A draft science and implementation plan for adapting and mitigating climate and global change in the Southeast Pacific

The countries of the Southeast Pacific (Chile, Peru, Ecuador, Colombia and in the near future Panama) have an entity, The Permanent Commission for the South Pacific (CPPS in Spanish), that coordinates ocean policies and activities for the region. This coordination began several decades ago driven by the realization that the climate phenomena known as El Niño required a regional approach to its study and response. As technology for environmental observation and prediction matured it also became evident that there was a need for regional plans for operational systems that form part of the Global Ocean Observing System (GOOS). In addition, recent scientific activity has shown that the world and the region in particular are fluctuating and changing on time scales that are longer than those of El Niño (interannual variability lasting from 6 to 18 months) and that these changes have and will continue to have significant impact on the countries of the Southeast Pacific. Further the countries now realize that these changes may accelerate as a result of human perturbations to the climate system creating even greater urgency for the need for a regional effort to fortify observations systems to better understand what will happen in the future and feed predictive models. This document builds on a series of related activities carried out by the countries of the Southeast Pacific, and coordinated by the CPPS, but focuses on the longer time scale of climate change. The intent is not to duplicate previous scientific plans but to synthesize ideas at a high level and identify resources that will result in the implementation of a coherent regional system. A pilot project is suggested as a first step in this implementation.
A conceptual model for regional climate and ocean variability and change in the Southeast Pacific – There are a small number of basic environmental features that determine the character of the Southeast Pacific and make it susceptible to variability and change. The Southeast Pacific High (SPH) centred over Easter Island is the most stable atmospheric high pressure system in the world. Counter-clockwise winds around the SPH drive the advection of cool Antarctic waters by the Humboldt Current as well as ocean fertilization phenomena known as upwelling. These two phenomena (advection and upwelling) result in cooler than expected sea surface temperatures (SST) along Chile and Peru and the highest concentrations of fish in the world. As part of the atmospheric circulation around the SPH, Southeast trade winds advect these cool coastal waters westward off Peru. A sharp front in SST is formed close the Peru-Ecuador border and waters off of Ecuador and Colombia are warm and more typical of tropical regions. A smaller and seasonal upwelling system develops off northern Colombia and Panama. The warmer waters lead to the development of a convergence or precipitation region referred to as the Inter Topical Convergence Zone (ITCZ). The ITCZ is on average found north of the equator and is often called the meteorological equator. The position of the ITCZ varies seasonally, having a northward position over central America in June, July and August and shifting southward off Colombia and Ecuador in January, February and March. The presence of the Andes that stretch north-south from Colombia to Chile is another determinant of the regional climate. The areas of cool SST from northern Peru to central Chile have arid, narrow coastal strips while the warmer coasts of Colombia and Ecuador are wet and humid. Climate phenomena such as El Niño, El Viejo (a multidecadal mild El Niño) and the Little Ice Age (from ~1400 to 1820) all affect SST and the ITCZ in somewhat different ways leading, in some instances, to profound changes in local weather and climate and in the abundance of living resources. In general SST off Chile and Peru warm considerably and the ITCZ moves southward from its normal position. Projections made by the Intergovernmental Panel on Climate Change (IPCC) show that human activities will also influence these same basic environmental systems in as yet unpredictable ways. There are a number of other human impacts that also need to be considered within this framework and these include over-fishing, coastal pollution, eutrophication/harmful algal blooms, low oxygen, and ocean acidification. 
The science and implementation plans – The scientific plan is geared at understanding and predicting changes in ocean thermal structure, chemistry and biology and the overlying climate and weather systems on scales from seasonal to decadal. These regional observations and predictions feed local higher resolution efforts by each of the component countries. There is also an urgent need to take the scientific information and provide it to managers and decision makers in a form that they can understand and use to improve social well-being. This will require reinforcing the following elements: 1) Observations (including socioeconomic); 2) Data and Information Management; 3) Modeling; 4) Product generation; and 5) Decision Making at a regional scale. The following Pilot Project is an attempt at designing a system that will begin this reinforcement.
Pilot Project: A system for predicting, adapting and mitigating climate and global change in the coastal ocean off western South America
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The coastal zone - from shore to roughly 200 kilometers out- around the world provides the majority of sea-based food and industry, especially for developing countries.  Developing countries have a significant proportion of the coastal zone – making them key to managing this area along with their own growth. The coastal zone is constantly changing and increasingly threatened in new ways, driven by the oceans’ natural rhythms and the effects of a growing human population and developed society. The threats include, but are not limited to over-fishing, coastal pollution, eutrophication, low oxygen, ocean acidification and harmful algal blooms. In addition managers struggle to understand how fast and by how much the climate will become warmer, what to do about the problem and how the ocean will be impacted. The accelerating rates of climate change raise serious concerns about the stability of ocean ecosystems: will tipping points be reached beyond which they cannot recover? While eventually these concerns will have to be integrated into a unified earth management system, there are presently no concrete development plans for an integrated coastal zone management module to adapt and mitigate climate change.  Yet the mechanism to develop such an approach exists today and the World Bank can help implement this important action.
 
Here we propose to use a systems approach to develop such a management module for developing countries and to use western South America as a “pilot project”. Why western South America? The region is the most variable naturally than any other region in the world ocean (Figure 1). It also harbors the largest single species fishery in the world producing close to an order of magnitude more fish than any other region per unit area. The economies of the region are heavily dependent on the ocean and upon proper coastal management in the face of anthropogenic pressures and climate change. It is also a region of essential scientific importance: it is very low in oxygen and pH.  Human activities seem to pushing the rest of the world’s ocean in a similar direction – making the region a perfect location for developing plans that can be adapted country by country and globally as part of a development plan that addresses climate and global change. Perhaps most important from a World Bank perspective, the western South American region has willing, qualified partners from all aspects of the social spectrum: science, industry, management, conservation and education, and a successful history of managing WB funding. In particular there is already an entity, The Permanent Commission for the South Pacific (CPPS in Spanish), that coordinates ocean policies and activities for Colombia, Ecuador, Peru and Chile (Panama is considering joining the CPPS). The proposed effort would leverage ongoing efforts and serve as the overall coordination and management module.

The member countries of the CPPS and Panama have recently made significant commitments to dealing with climate and global change in the context of the United Nations Framework Convention on Climate Change. Representatives of the Governments met recently in a “High Level Meeting On Climate Change And Its Impacts On The Marine And Coastal Ecosystems Of The Southeast Pacific” (November 2008) and assigned significant urgency to the development of regional cooperation within the Framework of the CPPS. The areas of oceanography, meteorology and environmental research and observations were determined to be of great importance given the need to obtain data and information required to predict disasters of marine origin (i.e. El Niño) with enough lead time to mobilize the public sectors, reduce casualties and economic losses. Adaptation and mitigation to climate and global change of the various sectors of society was considered to be of utmost importance. 


The CPPS already has a proven track record of leading regional integration. The regional study of the El Niño phenomenon – ERFEN, has been in place for around a decade under CPPS leadership. In addition the CPPS has led regional participation in the Joint Working Group IOC/WMO/CPPS on El Niño Research and its Impacts, has served as Technical Secretariat of the Regional Alliance of the Global Ocean Observation System – GOOS for the Southeast Pacific (GRASP), and has been responsible for the execution of the Action Plan for the Protection of the Marine Environment and the Coastal Areas of the Southeast Pacific in conjunction with the United Nations Environmental Program (UNEP). 


What is it that is proposed? At the heart are an information collection, management and modeling system that can rapidly inform policy makers, elected officials and the business community about imminent threats (Figures 2 and 4). The typical scientific/management strategy iterates between observations, basic ecosystem rules and single-purpose models or management practices (Figure 3). This process often takes many years and has a short time horizon – often constrained by single actions.  Decisions are often reached for yesterday’s problem rather than todays and tomorrows. In the proposed new system (Figure 4) there is much tighter integration between components and broad participation by all sectors. In summary the system is composed of the following elements: 1) Observations (including socioeconomic); 2) Data and Information Management; 3) Modeling; 4) Products; 5) Decision Making; and 6) The Integrated System with Feedbacks. Broader-purpose models, using novel techniques and greater increased available data, are used to make predictions that lead to several possible courses of management: 1) no action; 2) a change in behavior (reducing emissions, fishing, pollution, educating the public, etc.) and 3) an active response to mitigate (adding limestone to the ocean to reduce ocean acidification, aquaculture to replace traditional fisheries, etc.).  New observations lead to further modifications of the plan of action and improvement in the model. The system also allows decisions to be evaluated against each other. In addition to building the pieces in Figure 4 there would be a need for significant investment in training, outreach and education. The proposed system will also serve to integrate existing efforts with similar goals and therefore increase efficiency. 

The proposed development starts from the top of Figure 4 with observations and moves down vertically although some of the components can be developed in parallel.  The development team would include leading academic scientists and engineers with experience in ocean observations and forecasts, government entities responsible for ocean resource and environmental management, private companies, and local and international NGOs.  The system allows interested parties to become involved as needed. The integrated observation and modeling component is described in greater detail below.


The observation system consists of several sub-components. The first is a sparse but continuous in water component complemented with observations made from space. We refer to this sub-component as the backbone. The in water component includes gliders, floats, moorings and ship surveys (Figure 3). The second component is a rapid and controlled response unit. The target of this unit would be crisis (anoxia, oil spills) and process studies for understanding the temporal and spatial variability of important processes for which the models need parameters. It would include gliders and AUVs. The AUVs are much faster than gliders that have a difficult time in the strong upwelling regions of particular interest to this region and have slower response times. New long-range AUVs presently under development are ideally suited for this application. The third component is a country/local observation system geared to the specific issues for a particular sub-region. For example the needs of tropical Ecuador and Colombia are different the upwelling-dominated systems in Peru and Chile. Each country/sub-region would define its own set of observing requirements. The third component is not included in this regional effort and left to country-specific proposals. Required as part of the integrated backbone are basin-scale to regional atmospheric and oceanic models that can be used for product generation, hindcasting and forecasting. These models would assimilate information from the observational backbone and the rapid response units. The data and information management system would link the observations and models and provide easy access for those parts dealing with product generation and decision support. These elements would then feedback to the top (Figure 4).
Further definition of the various components is clearly required. The intent of this document is to provide the overall vision and sufficient information to begin dialogues with funding agencies like the World Bank and the different agencies and entities within each of the member countries. 
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Figure 1. Top panel shows the trend in sea surface temperature (SST) for the global ocean from 1875 to 2007. The warming over the last several decades is notable. The first empirical orthogonal function (EOF) of the SST time series was calculated after the trend and the seasonal cycle were removed (a la Mantua et al., 1997 for the Pacific Decadal Oscillation). The second panel shows the spatial pattern of the EOF with the region off western South America showing the highest variance relative to any coastal area of the world ocean. The time series of the EOF is shown in the third panel with a warm eastern Pacific from the mid 1970s to the mid 1990s and a cooler one after that. The bottom panel shows the trend of SST from 1981 to June 2008. Over this period, and primarily over the last decade the eastern Pacific has cooled (negative trend) while the majority of the ocean warmed. This will change in a decade or two and then the ocean off the western South America may warm considerably and now is the time to prepare.




[image: image2]Figure 2. Mean satellite sea surface temperature and winds (left panel) with proposed sites for glider lines and moorings. The dots represent coordinated cruises carried out by the CPPS countries. On the right panel the same but over mean satellite chlorophyll.
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Figure 3. The typical science and management structure
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Figure 4. The proposed management system for adapting and mitigating climate changes in the coastal ocean. 
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