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Introduction

Over the last several decades the region extending from Java though the Malay Peninsula and Southeast Asia to Taiwan has seen massive economic growth.  Consequently, air pollution levels have increased dramatically. At the same time, biomass burning has become an ever-increasing problem, further reducing air quality.  Even so, at times this region can exhibit some of the lowest lower troposphere aerosol particle concentrations in the world.  These sharp gradients present an excellent natural laboratory for studying aerosol-meteorology interaction in tropical to sub-tropical environments.   While extremely interesting and complicated atmospheric phenomena occur throughout Southeast Asia, the scientific community is only beginning to recognize its importance to global climate change and atmospheric sciences as a whole.  

Through a process with the US State Department and governments in Southeast Asia, NCAR Research Applications Laboratory, NASA AErosol RObotic NETwork (AERONET) program, and the Office of Naval Research international field offices, an opportunity is arising for the mounting of an international atmospheric sciences project encompassing much of Southeast Asia.  The proposed 7 South East Asian Studies (or 7 SEAS), will be a comprehensive interdisciplinary atmospheric sciences program with in-situ, remote sensing and modeling components.  By working closely with in-region scientists and developing a wide-ranging South East Asian scientific data network, 7-SEAS’ primary goal of understanding the many facets of aerosol, meteorology and climate interaction is achievable.

<< This sounds like “management” or “plan of action”, rather than introduction material.>>The Indonesian Agency for the Assessment and Application of Technology (BPPT) has agreed in principal to hosting the early stages of the program and will likely take an early in-region leadership role for the mission.  As investigators from other countries become involved, the mission will subsequently expand.  In order to allow regional stakeholders sufficient time to develop their own contributing programs there is no set timeline, and currently no long term obligations are asked of them.  By proceeding on this “as required” basis, we will be able to maximize scientific and technological development in participating organizations.
Rationale

Even under the best of circumstances the land-ocean and atmospheric system is complex.  As a consequence the study of one particular aspect of the system in isolation is problematic: every component is dependent on many others.  But, under rare occasions, the environmental conditions exist where we can examine individual components orthogonally.  That is, only one parameter changes while others remain static.  The Southeast Asian region is one such place where we can isolate the effects of aerosol particles on clouds and precipitation.   In particular, strong loadings exist in regions of biomass burning and industry, but only a few hundred kilometers upwind the atmosphere can be considered pristine. At the same time meteorological cloud forcing should be similar over Java to the Malay Peninsula and over the stratus regions off the coast of Vietnam.    The numerous islands in the region also allow the study of pristine oceanic and over-land conditions.  This unique environment may allow researchers to isolate the impact of aerosol particles on the atmosphere’s heat budget and on cloud microphysics itself.   

Consider previous measurements of cloud base cloud droplet size distributions over different parts of Indonesia as a function of regional aerosol loading (Figure 1). Total droplet concentrations and size distributions vary widely impacting both radiative characteristics and precipitation processes in clouds. It is also interesting to note the differences between the continental clean and maritime clean cloud where the droplet concentration is approximately the same but the size distributions are markedly different.

While these findings are consistent with known theory and other observations, difficulty arises when we try and apply this knowledge in any quantitative way.  For example, are differences in the pristine over-water and over-land size spectrum due to sea-salt particles being the CCN in the maritime case and potentially biogenic nuclei CCN in the continental clean cloud?  Is it related to the differences in size between these different nuclei?  Or does the over-land boundary layer structure and heat flux result in clouds with differing updrafts when compared to over-water counterparts?

A thorough understanding the Southeast Asian atmosphere must overcome a number of scientific and technological obstacles.   Most importantly the frequent cloud conditions and significant convective rainfall which we want to study also makes remote sensing and modeling in the region difficult.  Similarly, shallow waters, numerous islands and ambiguous wave fields further hinder the parameterization of lower boundary conditions.  This can be demonstrated in Figure 2, where we present the 2004 annual average aerosol optical depth data derived from the MODerate resolution Imaging Spectroradiometer (MODIS) and the Multiangle Imaging SpectroRadiometer (MISR) on the Terra spacecraft.  Qualitatively, the products are similar.  On the windward side the atmosphere is extremely clean.  Downwind of populated areas and regions of biomass burning, aerosol optical depths are much higher.  However, significant quantitative differences exist, especially in coastal areas.   This may be a result of a number of possible factors, including inadequate cloud screening, uncertainties in the lower boundary conditions, and ambiguity in the appropriate aerosol radiative models. A similar statement can be made with regards to the detection of biomass burning.  Regardless, the current uncertainties in available monitoring systems make application of their data semi-quantitative at best.

These difficulties can confound our analysis and perceived “chicken and egg” scenarios.  Consider Figure 3, where we present biomass burning coverage maps derived from MODIS fire hot spot detections.  Often regional burning activity is so consistent  that it is difficult to even plot with fires overlaping one another.  But, significant internal differences still exist.  From a precipitation point of view, does burning activity suppress rainfall which in turn would lead to more burning?  Or, do we perceive more burning during cloud-free/low precipitation periods simply because the satellite can observe the surface more frequently?   In general we know that drought years correspond to more burning.  But these feedback mechanisms quickly become complicated and hinder our ability to interpret what is actually happening on a regional basis.

Seven scientific areas of interest

To develop a true picture of aerosol-cloud interaction, there are a number of scientific disciplines which require attention.  In particular, there are 7 broad based study topics which feed into the 7-SEAS program.  These are:

1) Clouds and Precipitation:  Air masses vary from the extremely clean to the very polluted.  For example, NCAR recently has made observations of significant precipitation forming in clouds with only a few hundred meters vertical development.  This is possible in only the cleanest of conditions.  Conversely, thick plumes of city pollution and biomass burning are frequently entrained in both convective systems to the south, and stratus clouds in the north of the study area.  Gradients are expected to be strong.  A reasonably equipped primary research aircraft operating over the entire study region in conjunction with local assets can provide necessary data over a wide range of conditions for a fairly complete cloud aerosol study.  This dataset is the anchor for the mission.

2) Radiative transfer:  Radiative transfer studies have for the most part been performed in the mid-latitudes and subtropics. However, the tropical environment poses special challenges. The combination of pollution, smoke and sea salt creates a complicated environment that is difficult to model and monitor.  In particular, aerosol particles may cool or heat the atmosphere and in turn perturb the atmospheric heat budget.  This in turn can impact cloud formation and growth.  Similarly, towering clouds can reflect light into clear areas thus perturbing the direct/diffuse partition.  Just as aerosol particles impact the precipitation process, they also impact cloud reflectivity and lifetime. 

3) Calibration/validation:  The variations in aerosol speciation (smoke, biogenic aerosols, agricultural burning (rice field), industrial and city pollution, sea salt, etc), coupled with variability in ocean color, land use, and clouds and precipitation, makes Southeast Asia an excellent region for the calibration/validation of a host of remote sensing and modeling systems.   In particular, this region is amenable for the refinement of aerosol/cloud interaction relevant products.  For example, at the time of this study, CloudSat, CALIPSO, GLORY and NPP should be in full operation, completing the A-train system.  Also at this point geostationary fire products will be generated quasi-operationally.  The next generation of air quality models can also be tested.  These dataset will form the basis for the study of long-term trends and allow extrapolation of the findings of the field mission.

4) Anthropogenic and biomass burning emissions and transport:  Severe biomass burning episodes are frequently reported throughout Southeast Asia. Often a result of deforestation burning or agricultural burning that goes out of control, at times smoke can blanket the entire region reducing visibility to only a few kilometers.  During periods of El Nino, burning events are often the most severe.  In 1998, burning was so extensive that cities were on high air quality alerts for months (Figure 4). The crash of a Boeing 737 and several collisions of merchant ships were in part due to very poor visibility conditions. While significant on even the global climate level, biomass-burning in Southeast Asia has only been studied sporadically.  These studies have suggested that chemical and microphysical properties of smoke are different from other parts of the world.  For example, peat fires may in fact be the more dominant producer of smoke.  More soluble species are found and consequently particle hygroscopic growth has also been suggested to be higher (Figure 1).  The reasons for this are unclear, but could be due to differences in the fuel and fuel emissions, or in the smoke evolutionary process in high humidity and intense solar radiation. Another possibility is that these results are biased by the presence of regional pollution.  Atmospheric pollution emissions in Asia are highly variable and often form dense plumes emanating from cities.   Because the economies are so varied, particle chemistry likely varies significantly by region-from common industrial sulfates to organic-rich emissions from biofuels. Intense solar radiation likely creates a thick photochemical soup.  As the chemical properties of these emissions change, so will likely their potential for cloud and radiation impacts.  

5) Natural background atmospheric chemistry:  Despite the high pollution and smoke loadings in the region, Southeast Asia can also have extremely clean conditions (Figures 1 and 2).  Some studies in such clean environments suggest that homogenous nucleation is not-common. Hence, this region is excellent to study one extreme of the “background” aerosol problem. Sea salt and biogenic emissions have never been studied here.

6) Tropical-subtropical meteorology:   The study area is rich with islands and warm waters, making the mesoscale and microscale meteorology complicated.  Boundary layer properties likely vary, as do the sensible and latent heat fluxes.  Regional winds are difficult to predict, hence making transport modeling problematic.  

7) Regional nowcasting, forecasting, and inter-annual outlooks:  Lastly, mission goals are not strictly climate or physical meteorology related, but rather it is expected that all work has an operational transition or implication.  These include satellite and surface data assimilation, storm nowcasting and forecasting, as well as inter-seasonal forecasting and outlook development.

Plan of Action

The success of this mission is highly dependant on the cooperation and  collaboration of the host counties.  Tentatively, the Indonesian Agency for the Assessment and Application of Technology (BPPT) Weather Modification Technical Unit has offered to be the lead in region host agency.  A regional planning meeting will be hosted by BPPT the week of May 14th, 2007 to decide further action.  In general, the mission will be guided by the following progression:

· Phase 1:  Promote interactions between 7-SEAS scientists.  Exchange ideas and community data; Devise a plan for future collaborative research. 
· Phase 2: Develop a surface instrumentation network and data distribution system.   Devise regionally suited satellite and model datasets. Encourage scientist interaction and on-site exchange.  Begin development of an Indonesian research aircraft platform.
· Phase 3: Perform intensive operations period (IOP) missions.

· No set timeline, progress when all stakeholders are ready.
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Figure 1. Measured cloud base cloud droplet size distributions in different environments over Indonesia. 
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Figure 3.  2004 MODIS (Upper) and MISR (Lower) annual average aerosol optical thickness. While both systems qualitatively agree on significant aerosol loading regions, quantitatively they are quite different.
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Figure 3.  Fire hotspot detections from MODIS on Terra (a) and Aqua (b). 
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Figure 4. Biomass smoke at an airport in Sumatra during the peak of the forest fires in Southeast Asia during the 1997/98 biomass smoke event.
















