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    Significant melting over a large area of Greenland ice sheet (GrIS) was reported in July 2012 (e.g., Nghiem et al., 2012; 
Bennartz et al., 2013; Niwano et al., 2015), and the development of low level clouds were attributed to the main reason for the 
melting (Bennartz et al., 2013; Niwano et al., 2015). Examining many possible factors to this significant melting over GrIS 
would have benefits to prepare for future changes on GrIS and climate change. To discuss another possible contributions to the 
snow melting (i.e., snow darkening), we mainly examine the climatological characteristics of horizontal deposition patterns of 
light-absorbing aerosols (LAA; i.e., dust, BC, and OC) over GrIS during July 2012. We use the MERRAero aerosol reanalysis 
data (e.g., Kessner et al., 2013; Colarco et al., 2014), which was recently produced with NASA’s Goddard Earth Observing 
System Model, version 5 (GEOS-5; e.g., Rienecker et al., 2008; Molod et al., 2012) by the NASA’s Global Modeling and 
Assimilation Office (GMAO: http://gmao.gsfc.nasa.gov/). The MERRAero uses the MERRA reanalysis data (Rienecker et al., 
2011) for its atmospheric fields and further implements the aerosol data assimilation using the Aerosol Optical Depth 
(AOD)from MODIS instrument (e.g., Kessner et al., 2013; Colarco et al., 2014). However, the version of GEOS-5 for 
MERRAero did not consider the snow darkening effect (Yasunari et al., 2015b) and the other GEOS-5 version with the snow 
darkening module, GOddard SnoW Impurity Module (GOSWIM; Yasunari et al., 2014; 2015a) had only considered SDE over 
seasonal snowpack. Therefore, we currently cannot examine SDE over GrIS in detail with the MERRAero data alone. So, we, 
first of all, will focus on the depositions of LAA over GrIS to study a potential effect of SDE on melting of GrIS.. 
    We focus here on the LAA depositions over GrIS with the MERRAero data. The climatologies for 2003-2014 were used 
to compute year-to-year variations. Over the southern and western part of GrIS, higher dust deposition is observed in July 2012, 
suggesting a potential impact of dust SDE and/or radiative forcing on 
snow melting in the area (Figure 1). However, BC and OC had no 
changes, implying negligible snow darkening effect caused by these 
aerosol depositions (Figure 1). It appears that the anomaly pattern of 
the dust deposition was mostly explained by the wet deposition 
pattern over GrIS, indicating that this dust deposition feature was 
driven by precipitation. The anomaly increases of low-level cloud 
fraction and precipitation were also seen over the western and 
southern parts of GrIS from the MERRAero data. This increased 
precipitation characteristic is consistent with the discussions from the 
in-situ observations at the northwestern site over GrIS (Niwano et al., 
2015). The increased precipitation from the low-level cloud was 
likely to increase the dust wet deposition over the western and 
southern areas of GrIS in July 2012 too. 
     LAA deposition patterns over GrIS in different years will be 
also discussed. 
 
Figure 1. Climatological LAA deposition patterns for 2003-2014 and their 
anomalies in July 2012. Contours in gray and shaded colors denote 
climatologies and anomalies, respectively. (top) dust deposition flux; 
(middle) BC deposition flux; (bottom) OC deposition flux. 
 
Acknowledgment 
    The MERRAero production was carried out by NASA’s GMAO, which was supported by NASA’s Modeling, Analysis, 
and Prediction (MAP) project. 
 
 



 

 

References 
Bennartz, R., M. D. Shupe, D. D. Turner, V. P. Walden, K. Steffen, C. J. Cox, M. S. Kulie, N. B. Miller, and C. Pettersen 

(2013), July 2012 Greenland melt extent enhanced by low-level liquid clouds, Nature, 496, 83–86, 
doi:10.1038/nature12002. 

Colarco, P. R., R. A. Kahn, L. A. Remer, and R. C. Levy (2014) Impact of satellite viewing-swath width on global and 
regional aerosol optical thickness statistics and trends, Atmos. Meas. Tech., 7, 2313-2335, doi:10.5194/amt-7-2313-2014. 

Kessner, A. L., J. Wang, R. C. Levy, and P. R. Colarco (2013), Remote sensing of surface visibility from space: A look at the 
United States East Coast, Atmos. Environ., 81, 136-147, doi:10.1016/j.atmosenv.2013.08.050. 

Molod, A., L. Takacs, M. Suarez, M., J. Bacmeister, I.-S. Song, and A. Eichmann (2012), The GEOS-5 Atmospheric General 
Circulation Model: Mean Climate and Development from MERRA to Fortuna, Technical Report Series on Global 
Modeling and Data Assimilation, NASA/TM-2012-104606, 28 (available at: 
http://gmao.gsfc.nasa.gov/pubs/tm/docs/Molod484.pdf). 

Nghiem, S. V., D. K. Hall, T. L. Mote, M. Tedesco, M. R. Albert, K. Keegan, C. A. Shuman, N. E. DiGirolamo, and G. 
Neumann (2012), The extreme melt across the Greenland ice sheet in 2012, Geophys. Res. Lett., 39, L20502, 
doi:10.1029/2012GL053611. 

Niwano, M., T. Aoki, S. Matoba, S. Yamaguchi, T. Tanikawa, K. Kuchiki, and H. Motoyama (2015), Numerical simulation of 
extreme snowmelt observed at the SIGMA-A site, northwest Greenland, during summer 2012, The Cryosphere, 9, 971–988, 
doi:10.5194/tc-9-971-2015. 

Rienecker, M. M., et al. (2008), The GEOS-5 Data Assimilation System - Documentation of Versions 5.0.1, 5.1.0, and 5.2.0, 
Technical Report Series on Global Modeling and Data Assimilation, NASA/TM–2008–104606, 27 (available at: 
http://gmao.gsfc.nasa.gov/pubs/docs/Rienecker369.pdf).  

Rienecker, M. M., et al. (2011), MERRA - NASA's Modern-Era Retrospective Analysis for Research and Applications, J. 
Clim., 24, 3624-3648, doi:10.1175/JCLI-D-11-00015.1. 

Yasunari, T. J., K.-M. Lau, S. P. P. Mahanama, P. R. Colarco, A. M. da Silva, T. Aoki, K. Aoki, N. Murao, S. Yamagata, and 
Y. Kodama (2014), GOddard SnoW Impurity Module (GOSWIM) for the NASA GEOS-5 Earth System Model: 
Preliminary comparisons with observations in Sapporo, Japan, SOLA, 10, 50−56, doi:10.2151/sola.2014-011. 

Yasunari, T. J., R. D. Koster, W. K. M. Lau, and K.-M. Kim (2015a), Impact of snow darkening via dust, black carbon, and 
organic carbon on boreal spring climate in the Earth system, J. Geophys. Res. Atmos., 120, 5485–5503. doi: 
10.1002/2014JD022977. (The YouTube video on this paper produced by NASA’s Scientific Visualization Studio is 
available at: https://www.youtube.com/watch?v=4ns13IhmDm8) 

Yasunari, T. J., P. R. Colarco, W. K. M. Lau, K. Osada, M. Kido, S. P. P. Mahanama, K.-M. Kim, A. M. da Silva (2015b), 
Total dust deposition flux during precipitation in Toyama, Japan, in the spring of 2009: A sensitivity analysis with the 
NASA GEOS-5 Model, Atmos. Res., in press 

  


