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Abstract. Spectral indices using two reflectance bands were evaluated to imple-
ment fast differencing the melt pond from sea ice. The spectral indices comprise 
simple band-ratio calculations and these ratio-based methods can compensate 
light variations within individual images. The spectral indices developed for em-
phasizing ice, snow and water were evaluated with fine snow, melting snow hav-
ing a shallow puddle of water on top and sea water reflectance spectra selected 
from existing spectral libraries. Pairs of two bands of green and SWIR (shortwave 
infrared), red and SWIR, green and NIR (near infrared), and green and red wave-
length regions were used as input bands for the spectral indices. The differences 
of the spectral indices between fine snow and water and between melting snow 
and sea water for every pairs were calculated to compare performance of the 
spectral indices. The indices using green and SWIR band pairs and red and 
SWIR band pairs showed larger differences between fine snow and sea water 
and between melting snow and sea water than the indices using green and NIR 
band pairs and green and red band pairs. The highest separability inferred from 
averaged index differences between fine snow and water and between melting 
snow and water was obtained from the pairs of red and SWIR bands. The results 
can be applied to planning of a spectral imager specialized for polar region or to 
choose reasonable bands from existing remote sensing sensors. 
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1. Introduction 

Melt pond covering sea ice over Arctic sea has shown quick development and transition during 
spring and summer season, and has also been known to significantly affect regional and global 
climate system as it changes sea ice albedo. Multiple or multi-temporal high-spatial-resolution opti-
cal images, e.g., aerial or UAV images, are desirable dataset to differentiate the fast-changing melt 
pond from sea ice.  

In this study, spectral indices using two reflectance bands were evaluated as a preliminary 
study for implementation of effective and fast differencing the melt pond from sea ice with large 
volume of images. The spectral indices comprise simple band-ratio calculations and these ratio 
based methods can compensate light variations within individual images, possibly exaggerated in 
high Arctic region. 
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2. Methods 

2.1. Spectral reflectances of snow, melting snow and water 

Surface of sea ice consists of few materials, i.e., snow, ice and water, showing more simple 
composition of constituents than ordinary land covers. Three representative materials, fine snow, 
melting snow having a shallow puddle of water on top and sea water reflectance spectra, were se-
lected from existing USGS Digital Spectral Library and NASA ASTER Spectral Library (Table 1). 
The selected endmembers show distinct differences in their reflectance amplitudes (Figure 1). 
 

Table 1. Spectral reflectance curves of water, snow and ice selected from existing spectral libraries. 

Spectrum Specification Source 

Fine snow Effective particle size is 24 micrometers. NASA ASTER Spectral Li-
brary [1] 

Melting snow 1-
16.26925 

This sample had a puddle of approximately 
3 cm of water on top of the snow. 

USGS Digital Spectral Li-
brary [2] 

Sea water The water was sampled from Atlantic 
ocean. 

USGS Digital Spectral Li-
brary [2] 

 

 

Figure 1: Spectral reflectance curves selected for calculation of spectral indices.  

2.2. Spectral indices for water, snow and ice identification 

The spectral indices comprise simple band-ratio calculations and these ratio based methods 
can compensate light variations within individual images, possibly exaggerated in high Arctic re-
gion. The spectral indices developed for emphasizing ice, snow and water were evaluated with the 
selected spectra (Table 2). Pairs of two bands of green and SWIR, red and SWIR, green and NIR, 
and green and red wavelength regions were used as in-put bands for the spectral indices (Table 3). 
 

Table 2. Spectral indices devised to emphasize or identify ice, snow or water endmember from other land 
covers. 
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Index Equations 

NDSI (normalized difference 
snow index) [3] 

NDSI = (TM 2 (green) - TM 5 (SWIR))/(TM 2 - TM 5) 

NDSI [4] NDSI = (AVHRR 1 (green) - AVHRR 3 (SWIR))/(AVHRR 1 - 
AVHRR 2) 

NDSI [5] NDSI = (MODIS 4 (green) - MODIS 6 (SWIR))/(MODIS 4 - 
MODIS 6) 

NDSI [6] NDSI = (ASTER 1 (green) - ASTER 4 (SWIR))/(ASTER 1 - 
ASTER 4) 

NDSII (normalized difference 
snow/ice index) [7] 

NDSI = (TM 3 (red) - TM 5 (SWIR))/(TM 3 - TM 5) 

NDGI (normalized difference 
glacier index) [6] 

NDSI = (ASTER 2 (red) - ASTER 3 (NIR))/ (ASTER 2 - ASTER 
3) 

NDWI (normalized difference 
water index) [8] 

NDWI = (MSS 2 (green) - MSS 4 (NIR))/(MSS 2 - MSS 4) 

1TM: Landsat Thematic Mapper, 2AVHRR: Advanced Very High Resolution Radiometer, 
3MODIS: Moderate Resolution Imaging Spectroradiometer, 4ASTER: Advanced Spaceborne 
Thermal Emission and Reflection Radiometer, 5MSS: Landsat Multispectral Scanner 

 

Table 3. Spectral indices designated for the selected spectral ranges. The spectra resampled to the spectral 
resolution of 20 nm were used as input bands of the spectral indices. 

Index Equations Specifications of bands 

NDSI1 (Rgreen – RSWIR)/(Rgreen – RSWIR) Green: 0.52 – 0.60 μm, SWIR: 1.56 – 1.74 μm 

NDSI2  (Rred – RSWIR)/(Rred – RSWIR) Red: 0.64 – 0.68 μm, SWIR: 1.56 – 1.74 μm 

NDSI3 (Rgreen – Rred)/(Rgreen – Rred) Green: 0.52 – 0.60 μm, Red: 1.56 – 1.74 μm 

NDWI (Rgreen – RNIR)/(Rgreen – RNIR ) Green: 0.52 – 0.60 μm, NIR: 0.80 – 1.10 μm 

3. Results 

The differences of the spectral indices between fine snow and sea water and between melting 
snow and sea water for every pairs were calculated to compare performance of the spectral indi-
ces. The larger difference indicates more sensitive spectral pairs to differentiate melt ponds from 
sea ice. The indices using green and SWIR band pairs and red and SWIR band pairs showed larg-
er differences between fine snow and sea water and between melting snow and sea water than the 
indices using green and NIR band pairs and green and red band pairs (Figure 2). The highest sep-
arability inferred from averaged index differences between fine snow and sea water and between 
melting snow and sea water was obtained from the pairs of red and SWIR bands. 
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(a)      (b) 

Figure 2: Spectral indices calculated using the selected spectra within designated spectral ranges: (a) the 
spectral index differences between fine snow and sea water and, (b) the spectral index differences between 

melting snow and sea water. Higher indices are filled with reddish colors. 

4. Conclusions 

Relatively higher separability between fine snow and sea water and between melting snow and 
sea water was shown in the spectral index differences using the pairs of red and SWIR bands. The 
results from this study can be applied to planning of a spectral imager specialized for polar region 
or to choose reasonable bands from existing remote sensing sensors. 
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