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Environmental Management in a Changing World:

Coping with Sea Level Rise
Summer Program: 11 - 23 July 2016

The Nicholas School of the Environment (Duke University) and Venice
International University offer a Summer Program that provides training
in key topics about the impact of sea level rise on coastal areas and
cities, and about adaptation and mitigation strategies.

Why now? Why at VIU?

The symptoms of Global Warming, and in particular an accelerating sea
level rise, are already detectable in several regions of the globe. The
discussion, at a governmental level, on the importance of reducing
greenhouse gas emissions is ongoing, but strategic decisions have to be
taken soon in particular in regard to low-lying coastal areas and cities,
considering that coastal areas less than 5 meters above sea level are
home to roughly 200 million people worldwide (World Ocean Review
2013). The Venice Lagoon will be used as a “laboratory”, the ideal setup
to study the intertwined dynamics of human and natural systems under
a climate change. The Venice Lagoon is a diverse ecosystem providing
invaluable services, which has been deeply transformed over the long
history of the Venetian State and, in more recent years, by large scale
engineering works. The area is also an exceptionally well-documented
case of the coexistence of the natural and the built environments, of the
tension between sustainable and unsustainable uses of natural
resources, and of the potential for vigorous political controversy over
possible adaptation strategies. VIU is uniquely positioned, both
geographically and for the suite of multidisciplinary knowledge which it
encompasses, to provide an educational program of unmatched quality
on these topics.

Target (Level of students and suitable fields of study)

Graduate students and working professionals from any university,

research institute, or other organization (private companies,
government agencies, NGOs) with an interest in environmental issues
and ability to read and write fluently in English. Advanced
undergraduates will also be considered.




Program Description

There is a scientific consensus that the Earth’s climate is warming at a
geologically unprecedented rate and that this warming will lead to
increasing rates of sea level rise (e.g. IPCC, 2013). What will be the
impact of sea level rise on the world’s coastal areas and coastal cities?
What are the social and economic consequences? What are the
expected impacts on human health? Should we plan for a “sustainable
development” or for a “strategic retreat”? If a strategic retreat is chosen,
what are the implications for our cultural heritage and legacy? What
monitoring and management tools are currently available or should be
developed in the near future? The impacts of accelerated sea level rise,
and of more frequent and extreme storm surges, are not only
destructive to the coastal ecosystems, but also to the regional socio-
economic system, which includes fisheries, farming, forestry residential
areas, and commercial and recreational activities. Coping with, adapting
to and mitigating this critical impacts associated with climate change are
severe challenges because the socio-economic consequences of sea
level rise are difficult to forecast and, as history has shown (e.g. see the
case of the lagoon of Venice — Italy - over several centuries), human
societies can put in place very complex adaptive strategies, with possibly
unforeseen long-term consequences. The course aims to give students a
broad perspective on the impact of sea level rise upon coastal areas
from the social, economic and environmental point of view. The courses
will present the causes and consequences of global environmental
change, focusing on global warming, changing oceans, and rising sea
levels around the world. Data and models will be used to explore
possible future scenarios, and the impact of the sea level rise on coastal
morphology, ecosystems, water resources, population and health will be
presented and discussed. Students will explore state-of-the-art
monitoring technologies and available datasets. Adaptation and
mitigation strategies will be analyzed and students will be involved in
discussions on critical management issues in a fully multidisciplinary
framework encompassing the environmental, social, economic, and
health sciences.



Courses

Global environmental change, global warming, changing oceans and
sea level rise, Nicolas Cassar (Duke University)

Extreme events in coastal areas: data analysis and modelling, Marco
Marani (Duke University and Universita of Padova)

Coastal environmental change processes: modelling and prediction
Andrea D’Alpaos (Universita di Padova)

Climate change, sea level rise and global health in coastal areas,
William Pan (Duke University)

Coastal wetlands ecology, restoration and management, Brian Silliman
(Duke University)

Environmental monitoring of coastal morphology and water quality
(lectures and labs), Sonia Silvestri (Duke University)

The impact of sea level rise and climate change on global water
resources, Mario Putti (Universita di Padova)

Planning for Natural Hazards and Climate Change Adaptation in Coastal
Areas, Gavin Smith (UNC Chapel Hill)

Learning outcomes of the program

Students will explore and become familiar with the following topics: 1)
causes and consequences of global environmental change; 2) modelling
and prediction of environmental changes in coastal areas; 3) social,
economic and political impacts of sea level rise; 4) environmental
monitoring and management of coastal morphology and water quality;
5) the resilience of coastal human-natural systems; 6) sustainable
development along the coast; 7) global health and climate change:
future scenarios in coastal areas. At the end of the course students will
be familiar with the physical processes that generate the global warming
phenomenon, and will understand the consequences of changing
oceans and rising sea levels. Satellites and other measurement tools will
be an integral part of the training, and students will develop an
extensive knowledge about models, predictions, and related
uncertainties. Students will be required to participate in discussions on
the impact of global environmental change on coastal areas, and will
understand the importance of new policies for the management of
coastal regions and cities and their economic implications.



Number of students

The minimum number of students for the activation of the program is
15. The maximum number of students is 25.

Schedule structure:

Lectures (in class) = 36 hrs

Labs (in the computer lab) = 16 hrs

Field Trips = 16 hrs

Seminars/study with tutors = 18 hrs

Final Presentations = 6 hrs

Total number of hrs in two weeks = 92 hrs.

Mondays: 4 lectures or labs per day (1.5 hrs each) for a total of 6 hrs + 2
hrs for studying or attending guest speakers seminars.

Tuesdays to Friday: 2 lectures in the morning (1.5 hrs each) + 3 hrs of lab
activities or field trips in the afternoons, for a total of 6 hrs + 2 hrs for
studying or attending guest speakers seminars.

Saturdays: preparation of students’ presentations on data analysis and
activities developed during the week, for a total of 6 hrs per day.

Field Trips:
Four field trips of 4 hours are included, for a total of 16 hours. One of

the field trips is to visit some natural and restored salt marshes, and it
represents the perfect occasion to talk about the halophytic vegetation
that grows in intertidal environments, the animals and about the
ecology of waterlogged soils, with implications for carbon sequestration.
During the second visit students explore a large peat soil area southern
of the Venice lagoon, which is currently between 2 and 3.5 m below sea
level. The high percentage of peat in the soil makes the area very
productive, but the intensive agricultural activities have already
contributed to the release of tons of CO2 in the atmosphere, and as a
consequence the area has undergone a strong subsidence process. The
trip to the north lagoon inlet (Bocca di Lido) is important to discuss the
adaptation strategies that have been developed by the Italian
government to protect Venice, and in particular the difference of hard
and soft protection projects. This trip is combined with a visit to the
control center of the MOSE system (the three series of dams that will
soon be completed at the three lagoon inlets to protect Venice from
high tides and sea level rise). Finally, the fourth field trip is to collect
mosquitoes in different locations (in the city and the lagoon) and gives
the opportunity to discuss the link between sea level rise and the



increased risk of vector borne diseases.

Credits
Number of credits in ECTS systemlz 3

This course has been included in the Master in Environmental
Management list of courses at the Nicholas School of the Environment,
Duke University. Students that will successfully complete the course will
receive 2 MEM Credits from the Nicholas School.

Method of evaluation of students

The grading will include:

A) the work done in class, in the field and in the lab,

in terms of participation of the students in discussions

and debates; 20%
B) the final works/presentations on the lab activities; 30%
C) two tests (each test will be assigned at the end of

each week of the course, and will include a total of

12 questions, i.e. 3 questions prepared by each professor who taught
during the week). 50%

Each professor will assign a final grade in x/100.

The grades will then be averaged to assign the final grade to the student
(still in %). [For MEM students the conversion curve provided by Duke
will be used].

LECTS is the credit system for higher education used in the European Higher Education Area, involving
is the Bologna Process. It is a learner-centred system for credit accumulation and transfer based on the
transparency of learning outcomes and learning processes. ECTS credits are based on the workload of
students in order to achieve expected learning outcomes. Workload indicates the time students typically
need to complete all learning activities (such as lectures, seminars, projects, practical work, self-study
and examinations) required to achieve the expected learning outcomes.



Bibliography (preliminary)

Course: Global environmental change, global warming, changing

oceans and sea level rise (Nicolas Cassar)

Alley R. B., Clark P. U., Huybrechts P., Joughin I. Ice-Sheet and Sea-
Level Changes. Science 21 October 2005: Vol. 310 no. 5747 pp. 456-460
, DOI: 10.1126/science.1114613

Bijma j., Portner H.O., Yesson C., Rogers A.D. Climate change and the
oceans — What does the future hold? Marine Pollution Bulletin,
Volume 74, Issue 2, 30 September 2013, Pages 495-505

Cai Wei-Jun. Estuarine and Coastal Ocean Carbon Paradox: CO2 Sinks or
Sites of Terrestrial Carbon Incineration? Annu. Rev. Mar. Sci. 2011.
3:123-45

Cai W-J, Hu X., Huang W-J., Murrell M.C., Lehrter J.C., Lohrenz S.E., Chou
W-C., Zhai W., Hollibaugh J.T., Wang Y., Zhao P., Guo X., Gundersen K.,
Dai M., Gong G-C. Acidification of subsurface coastal waters enhanced
by eutrophication. Nature Geoscience, vol. 4, November 2011.

Cazenave A. and Llovel W., Contemporary Sea Level Rise. Annu. Rev.
Mar. Sci. 2010. 2:145-73

Doney S.C. The Growing Human Footprint on Coastal and Open-Ocean
Biogeochemistry Science 328, 1512 (2010); DOI:
10.1126/science.1185198

Doney S.C., Fabry V.J,, Feely R.A., Kleypas J.A. Ocen Acidification: The
Other CO2 Problem. Annu. Rev. Mar. Sci. 2009. 1:169-92

Doney Scott C., Mary Ruckelshaus, J. Emmett Duffy, James P. Barry,
Francis Chan, Chad A. English, Heather M. Galindo, Jacqueline M.
Grebmeier, Anne B. Hollowed, Nancy Knowlton, Jeffrey Polovina,
Nancy N. Rabalais, William J. Sydeman, and Lynne D. Talley. Climate
Change Impacts on Marine Ecosystems. Annual Review of Marine
Science, Vol. 4: 11-37 (Volume publication date January 2012) DOI:
10.1146/annurev-marine-041911-111611

Keeling R.F., Kortzinger A., Gruber N., Ocean Deoxygenation in a
Warming World. Annu. Rev. Mar. Sci. 2010. 2:199-229

Meier Mark F., Mark B. Dyurgerov, Ursula K. Rick, Shad O’Neel, W. Tad
Pfeffer, Robert S. Anderson, Suzanne P. Anderson, Andrey F.
Glazovsky. Glaciers Dominate Eustatic Sea-Level Rise in the 21st
Century. Science 317, 1064 (2007); DOI: 10.1126/science.1143906


http://www.sciencemag.org/search?author1=Richard+B.+Alley&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Peter+U.+Clark&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Philippe+Huybrechts&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Ian+Joughin&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/journal/0025326X/74/2

Orr James C., Victoria J. Fabry, Olivier Aumont, Laurent Bopp, Scott C.
Doney, Richard A. Feely, Anand Gnanadesikan, Nicolas Gruber, Akio
Ishida, Fortunat Joos, Robert M. Key, Keith Lindsay, Ernst Maier-
Reimer, Richard Matear, Patrick Monfray, Anne Mouchet, Raymond G.
Najjar, Gian-Kasper Plattner, Keith B. Rodgers, Christopher L. Sabine,
Jorge L. Sarmiento, Reiner Schlitzer, Richard D. Slater, lan J. Totterdell,
Marie-France Weirig, Yasuhiro Yamanaka, Andrew Yool.
Anthropogenic ocean acidification over the twenty-first century and its
impact on calcifying organisms. Nature Vol 437, 29 September 2005,
doi:10.1038/nature04095

Course: The impact of sea level rise and climate change on global

water resources (Mario Putti)

Hansen James, Makiko Sato, and Reto Ruedy, 2013, Perception of
climate change. PNAS (in press)

Oki T. and Kanae S. (2006). Global Hydrological Cycles and World Water
Resources. Science, 313, 1068-1072.

Syvitski J. P. M., C. J. Vérésmarty, A. J. Kettner, P. Green (2005) Impact
of Humans on the Flux of Terrestrial Sediment to the Global Coastal
Ocean Science 15 April 2005: Vol. 308 no. 5720 pp. 376-380 ; DOI:
10.1126/science.1109454

Vengosh, A. (2013). Salinization and Saline Environments. In: Sherwood
Lollar, B. (ed.), Environmental geochemistry (volume 9), Treatise in
Geochemistry Second Edition. Executive Editors: Holland, H.D. and
Turekian, K.T., Elsevier Science (in press).

Vorosmartyet al., 2000; Global Water Resources: Vulnerability from
Climate Change and Population Growth. Science 14 July 2000: Vol. 289
no. 5477 pp. 284-288
DOI: 10.1126/science.289.5477.284

Course: Coastal environmental change processes: modelling and
prediction (Andrea D’Alpaos)

Allen, J. R. L. (1995), Salt-marsh growth and fluctuating sea level:
Implications of a simulation model for Flandrian coastal stratigraphy
and peat based sea-level curves, Sediment. Geol., 100, 21-45,
doi:10.1016/0037-0738(95)00101-8.

D’Alpaos, A., S.M. Mudd, and L. Carniello (2011), Dynamic response of
marshes to perturbations in suspended sediment concentrations and
rates of relative sea level rise, Journal of Geophysical Research- Earth
Surface, 116, F04020, doi:10.1029/2011JF001977.



Fagherazzi, S., M.L. Kirwan, S.M. Mudd, G.R. Guntenspergen, S.
Temmerman, A. D'Alpaos, J. van de Koppel, C. Craft, J. Rybczyk, E.
Reyes, and J. Clough (2012), Numerical models of salt marsh evolution:
Ecological, geomorphic and climatic factors, Reviews of Geophysics, 50,
RG1002 doi:10.1029/2011RG000359.

Gedan, K.B., M.L. Kirwan, E. Wolanski, E.B. Barbier, B.R. Silliman (2011),
The present and future role of coastal wetland vegetation in protecting
shorelines: Answering recent challenges to the paradigm, Climatic
Change 106, 7-29, DOI 10.1007/s10584-010-0003-7.

Kirwan, M., Guntenspergen, A. D’Alpaos, J.T. Morris, S.M. Mudd, and S.
Temmermann (2010), Limits on the adaptability of coastal marshes to
rising sea level, accepted on Geophysical Research Letters, 37, L23401
doi:10.1029/2010GL045489.

Kirwan, M., and S.M. Mudd (2013), Response of salt-marsh carbon
accumulation to climate change , 37, L23401
doi:10.1029/2010GL045489.

Marani, M., C. Da Lio, and A. D'Alpaos (2013), Vegetation engineers
marsh morphology through multiple competing stable states,
Proceedings of the National Academy of Sciences USA, 110(9), 3259-
3263, d0i:10.1073/pnas.1218327110.

Mariotti, G., and S. Fagherazzi (2013), Critical width of tidal flats triggers
marsh collapse in the absence of sea-level rise, Proceedings of the
National Academy of Sciences USA, 110(14), 5353-5356,
doi:10.1073/pnas.1219600110.

Morris, J.T., Kjerve, B., Cahoon, D.R., and Sundareshwar P. V. (2002),
Responses of coastal wetlands to rising sea level., Ecology, 83, 2869—
2877.

Temmerman, S., M.B. De Vries, T.J. Bouma (2012), Coastal marsh die-off
and reduced attenuation of coastal floods: a model analysis, Global
and planetary change 92/93(2012), 267-274.

Temmerman, S., G. Govers, S. Wartel, and P. Meire (2004), Modelling
estuarine variations in tidal marsh sedimentation: response to
changing sea level and suspended sediment concentrations, Marine
Geology, 212, 1-19.

Course: Coastal wetlands ecology, restoration and management (Brian

Silliman)

Bertness, M. D. and B. R. Silliman. In press. Salt marsh communities. in

Bertness, M. D., B. R. Silliman, J. Bruno and J.J. Stachowicz. Marine
Community Ecology and Conservation. Sinauer Press.



Silliman’ B. R., J. van de Koppel, M. D. Bertness, L. Stanton, and I.
Mendelsohn. 2005 Drought, snails, and large-scale die-off of southern
U.S. salt marshes. Science 310:1803-1806.

Silliman, B. R. and M. D. Bertness. 2004. Shoreline Development Drives
Invasion of Phragmites australis and the Loss of Plant Diversity on New
England Salt Marshes. Conservation Biology 18: 1424-143\

Bertness, M. D., P. J. Ewanchuk, and B. R. Silliman. 2002. Anthropogenic
modification of New England salt marsh landscapes. Proceedings of the
National Academy of Sciences (USA) 99: 1395-139

Silliman, B. R. and M. D. Bertness. 2002. A Trophic Cascade Regulates
Salt Marsh Primary Production. Proceedings of the National Academy
of Sciences (USA) 99: 10500-1050

Barbier, E., S. Hacker, E. Koch, A. Stier, B. R. Silliman. 2011. The Value of
Estuarine and Coastal Ecosystem Services. Ecological Monographs 81:
169-193.

Barbier E. B., E W. Koch, B. R. Silliman, S. D. Hacker, E. Wolanski, J.
Primavera, E. Granek, S. Polasky, S. Aswani, L. A. Cramer, D. Stoms, C.
Kennedy, D. Bael, C. Kappel, G. M. E. Perillo and D. J. Reed. 2008.
Coastal Ecosystem-Based Management with non-linear ecological
functions and values. Science 319: 321-323.

Gedan, B.K.**, B. R. Silliman, and M.D. Bertness. 2009. Centuries of
human-driven change in salt marsh ecosystems. Ann. Rev. Mar. Sci. 1:
117-141.

Gedan, K. B.*, M. Kirwan, E. Barbier, E. Wolinksi and B. R. Silliman. 2011.
The present and future role of coastal wetland vegetation in protecting
shorelines: answering recent challenges to the paradigm. Climatic
Change 106:7-29.

Course: Environmental monitoring of coastal morphology and water
quality (Sonia Silvestri)

Belluco E., Camuffo m., Ferrari S., Modenese L., Silvestri S., Marani A.,
Marani M., 2006, Mapping salt-marsh vegetation by multispectral
and hyperspectral remote sensing, Remote Sensing of Environment,
105, 54-67.

Cazenave A. and Llovel W., Contemporary Sea Level Rise. Annu. Rev.
Mar. Sci. 2010. 2:145-73

Gledhill, D. K., R. Wanninkhof, and C. M. Eakin. 2009. Observing ocean
acidification from space. Oceanography 22: 48-59.

Klemas V., 2011. Remote Sensing of Wetlands: Case Studies Comparing
Practical Techniques. J. of Coastal Research, 27(3): 418-427.



Overpeck Jonathan T., Gerald A. Meehl, Sandrine Bony, David R.

Easterling . Climate Data Challenges in the 21st Century. Science 11
February 2011: Vol. 331 no. 6018 pp. 700-702, DOI:
10.1126/science.1197869

Volpe V., Silvestri S., Marani M., 2011, Remote sensing retrieval of
suspended sediment concentration in shallow waters, Remote
Sensing of Environment 115 (2011) 44-54.

Yamano H. and Tamura M., 2004. Detection limits of coral reef
bleaching by satellite remote sensing: Simulation and data analysis,
Remote Sensing of Environment 90: 86-103.

Yang Jun, Peng Gong, Rong Fu, Minghua Zhang, Jingming Chen, Shunlin

Liang, Bing Xu, Jiancheng Shi, Robert Dickinson. The role of satellite

remote sensing in climate change studies. Nature Climate Change 3,
875-883 (2013), d0i:10.1038/nclimate1908

Course: Climate change, sea level rise and global health in coastal
areas (William Pan)

Module: Population-Environment Pressures

Ehrlich, P. & Holdren, J. (1971) “Impact of Population Growth” Science,
V171:1212-17

Hunter, L (2005) “Migration and Environmental Hazards” Population and
Environment VV26(4): 273-302

Module: Environment-Health Dynamics

De’Donato, F. and P. Michelozzi (2014), Ch. 38: Climate change, Extreme
weather evens and Health Effects, in The Mediterranean Sea: lts

history and present challenges, S. Goffredo and Z. Dubinsky, Eds.,

Ferrante M, Sciacca S, Fallico R, Fiore M, Conti GO, et al (2013) “Harmful
Algal Blooms in the Mediterranean Sea: Effects on Human Health.”
2:587 doi:10.4172/scientificreports.587

Jeffress Williams, S. et al (2012), Ch. 4: Vulnerability and Impacts on
Human Development in National Climate Assessment Technical Input

Report: Coastal Impacts, Adaptation, and Vulnerabilities (Burkett, VR
and Davidson, MA, Eds) p. 67-100

Lambin, E, A. Tran, SO Vanwanbeke, C Linard, V. Soti (2010) “Pathogenic
landscapes: Interactions between land, people, disease vectors, and
their animal hosts”, International Journal of Health Geographics, V9:54


http://www.sciencemag.org/search?author1=Jonathan+T.+Overpeck&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Gerald+A.+Meehl&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Sandrine+Bony&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=David+R.+Easterling&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=David+R.+Easterling&sortspec=date&submit=Submit
http://www.nature.com/nclimate/journal/v3/n10/full/nclimate1908.html#auth-1
http://www.nature.com/nclimate/journal/v3/n10/full/nclimate1908.html#auth-2
http://www.nature.com/nclimate/journal/v3/n10/full/nclimate1908.html#auth-3
http://www.nature.com/nclimate/journal/v3/n10/full/nclimate1908.html#auth-4
http://www.nature.com/nclimate/journal/v3/n10/full/nclimate1908.html#auth-5
http://www.nature.com/nclimate/journal/v3/n10/full/nclimate1908.html#auth-6
http://www.nature.com/nclimate/journal/v3/n10/full/nclimate1908.html#auth-6
http://www.nature.com/nclimate/journal/v3/n10/full/nclimate1908.html#auth-7
http://www.nature.com/nclimate/journal/v3/n10/full/nclimate1908.html#auth-8
http://www.nature.com/nclimate/journal/v3/n10/full/nclimate1908.html#auth-9

Lloret, J (2010) “Human health benefits supplied by Mediterranean
marine biodiversity” Marine Pollution Bulletin, V60: 1640-46

Marques, A., R. Rosa, M. Leonor Nunes (2014), Ch. 36: Seafood Safety
and Human Health Implications, in The Mediterranean Sea: Its history

and present challenges, S. Goffredo and Z. Dubinsky, Eds.,

Scheffran, J. and H. Gunter Brauch (2014), Ch. 39: Conflicts and Security
Risks of Climate Change in the Mediterranean, in The Mediterranean

Sea: Its history and present challenges, S. Goffredo and Z. Dubinsky;,
Eds.,




