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Atmospheric aerosols influence the Earth radiation budget both directly and 

indirectly. Particles with diameters between 0.1 and 1 µm are very efficient in 
scattering and, depending on their chemical composition, absorbing solar 
radiation. This is referred to as the direct aerosol effect. The direct effect can 
result in a negative or positive radiative forcing, depending on the chemical and 
microphysical properties of the involved aerosols and the surface albedo. The 
anthropogenic impact of the direct effect is estimated to be -0.5 Wm-2, compared 
to the total anthropogenic radiative forcing of 1.6 Wm-2 (IPCC 2007). Aerosols 
can additionally act as cloud condensation nuclei and thus influence the radiative 
properties and the lifetime of clouds. The anthropogenic radiative forcing of these 
indirect effects results is -0.7 Wm-2. Aerosols are still a great source of 
uncertainty in the estimation of the total anthropogenic influence on climate 
(Ramanathan, Crutzen et al. 2001; IPCC 2007).  
An important parameter in the context of radiative forcing is the single scattering 
albedo (SSA) (Haywood and Shine 1995), which is the ratio of the scattering to 
the sum of absorption and scattering. The single scattering albedo of Black 
Carbon at visible wavelength is about 0.2, whereas for sulfate aerosols it is close 
to 1 (Haywood and Boucher 2000; IPCC 2001).  
SSA can be determined by measurements of absorption and scattering 
coefficients. A convenient instrument to measure scattering is an integrating 
nephelometer. When ambient air enters into a housing its temperature (T) and 
relative humidity (RH) may change, and, this being the case, the measured 
aerosol properties will differ from the ambient - the climate relevant - ones. In 
order to ensure comparability between different locations the Global Atmosphere 
Watch aerosol monitoring network recommends measuring aerosol light 

scattering coefficients σs at RH below 40% (WMO/GAW 2003). The scattering 
coefficient depends on the particles chemical composition and much stronger on 
their size distribution. With increasing RH the particles take up water and 
increase their size (hygroscopic growth). Consequently for a correct estimation of 
the direct climate forcing by aerosol particles the influence of the RH on the 
scattering is needed (Charlson, Schwartz et al. 1992; Schwartz 1996). Both 
model calculations and measurements have shown that the aerosol light 
scattering is strongly dependent on RH (Nessler, Weingartner et al. 2005). 
 
We built a humidification system for a nephelometer that allows for measurement 

of σs at a defined and controlled humidity in the range from 20 to 90%. The 



system is able to measure hygroscopic aerosol behavior and can be continuously 
operated. 
 
Monodisperse ammonium sulfate and sodium chloride were measured at four 
different particle diameters (100 nm, 150 nm, 240 nm and 300 nm). Good 
agreement between measurement and calculations based on Mie theory were 

found for both σs and f(RH)=�σs(RH)/σs(dry) within the range of uncertainty.  
 
In order to compare our humidified nephelometer to the one of NOAA it was 
running at a rural site in the Black Forest (Germany) from August 9-31, 2007. 

NOAA measured light scattering coefficients (σs) in a dry and humidified 
nephelometer plus other aerosol parameters in the DOE/ ARM (US Department 
of Energy Atmospheric Radiation Measurements) Mobile Facility. The two 
humidified nephelometers often detected different f(RH). One hypothesis for the 
difference in the f(RH) of the two instruments is that they probe the two different 
branches of a hysteresis curve, since the RH history in the two instruments is not 
the same.  
We could prove that our humidified nephelometer agrees well with the instrument 
of NOAA and even provides more information about the measured aerosol. It is 
important to measure the dehydration branch since atmospheric aerosols are 
usually in this phase. For a reduction of the large uncertainties in the radiative 
forcing due to the direct aerosol effect the knowledge of ambient scattering 
coefficients adds one piece to the big puzzle.   
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