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Introduction

The first round AEROCOM experiments focused on comparing model optical depth with observations from both surface and satellite sensors with some success:  “At 0.11 to 0.14, simulated aot values are at the lower end of global averages suggested by remote sensing from ground (AERONET ca. 0.135) and space (satellite composite ca. 0.15). More detailed comparisons, however, reveal that larger differences in regional distribution and significant differences in compositional mixture remain. Of particular concern are large model diversities for contributions by dust and carbonaceous aerosol, because they lead to significant uncertainty in aerosol absorption (aab)”
. Explaining the large regional differences among the models and between the models and the observations is however not straightforward due to the number of degrees of freedom available to the models in calculating column aerosol optical thickness from the modelled aerosol mass burdens. The procedure used by models to calculate aot and the radiative forcing effect of this aot, beginning from the modelled aerosol mass burdens is illustrated in figure 1 (Fig 2 of Kinne et al., 20016).
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Figure 1. “An illustration of modeling steps in aerosol components modules of global models – from emissions(-fluxes) by dust (DU), sulfate (SU), particulate organic matter (POM), sea-salt (SS) and black carbon (BC), via predictions for dry mass (m) and aerosol optical thickness (aot) to estimates of climatic impacts (radiative forcing)”.
The ratio of maximum to minimum modelled annual average dust and black carbon burdens are 11 and 6.6 respectively for all 20 participating models, and 1.4 and 1.8 respectively for the 16 models closed to the ensemble mean, indicating that the ensemble mean burdens are an acceptable consensus. 
There is a similar degree of uncertainty in the models water vapour burdens, with a ratio of 7.1 between the maximum and minimum modelled annual average burdens for the 9 models which reported the parameter, and 3.3 for the 7 ‘central models ignoring the highest and the lowest. This is translated into a significant effect on aerosol optical thicknesses, with the models indicating that 28-79% of aot is due to water vapour. Aerosols are to a greater or lesser extent hydroscopic, they therefore increase in size and optical extinction efficiency with increasing relative humidity, and aot being an ambient measurement includes extinction due to water attached to aerosol through hydroscopic growth. 
To better understand the causes of the model diversities, it is necessary to compare the models with observations at all stages in the calculation chain shown in Figure 1. This was done for example in AEROCOM with the available global datasets of aerosol composition, however in order to follow the calculation chain & see where the differences are introduced, it is necessary to look at co-incident data sets, i.e. those where simultaneous measurements of aerosol composition, aerosol dry and ambient optical properties, and aerosol column extinction. Such observations are available for a small number of sites worldwide, predominantly within the framework of the WMO Global Atmosphere Watch
 and the following paper describes these data, together with other possible data sets that can inform the AEROCOM2 ‘supersites’ inter-comparison.
Objectives of the AEROCOM 2 Supersites Experiment.

The objective of the AEROCOM 2  Supersites experiments is to undertake a series of closure studies at point locations of the model calculation chain shown in Figure 1 in order to better understand the sources of  the intra-model diversities and & model-observation diversities seen in AEROCOM.

The ideal stages in the studies are thus:

1. Comparison of modelled and observed in-situ aerosol composition at known temperature, humidity and pressure.

2. Comparison of modelled and observed in-situ aerosol optical properties, specifically single scattering albedo and aerosol extinction coefficient.

3. Comparison of modelled and surface remote sensed aerosol column integral extinction or aot.

4. Comparison of modelled and satellite remote sensed aerosol column integral extinction or aot.

5. Comparison of modelled and observed vertical profiles of aerosol extinction & backscatter.

6. Comparison of modelled column average optical properties (primarily single scatter albedo & extinction cross section) with those assumed by the aot retrieval from the satellite sensor.

7. Comparison of surface albedo assumed in the model, surface albedo assumed in the aerosol retrieval and surface albedo from dedicated retrieval algorithms.

Not all stages will be possible at all sites as the equivalent observations are not always made. 

The following sections focuses on the essential suface based observations necessary for a meaningful study, those of in-situ aerosol optical properties and surface remote sensed aot.

In-situ observations of aerosol optical properties

The following section draws heavily on the WMO/GAW report ‘Aerosol measurement procedures guidelines and recommendations

The fundamental aerosol optical property is the aerosol cross-section for light extinction per unit volume of air, commonly called the aerosol light extinction coefficient (σep) and reported in units of m2 m-3 (i.e., m-1), km-1, or Mm-1. The light extinction coefficient is the sum of the light scattering (σsp) and light absorption (σap) coefficients. Local visual range is related to the total light extinction coefficient (at 550 nm wavelength) by the Koschmieder
 relationship, V = 3.9 / σe, where scattering and absorption by both particles and gases contribute to the total light extinction coefficient. Scattering by gases (σsg) is a well-known quantity that is directly proportional to air density and inversely proportional to the fourth power of wavelength, with a value of 12.3 Mm-1 at standard temperature and pressure (273.15 K, 101.325 kPa), at 550 nm wavelength. Absorption of solar radiation by gases is generally negligible compared to scattering, except in plumes containing high concentrations of NO2. For radiative climate studies, the relative amounts of scattering vs. absorption or single scattering albedo is also valuable.
In-situ Aerosol light scattering coefficient, σsp, is measured with an integrating nephelometer
. Integrating nephelometers have been operated at baseline monitoring stations since the deployment of a four-wavelength instrument at NOAA's Mauna Loa Observatory in 1974. At present, there is only one multi-wavelength integrating nephelometer that is commercially available: the TSI model 3563 (TSI, Inc., St. Paul, USA). This instrument operates at wavelengths of 450, 550, and 700 nm, and has the added feature of being able to measure σsp over two angular ranges: total scattering (7-170° degrees) and hemispheric backscattering (90-170°, denoted as σbsp). While instruments do not exist for direct determination of the asymmetry parameter, g, or upscatter fraction, β, the ratio b = σbsp/σsp can be used to estimate either of these parameters
,
. 
The performance of the TSI 3563 integrating nephelometer, in laboratory is well determined
. "Non-idealities introduce uncertainties of less than 10% for typical accumulation mode particle sizes (i.e. volume mean diameters between 0.2 and 0.4 μm)", but the errors in σsp for particles larger than 1 μm diameter are 20-50%. 
sp shows a strong dependence on relative humidity, due to hygroscopic growth of the particles and interpretation of nephelometer data requires knowledge of the RH in the sample volume. Fortunately, the RH-dependence below about 50% is fairly weak, so a precise determination of RH is not required as long as it is kept below this level. 
In-situ Aerosol light absorption coefficient can be measured with similar time resolution to nephelometers by a class of instruments best known as ‘aerosol absorption photometers’. These instruments derive the absorption coefficient from the rate of change of light transmission through a fibre filter as particles are deposited on the filter.
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Figure 2. Map of AEROCOM-2 Optical properties Super-sites 
Calibration of these filter-based methods is notoriously difficult, but is required as the relationship between change in light transmission and aerosol absorption optical depth on the filter depends on many factors, including the particular filter medium, the light-scattering nature of the particles and the filter loading. Instrument specific calibrations have been published
, 
 which require simultaneous nephelometer measurements to correct for interference from light scattering by the particles on the filter. These calibrations are only available for instruments making narrow band absorption measurements (i.e. the Radiance Research PSAP, and the Magee Scientific AE-3xx series of Aethalometers). Additionally the Multi-Angle Absorption Photometer (MAAP), from Thermo ESM Andersen Instruments, makes concurrent filter reflectivity measurements at two different angles in addition to the filter transmission measurement
 The two reflectivity measurements allow correction for multiple scattering processes involving the deposited particles and the filter matrix, thereby removing the need for a correction scheme based on independent measurements of aerosol light scattering coefficient.

Given that sp shows a strong dependence on relative humidity, due to hygroscopic growth of the particles, and with the exception of the MAAP, the signals from absorption photometers are interfered with by simultaneous scattering from the particles being measured, it is equally essential to control the RH of the of the aerosol sample for these measurements. 

Such Measurements are made at circ 20 sites worldwide as shown in Figure 2 and details are given in table 1.

	Region
	Station
	AOD
	Light Scattering (nm)
	Light Absorption (nm)
	RH

	Arctic
	Alert
	 
	450, 550, 700 (3563)
	550 (PSAP)
	<40%

	Arctic
	Ny Alesund
	CIMEL, PFR, BSRN
	450, 550, 700 (3563)
	450, 550, 700 (CUSTOM)
	Ambient

	Arctic
	Point Barrow
	CIMEL, SPO1A, BSRN
	450, 550, 700 (3563)
	550 (PSAP)
	<40%

	Europe
	Mace Head
	PFR
	450, 550, 700 (3563)
	broadband (AE-9)
	<45%

	Europe
	Hohenpeissenberg
	PFR
	450, 550, 700 (3563)
	532 (MAAP), & Broadband AE-10)
	<45%

	Europe
	Finokalia
	CIMEL (Heraklion)
	530 (903)
	550 (PSAP)
	Unknown

	Europe
	Ispra
	CIMEL
	450, 550, 700 (3563)
	370, 450, 571, 615, 660, 880, 950 (AE-31)
	Ambient

	Americas
	Bondville
	BSRN
	450, 550, 700 (3563)
	550 (PSAP)
	<40%

	Americas
	Lamont SGP
	CIMEL, BSRN
	450, 550, 700 (3563)
	550 (PSAP)
	<40%

	Americas
	Sable Island (to 2000)
	
	450, 550, 700 (3563)
	550 (PSAP)
	<40%

	Americas
	Trinidad Head
	CIMEL, BSRN?
	450, 550, 700 (3563)
	550 (PSAP)
	<40%

	Americas
	Cape San Juan
	CIMEL
	450, 550, 700 (3563)
	550 (PSAP)
	<40%

	Asia
	Anmyeon-do
	CIMEL
	450, 550, 700 (3563)
	broadband ? 
	Unknown

	Asia
	Kosan (2000-2001)
	CIMEL
	450, 550, 700 (3563)
	550 (PSAP)
	<40%

	Africa
	Cape Point
	 
	450, 550, 700 (3563)
	550 (PSAP)
	<40%

	Antarctic
	S. Pole
	SPO1A, BSRN
	450, 550, 700 (3563)
	550 (PSAP)
	<40%

	Antarctic
	Neumayer
	BSRN
	450, 550, 700 (3563)
	broadband 
	Unknown

	F. Trop
	Jungfraujoch
	PFR
	450, 550, 700 (3563)
	370, 450, 571, 615, 660, 880, 950 (AE-31)
	T=25 C

	F. Trop
	Mount Waliguan
	 
	450, 550, 700 (3563)
	550 (PSAP)
	<40%

	F. Trop
	Mauna Loa
	CIMEL
	450, 550, 700 (3563)
	550 (PSAP)
	<40%


Table 1. AEROCOM-2 optical properties supersites
Specimen data set from Hohenpeissenberg:
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Figure 3.  Specimen dataset from Hohenpeissenberg for 2000.

Next Steps
The purpose of this document is to stimulate discussion within AEROCOM as to the exact nature of the full set of benchmark data and model tests that can be done within the super-sites study. Among the following topics that need to be discussed & resolved are:

· averaging times – Much of continuous in-situ data is hourly, however the timescales for autocorrelation between the datasets varies, it is therefore interesting and informative to conduct the experiments on a variety of time scales and see if the models and observations exhibit the same behaviour. 

· additional data sets – both at additional sites and additional parameters – in particular those necessary to do the other stages in the experiment chain.

· Period of study,  a single year or multi annual. In any case the period with greatest data availablilty is post 2000 and most sites (with the exception of Kosan & Sable Island) were fore example operational in 2005.
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