FIRST VERY ROUGH DRAFT

Managing Risk from Ocean Changes Related to Climate:

Ocean Acidification, Sea Temperature, and Sea Level Rise

Introduction


It is already firmly established that large-scale climate change from greenhouse gas accumulations in the atmosphere is well underway. While this has in the past been portrayed as a problem decades ahead it is now clear that a child in grade school today will experience large scale climate change within their lifetime. It is also clear that the very large, permanent and growing reductions in emissions required to achieve climate stabilization will not be easily achievable while at the same time meeting the economic aspirations of a growing population. This creates risk, and poses a fundamental challenge to our way of life. The changes being forced in the ocean are large and poorly known.

· The 30 year lag-time between atmospheric emission and thermal effect means that the climate change we see today results from emissions in the 1970s – there is already a large unrealized warming potential in the pipeline.

· The effects are long lived; ocean uptake of CO2 is the dominant process on decade to century time scales, and ocean uptake of heat and CO2 is the primary buffer against rapid climate change. The fundamental geologic restoring force of rock weathering takes hundreds of thousands of years.

· While changes in physical climate and on land have been carefully examined, the changes in the ocean are far less well known and troubling unanticipated consequences are rapidly emerging.

· Our existing and planned coastal infrastructure, and the population who live in coastal regions, represents a massive investment of long time scale – we will always have ports, and cities close by the sea. What are the consequences?

Do we have the insights, and can we marshal the resources, to assess the risk to our coastal infrastructure, and to ocean ecosystems? Can we meet the expectations of the tens of millions who live within a few miles of the ocean? We are in this for the long haul and cannot afford mistakes. Here we examine three inter-related impacts on the ocean and on those who live by the sea.
i) Ocean Acidification

While the IPCC series of reports set the standard for the science of physical climate change from rising CO2 levels in the atmosphere, far less attention has been paid to the direct consequences of rising CO2 levels in the ocean. While the scale of this problem has long been apparent to marine geochemists it was not until a seminal meeting in Paris in May, 2004 that the impacts on ocean biology, including coral reefs, became widely known and have now been documented in numerous reports and publications. The issues raised are troubling.

· We have already disposed of some 530 billion tons of CO2 by gas exchange into ocean waters

· The ocean CO2 invasion rate is ~ 1 million tons CO2 per hour today

· This has lowered ocean pH by about 0.1 today, and will force a change of 0.3 or more by mid-century.

· These changes have not been experienced on Earth for tens of millions of years, and will have impacts on marine life.

· In the long run some 85% of all CO2 emissions will be transferred to the ocean. Climate stabilization at 550ppm implies storage of some 6.2 trillion tons of CO2 in the ocean at equilibrium. We can easily exceed this number.

The first concern of those who have studied this problem is for those organisms that make shells of calcium carbonate, which will face stress as dissolved carbonate levels are reduced in the ocean. Coral reefs for example will face the dual threat of bleaching from rising temperatures, and chemical stress from lower pH. Animals such as pteropods which now form a principal food for salmon in northern waters, and which make their shells from aragonite, will be particularly sensitive to changing pH levels. The recorded collapse of coralline systems in the geologic record during periods of high CO2 levels does not bode well.


But equally troubling are the complex set of factors now emerging for marine animals of all kinds. While too little is known of the physiological impacts of such high CO2 levels, there is evidence of impacts as diverse as on the reproductive capacity of shrimp, and the thermal tolerance of fish. A good case can be made that the highly stressed sub-oxic regions of the ocean, now largely confined to mid-depth equatorial regions will greatly expand in depth and latitude, reaching far along the coast of the US, with unknown consequences for the functioning of major fisheries. In examining these predictions one fisheries expert remarked that “we have tied our shoe laces together!” in grappling with the consequences of fishing regions remaining in place while the fishery has transformed and moved on.

At this time we can uncover the changing chemical signals by hard work and elegant means devised by ocean geochemists over the last 30 years. Predicting the ecosystem impacts will be far more complex.

ii) Changing Temperature and Climate


There is now evidence emerging that CO2 growth rates in the atmosphere are increasing faster than anticipated, and that the ability of society to stem this growth is still too limited to force the changes required for climate stabilization at doubled CO2 levels. Thus it would be prudent to plan for warming at the higher end of present day projections. 
For the ocean and coastal states this can result in:

· Higher sea levels from thermal expansion

· Changing coastal climate affecting agriculture and fisheries
· Changes in marine fisheries with a northward shift of warm water species

· Decreased tolerance to higher CO2 levels and reduced thermal window for many species

· Changes in ocean physical forcing and seasonal cycles

iii) Sea level Rise


Sea level is predicted to rise appreciably over the next century as a consequence of global warming and icecap retreat. The IPCC estimates that the global average sea level rise will be between 0.6 and 2 feet (0.18 to 0.59 meters) in the next century (IPC, 2007). However, the most recent observations suggest that the rate of ice cap retreat may already be exceeding these predictions. Given the existing ambiguity it may be prudent for planners to consider a rise of 2 m over this century as a guide for coastal preservation, prediction and development.
Even the lowest range of change will produce significant societal impacts on roads, bridges, homes and urban infrastructure:

· Impacts will be most dramatic along low-lying coasts like southern Florida and Louisiana which already experience massive damage in coastal flooding events; some shorelines will be created from abandoned urban areas. 
· These changes will also accelerate shoreline retreat along steeper coastlines resulting in loss of valuable property, public lands, and coastal infrastructure. 
· In many areas existing storm drainage systems will cease to work with only subtle sea level changes. 

· The positions of marshes, deltas, coastal dunes and river channels will move inland quickly without massive human intervention. Whether this rise will be slow enough to allow either humans or animals and plants in the narrow coastal ecological zones to keep pace is unknown. 
These events will pose challenges to property owners and insurers, to cities and towns, and produce a much changed coastline in greatly treasured protected and recreational areas.
Recommended Actions
i) Science – Better prediction of ocean ecosystem sensitivity to high CO2 levels and early warning of critical limits
Policy – Provides guidance on what ultimate Earth CO2 level is acceptable independent of the observed global warming
ii) Science - 
iii) Science – better documentation and prediction of coastline sensitivity to changing sea level and climate.
Policy   - Urban planning! A moratorium on construction of facilities planned to last more than 50 years in threatened coastal areas.
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