governed by physical and biological factors, as well as by processes that
co-vary over a wide range of spatial and temporal scales.  For that reason, a multi-scale
approach to physical and biological environmental processes to understand coral reef
structure and dynamics is vital. Coral reefs may be interconnected at quite large spatial
scales (transport of larvae, nutrients and pollutants; migration). This wide scale spatial
connectivity should be taken into account for management, monitoring and research of
meta-populations and ecosystems.

Climate change is a global scale phenomenon that is threatening coral reefs worldwide,
occupying a level of concern comparable or higher than local anthropogenic stressors. In
the Wider Caribbean area, it induces or can induce direct and indirect effects on (1)
atmosphere (e.g. higher CO2 concentrations and air temperature; increased amount of
suspended African dust in trade winds; possible increase of extreme and dangerous
meteorological events such as torrential rains, more powerful cyclones and severe
droughts; etc.), (2) sea (e.g. increasing temperature, CO2 concentrations and sea level;
coral bleaching; thermal stress and infectious diseases in marine organisms; changes in
local circulation patterns, current velocity and wave parameters; more sedimentation,
turbidity and toxics; habitat modifications and boundary shifts; etc.), (3) land (higher
frequency of sudden strong runoff of water, nutrients and sediments; more coastal
erosion and flooding; local desertification; modifications in coastal landscape, vegetation
and land use; etc.), and (4) atmosphere-sea-land interactions.

Coral bleaching is recognized as the most evident outcome of climate change in coral
reefs. In order to predict and mitigate the effect of coral bleaching, a better
understanding of the spatial and temporal patterns of that event and the climatological
and oceanographic factors causing such patterns is needed. Several significant
infectious diseases affecting coral reefs as “white band” (causing huge damage to elk-
horn corals), “White Plague”, “black band”, ”dark spot”,  “yellow blotch”, “Aspergillosis”
(attacking sea fans) and the lethal pandemic disease of the sea urchin Diadema
antillarum can also be directly or indirectly related to climate change.

The most important climate change related event influencing coral reef health is
increasing sea temperature. It can induce coral bleaching, lethal thermal stress in
shallow areas, possible depression of coral immune response, higher physiological
energy expenditures in corals that can conduct to starvation, etc.  Recently, some
authors are suggesting that higher amount of African dust transported by trade winds are
probably importing pathogens (e.g. soil fungus Aspergillus sydowii) and increasing
microbial growth and virulence due to higher concentration of dust iron (a limiting
element in oceanic water).

Sea-surface temperature is a main factor to monitor for understanding causalities and
trends in coral reef health. Monitoring sea-surface temperature (SST) and its statistics
from satellite imagery is vital.  SST NOAA/NESDIS Hotspots imagery supported by coral
bleaching ground check is a very relevant tool for better understanding the causes and
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dynamics of coral bleaching. Temperature is widely recognized as trigger of massive
coral bleaching, but this causality is often conditioned by other factors that deserve to be
monitored and integrated in spatial and temporal analyses: (1) surface wind fields
(influencing sea-surface roughness and consequently light penetration), (2) cloud cover
(influencing on light irradiance), (3) current velocity (influencing on boundary layer width
on coral surface and consequently on coral-water exchange rates), and (4) solar
radiation and (5) ultraviolet light measurements.

More attention should be paid to the observation of dispersion pattern and amount of
African dust on the Wider Caribbean, before definitively and prematurely discarding it as
a real coral reef threat. A combination of satellite imagery information (NASA´s
SeaWiFS, AVHRR, TOMS ozone mapping sensor, MODIS Ocean Color Sensor),
observation from space stations, and field determinations are recommended. Continuing
a sound deployment of the real time observation system of hydro-meteorological
variables is also strongly recommended.

CARICOMP (Caribbean Coastal Marine Productivity), AGRRA (Atlantic & Gulf Rapid
Reef Assessment), ReefCheck, GCRMN (Global Coral Reef Monitoring Network, now
acting in Colombia), RECON (Reef Condition) and CPACC (Caribbean Planning for
Adaptation to Climate Change-component 5) are outstanding regional coral reef
monitoring and assessing (“snapshoting”) initiatives that deserve permanent and
generous funding. These initiatives rather tend to complement each other with regard to
degree of necessary skill, rapidity, and iteration of sampling. Comparing them, one could
surmise the existence of some degree of redundancy among them but, as in
ecosystems, some degree of “diversity” seems to be advisable and precautionary to
guarantee a more sustained regional monitoring.

Among most significant indicators for assessing and monitoring coral reef status it can
be mentioned: coral and algal cover, coral condition, percent of recent an old coral
mortality, coral size distribution, dominant algal morph types, fish abundance, fish size
and trophic composition, abundance of herbivores (parrot fish, surgeon fish and the
black long-spine sea-urchin Diadema antillarum), coral recruitment, indicator
invertebrate species, chlorophyll from remote sensing, etc.).  Not necessarily all of them
are directly related with climate change issues, but the remaining provide information
about other issues (pollution, over-fishing, sedimentation, turbidity, physical damage)
that interact with climate factors and so deserve to be monitored for better more
comprehensive understanding of the situation of coral reefs.

Interaction between oceanographers and meteorologists must be still enhanced and
operationally supported for better understanding of local, regional, hemispheric and
extra-hemispheric sources of impact on Wider Caribbean coral reefs (e.g. Northern
Atlantic Oscillation, Atlantic Dipole, El Niño Southern Oscillation, etc.).

Developed countries should have the responsibility to strengthen the financial support of
sound initiatives dealing with research, assessment and monitoring the coral reefs of the
Wider Caribbean, to better understand the effect of climate change and other factors
involved in the ongoing process of decline, trends and possible local, regional and global
management solutions.  Funding approaches must consider time scales in excess of
budget cycles and political administration cycles to guarantee long term stable regionally
integrated monitoring programs.  With regard to the prejudiced research vs. monitoring
dichotomy, taking into account the large temporal and spatial scales of climate change,
financing sources should be aware that monitoring deserves the same priority as
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research, because in fact monitoring is a basic and crucial component of scientific
research.

In agreement with CPACC, government willingness to support coral reef monitoring and
develop regional partnership, in the extent of national possibilities, and within the context
of Integrated Coastal Zone Management, is also vital for sustaining a regional coral reef
monitoring system. Not less important is to guarantee the collaboration of foreign coral
reef specialists to those countries lacking full institutional capacity for coral reef
monitoring and data analysis, as recommended by CPACC.

Finally, the excellent GCRMN initiative of publishing a periodical report on the status of
coral reefs of the world should be strongly supported.
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Annex XXI

CORAL REEF MONITORING – A SATELLITE PERSPECTIVE

Alan E. Strong

A new NOAA program for monitoring key indices at 15-20 prime domestic coral reef
locations has been started with the first in situ installations, outside the Florida Keys,
using coral reef early warning system (CREWS) towers/buoys.  NOAA’s first
international CREWS station was recently inaugurated in the Bahamas at Lee Stockings’
Rainbow Gardens Reef in 2001.  A second site in the Caribbean has been placed at Salt
River in  St. Croix, US Virgin Islands just this month.  Additional CREWS sites are now
being planned at selected locations though out the Caribbean.  Coral Reef Watch (CRW)
combines both the overreaching view of the satellite and key in situ measurements from
these CREWS buoys/towers.  The program intends to provide both early warnings of
anomalous and changing conditions (e.g. bleaching) in and around these key sites as
well as an extended time series of these observations for shedding new insights into our
changing climate throughout the entire coral reef community.  Several experimental
satellite products have already demonstrated their usefulness and are being adopted as
operational products through CRW.  These include SST anomaly charts, Bleaching
HotSpot Charts, Degree Heating Week (DHW) Charts, and Coral reef Bleaching Indices.

Alan E. Strong
Team Leader, Marine Applications Science Team (MAST)
Coral Reef Watch Project Coordinator
Phys Scientist/Oceanographer
NOAA/NESDIS/ORA/ORAD -- E/RA3
NOAA Science Center -- RM 711W
5200 Auth Road
Camp Springs, MD 20746-4304

Alan.E.Strong@noaa.gov
301-763-8102 x170
FAX: 301-763-8572
http://orbit-net.nesdis.noaa.gov/orad
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Annex XXII

CORAL REEF MONITORING – AN IN SITU PERSPECTIVE

James C. Hendee

The National Oceanic and Atmospheric Administration's (NOAA) Coral Reef Watch
program is installing in situ monitoring stations at strategic coral reef areas for purposes
of establishing long-term data sets, providing near real-time information products, and
surface-truthing NOAA satellite sea-surface temperature (SST) products which are used
for coral bleaching predictions ("HotSpots").  The suite of in situ instruments, which
transmit data hourly, together with custom artificial intelligence software, are called Coral
Reef Early Warning System (CREWS) stations.  At each CREWS station a critical part of
the effort is the local maintenance and calibration of the sea temperature sensor to
ensure quality data; these data can then be automatically compared with satellite
monitored temperatures and thus provide near real-time feedback on the accuracy of the
satellite-monitored temperatures. The local maintainers also give critical feedback on the
presence and progress of coral bleaching and thus validate coral bleaching predictions
made by HotSpot and CREWS information products.   The CREWS stations slated for
deployment in the Caribbean will also measure wind speed and direction, air
temperature, barometric pressure, sea temperature, and salinity, as well as
photosynthetically active radiation and ultraviolet-B above and below the water. These
environmental variables are important to local bleaching and other biological
manifestations (e.g., spawning, migrations), but are also valuable in helping to assess
the effect of  global climate change on local reefs.

James C. Hendee, Ph.D.
Coral Health and Monitoring Program
Ocean Chemistry Division
Atlantic Oceanographic and Meteorological Laboratory
National Oceanic and Atmospheric Administration
U.S. Department of Commerce
4301 Rickenbacker Causeway
Miami, FL  33149-1026

Voice:  (305) 361-4396
Fax:    (305) 361-4392
Email:  jim.hendee@noaa.gov
Web:    http://www.coral.noaa.gov



90

(Intentionally blank)



91

Annex XXIII

INTEGRATING IN SITU AND SATELLITE OBSERVATIONS

Dr Vilma Castro
RMTC University of Costa Rica

The facts

Ø There are many Caribbean and South American countries that still receive
imagery in picture format at infrequent time intervals. Use of imagery is thus very
limited.

Ø Funds for the reconstruction efforts for Meteorological Offices in Central America,
in the wake of hurricane Mitch, were successfully used to provide digital, real
time imagery at 30-minute intervals to Central American countries through the
internet (see Annex).

Ø Requirements for implementing satellite capability to every country: low cost PCs
and training. Countries are responsible for their internet connectivity.

Ø Products that can be obtained from digital imagery:
o Presence of dust or smoke from fires, volcanic eruptions, etc.
o Presence of fire
o Estimation of rainfall
o Climate statistics: frequencies, averages, extreme values

      All these products must be ground-truthed.

The possibilities

Ø High resolution satellite imagery complements and improves substantially the
information from climatological stations, by providing an extended vs. a punctual
point of view.

Ø A misconception: satellite imagery for the exclusive use of synoptic/forecasting
purposes. The truth is that satellite data can help in the detection and
understanding of climatic variability and its consequences. As an example, the
dry season in Central America is drier than usual during an El Niño year. Fig. 1
shows cloud frequencies for the month of February 1998 (Niño event) vs.
February 1997 (non-Niño). Fig. 2 shows fires were more extended in 1998 than
in 1997.

The needs

Ø It is not possible to build a local climatology, less to integrate in situ  and satellite
observations, without continuous access to digital imagery, comparison of real
time satellite data with observations through the window or a climatological
station helps building an incredible understanding of the behaviour of the
atmosphere.
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Ø For the tropics, one of the most useful products is rainfall estimation, from which
a climatology can also be derived. These estimations must be validated for every
place and situation.

A proposal

Ø To extend the effort of providing satellite imagery capabilities to countries
requiring it.

Fig. 1 Cloud frequency is lower in 1998, an El Niño year, than the previous year.

Fig. 2. The satellite fire product detected more fires (bright spots) in 1998 than in 1997.
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Annex XXIV

THE USE OF AUTOMATED OBSERVATIONS FOR CLIMATE:
CHALLENGES AND OPPORTUNITIES

T.R. Allsopp
Meteorological Service of Canada

Background

The Meteorological Service of Canada (MSC) manages a national climate observation
network through cooperative arrangements with government organizations at all levels,
the private sector and volunteers. It is a tiered system consisting of Reference and Basic
Climate Stations and incorporates climate data obtained from surface weather networks
that support Canada’s public, marine and aviation weather programmes.  Canada’s vast,
remote and sparsely populated regions combined with budget constraints have
compelled the MSC and its partners to rely heavily on autostations for collecting climate
data. A major challenge is to ensure an orderly transition from human-based to
automated programmes while preserving the integrity, reliability and quality of climate
data for various applications and users. The purpose of this paper is to provide some
‘best practices”, using Canadian examples to illustrate specific challenges.

Managing Change

The transition from human-based to automated observations requires a formal and
comprehensive change management process that is applied to all monitoring networks,
the management of the data, and maintenance standards and procedures.  As a
supporting activity, sensors and systems must undergo a rigorous test and evaluation
process before qualifying for operational use to reveal performance characteristics that
are not necessarily identified in the manufacturer’s description of specifications.
Whenever possible, the MSC has conducted a two-year overlap of the existing
observational programme with the autostation to quantify observing biases.

Operational Considerations

Managing networks involves applying standards suggested by WMO guidelines, user
requirements, peculiarities of climatic zones and operational considerations. To illustrate,
operational constraints in MSC limit scheduled inspections of autostations to between 2
and 4 times annually. In considering the deployment of all-weather precipitation weighing
gauges, Canada identified the need for two types of gauges.  The best performing gauge
is employed as the primary gauge and, where annual precipitation amounts are high and
frequent inspection visits are not possible, a slightly less accurate but higher capacity
gauge is deployed.

Human-based observation programmes allow for manual correction of rate-of-rainfall
data from tipping bucket rain gauges utilizing quantity measurements from co-located
standard precipitation (Type “B”) gauges. When initiating an automated programme, the
MSC chose to replace gauges with a siphoning tipping bucket that has a flat error profile
over a broad range of precipitation rates.
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Life-Cycle Management

Managing networks requires consideration of the true costs of the system including, inter
alia, purchase, installation, telecommunications, maintenance, human resource
commitment.  It begins with properly documented: siting, installation, inspection and
maintenance programmes supported by a well-trained workforce. Far too often, data
quality and reliability are compromised by deficiencies in these programmes regardless
of the quality of the equipment selected for the network. Standardization of observations,
reporting and collection programmes are also requisite.  The MSC has initiated life-cycle
management in all of its networks.

Real-time Quality Assurance

On-site routine inspection and maintenance are important preventative measures but do
not fully overcome problems such as sensor failures or calibration drift.  The MSC has
established a real-time national monitoring procedure that routinely scans data, identifies
problems and notifies regional inspectors of the need for corrective action.

Information Management

It is imperative to have good metadata for reasons ranging from life-cycle management
of sensors and systems to documenting characteristics of the observational programme
and data management procedures. There is ample evidence that lack of knowledge of
observational programmes, past and present, have negatively influenced data
interpretation.  The MSC has digitized historical inspection records so that, for example,
climatic trends can be properly interpreted from archived data sets.

Conclusions

The following serve as guiding principles for managing an effective automated observing
network:

• Ensure there is a complete understanding of requirements, including the need for
real-time observations.

• Develop or adopt a formal change management process that includes a qualification
of equipment, algorithms and procedures for the network and related data
management systems.

• Make sure the programme is sustainable, life-cycle managed, to defined standards
and procedures within an assigned budget.

• Adopt standard autostation configurations to the extent possible.
• Establish a well-trained technical workforce equipped with documented standards

and operational procedures.
• Put in place quality assurance and quality control programmes consistent with

network strategies.
• Develop metadata information systems tuned to the needs of those responsible for

maintaining the observational programmes as well as the needs of data users.
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Annex XXV

LIST OF ACRONYMS AND ABBREVIATIONS

CAC Central America and the Caribbean
CARICOM Caribbean Community
CARIB-HYCOS Caribbean Hydrological Cycle Observing System
CIMH Caribbean Institute for Meteorology and Hydrology
COP Conference of the Parties (to the UNFCCC)
CPACC Caribbean Planning for Adaptation to Global Climate Change
CREWS Coral Reef Early Warning System
CRRH Regional Committee for Water Resources
CZMU Coastal Zone Management Unit
GCOS Global Climate Observing System
GCM General Circulation Model
GDSIDB Global Digital Sea-Ice Data Bank
GEF Global Environment Facility
GOOS Global Ocean Observing System
GPS Global Positioning System
GSN GCOS Surface Network
GUAN GCOS Upper Air Network
IOC Intergovernmental Oceanographic Commission
IOCARIBE IOC Sub-Commission for the Caribbean and Adjacent Regions
LABCODAT Data Quality Control Laboratory
NCDC National Climatic Data Center
NOAA National Oceanic and Atmospheric Administration
NESDIS National Environmental Satellite, Data and Information Service
OAS Organization of American States
PRECIS Providing Regional Climates for Impacts Studies
RMTC Regional Meteorological Training Centre
RONMAC Water Level Observation Network for Central America
SIDS Small Island Developing States
UNEP United Nations Environment Programme
UNESCO United Nations Educational, Scientific and Cultural Organization
UNFCCC United Nations Framework Convention on Climate Change
USAID US Agency for International Development
USDE Unit for Sustainable Development and Environment
UWI University of the West Indies
WHYCOS World Hydrological Cycle Observing System
WMO World Meteorological Organization
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