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Plenary Speakers 

 

Dr. Kumiko Azetsu-Scott 

“Ocean acidification in the Arctic” 

Accelerated increase of carbon dioxide concentration in the atmosphere due to human 

activities (anthropogenic CO2, mainly from fossil fuel burning) affects the ocean by lowering its 

pH, a phenomenon known as ocean acidification.  About a quarter of the anthropogenic CO2 to 

the atmosphere since the start of the Industrial Revolution has been taken up by the oceans.  

Consequently, ocean pH has decreased by 0.1 units over the past 200 years, which is equivalent 

to a 30% increase in acidity.  If global emissions of CO2 continue at the present rate, ocean pH is 

predicted to fall an additional 0.3 units by 2100 (150% increase in acidity).  Although ocean 

acidification is a global phenomenon, the Arctic Ocean is especially vulnerable owing to 

freshwater input and increasing CO2 uptake from atmosphere as sea-ice cover decreases.  

Mechanisms of ocean acidification, possible effects on marine organisms and ecosystems and 

knowledge gaps in the Arctic will be discussed.   

 

 

Dr. Alex Hay  

Dynamic adjustment of the seabed to wave-current forcing in the nearshore 

During the past 20+ years, major advances have been made in our knowledge of the response 

of mobile sediments to the combined action of waves and currents in the nearshore zone.  In 

the context of this presentation the nearshore zone is defined to be that strip of the coastal 

ocean in which shoreward-propagating surface gravity waves first shoal, then break, and then - 



diminished in height and energy - progress toward the beach face to dissipate in the swash 

zone.  Associated with this cross-shore transformation of wave energy are changes in the 

higher-order statistical properties of the wave field: for example, third-order statistics related 

to wave shape, such as skewness.  Consequently the resulting forces at the bed also exhibit 

significant cross-shore variations not only in magnitude but also in net direction - seaward or 

shoreward - over a wave cycle. For the O(100 um) to O(1 mm) diameter grains in sandy beach 

environments,  the cross-shore variation in forcing conditions leads to cross-shore variations in 

the local response of the mobile bed which - through the development of forcing-dependent 

bedform types, each characterised by a different bottom roughness - feeds back to 

morphological evolution at larger scales, such as bar development and migration. 

 

The focus of this presentation is the local response of the bed, as revealed through the use of 

acoustic remote sensing technologies, developed either by adapting commercially-available 

systems or in-house in collaboration with colleagues. The account will be largely personal, but 

will draw upon the work of others.  Topics will include: the occurrence of different bedform 

types relative to moments of the forcing; cross-shore migration; the structure of velocity and 

stress field above ripples in oscillatory flow; and the surprise occurrence of ripples on a steep 

beach. 

  

The role of acoustics in model development for these features will also be discussed. 

 

 

Dr. Kevin E. Trenberth  

Insights into Earth’s energy imbalance from multiple sources 

The current Earth’s energy imbalance (EEI) is mostly caused by human activity, and is driving 

global warming. The absolute value of EEI represents the most fundamental metric defining the 

status of global climate change, and can best be estimated from changes in ocean heat content 

(OHC), complemented by radiation measurements from space. Sustained observations from the 

Argo array of autonomous profiling floats and further development of the ocean observing 

system to sample the deep ocean, marginal seas and sea ice regions are crucial to refining 

future estimates of EEI. Combining multiple measurements in an optimal way holds 

considerable promise for estimating EEI and thus assessing the status of global climate change, 

improving climate syntheses and models, and testing the effectiveness of mitigation actions. 

Progress can be achieved with a concerted international effort.  New estimates of EEI and 

corresponding rates of change of OHC will be presented to highlight outstanding issues that 

include lack of sufficient continuity in many OHC estimates. 

 

 



Michel Jean (for David Grimes) 

Big data, Social Media, Crowd Sourcing and the Evolution of the Meteorological Enterprise 

We live in a time of brilliant technologies and the rhythm of innovation is increasing at an 

unprecedented pace. We are flooded by earth observations, social media provides access to 

contextual information and unprecedented dissemination mechanisms and high performance 

computing platform allow us to tackle previously unsolvable problems. It is only a matter of 

time before the fusion of weather, big data technologies and business applications go 

mainstream and change the way people and businesses view weather and water data, and 

experience the force-multiplying effects it will have on improving life and weather sensitive 

business decisions. Not only is this forcing us to rethink our business models, our recruitment 

and training strategies and our partnership strategies at the national level, it will also have a 

fundamental impact on the global meteorological enterprise. It will also force us to reflect on 

how our professional societies can play a facilitating role in this. 

 

Dr. Dan Hutt 

Underwater sensing for Canadian defence 

The advent of submarines as a serious threat during the 1st World War led to an urgent need to 

be able to detect them underwater. The field of underwater sensing grew from that 

requirement and is almost entirely based on acoustics to this day. But the performance of 

acoustic sensing that can be achieved underwater is dictated by the physical ocean 

environment – the time and space-dependant density profile and boundary conditions. 

Conversely, sound has been a primary means of determining the physical characteristics of the 

ocean from bathymetry to large scale density structure. It may in fact be argued that modern 

physical oceanography has been largely driven by the military requirement to conduct anti-

submarine warfare. This presentation will review Canada’s activities in defence-related 

underwater sensing, where we are today, and our aspirations to apply what we have learned to 

underwater sensing in the Canadian Arctic. 

 

 

Dr. Fiona Darbyshire  

Illuminating the structure of the North American continent: advances in broadband 

seismology 

Since the beginning of the 21st century, North American seismology has seen considerable 

advances thanks to nationwide projects such as POLARIS in Canada and EarthScope in the USA 

(and parts of Canada). The establishment of distributed networks of broadband seismographs 

on a local, regional and even continental scale has allowed structural seismologists to image the 

crust and upper mantle of the North American continent in unprecedented detail. The 



improved data coverage allows us to begin to bridge the gap between geophysics and geology 

of the solid Earth, and has contributed to valuable new insights into the formation and 

evolution of North America over the last >3 billion years. 

 

We consider the results and implications of the latest seismological studies of the Canadian 

Shield and its eastern margin, using data from the POLARIS project and its offshoots, as well as 

EarthScope Transportable Array and FlexArray projects. We examine the wealth of data now 

available, and the wide range of imaging methods that provide new information on crust and 

upper mantle structure. 

 

Of particular interest are the contributions of the new data and models to our understanding of 

continental formation and evolution over time, and the way in which this may have changed 

from Archean to Proterozoic to Phanerozoic. Receiver function analysis of the crust suggests a 

secular evolution in which each time period shows certain characteristics in formation process 

and composition. The nature of the thick lithospheric keel is probed using tomographic 

techniques and analysis of seismic anisotropy, all of which show evidence for a multi-stage keel 

formation process. 

 

As more data are gathered and analysed, the models and their interpretation are increasingly 

refined. Much work remains, however, and we consider how to balance the need for broad 

regional-scale models with targeted local studies in areas of particular geological interest. 

 

 

Dr. Gordon McBean  

Weather, Climate and Ocean Sciences for a Sustainable Future Earth 

Climate change, disaster risk reduction, poverty eradication, social and economic sustainable 

development are interconnected issues that must be addressed in the development of policy.  

The 3rd World Conference on Disaster Risk Reduction was held in Sendai (March 2015), 

governments approved the Sustainable Development Goals (September 2015) and the Paris 

Agreement was confirmed at Convention on Climate Change Conference of Parties in Paris 

(December, 2015).  A key issue is how can science best provide the inputs to these policy 

processes and more importantly to help governments and people address the issues?  These 

questions require outputs leading to outcomes that address complex socio-economic, natural, 

health, engineering, philosophical and cultural issues and most challenging their intersections.   

The Program Future Earth: Research for Global Sustainability has as its goal: “To provide the 

knowledge required for societies in the world to face risks posed by global environmental 

change and to seize opportunities in a transition to global sustainability”.  The program has 

adopted a unique approach of both a Science Committee and an Engagement Committee to co-



design and co-produce the scientific research program and to co-deliver the results.  The 

research theme of transformations to sustainability will be a special challenge in dealing with 

issues such as transformation processes and global and regional governance, including 

incentives and international law.  Future Earth and the World Climate Research Programme are 

linked, through the International Council for Science and other ways, to the Integrated 

Research on Disaster Risk and Urban Health and Well-Being Programmes and they need to 

collectively address the challenges of bringing together interdisciplinary, transdisciplinary teams 

of scientists to undertake transformative research leading to outcomes that make a difference 

for global sustainability.  Cross-cutting issues in all these agreements are storms, floods, 

droughts, storm surges and related climatic hazards and their better understanding and 

prediction for today and tomorrow to the next many decades.  This is a scientific challenge for 

us all. 

 

Dr. David Risk  

Non-growing season greenhouse gas production in high-latitude soils 

Permafrost zones hold about half of the world’s organic matter, and several times more carbon 

than the atmosphere.  As permafrost melts, previously frozen organic matter becomes subject 

to microbial decay, and this process generates greenhouse gases including carbon dioxide (CO2) 

and methane (CH4). We do know that soil microbes are active in cold soils, and under the right 

conditions their metabolism may even be active below the freezing point in the non-growing-

season (NGS), however the magnitude of their production is unknown and unaccounted for in 

global carbon cycle models.  Using a variety of methods including continuous CO2 

measurements (gradient and flux chambers), we have been investigating the potential for CO2 

production and release during the NGS within cold region soils in the Arctic, central Canada, 

and Antarctic Dry Valleys.  In some cases we have also used radiocarbon-CO2 measurements as 

a descriptor of substrate utilization.  We have observed substantial NGS CO2 fluxes, particularly 

in high-carbon environments that receive snowfall.  Results suggest that over 50% of the annual 

CO2 release at many of these sites could come during the winter, which is not currently 

accounted for in models, or in budgets created from growing season studies. Radiocarbon-CO2 

measurements suggest that the microbial community occasionally recruits old soil carbon as a 

feedstock.  New NGS monitoring initiatives will help improve the accuracy of carbon budgets, 

contribute to our understanding of microbial activity in extreme environments, and improve 

soil models in cold and permafrost environments. 

  



Public Lecture 

 

George Porter 

The Future of the Mactaquac Generating Station 

The Mactaquac Generating Station began operating in 1968, and has the capacity to generate 

670 megawatts of energy using the flow of water through six turbines. The station supplies 

about 12 per cent of New Brunswick homes and businesses with clean, low-cost power.    

The Mactaquac Generating Station is currently expected to reach the end of its service life by 

2030. This is due to an ongoing alkali-aggregate reaction (AAR) within its structures that is 

causing the concrete to expand. To allow enough time for potential construction and regulatory 

approvals, NB Power must recommend a future path for the station by the end of 2016.  The 

Mactaquac Generating Station is a run-of-the-river hydroelectric generating facility located 

west of Fredericton on the Saint John River.   

Since 2013, NB Power has been working through an evaluation and decision process involving 

scientists, engineers, environmental experts, First Nations and members of the public. Much of 

that work has been focused on three end-of-life options for the station, which include building 

a brand-new generating station across the river from the current site, removing all structures to 

allow the river to return to a natural flow or leaving the dam in place but without power 

generation.  In addition, NB Power is investigating approaches to allow the Mactaquac 

structures to generate electricity beyond 2030, perhaps even to its original 100 -year service 

life. These alternative approaches have arisen from due diligence studies under investigation 

since 2014.  The alternative approaches are supported by ongoing testing and modelling of the 

impacts of concrete expansion at Mactaquac to gain a better understanding of the station’s 

structural integrity and behavior.    

The analysis and decision making on the best path forward for Mactaquac will consider 

comparative economic, technical, environmental, and social implications of the potential paths. 

 

 


