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Greenland ice sheet holds approximately 10% of the fresh water on earth. If it melts all, sea level rises about 7.2meter. It is 
reported that mass of Greenland ice sheet is decreasing with temperature rising of climate change. Melting of the coastal area 
is particularly noticeable. It is established that 4 to 23% of the sea level rising from 1993 to 2005 is caused by the melting of 
Greenland ice sheet. In 2010, amount of melting per year became its maximum.  
However many climate models aren’t able to simulate the recent melting of snow and ice in the Arctic including Greenland. 
One of the possible causes is albedo reduction of snow and ice surface by light absorbing snow impurities such as black carbon 
and dust and by glacial microorganisms. But there are few researches for effect of glacial microorganism in wide area. So it is 
important to clarify the impact of glacial microorganisms in wide area. 
The purpose of this study is to clarify the effect of microorganism on Greenland ice sheet surface temperature change using 
satellite images of visible, near infrared and thermal infrared wavelength range and observation carried out in northwestern 
Greenland.  
We use MODIS Land Surface Temperature Product as ice sheet surface temperature. It estimates land surface temperature 
based on split window method using thermal infrared bands. MODIS data is bound to cover the whole of Greenland, and 
calculated the ratio of the temperature change per year. Analysis period is from December 2002 to November 2010.  
Results of calculating Greenland ice sheet surface temperature change using the MODIS data, our analysis shows that it is 
upward trend in the whole region. We find a striking upward trend in northern and western part of Greenland. The rate is 0.33
±0.03 degree Celsius per a year from 47.5°W to 49°W. While in the coastal area from 49°W to 50.7°W, the rate is 0.26
±0.06 degree Celsius per a year. This large upward trend area is the same area as dark region (Wientjes and Oerleman., 2010). 
It is considered that the cause of the dark region is Cryoconite on the glacier. So, upward trends have relation to glacial 
microorganism including cryoconite. 
In the future, in order to clarify the relationship between temperature change and glacial microorganism, we will develop 
product to determine the quantity of glacial microorganism by satellite images.  
 
気候変動に於ける全球的な温度上昇に伴い，世界中の淡水の約 10%を保持し，その全てが融解すると海水準が約
7.2m 上昇するグリーンランド氷床の急激な融解，質量の減少が報告されている． 
特に縁辺部での融解が顕著であり，1993 年から 2005 年までの海水面上昇の 4～23%がグリーンランド氷床の融
解によって引き起こされたと見積もられており，2010 年には一年間の融解量が過去最大になったと報告されてい
る． 
しかしながらグリーンランドをはじめとした北極圏における近年の雪氷の融解を多くの気候モデルが再現できて
いない．その原因として黒色炭素などによる積雪汚染と雪氷微生物による雪氷面アルベドの低下が挙げられる．
特に雪氷微生物の影響を広域に求めた研究は少なく，その影響を明らかにすることは重要である． 
本研究の目的は近年融解が顕著なグリーンランド氷床表面温度変化に与える雪氷微生物の影響を人工衛星による
可視・近赤外域の波長を用いた反射率と熱赤外域の波長を用いた氷床表面温度の観測およびグリーンランド北西
部において実施される現地観測から広域的に明らかにすることである．本稿では人工衛星を用いた氷床表面温度
変化を解析した結果を報告する． 
氷床表面温度は，地球観測衛星 Terra/Aqua に搭載されている中分解能撮像分光放射計（MODIS）で観測された
データをもとに地表面温度を推定したMYD11C1 Daily LST Product のデータを用いた．このプロダクトは観察
する対象物の放射率を仮定しWan et all.,(1996)による熱赤外 2ch を用いた手法を適用し地表面温度を推定してい
る． 
 MODIS データはグリーンランド全域を網羅するようモザイク処理により結合し，緯度・経度ごとの時系列デー
タをもとに，最小二乗法を用いて算出できる温度の一年あたりの変化の割合を求めた． 
解析期間は 2002 年 12 月から 2010 年 11 月である． 
 氷床表面温度変化をMODIS より求めた結果，グリーンランド氷床全域で上昇傾向にあることがわかった．特に
北部・西部沿岸域において表面温度の上昇傾向が大きく(図 2 左)，西経 47.5 度から 49 度の地域では一年あたり
0.33±0.03℃上昇していることがわかった．また氷床末端の西経 49 度から 50.7 度の地域の温度の上昇傾向は
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Fig. 1. MODIS image from 9 August 2007, band 2 (841–876 nm),
with the appearance of the dark region indicated with a blue contour.
S is Sukkertoppen Iskappe and J is Jakobshavn Isbrae. The red con-
tour indicates the reference area as described in Sect. 4. (Latitudes
and longitudes along the axes).

2 Satellite images and techniques

The MODIS instrument provides satellite images with a spa-
tial resolution of 250m to 1 km and a temporal resolution
of 1–2 days. We used Level 1B products, from the Level 1
and Atmosphere Archive and Distribution System (LAADS).
These products contain sensor- and geometry-corrected data
in 36 spectral bands, of which 20 in the solar spectrum (405–
2155 nm). From these products, we studied geolocated radi-
ances. The (almost) cloud-free scenes were selected manu-
ally. It became apparent that for some of the reflective solar
bands the ice and snow parts are saturated. The remaining 11
bands are used for further analysis. Figure 1 shows an im-
age of radiances measured in Band 2 (841–876 nm) on 9 Au-
gust 2007. The dark region is clearly visible in this satellite
image.

Table 1. Characteristics of dark region along different transects.

distance width of
to margin dark region

66� N ± 10 km ± 20 km
67� N ± 30 km ± 30 km
68� N ± 30 km ± 40 km
69� N ± 30 km ± 35 km

To get more insight into the character of the dark region,
we used RGB (Red Green Blue) colour composites. The
composites consist of a combination of three different wave-
length bands, where each single band is plotted in another
colour scheme. For example, a true colour composite is ob-
tained, if wavelength Band 1 (620 to 670 nm, partly covering
the red light) is assigned to a red colour scheme, Band 4 (545
to 565 nm, partly covering the green light) to a green colour
scheme and Band 3 (459 to 479 nm, partly covering the blue
light) to a blue colour scheme. In Fig. 2a, such a composite
is shown for the satellite image of 9 August 2007. For im-
age enhancement, a linear contrast stretch is applied to each
colour plane of this image. This means that a transforma-
tion is performed, whereby the range of intensity values of
each colour plane is linearly expanded to make full use of the
complete range of available intensity values. Also, to make
the dark region stand out even more clearly, a decorrelation
stretch is made. This is a method that maximizes the differ-
ence between the colour planes by decorrelating their colour
values. The result of this stretch is shown in Fig. 2b. Note
that these colour composites have no quantitative meaning,
but are only designed for qualitative visual interpretation.
In addition to the Level 1B product, we used a daily sur-

face reflectance product, MOD09GA, from the Land Pro-
cesses Distributed Active Archive Center (LP DAAC), which
had been computed from the MODIS Level 1B product. A
correction had been made for the effects of atmospheric gases
and aerosols. Again, images with little or no clouds were
chosen visually. This MODIS product contains only re-
flectance values for 7 different wavelength bands; therefore
we used it only for the comparison with values from litera-
ture.
Finally, we used ASTER images to obtain more in-

formation about spatial details. One image from 2 Au-
gust 2004 is from the LPDAAC, the others are from the
ASTER Ground Data System (GDS) from the Earth Remote
Sensing Data Analysis Center (ERSDAC). ASTER deliv-
ers sensor-registered radiances in 14 different spectral wave-
length bands with a resolution varying between 15 to 90m.
The instrument operated only on request, and ASTER images
cover a much smaller spatial area than the MODIS images,
so there are only a few images that contain a part of the dark
region and are (almost) cloud free. After projection to the
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0.26±0.06℃であり，中流域の方が表面温度の上昇傾向が大きいことがわかった．表面温度の上昇傾向が大きい箇
所はWientjes and Oerleman(2010)で示された氷河の暗色域(dark region，図 2 右)と一致していることから，反
射率の高い氷床末端付近では温度上昇が小さいのに対し，反射率の低い中流域（暗色域）では温度上昇が大きい
ことがわかった．また西経 50.75 度から 55 度の裸地では 0.31±0.11℃であり，氷床末端よりも上昇傾向が大きい
ことがわかった． 
 暗色域の原因は氷河上に堆積するクリオコナイトであることが報告されている(Wientjes et al., 2011)．よって
温度の上昇傾向とクリオコナイトをはじめとした雪氷微生物の存在が影響し合っていると考えられる． 
 MODIS データを用いてグリーンランド氷床表面温度変化を算出した結果，北部および西部において温度の上昇
傾向が大きいことがわかった．温度の上昇傾向は特に西部沿岸域でみられる氷河の暗色域においてが大きいこと
から温度変化と雪氷微生物とが影響し合っていると考えられる． 
 今後は温度変化と雪氷微生物との関係を明らかにするため，グリーンランド北西部で表面温度と雪氷微生物の
観測を行う予定である． 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                Figure 1.  Greenland ice sheet surface temperature change 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Figure 2. Surface temperature change in Dark Region 
 
 
                                             Figure 3. Surface reflectance in Dark Region 
           (Wientjes and Oerlrman, 2010) 
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