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Effect of cloud and water vapor on downward longwave radiation in polar region
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Downward longwave radiation is important factor to affect on climate change. In polar regions, cloud effect is not
evaluated sufficiently because the long term polar night and high surface albedo make satellite retrieval difficult. The intent of
the present study is to quantify cloud radiative effect for downward longwave radiation in the polar regions by in-situ
observation and radiative transfer calculation. The observation sites in this study are Ny-Alesund (NYA), Syowa (SYO), and
South Pole (SPO). These stations belong to the Baseline Surface Radiation Network. The period of data analysis is from 2004
to 2012. The effect of cloud on the downward longwave radiation is evaluated by subtraction of calculated downward
longwave radiation under clear-sky condition from observed value under all-sky condition. Radiative transfer model for broad
band and narrow band are used for the evaluation of clear sky radiation with vertical temperature and humidity profile obtained
by radiosonde observations. Calculated result shows good correlation with observation under clear-sky condition. The bias and
RMSE of bloadband model is +0.83+5.0 W/m®. Cloud base height and cloud fraction are estimated by micro pulse lidar and
sky camera, respectively.

The cloud radiative effect (CRE) varied from —10 - +110 W/m? (=10 - +40 %). CRE increased with increasing of cloud
fraction and decreasing of cloud base height and precipitable water. The averages of CRE are roughly the same in 3 sites. At
SPO, the relative contribution of CRE (the ratio of CRE to observed downward longwave radiation) is larger than the other
sites by 10 % because of small amount of water vapor. At Syowa, negative effects were sometimes obtained. The negative
cloud effect emerged under dry and temperature inversion condition. One of reasons of negative effect is considered to be
existence of cloud at temperature inversion altitude. When the cloud effect is smaller than —5 W/m?” 50 % of them have a
condition with cloud base height estimated by micro pulse lidar lower than 2 km.
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Table 1. BSRN stations in polar regions with continual radiosonde observation.

Region Station Abbr. Lon. Lat. Alt. Period UTC
Arctic Ny-Alesund NYA 78.9250 11.9300 11 2004-2012 12
. South Pole SPO -89.9830 -24.7990 2800 2005-2012 0,12
Antarctic (only for summer)
Syowa SYO -69.0050 39.5890 18 2006-2012 0,12
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Figure 1. Example of estimation of cloud fraction at NYA, August 15" Figu.re.Z - The relationship bt.:twc?en
2006, 11UTC. precipitable water and contribution of

White and gray indicate cloud and clear-sky, respectively. CRE at SYO.
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