
Convocatoria 
Hidrocarburos-2012-01-Proyectos 
Integrales del Fondo Sectorial 
CONACYT-Secretaría de 
Energía-Hidrocarburos Ocean observation 

platforms, base line, 
numerical modeling and 

scenarios of natural 
response capability of the 

Gulf of Mexico, under 
potential large scale oil 

spills

Centro de Investigación Científica y de 
Educación Superior de Ensenada, Baja 

California (CICESE)

D1/CH2012-01 - Implementación de redes de observaciones 
oceanográficas (físicas, geoquímicas, ecológicas) para la generación de 
escenarios ante posibles contingencias relacionadas a la explotación y 
producción de hidrocarburos en aguas profundas del Golfo de México



Members of the Consortium
Leader Institution:

Centro de Investigación Científica y de Educación Superior 
de Ensenada

Institutions of Higher Education: 
Universidad Nacional Autónoma de México 

Instituto de Ciencias del Mar y Limnología
Instituto de Biotecnología
Centro de Ciencias de la Atmósfera
Instituto de Geofísica

Centro de Investigación y de Estudios Avanzados del 
Instituto Politécnico Nacional-Unidad Mérida

Universidad Autónoma de Baja California
Technological Institution:

Centro de Ingeniería y Desarrollo Industrial 
Company:

Baja Innova, SAPI de CV
Mexican government:

Instituto Nacional de Ecología y Cambio Climático



National and international collaboration 
relationship

National:
Universidad Autónoma Metropolitana
Universidad Autónoma del Estado de Morelos
ECOSUR
CICIMAR
UNAM-Sisal
IPN-CICATA-Tamaulipas
CITEC-UABC

International: 
Florida State University
Texas A&M Galveston
Woods Hole Oceanographic Institution
Rosenstiel School of Marine and Atmospheric Science de la University of Miami (RSMAS)
University of California Santa Barbara  
LOCEAN: Laboratoire d’Océanographie et du Climat: Expérimentation et Approches Numériques 
GEOMAR Helmholtz Centre for Ocean Research
Universidad de Vigo
Universidad Autónoma de Barcelona
Institute of Environmental Assessment and Water Research, IDAEA- Consejo Superior de 
Investigaciones Científicas (CSIC)-España
Scripps Institution of Oceanography University of California San Diego
University of California Santa Cruz
Northwest Research Associates



 With the participation of the 
Mexican institutions with more 
experience in oceanography 
research.

 More than 30-year studying the 
Gulf of Mexico.

 Large experience in graduate 
programs.

 Has experience in collaboration 
with PEMEX.



Performing physical, chemical and biological 
measurements to establish a baseline of the current 
status and natural variability of the ecosystem of the Gulf 
of Mexico.

Building and using innovative  technologies to 
perform continuous measurements and / or real time, 
which can be used in case of a real event and along 
with numerical models to estimate the possible 
consequences and behavior.

Build physical models that incorporate  
biogeochemical processes (including the weathering of 
petroleum hydrocarbons and their chemical 
characteristics) to examine their transport under various 
scenarios of large-scale oil spills (location and depth). 
Generate maps that describe risk of hydrocarbon 
arrival under different scenarios based on arrival times 
and location and depth).  

Objectives:



Proposal components
Observation platforms
Coordinator: Dr. Francisco Ocampo

Baseline oceanographic surveys and data bases 
Coordinator: Dr. Sharon Z Herzka

Circulation, biogeochemial and ecological processes
Coordinator: Dr. Juan Carlos Herguera

Integration of physical, biogeochemical and 
ecological models
Coordinator: Dr. Julio Sheinbaum Pardo

Evaluation of the ecosystem response to oil spills
Coordinator: Dr. Alexei Licea

Analysis of the potential conequences of large-scale 
oil spills (scenarios)
Coordinator: Dr. Paula Pérez Brunius



This line of action proposes the establishment of an 
ocean observatory network (buoys, moorings, gliders, 
coastal radars, airborne and satellite imagery) in coastal 
and open waters in the Gulf of Mexico.

Deliverable 1: Observation platforms



This line of action contemplates oceanographic 
campaigns to establish a baseline (average state 
characterization and intra and inter-annual 
variability) of oceanographic variables to 
adequately assess the environmental impact of a 
large-scale spill in deep and coastal waters.

The oceanographic cruises will range from the deep 
water region of the Gulf of Mexico to critical 
coastal ecosystems highly susceptible to the 
effects of oil spills. 

This effort will also include the identification of 
critical habitat for vertebrate species that are 
important in terms of their conservation status or that 
represent fishery resources (turtles, cetaceans and 
pelagic fish). 

Deliverable 2: Baseline oceanographic surveys 
and data bases 



Hidrography 
Biogeoquemestry, biology, ecology, 
pollution and benthos

Region Frequency Cam
pagn

s

Sit
es

Deep water (CICESE) Annual 5 50

Campeche Bank and 
Yucatan channel
(CINVESTAV)

Annual 2 87

Perdido
(CINVESTAV)

Biannual 6 55

South east Gulf
(ICML-UNAM)

Annual 
(seasonal)

4 63

High resolution in 
Perdido and Coat. 
(CICESE)

Seasonal
(4 per year)

12 50

Deliverable 2: Baseline oceanographic surveys and 
data bases 



Deliverable 3: Circulation, biogeochemial and 
ecological processes

Establish a baseline of the circulation, 
biogeochemical and ecological 
characteristics of the Gulf of Mexico 
ecosystem by characterizing its average 
state and natural variability

Contribution to understanding the 
importance of the various physical and 
ecological processes that explain their 
characteristic spatial and temporal patterns.

This will allow for the assessment of the 
impact of a large-scale spill in intermediate 
and deep waters.

The biogeochemical information produced 
will feed numerical  circulation models to 
quantitatively estimate the effect of 
large-scale spills under different scenarios 



Integration of ocean and atmosphere 
circulation models with biogeochemical and 
ecological models of the Gulf of Mexico.

Implementation of numerical models that 
simulate the physical processes associated with 
wave-current interactions to establish in the most 
accurate way mixing, turbulence and circulation 
processes in the surface layer of the ocean.

Comprehensive and robust numerical simulation 
system to examine the evolution, on different scales, 
of oil spills in the Gulf of Mexico

Deliverable 4: Integration of physical, biogeochemical and 
ecological models



Development of vulnerability maps of deep 
water and coastal regions to an oil spill of great 
magnitude.

Generation different scenarios involving a 
large scale oil spill in the study area that 
contribute to develop prediction abilities for the 
evolution of the oil slick under different conditions 
of the weather and oceanic patterns.

The regional numerical modeling system of 
the ocean and the atmosphere will have the 
capability to be operational, generating forecasts 
of weather and ocean conditions in real time that 
can assimilate all available measurements 
from a plethora of observational platforms. 

Deliverable 4: Integration of physical, biogeochemical and 
ecological models



Evaluation of the capacity of natural response to large scale oil spills in the Gulf of 
Mexico, including the study of physicochemical, microbiological and 
photochemical degradation processes of different hydrocarbon fractions under 
natural and controlled conditions.

Study of the metabolic pathways of metagenomes, with special emphasis on 
those potentially related to the degradation of hydrocarbons and the pursuit of 
hydrocarbon-degrading activities. 

Assessment of the ability of microbiological degradation of different 
hydrocarbon fractions by native microflora through studies under controlled 
conditions that evaluate the biodegradation of the aromatic fraction of different types of 
Mexican crude oil and implementation of remediation techniques to reduce their 
ecotoxicity.

Deliverable 5: Evaluation of the natural response 
ability of the ecosystem to oil spills



Comprehensive analysis of the potential consequences of different oil spill 
scenarios  in the Gulf of Mexico, including:

The assessment of the variability in the dispersion and fate of pollutants based on 
field measurements and observations, numerically simulated scenarios and 
controlled experiments. The study will focus on the region of Perdido, in the 
northwest quadrant of the study area, considering it as a model system.

Study of the accuracy of the dispersion prediction models and their 
improvement  through the development of new parameterizations schemes of the 
physical processes that are not expressly addressed by currently available models.

Field studies and laboratory experiments that evaluate the effect of exposure to the 
oil spill on the key components of the ecosystem, including pelagic and benthic 
coastal species.

Deliverable 5: Evaluation of the natural 
response ability of the ecosystem to oil spills



• Comprehensive analysis of the potential consequences of different oil spill 
scenarios  in the Gulf of Mexico, including:

• The assessment of the variability in the dispersion and fate of pollutants based 
on field measurements and observations, numerically simulated scenarios and 
controlled experiments. The study will focus on the region of Perdido, in the northwest 
quadrant of the study area, considering it as a model system. 

Deliverable 6: Assessment of the consequences 
of oil spills (scenarios)



• Study of the accuracy of the dispersion 
prediction models and their improvement through 
the development of new parameterizations 
schemes of the physical processes that are not 
expressly addressed by currently available models.

• Field studies and laboratory experiments to 
evaluate the effect of exposure to the oil spill 
on the key components of the ecosystem, 
including pelagic and benthic coastal species. 

Deliverable 6: Assessment of the consequences 
of oil spills (scenarios)



• Development of health indicators for the coastal ecosystems and 
assess the susceptibility of endangered species, particularly sea 
turtles, to the different oil spill scenarios through the identification of critical 
coastal and pelagic habitats for their development, migration and feeding.

• Evaluate the effect of the population connectivity of key marine 
organisms and the ecosystem resilience.

•

Deliverable 6: Assessment of the 
consequences of oil spills (scenarios)



Development of Human 
Resources
This consortium brings together many top Mexican academic institutions that 
offer graduate programs within the fields relevant to this proposal. The 
consortium offers 16 graduate programs registered in CONACYT’s National Listing 
of Quality Graduate Programs.

Human resources include the training of specialized personnel (technicians) as 
well as the incorporation of students at the bachelors, masters and doctoral 
levels, and the active participation of post-docs in research activities, particularly 
those of interdisciplinary nature. 

Some students will be conducting their research at institutions that collaborate 
with members of the consortium, either directly (within their graduate programs) 
or indirectly (through exchange programs). 

We will encourage and facilitate student mobility and help create  the link to the 
labor market. There are allocated funds specifically for this purpose. 



Technological transfer

Transfer knowledge and skills acquired 
through the training of high-level human 
resources technicians and scientists able 
to continue with the management and 
development of the whole system is 
proposed.

We will use, assimilate and generate new 
technologies especially instruments and 
methods of observation and software 
modeling, whose prototypes can be 
assimilated either by PEMEX, Mexican 
companies or that can developed and 
marketed in the future to transfer the 
technology developed to PEMEX.



Budget
(by member of the consortium; pesos~13.00 

pesos/1 usd)

Note: CICESE’s budget includes the cost of 
colaborating and paying for various 
services that will be provided by national 
and foreign institutions.  

CICESE(Leader Institution) 935,873,031
CINVESTAV 243,320,801
UABC 193,280,046
Inst Cienciasdel Mar UNAM 104,829,694
InstitutodeGeofísicadelaUNAM 43,900,888
InstitutoBiotecnologíaUNAM 28,104,912
CentrodeCiencasdelaAtmósferaUNAM 31,473,699
CIDESI (Technological institute) 26,640,392
BAJAINNOVA(Company) 73,429,875

Total 1,680,853,338



 A real time observation 
and monitoring system of 
physical, and 
biogeochemical variables in 
the deep and coastal Mexican 
Gulf of Mexico.

 Base line of the natural 
(actual) condition of the 
Gulf of Mexico.

 Maps of the natural 
potential of degradation by 
the characterization of the 
bacteria funtionality using 
molecular tools.

Cuevas et al., 2010

Products and final results



 Vulnerability biotic model of 
different ecosistem components if 
a large oil spill ocurrs.

 Numerical modeling system 
including physical and 
biogeochemical variables for 
operational run and to help 
scenarios studies. 

 Multidiscipliary evaluation of 
possible consequences of 
large oil spills based on Perdido 
region.

 Several techincal capacities 
(instruments, software, 
technology)

 High qualified human 
resources.

Cuevas et al. 2012

Products and final results



 Low cost drifters for oil spill 
monitoring.

 Compact unmanned aerial 
vehicles for drifters 
deployment 

 First Mexican gliders 
development, service and 
control system

 A coastal radar network for 
coastal current and wave 
surveillance

 Techonlogy development for 
comunication and control of 
observation systems.

Technology



5-year goals

 A better understanding of the 
complex processes that occur 
during an accident in different 
time and space scales that will allow 
to anticipate to its development and 
reduce the impacts.

 An operational observation 
system.

 A better understanding of the Gulf 
of Mexico ecosystem that help to 
have a sustainable use and the safety 
of coastal population

 High qualified personnel for the 
industry

 PEMEX will be able to adequately 

respond in case of a major oil spill.



Thanks for your attention



5-year goals
 A better understanding of the 

complex processes that occur 
during an accident in different 
time and space scales that will allow 
to anticipate to its development and 
reduce the impacts.

 An operational observation 
system.

 A better understanding of the Gulf 
of Mexico ecosystem that help to 
have a sustainable use and the safety 
of coastal population

 High qualified personnel for the 
industry

 PEMEX will be able to adequately 

respond in case of a major spill.



 El consorcio agrupa a 
las más reconocidas 
instituciones 
académicas mexicanas 
en oceanografía.

 Formación de recursos 
humanos de distintos 
niveles: técnicos, 
estudiantes y 
posdoctorantes.

 Estancias de 
investigación en 
instituciones que 
colaboran con el 
proyecto. 

 Énfasis en movilidad 
estudiantil y vínculo con 
el mercado laboral y 
PEMEX.

       16 programas
       4 competencia 

internacional
     10 consolidados

CICESE: Maestría y Doctorado en 
Oceanografía Física, Ecología Marina y  
Ciencias de al Vida

UABC: Maestría y Doctorado en Oceanografía 
Costera

CINVESTAV: Maestría en Biología Marina y 
Doctorado en Ciencias Marinas

UNAM: Maestría y Doctorado en Ciencias del 
Mar y Limnología, Ciencias Bioquímicas, 
Ciencias de la Tierra

CIDESI: Maestría y Doctorado 
Interinstitucional en Ciencia y Tecnología



Etapa 1
(Años 1 

y 2)

Etapa 2
(Años 3 

y 4)

Etapa 3
(Año 5) TOTAL %

Gasto 
corriente $542 $467 $180 $1,190 70

Becas $35 $40 $17 $93 6

Infraestructura $290 $103 $5 $399 24

TOTAL $867 $611 $203 $1,681 10
0
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Presentado por: 

Centro de Investigación Científica y de 
Educación Superior de Ensenada, Baja 

California (CICESE)

Dr. Federico Graef Ziehl, Director General del CICESE, Responsable 
Legal

M en C Leonor Falcón Omaña, Responsable Administrativo
Dr. Juan Carlos Herguera, Responsable Técnico
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