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Cloud Radiative Contribution for Downward Longwave Radiation in the Polar Regions
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Downward longwave flux is an important factor to determine surface radiation budget, water cycle, and climate change.
Cloud is a dominant factor to absorb and emit longwave flux, however the understanding of cloud effect is limited. In polar
regions, the contribution of cloud is especially important because of small amount of water vapor. The present study evaluated
cloud radiative effect at 4 diffent sites in polar regions, which belong to Baseline Surface Radiation Network (BSRN), with
radiosonde and radiation observations. The cloud radiative forcing (CRF) is defined by the difference between calculated

“leary and observed radiation under all-sky (DLRops""). Calculation is

downward longwave radiation assumed clear-sky (DLRc,
executed with mstrnX, 1-dimentional two stream scheme. Under clear-sky condition, DLRObSAll and DLRC«MC]%1r showed good
correlation, DLRop ™! — DLRy " = —0.79 £ 5.06W/m? and correlation coefficient is 0.992.

CRF increases with an increase in diffusion ratio, which is the index of cloud amount defined with the ratio of observed
diffuse shortwave radiation to total shortwave radiation. CRF varies from about —10 W/m” to 110 W/m”. The absolute values
of forcing are not so different among four sites, however the relative values are different. South pole, where the monthly
average of precipitable water is less than 2mm, shows clearly smaller relative contribution than the other sites. Under dry and
cold climate conditions, CRF varies widely and the strong negative value emerged. The negative value appeared frequently
when temperature inversion layer exists at low altitude. CRF shows smaller tendency when temperature inversion exists at near

surface than no temperature inversion days.
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Table 1. BSRN stations in polar regions with continual radiosonde observation.
Region Station Abbr. Lon. Lat. Alt. Period UTC Nur};lgtear of
Arctic Ny-Alesund NYA 78.9250 11.9300 11 2001-2011 12 2395
Georg von GVN | -70.6500 | -8.2500 42 2001-2011 12 2500
Antarctic Neumayer
South Pole SPO -89.9830 -24.7990 2800 2001-2006 0,1 1234
Syowa SYO -69.0050 39.5890 18 2001-2011 0,1 6740
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Figure 2. The relationship between precipitable water (PW)
and CRF and DLR ! under clear-sky (diffusion ratio < 0.5;

blue), cloudy (0.5=diffusion ratio<0.9; green), and overcast (Z

Figure 1. The relationship between diffusion
ratio and CRF and DLR, M at NYA (red),
GVN (green), SPO (blue), and SYO (purple).

0.9; red) conditions.
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