Synthesis of recommendations from all the working groups:

The main scientific topics that could help to improve our knowledge of the climate system and its variability at regional level can be synthesized by the following questions:

· Which are the regional drivers of South American climate?
· Which are the global forcings of regional climate?

· Which are the physical and biogeochemical processes that modulate oceanic and coastal conditions in the Southwestern Atlantic? and which are their drivers?

· How does climate variability/change impact the ocean and its life? 

· How do atmosphere-ocean and biota mutually interact and modify the Earth Climate?

In order to adopt a strategy combining social and natural sciences so as to tackle the issue of mitigation of impacts and adaptation to climate change, it is considered that the UMI should advance in an Integrated Climate Science kind of approach.

As part of UMI strategy it was also pointed out the necessity of identifying and making available reliable sets of data/variables to address 

· Vulnerability

· Model validation

· Process studies

It has been recommended to start focusing on some specific areas: The Andes, La Plata Basin, Antartica, the Southwestern Atlantic and the coastal area of Southern South America.

Some motivations for addressing climate variability studies and potential impacts of climate change over these areas are:

· The Andes are the source of water for millions of people. Western Argentina is largely vulnerable to changes in water availability

· La Plata Basin (LPB) is the second largest basin in South America and encompasses the socio-economic activities of 5 countries

· The Andes and the SAMS (South America Monsoon System) induce unique features in the regional climate that are challenging for understanding and modeling

· Anthropogenic forcing due to land-use changes, biomass burning, GHGs increase and Ozone depletion/recovery are also driving climate in the region.

· Ozone depletion affects Southern South America population, ecosystems.

· The changing climate is increasing the vulnerability of the region
· The South Atlantic is the pathway through which the northern and southern limbs of the meridional overturning circulation connect to the World Ocean

· The Patagonia continental shelf, stands out as the most productive region, while in the deep ocean the Brazil/Malvinas Confluence stands out as high productivity domain

· Estuaries, beaches, dunes, wetlands and intertidal and nearshore zones support a diverse range of marine and terrestrial species and are key areas for fisheries and recreation
· Climatic factors, such as air and water temperature, and precipitation and wind patterns, strongly influence fish health, productivity and distribution
Some of the scientific topics have been worked out more in detail: 

In order to study the regional drivers of South American climate the following problems should be addressed: 

· Dynamical aspects and impacts of the Andes on regional climate.

· Improve the representation of orographic wave drag in models 

· Land-atmosphere interactions (questions as posed in LPB Hydroclimate project – WCRP)

· Which are the pathways that control land-atmosphere interactions at regional scale?

· Which is the regional and temporal variability of the L-A coupling strength?

· How do land use changes modify L-A interactions?

· Ocean-atmosphere interactions
           Areas of particular interest to focus the study of O-A interactions:

· South Western Atlantic is a hot spot for energy 
· Drake Passage 

· Continental shelf region and their role in GHGs (how much CO2 is trapped by the oceans around these regions). 
· SACZ – South Atlantic interaction?

· Biomass burning impact on regional climate
· Which are the effects of aerosols on radiation and energy balance

· How aerosol contributes to the cloud processes and precipitation in each type of convective system? 
· What is the impact of wet depositon on the ecosystem?
· Which is the composition of “air masses”: secondary-primary pollution
· Ozone depletion and impact on regional climate

· Monitoring the evolution of Ozone depletion

· Ozone depletion-climate change interactions

· Climate of the Antartica 

· Influence of synoptic scale variability on Ozone variability  

In order to address the global forcings of regional climate, it was proposed to perform both: 

· diagnostic studies (e.g. ENSO) 

· sensitivity and process studies
With respect to the issues related with the southern oceans, more detailed questions are:

· ¿To what extent the main forcings of ocean circulation are changing and how will they change in the future? e.g. winds, boundary currents, fresh water and heat fluxes; waves; feedbacks
· ¿How is the circulation in the South Western Atlantic evolving? E.g. potential displacement of the confluence; mesoscale activity; shelf circulation (circulation here is very sensitive to winds and therefore we can expect changes); circulation in semienclosed areas
· ¿Which is the amount of the CO2 uptaken in the Patagonian shelf that is buried in the sediments? There are indications that a portion not yet quantified of the CO2 uptaken by the ocean is buried in the sediments. Quantification! 
· ¿Which are the sources of nutrients and micronutrients which sustain the exceptional productivity of the Patagonian shelf and south-western Atlantic and which is their relative importance? E.g. dust; continental runoff; volcanic reactions; sediments; anthropic origin nutrients (fertilizers); groundwaters. ( connection to climate change; sensitivity to climate change 
· ¿How are the biogeochemical properties changing?
· ¿What's the impact of the changes on coastal zones and fisheries? 
· Changes on the ocean biodiversity ( changes might be negative for some species but good for others (e.g. jellyfish); changes on biodiversity can, in turn, change climate ( feedbacks 
· Climate change might induce new diseases in ocean life and/or make ocean life vectors of new diseases, ¿how will it propagate to human population? 
· Euthrofication as a consequence of the increase in the availability of nutrients in the rivers connections with the ocean ¿Effects on birds?
UMI objectives proposed:

· To increase knowledge of processes driving climate at regional scale (South America)

· To foster studies addressing how climate variability and climate change will impact population, biodiversity, production and  vulnerability

· To extend the critical mass involved in modeling development 

ACTIONS
To address the above mentioned scientific questions it is necessary to develop:

A modeling strategy:

· Improve models:

· Improve parameterizations (PBL, convection)

· Land-surface parameterization 

· Ice

· Improve hydrologic models

· Earth System modeling? (atmos-ocean-chemistry-biosphere-land-++++)

And an observational strategy, based on a synergistic use of instruments and including

· Remote sensing instruments (lidar, radiometers, passive sensors) and in situ measurements (surface flux)

· Upper air observations 

· Foster the regional capacity in Argentina

· Support field experiments related with UMI scientific agenda

· Promote a “SIRTA” type of site at Argentina (e.g. built upon existing site at CEILAP)

· Facilitate access to observational data

An Integrated Climate Science approach should prioritize some critical aspects as:

· To support water resources management, energy production and risk management

· Study the spatial and temporal coherence of precipitation patterns and streamflow affecting the regional hydrology 

· Evaluate whether this could be modified in a changing climate

· To support agricultural activities and production

· Study of wet and dry precipitation and temperature spells regimes over the same regions (they impact at different temporal scales -decision making at farmers levels , at water resources management and ultimately being the starting point for  the analysis of  floods and droughts) 

· Wind energy production
· Tailoring of climate information
· Fisheries and their vulnerability to climate variability and change

UMI should provide a framework for

· Facilitating the use of available data and encouraging the deployment of instruments related with its scientific agenda

· Strengthening France-Argentina and regional networks 

· Providing facilities to share and distribute data and model outputs. 

· Fostering the use of IPSL GCMs. Discussing possibilities of common modeling strategies
· Supporting capacity building
Particularly regarding capacity building, some specific actions have been recommended:

· Training on running GCMs and ocean models for process studies or other focus.

· Training on using model outputs for specific applications

· Build a community of people working with global models (both atmospheric and oceanic and-or coupled)
· Enlarge global modeling community

· Support shared PhDs (France-Argentina)

· Communicating the climate science to the society 

Also, there have been identified needs and recommendations

· Bring in other partners (human dimensions)

· Take advantage of what has been done at other UMIs

· Expand international collaboration (Andes involves Chile, Perú and others, while LPB involves Brazil, Uruguay, Paraguay and Bolivia). Initiatives like GDRI (Group de Recherche International) could help UMI to expand internationally. 
· Link with LPB Hydroclimate project- WCRP

· Link with Claris-LPB

· Work with common capacity 

· Support short time visits (researchers-postdocs- Phd students) 

Additional material:

From the Ocean group:

Motivation 

By contributing to the redistribution of heat and being the main energy reservoir on Earth the ocean plays a central role in the climate system (e.g. Trenberth and Fasullo, 2010). In addition to its role in the global heat balance, the ocean contributes about 50% of the global net primary production (Field et al., 1998), absorbs significant amounts of carbon dioxide, parts of which can be removed from the atmosphere for extended periods of time.  

The South Atlantic is the pathway through which the northern and southern limbs of the meridional overturning circulation connect to the World Ocean. Subpolar waters from the South Pacific enter the western South Atlantic via the Antarctic Circumpolar Current and Malvinas Current, while warm-salty waters enter the eastern basin through Agulhas Current eddies.  Because these distinct water masses contribute to the northward flow of upper and intermediate waters required to balance the export of North Atlantic Deep Water, the meridional heat and freshwater fluxes through the South Atlantic critically depend on their relative contribution and their variability (e.g. Rintoul, 1991; Friocourt et al., 2005; Biastoch et al., 2008).  

The transition of subtropical to subpolar waters in the South Atlantic presents much higher surface chlorophyll concentrations than the Indian and Pacific counterparts, suggesting a higher nutrient availability.  Within the South Atlantic, it is the Patagonia continental shelf, which stands out as the most productive region (e.g. Romero et al., 2006), while in the deep ocean the Brazil/Malvinas Confluence stands out as high productivity domain (Saraceno et al., 2005), which spreads eastward across the basin (Figure 1).  Mesoscale activity is clearly associated to the open ocean high productivity region (e.g. Barré et al., 2006). The shelf high chlorophyll regions are associated with high absorption of atmospheric CO2, indicating a substantial contribution from the so-called biological pump (Bianchi et al., 2009).  Thus, improved knowledge of the large and mesoscale circulation as well as the biogeochemical interactions that take place in the South Atlantic Ocean and its evolution are required to further understand the mechanisms that control Earth climate, and the ability to predict its future evolution.
Argentina has more than 4000 kilometers of ocean shoreline. The coastal zone, broadly defined as near-coast waters and the adjacent land area, forms a dynamic interface of land and water of high ecological diversity and critical economic importance. Estuaries, beaches, dunes, wetlands and intertidal and nearshore zones support a diverse range of marine and terrestrial species and are key areas for fisheries and recreation. Coastal infrastructure is essential for trade, transportation and tourism, and is the lifeblood of many coastal municipalities. Climate changes of the magnitude projected for the present century by the Intergovernmental Panel on Climate Change (IPCC) can impact the coastal zone in many ways. These include changes, several of them already observed during the last decades, in water levels (e.g. Lanfredi et al., 1998), wave patterns (Dragani et al., 2010), the magnitude of storm surges (e.g. D’Onofrio et al., 2008) and the tidal propagation in shallow zones (Simionato, personal communication).

The main physical impact of accelerated sea level rise and changes in the winds, waves, tides and storm surges would be an intensification of the rates of shoreline change that occur in the coastal zone at present. Processes such as beach erosion and retreat, and modifications in the sedimentary processes in shallow areas would continue, although more rapidly and extensively. Changes in the sedimentary processes can increase the biodisponibility of contaminants in shallow zones, which can be eventually exported to the deeper ocean. Other major concerns include the inundation of coastal lowlands and an increase in storm-surge flooding. Altered freshwater inflows and sea conditions (waves, water-levels, sediment) might further reduce environmental function of some estuaries and coastal inlets, which will impact fisheries (e.g. nursing grounds, see Acha et al., 2010; Simionato et al., 2010). Also, estuaries are exposed to changes in salinity regime and costal upwelling might be modified (e.g. Simionato et al., 2010b). These changes could result in a suite of biophysical and socio-economic impacts on the coastal zone that would ultimately impact a range of sectors, including fisheries, transportation, tourism and recreation, and communities.
Climatic factors, such as air and water temperature, and precipitation and wind patterns, strongly influence fish health, productivity and distribution. This is because most fish species have a distinct set of environmental conditions under which they experience optimal growth, reproduction and survival. If these conditions change in response to a changing climate, fish could be impacted both directly and indirectly. Some potential impacts include shifts in species distributions, reduced or enhanced growth, increased competition from exotic species, greater susceptibility to disease and/or parasites, and altered ecosystem function. These changes could eliminate species from all or part of their present ranges and would affect sustainable harvests of fish. In turn, changes in the ocean biodiversity might have a feedback on climate.
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Figure 1: Surface distribution of chlorophyll-a in the southern hemisphere during austral summer, derived from the Sea-viewing Wide Field-of-view Sensor (SeaWiFS), http://oceancolor.gsfc.nasa.gov/cgi/biosphere_globes.pl 
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Figure 2: root-mean-square of the 1/3 of degree gridded maps of sea level anomaly for the period 1993-2006 (data source: www.oceanobs.cls.fr).

Input from previous meeting at AGU-Foz do Iguazú

Dynamical impacts of the Andes on the Argentinian and on the global climate

proposed research for collaborations within  the IFAECI

Persons involved and contacted so far:

F. Lott, M. Pulido, H. Teitelbaum, L.T. Machado

Not contacted yet, but potentially interested (the list could expand!):

 C. Vera(?), C. Saulo(?), H. Letreut(?), M. Nicolini(?), J. Ruiz(?)...

Version 2: 13 Oct. 2010,

The climate in South America is largely controlled by the presence of the Andes. In the tropics and subtropics they deflect toward the south and on their eastern flanks the trade winds coming from the Atlantic yielding the South American Low Level Jet (SALLJ, Vera et al. 2006). This jet transports a considerable amount of moisture from the Amazon region to the La Plata basins.  The southward extent to which the SALLJ transport moisture is modulated by synoptic and mesoscale systems (Liebmann et al. 2004). In summer and spring, this moisture contribute to the development of the Mesoscale Convective Systems (MCSs, Durkee and Mote 2009) that develop over the continent in the subtropics and in the lee of the Andes (Machado and Laurent 2004, Saliot et al~2007). Note nevertheless that for a good fraction of the MCS, or for the Mesoscale Convective Complex which contain fews MCSs (Maddox 1980), the moisture flux also comes from the Atlantic (Teitelbaum et al. 2008). In winter the southward intrusion of the LLJ can be limited by the cold surges that initiate in the southern midlatitudes and produce cold air masses that travel toward the subtropics along the eastern flank of the mountain (Garreaud 1999, Lupo et al. 2001). At even smaller horizontal scale, the Andes produce large gravity waves that can also have a direct local impact on precipitations. Although the timing of this different sub-synoptic scale and mesoscale phenomenon is largely controlled by the synoptic systems that develop over the Pacific ocean and cross the continent, so is quite predictable, their intensity and individual duration are more difficult to predict. As an illustration, it is a well known fact that the  simulation of the SALLJ by General Circulation Models (GCMs) or Numerical Weather Prediction models (NWPs) is strongly sensitive to the model formulation (for instance its horizontal resolution in Silva Dias et al. 2001).  As another illustration, some of these phenomena cannot be resolved in GCMs, like a good part of the mountain gravity waves, simply because their horizontal scale is smaller than the horizontal gridscale of the models.

Because the Andes have a very high elevation, they modify the large-scale and synoptic dynamics in an essentially nonlinear way.  As a consequence, the separation of scales made above to briefly classify the impact of the Andes on the local weather is not really justified. The small-scale dynamics affect the mesoscale and sub-synoptic scales dynamics, which themselves affect the large scale dynamics. This leads to model biases, and important processes like model precipitations, surface T variability are not well represented in the state-of-the-arts Earth Simulation Models that will be used to predict the future evolution of the Earth Climate.  For the Argentinian and South American climate this can be a very significant issue. In fact, these errors can  be strongly amplified since these regions are known to respond strongly to the ENSO, that is the leading mode of inter-annual climate variability. For the global climate these issues can also be very significant since the Andes are the major sources of gravity waves in the southern hemisphere, and an important source of Rossby waves, both largely driving the mean climate and variability in the southern-hemisphere stratosphere. Accordingly, there is a strong need to address the dynamical role of the orography representation in these models, and to improve their representation.

This objective is composed by three steps, first by making an objective evaluation of the way models represent the Andes, second by improving their representation using parameterizations of the GWs dynamics and of the boundary layer dynamics, and third by evaluating  the impact of these improved parameterization on the local and global climate.

Evaluation of the representation of orography in state-of-the Art GCMS.

Concerning the dynamical evaluation, the separation of scale we assumed before, together with the large variety of phenomena considered, call for diagnostics that rely on fundamental fluid dynamics.  One among these diagnostics is the Atmospheric Angular Momentum budget, since all the phenomenon described before tends to modify it in a quite comparable way, that is through exchange of momentum with the earth surface building up  torques .  This diagnostics has already been used for the Tibetan plateau (Mailler and Lott 2010) and to measure how it affects the pre-conditionning phase of the cold surges. If we keep this example, it can also help in understanding the precipitation variability in a similar way as was found in far-east Asia where the late phase of the cold surges impacts on the winter monsoon variability over the South China sea (Mailler and Lott 2009). Even more recent analyses show that these diagnostics applied to GCMs can be used to measure the impact of subgrid scale parameterizations of orography.

Another diagnostics to quantify the exchange of momentum is using inverse techniques. Sources of model errors may be determined using data assimilation techniques. In particular, they can be used to estimate the effects  of subgrid-scale dynamical processes (Pulido and Thuburn, 2008). The drag exerted by the  subgrid scale in the Andes may be determined so that an optimal representation in GCMs is obtained. The evaluation of GCMs needs to be carried out not only against analysis but also against high-resolution simulations where dynamical processes coupled to the Andes in the range of 30km-1km are fully represented.

Improvement of the representation of the Andes in GCMs
To improve the representation of the Andes in GCMs, three tasks  need to be undertaken. The first two will be performed in the LMDz-GCM in France, and eventually on the WACCM model implemented at the UNN. The advantage of using the LMDz-GCM is that it is part of the IPSL-ESM, so that it can be also used coupled with ocean and sea-ice models. The last task is related to the representation of convection and will be undertaken on the WACCM model.

The first is an evaluation of the impact of the low level force imposed at the lowest model levels in GCMs, and that is used to represent the low level flow blocking and the lateral bypass of individual mountain peaks (Lott and Miller 1997). An other is to test if the  lateral forces, introduced in Lott (1999) to represent that at the sub-synoptic and synoptic scale the flow do not see dynamically  mountains valleys, are also beneficial for the South American weather.  Interestingly, and if we return to the evaluation part above, this last force can make a detectable contribution to the equatorial components of the mountain torque. Even more interestingly, these parameterizations have essentially been tested for the northern hemisphere global climate and not much for the southern hemisphere. This is of course justified by the fact that the Andes are almost the only large  elevation mountains  in the southern hemisphere, whereas in the Northern hemisphere the mountains are much more broadly distributed.  Accordingly, the role of mountains in the southern hemisphere is not as large for the global climate as it is in the Northern hemisphere. Nevertheless, this does not preclude that on a regional scale they play a major role, and the evaluation of the various representation of the mountains at these scales is at the same time challenging and innovative.

The second is a complete revision on how the unresolved mountain gravity waves are parameterized. In the current models their  representation are essentially based on the hydrostatic approximation. It permits to treat each harmonics of the the entire spectrum of the mountain  waves at the same time, whereas in reality  these different harmonics can have very different propagation properties. On top of this, recent studies have shown that mountain gravity waves emission strongly depends on small scale details, like the exact structure of the boundary layer (Smith et al. 2005) and can not be exclusively deduced from the large scale flow characteristics  and few subgrid scale parameters. This idea is supported by high resolution model simulations (Doyle et al. 2004), which show that mountain waves structure and amplitude are highly sensitive to very small changes in the upstream flow condition. Accordingly, one needs to consider a stochastic representation of these waves, which will permit to treat with more details the behavior of each harmonics, and to handle with more realism their breaking. This formulation will also permits to treat the trapped mountain waves in a more realistic way, since the propagation properties of the harmonics that stay confined in the low troposphere will be taken into account explicitly. This new formulation will be tested in GCMs versions that include the middle atmosphere, since it becomes more and more evident that the mountain waves play a very substantial role in the climate variability at high altitudes (for the northern hemisphere and the future climate changes, see Mc Landress et al. 2009).

These efforts will be done in conjonction with observationnal analysis of mountain waves by the Andes and near Antactica. The two places selected are Mendoza and the  Island of Marambio where   long series of vertical atmospheric soundings exist since 2003. In both places, the analysis of the soundings will be supported by mesoscale simulations done with the model MM5, following the work by Spiga et al. (2008). One motivation is to identify to which extent mountain gravity waves can also lead to the secondary  inertio gravity waves which are ubiquitous in the stratosphere aloft mountains (Scavuzzo et al. 1998). A second motivation is two analyse the relation between the orographic waves and the triggering of convection, an issue that could serve as a guidance to link orgraphic and convective parameterizations, both working quite separately in the present days models.

The third task is even more directly related to the fact that GCMs still have many problems to adequately represent the distribution of precipitation associated with convective clouds in the region and the sensitivity of the simulated precipitation climatology in the region is largely dependent upon the convective scheme (Pessacq 2009). Several studies also showed that convection over the Amazon could modulate the strength and direction of the LLJ east of the Andes. Errors associated with the intensity and frequency of the convection affects low level circulation introducing significant bias in the simulated precipitation, this kind of biases can be also detected in short range forecasts from regional models. For this reason the improvement of parameterizations over the region is proposed . Data assimilation approach will be used to adjust the value of the parameters associated with the convective schemes in a regional model to evaluate the potential improvement in the representation of low level circulation east of the Andes. An approach similar to that proposed by Aksoy et al. 2006, will be used. The time evolution and spatial distribution of the optimal parameter values will also be explored in order to obtain information that could help to improve the convective parameterization schemes.

Validation and impacts

Data assimilation techniques:

To evaluate the parameterization of subgrid scale processes (orography and convection) we will use the recent  results from  data assimilation experiments which show that these techniques are a useful tool to evaluate  parameterizations (Pulido and Thuburn 2005). They can be used to estimate optimal parameters and also  to determine the drawbacks of parameterizations which can be used to guide to improvements of them.  This project seeks to tie the development of the stochastic parameterization to the diagnostics of the data assimilation technique.

Regional Aspects:

As was mention in the introductory section, a central issue concerning the effect of mountains on the climate, is that many errors on the climatological  prediction of precipitations by GCMs occur near and above them. As we believe that a proper representation of mountains in the lowest model  levels can limit the air ascent over the model orography and can help confining the low level jets, we expect beneficial impacts on the precipitation, so we will test in climatological and AMIP type runs the impact of the new parameterizations on the precipitations. On top of this we will also address how the sub-grid scale low level mountain parameterization also affect the climatology of the cold-surges and more generally the synoptic variability over the region.


Hector and Luiz could place somewhere here or before, or in yet an other completely different section, mesoscale simulations at high resolution, as well as on the evaluation of these simulations by comparison of the models result to satellite data.

Global Aspects:

We could develop there on the impact of the gravity waves parameterization on the middle atmosphere dynamics.

