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In this paper, VHR SAR images are successfully used to map melt ponds in the

Arctic region, which potentially leads to more accurate estimation of overall

energy and mass balance in rapid changing Arctic environment.
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ABSTRACT | Melt pond statistics (size and shape) have

previously been retrieved from aerial photography and high-

resolution visible satellite data. These submeter- or meter-

resolution visible data can provide reasonably accurate

information on melt ponds, but are greatly constrained by

the limited solar illumination and frequent cloud cover in the

Arctic region. In this study, we venture into exploring high-

resolution synthetic aperture radar (SAR) or imaging radar

method for melt pond mapping, which is not severely disrupted

by cloud or low solar zenith angle. We analyzed high-resolution

airborne SAR images (0.3-m resolution) of midsummer sea ice,

acquired from a helicopter-borne SAR system in the northern

Chukchi Sea. The pond area and shape (circularity) derived

from the airborne SAR images showed that the statistics were

comparable to those previously observed from aerial photo-

graphs. We argue that high-resolution SAR, together with one-

to-one comparison with coincident aerial photographs, can be

used to map melt ponds at a level of detail comparable to aerial

photography or high-resolution optical satellite remote sens-

ing. Our encouraging results suggest the possibility of using

high-resolution SAR (current or future systems) to map melt

ponds in the Arctic region.

KEYWORDS | Future synthetic aperture radar (SAR) system;

high-resolution SAR; melt pond; sea ice

I . INTRODUCTION

Melt ponds are pervasive features of summer Arctic sea

ice, and can cover up to 50% of the surface of an ice floe

[1]. Melt ponds have a surface albedo four times smaller

than snow-covered sea ice [2], and absorb solar light four

times more efficiently [3]. Such contrasts make melt ponds

have significant influence on surface energy balance [4],

ice thickness distribution [5], [6], ice strength [7], and ice-

albedo feedback [8]. Sea ice melting can be amplified
depending on melt pond fractional coverage, number den-

sity, and dimensions (size, depth, and shape), i.e., bigger

and wide coverage of melt ponds would enhance absorp-

tion by solar energy, weaken ice strength, and increase ice

melt. Thus, reliable retrieval of those pond variables by

airborne or space-borne sensors is very important in order

to improve our understanding and related parameteriza-

tions of climate models [5], especially because melt ponds
are still poorly represented in climate models.

Current technologies to observe melt pond proper-

ties include in situ field observation [9], [10], aerial
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photography [11], and visible optical satellite data [12].
In situ observation can provide the most accurate, precise

measurements of melt pond properties and is indispens-

able for detailed investigation of physical processes, but

this method is very costly and restricted by logistical and

accessibility limitations. More extensive mapping of melt

pond coverage (ideally at a pan-Arctic scale) is necessary to

constrain various climate model parameters. Such large-

scale areal observations can only be achieved by aerial
survey or/and satellite remote sensing. Aerial survey pho-

tography often uses unpiloted aerial vehicles (UAVs) [13]

or ship-based helicopters [14], which can provide submeter

resolution images and pond fractions at sufficient accuracy

to verify the values obtained from moderate resolution

imaging spectroradiometer (MODIS) images [13]. Aerial

surveys are, however, greatly limited by regional weather

and logistics. The MODIS-based method has shown rea-
sonable potential in measuring melt pond fraction and in

estimating surface albedo [12], but it cannot derive de-

tailed pond statistics, i.e., size and shape, due to its mode-

rate resolution. Such detailed pond statistics (including

pond fraction) can be derived from high-resolution (1-m

resolution) visible optical satellite images [15]. However,

pervasive cloud coverage during the Arctic summer (about

80%) hinders melt pond mapping via any visible optical
sensor-based methods [16].

Satellite synthetic aperture radar (SAR) offers undis-

turbed observation of sea ice regardless of cloud coverage

or darkness. Conventional SAR data (e.g., ENVISAT ASAR

and Radarsat-1) offer a spatial resolution of the order of

tens to hundreds of meters. Such SAR data have shown

some potential for monitoring general melt processes (e.g.,

onset of melt, surface albedo) [17], [18]. However, we are
not aware of any previous studies that fully explored the

potential of SAR data in mapping melt ponds; this may

have been due to the spatial resolution and speckle noise

of such SAR data. However, present-day high-resolution

SAR sensors (e.g., TerraSAR-X, COSMO-SkyMed, and

Radarsat-2) can achieve up to 1-m spatial resolution and

submeter resolution will be realized in future SAR mis-

sions (e.g., TerraSAR-X2) [19].
This raises the question of whether it is possible to

map melt ponds using current or future high-resolution

SAR systems. If so, what kinds of pond statistics can be

derived and at what level of detail? To address these

questions, we conducted a helicopter-based airborne

SAR survey in the northern Chukchi Sea during summer

2011. The airborne SAR system successfully mapped

sea ice at 0.3-m resolution along with coincident
TerraSAR-X (StripMap dual polarization, 6-m resolution)

data acquisition. This allowed us to derive fraction, size,

and shape data for melt ponds as small as approximately

10 m2. We report on the first known attempt to map

melt ponds in detail within the context of potential

applications of future space-borne high-resolution SAR

systems.

II . BACKGROUND

A. Seasonal Evolution of Melt Ponds
With increasing solar radiation in spring, excessive

solar energy initially causes melting of snow and the upper

surface of sea ice [20]. Storm events sometimes accelerate

snow melt, and thus, the formation of melt ponds [21].

Melt water gravitates to lower surfaces, on which pools of

water start to collect (Fig. 1). On first-year ice, surface
topography is affected mostly by snow accumulation and

windblown snow drift [22], while on multiyear ice, melt

ponds form in depressions remaining from previous years.

At this stage, ice permeability is low and sea ice temper-

ature is below the melting point [23]. This prevents drain-

age of melt water except through cracks or flaws. Early

melt ponds on first-year ice are mostly wide and shallow

and their perimeters are irregular and complex [24]. As
melting progresses into summer, the ice permeability

increases (by two orders of magnitude) [23] and melting

increases at the bottom and lateral edges of the ponds.

The ponds start to form a distinct shape, vertical drainage

becomes much faster, and ponds become deeper and

connect to the underlying seawater, forming ‘‘through’’

dark-looking melt ponds. The ponds are often intercon-

nected, forming large and complex networks [24] (Fig. 1).
Finally, the pond area fraction diminishes as ice floes melt

out and break up, and melt ponds start to freeze up and

snow begins to accumulate on the frozen melt ponds

(Fig. 1).

Melt pond properties differ between first-year and

multiyear ice. First-year ice has a greater variability in

pond area fraction than multiyear ice. A pond area fraction

of 0.3–0.8 was typically observed on first-year ice floes [1],
[7], [25], [26], although in some cases, no melt ponds were

observed on first-year ice floes [24]. In the case of multi-

year ice floes, a pond area fraction of 0.2–0.3 was typically

observed [1], [11], [27]. Melt ponds on multiyear ice tend

to be deeper (about 60 cm) than those on first-year ice

(about 40 cm) [25].

B. Current Remote Sensing Techniques for Melt
Pond Mapping

Current remote sensing methods for melt pond map-

ping can be categorized as either airborne or space-borne

methods. Airborne methods include aerial photography

(digital camera or video system), sometimes onboard a

helicopter stationed on a ship or ice camp (e.g., [24]) or

using long-range manned as well as unpiloted aircraft [11],

[13]. Such observations typically provide submeter image
resolution. Being of such high resolution, melt pond frac-

tions and statistics retrieved from aerial photographs can

provide more accurate data than present-day satellite-

derived results. Continuous helicopter-based observation

at the Surface Heat Budget of the Arctic Ocean (SHEBA)

ice camp has provided invaluable information on the sea-

sonal evolution of melt ponds near the drifting ice camp
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site [24]. Long-range aircraft observations were often used

as the validation data set for satellite-derived melt pond

mapping [13] or to take snapshots of surface features at
specific times [11].

To date, space-borne observations mostly use visible-

spectrum bandwidths with medium-resolution sensors

(e.g., MODIS [12]) or high-resolution sensors (e.g.,

IKONOS [15]). The broader swath of medium-resolution

satellite images can provide wider coverage of pond frac-

tion and aggregated surface albedo estimates. MODIS-

derived melt pond fraction and surface albedo are generally
consistent with UAV-derived values [13]. Cloud cover

usually becomes more persistent later in the melting sea-

son, when the melt pond fractions typically reach their

peaks [13], [24]. This makes it difficult to derive melt pond

properties when they are most needed. However, frequent

coverage of MODIS in the Arctic may reduce the data gap

caused by persistent cloud cover. Landsat 7 ETM+ images

have also been used to derive melt pond fraction [28], [29].
Such images have much higher spatial resolution (ap-

proximately 30 m) than MODIS (250 m) and could provide

more accurate melt pond fractions. However, there are

fewer usable scenes, due to the longer revisit time of

16 days and persistent cloud cover over the Arctic. In

addition, images tend to be saturated in summer when sun

elevation is high [12].

C. Need for High-Resolution SAR
It is clear that the MODIS-based method appears to

provide the most useful melt pond data at wider coverage

than other satellite-based methods. However, it cannot

provide detailed pond statistics of area and shape, due to

its moderate image resolution (maximum of 250 m in

visible bands). Statistical characteristics of pond size and
shape are required in order to apply constraints on

climate model parameters and better understand the

evolution and radiative properties of melt ponds [3], [30].

Such pond statistics have been retrieved from aerial

photographs [24] or from high-resolution visible satellite

images [15]. In the former case, the statistics were

obtained from 12 survey flights at SHEBA site during the

spring/summer of 1998, and thus the retrieved statistics
cover one summer at one drifting site. Fetterer et al. [15]

took a different approach by using high-resolution (1-m

resolution) satellite imagery. They obtained pond statis-

tics within 500-m2 cells at four fixed sites across the

Arctic Ocean, and thus the retrieved statistics would be

more representative of the wider Arctic Ocean. The

images are often separated by a week or more due to

cloud cover and longer revisit time, and so is the retrieval
of pond statistics [15]. Even at such irregular temporal

resolution, one can capture major sea ice events, but it is

still difficult to obtain pond fraction and statistics at the

location and time that we need. The practical alternative

for reliable retrieval of pond fraction and statistics at any

required time and location is to use a space-borne SAR

system. Such capability with space-borne SAR is critical,

as the pond fraction can change significantly within a few
days [24]. Some current high-resolution satellite-borne

SAR systems offer up to 1-m resolution and flexibility for

scientific users to order future scenes at specified times,

allowing researchers to derive melt pond statistics at any

Fig. 1. Photographic views of melt ponds at different stages of their evolution. (Photographs correspond to various locations in the Arctic.)
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time. However, no attempt has yet been made to extract

melt pond statistics from high-resolution SAR data; this

paper discusses some of our attempts to evaluate

helicopter-borne and satellite-borne SAR data to estimate

melt pond statistics.

III . HELICOPTER-BORNE SAR AND
SPACE-BORNE SAR MEASUREMENTS

To test the feasibility of using high-resolution SAR for melt

pond mapping, a helicopter-based airborne SAR survey

was conducted as a part of the 2011 KOPRI-led R/V Araon
Arctic scientific cruise. An X-band SAR (NanoSAR) unit
was mounted on a helicopter (Bell 206 Jet Ranger)

stationed on R/V Araon. A laptop computer in the cabin

connected to the unit through a RJ-45 Ethernet cable was

used to control and log data (Fig. 2). The NanoSAR system

was equipped with Global Positioning System/inertial

measurement units (GPS/IMUs) and a gimbal-mounted

phased array antenna in order to compensate for the mo-

tion of the helicopter. The relevant technical parameters of
the NanoSAR system are summarized in Table 1. The

maximum resolution can be set to 0.3 m and the image

swath can be variable between 0.5 and 4 km depending on

flight altitude and resolution setting. In our experiment,

we set the maximum resolution of 0.3 m for the survey at a

flight altitude of 300 m.

The airborne SAR survey started from the ship at 04:48

coordinated universal time (UTC) on August 12, 2011, and

continued for 1 h. The geographic location of the survey

region is in northern Chukchi Sea, as shown in Fig. 3. The
sea ice condition in the area mainly comprises small

(about 100 m in size), heavily melted ice floes that hold no

melt ponds on the surface (Fig. 4). Thicker and larger

multiyear ice floes among the small thinner floes hold melt

ponds on the surface; some ponds are blue while others

appear dark, and some melt ponds were refrozen on the

surface. Coincident with the helicopter survey, we ac-

quired a TerraSAR-X Stripmap mode (SM) image (6-m
resolution and dual (HH and VV) polarization) at 04:55

UTC covering the entire survey area (Fig. 3).

Fig. 2. A photograph of the airborne SAR system.

Table 1 Basic System Parameters of Airborne SAR

Fig. 3. The mosaic of airborne SAR images overlaid on the top of a

TerraSAR-X SM image. The geographic location of the survey area

is shown as the white box in the map on the bottom left. Sections A

and B (red boxes) mark the location of the selected airborne SAR

images, and the number (yellow) indicates the image number

shown in Fig. 6.
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IV. MELT POND MAPPING FROM
HIGH-RESOLUTION SAR

A. Melt Pond Mapping Procedure
We took the following steps to obtain melt pond frac-

tion and statistics from airborne SAR images. We first

delineate the ice and melt pond features using image

processing software (ENVIA EX), based on the combina-
tion of multiscale segmentation and aggregation methods

[31]. An example is shown in Fig. 5, in which red-colored

polygons are the delineated melt pond features while blue-

colored polygons represent ice. Here, we define any

polygons within the ice polygon as melt ponds. During the

feature extraction procedure, we used the same scale and

aggregation factors for all of the images. The feature-

extracted image was then exported as a binarized image of
water and ice, which was then processed to detect melt

ponds and calculate pond fraction, number density, area,

and perimeter length. Ice and pond parameters used in this

paper were defined following Perovich et al. [24]. The

fraction of ice ðAiÞ is the area fraction of the ice (excluding

pond area) within the image, and the fraction of pond ðApÞ
is the area fraction of ponds within the image. The fraction

of the ice that is ponded ðA�pÞ is defined as A�p ¼ Ap=
ðAi þ ApÞ, which adjusts the pond fraction to account for

variable sea ice concentration. For pond statistics, we cal-

culate number density ðNdÞ, pond area ðSpÞ, and circularity

ðCpÞ. Nd is defined as the number of ponds per the area of

ice and ponds ðAi þ ApÞ (in square kilometers). Pond size

ðSpÞ is defined as the polygon area occupied by a pond (in

square meters). The circularity of pond ðCpÞ is defined as

Cp ¼ P2=Sp, where P is the perimeter.
A total of 36 airborne SAR images were selected in this

study to investigate the feasibility of using high-resolution

SAR data for the melt pond mapping. The images were

obtained from two sections of airborne SAR flight strip, as

shown in Fig. 3. Due to technical problems, the obtained

SAR images could not be combined into a perfectly con-

tinuous strip image. The original image resolution (0.3 m)

was degraded to 0.6 m while converting SAR complex

data into the amplitude image in order to reduce speckle

noise. Thus, each SAR image has a size of approximately

600 m (range) by 350 m (azimuth) with 0.6-m pixel size.

The near-range part of SAR images sometimes has dark

image tone due to no backscattered signal in a predeter-

mined time domain, so we cropped out the edges before
the analysis, leaving a final SAR image of approximately

500 m (range) by 350 m (azimuth). For each image, we

Fig. 4. An aerial view of the sea ice condition in the survey area.

Large multiyear ice floes with blue melt ponds are visible in

small broken, heavily melted ice floes.

Fig. 5. The melt pond mapping procedure. Ice/water binarized image is

first obtained from the original airborne SAR image using ENVIA EX

(multiscale feature extraction). From the binarized image, melt ponds

are detected by identifying water polygons enclosed within the ice

polygon. In the binarized image, white color indicates ice pixels

while black color indicates water/pond pixels. Melt ponds are then

indexed and numbered in red, and ice floes are indexed and

numbered in blue.
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derived Ai, Ap, A�p , and Nd, as described above. The pond

area was calculated as an area confined by pond polygon

(i.e., polygon area) not calculated as a pixel area, and

perimeter was calculated as the total length of the polygon

boundary. All pond polygons with less than 25 pixels were

excluded from the analysis because such small ponds were
difficult to be derived consistently. Note that the minimum

pond area can be smaller than 9 m2, because we used

polygon area. All ponds with an area larger than 700 m2

were also excluded from the analysis because, in some

images, the open water area within interconnected ice

floes can be mistakenly classified as melt ponds. These

open water areas are generally much larger than ponds, so

setting a maximum pond area can remove those potentially
misclassified areas of open water. This type of filtering can

also remove some ‘‘real’’ large melt ponds. However, the

Table 2 Overall Pond Fraction and Statistics Derived From the Airborne SAR and TerraSAR-X SM Images Within Section A

Table 3 Overall Pond Fraction and Statistics Derived From the Airborne SAR and TerraSAR-X SM Images Within Section B

Fig. 6. Fractional coverage of ice ðAiÞ and melt pond ðA�pÞ, number density ðNdÞ, pond size ðSpÞ, and circularity ðCpÞ are plotted with respect

to the image number in sections A and B. In the top panel, the solid line with plus symbols represents Ai and the dashed line with open diamond

symbols represents A�p . Image numbers are shown in Fig. 3.
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actual number density of such large ponds is very small
(less than 4%).

B. Melt Pond Fraction and Statistics
The variability of pond parameters for two selected

regions (sections A and B) is shown in Fig. 6, and the

overall statistics are listed in Tables 2 and 3. Both cases

represent a wide range of sea ice conditions, from almost

open water ðAi ¼ 0:1Þ to almost 88% ice cover. Recall that

the SAR image size used for the analysis is about 500 m �
350 m. Large open water areas or ice fractions are thus

simply attributed to the presence of open water patches or
large ice floes, respectively, within the image’s field of

view. Contrasting ice conditions between sections A and B

can be clearly seen in the TerraSAR-X SM image, acquired

during the same period as the airborne SAR survey (Fig. 7).

This contrasting condition can also be seen in the much

lower ice fraction within section A than in section B

(Tables 2 and 3).

The pond fraction ðA�pÞ also shows the difference be-
tween sections A and B (Tables 2 and 3). The slightly

higher pond fraction in section B can be attributed to a

larger fraction of multiyear ice floes in that region. The

mean pond fractions in both regions are smaller than

typical values (0.2–0.3) observed on summer multiyear ice

(e.g., [13] and [24]). The mean number density Nd of the

detected ponds is only between 1148 and 1326 km�2,

which is much smaller than the numbers observed during
SHEBA [24]. While our data show smaller pond fraction

and number density, our values for the pond area and

circularity are comparable to the SHEBA observations.

Our data show a mean pond size of 66.2–73.9 m2 (Tables 2

and 3). These values are quite comparable or slightly larger

than the pond sizes observed on August 7, 2011, at the

SHEBA site [24]. In the SHEBA case, the observed pond

circularity was 38.5–41.2 [24]. For comparison, mean

values were 35.1–37.6 (Tables 2 and 3) in this case. These
comparable results indicate that melt ponds on thicker

multiyear ice floes would have similar size and shape as

those observed during SHEBA. On the other hand, the

smaller pond fraction and number density can be attri-

buted to a large fraction of small, melted ice floes without

melt ponds, as seen in Fig. 4.

Following Perovich et al. [24], the pond size (area)

distribution can be fitted by a power law, y ¼ aXb. In their
case, the size distribution was well fitted with an exponent

b of�1.5 and the correlation coefficient of more than 0.99.

In our case, for sections A and B, the pond size distribution

shows similar linear decrease in logarithm scale (Fig. 8).

Flatting of the distribution is visible in the range less than

10 m2, indicating inability to accurately detect ponds

smaller than 10 m2. The fitting was, therefore, made with-

in the range 10–100 m2, and the b exponents of �1.3 and
�1.2 were estimated with correlation coefficients of 0.95

and 0.96 for sections A and B, respectively.

C. Comparison With the Aerial Photograph
While our pond statistics of area and shape are

comparable to the previously reported values from aerial

photographs, the question still remains: how well do they

match each other in detecting melt ponds? To answer this

question, an example of one-to-one comparison between

Fig. 8. Distribution of pond size (area) ðSpÞ. Black crosses and

red diamonds represent values in sections A and B, respectively.

Both x- and y-axes of the plot are scaled logarithmically.

Fig. 7. The TerraSAR-X SM image (HH polarization) acquired

coincidently with the airborne SAR survey. The two red boxes mark

the geographical boundary of sections A and B of the airborne SAR

images analyzed in this research.
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the aerial photograph and the airborne SAR images was

investigated (Fig. 9). The comparison shows that most

small melt ponds seen in the aerial photograph are not

detected in the airborne SAR image (see number 1 in
Fig. 9, for example). This is what we expect because we set

the minimum number of 25 pixels as the lowest limit or

they are simply too small to be detected from the airborne

SAR image. The aerial photograph shows that melt ponds

are interconnected by small channels. However, these

small channels are not detected in the airborne SAR

images (see number 2 in Fig. 9). This may affect the pond

circularity estimates from the airborne SAR image, but the
pond area estimates would not be significantly affected.

Recall that the maximum area for melt pond detection was

set to 700 m2 in order to reduce the number of open water

areas surrounded by attached ice floes that would be

misclassified as melt ponds. This does effectively reduce

the false-positive classification of melt ponds in the case of

larger areas with open water, but some small areas of open

water can still be misrepresented as melt ponds (see num-
ber 3 in Fig. 9). A floe-separation algorithm (e.g., erosion

and expansion filter) could be used to reduce the chance of

detecting such false melt ponds. Although these problems

described above have not been eliminated in the SAR

method, the shape and size of melt ponds derived in the

image closely resemble those shown in the aerial photo-

graph (see number 4 in Fig. 9). In addition, some of the

larger channels can be clearly detected even from the SAR
image (see number 5 in Fig. 9). Note that the aerial

photograph is geometrically distorted, so a direct quanti-

tative comparison between the aerial photograph and the

airborne SAR images is difficult. However, the polygon

boundaries of the ponds detected in the airborne SAR

image clearly define the same ponds visible in aerial pho-

tographs, even for melt ponds with very complex shapes.

This suggests that the shape and the size of ponds can be
detected in as much detail using SAR as from the aerial

photographs.

D. Comparison With the TerraSAR-X SM Image
In this section, we compare melt pond mapping between

airborne SAR and TerraSAR-X SM images. The acquired

TerraSAR-X SM data were radiometrically calibrated and

resampled to 3-m resolution. Note that TerraSAR-X can offer

up to 1-m resolution in the high-resolution spotlight (HRS)

mode. It was not possible to synchronize the acquisition of

the TerraSAR-X HRS image with the airborne SAR survey,

due to the unpredictability of the ship’s cruise schedule,

weather conditions, and the small swath width of the HRS
mode. For the melt pond mapping from TerraSAR-X SM

images, we employed the same procedure as for airborne

SAR data analyses; all ponds with less than 25 pixels or larger

than 700 m2 in the area were excluded from the analysis.

Fig. 10 shows an example of the one-to-one comparison of

melt pond detection between airborne SAR and TerraSAR-X

SM images. It clearly demonstrates the failure of detecting

small melt ponds in the TerraSAR-X image (see number 1 in
Fig. 10). In this case, the maximum pond area is 128.5 m2.

This limitation can be clearly seen in the pond fraction ðA�pÞ
(Tables 2 and 3), in which the TerraSAR-X SM significantly

underestimates the pond fraction compared to the airborne

results.

Subarea 2 in Fig. 10 shows large melt ponds detected

in the TerraSAR-X SM image. The pond areas estimated

Fig. 9. Comparison between the aerial photograph and the airborne SAR images. Notice that the aerial photograph is highly distorted,

and hence, the sizes of melt ponds in the aerial photograph cannot be directly compared with those in the airborne SAR image

acquired in this study.
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from the TerraSAR-X SM image range approximately from

237.5 to 543.8 m2. These pond area estimates are about

20%–40% smaller than those observed from the airborne

SAR images (i.e., 367.0–670.5 m2). The smaller pond

areas estimated from the TerraSAR-X SM image are likely

due to blurring by the coarser spatial resolution. Subarea 3

shows the case of detecting open water areas as melt

ponds. Due to the coarser resolution of the TerraSAR-X
SM image, TerraSAR-X SM melt-pond mapping is more

severely affected by this caveat, i.e., the open water area

surrounded by attached ice floes is subject to misclassi-

fication as melt ponds. Removing ponds with an area

larger than 700 m2 can reduce such classification errors to

some extent, but small areas of open water can still be

incorrectly classified as melt ponds.

V. DISCUSSION AND CONCLUSION

Previously, detailed melt pond statistics have usually been

derived from aerial photographs or high-resolution visible

satellite data. These types of meter or submeter resolutions

provide quite accurate information on melt ponds, but data

acquisition in the Arctic is greatly constrained by logistical

challenges and weather, including frequent cloud cover. In

this study, we explored a high-resolution SAR method for
the melt pond mapping, which is not affected by cloud

coverage or limited solar illumination. During summer

2011, we acquired high-resolution (0.3-m resolution) SAR

data over summer sea ice in the northern Chukchi Sea,

using a helicopter-mounted X-band airborne SAR system

(NanoSAR). The acquired high-resolution SAR images

were processed using a combination of a multiscale feature

extraction algorithm (ENVIA EX) and a IDLA codes that

automatically index and derive pond statistics of the

classified image from the feature extraction algorithm.

A total of 36 airborne SAR images were analyzed to

estimate and derive pond fraction and pond statistics of

the area and shape (circularity). Our results show that the

pond fraction and the number density derived from the

airborne SAR images are smaller than the previously ob-
served information from aerial photographs, yet the pond

area and circularity are comparable to previous observa-

tions. The smaller fraction and number density of ponds

can be attributed to the large fraction of small, melted ice

floes without melt ponds contained within the survey area.

At the same time, the close agreements of the pond area

and circularity results indicate that melt ponds on large

and thick multiyear ice floes would be statistically similar
to those observed during the SHEBA experiment. The

above results are supported by the fact that the pond size

(area) distributions from airborne SAR images are well

fitted by a power law with the exponent values that are

comparable to the previous SHEBA observation.

A one-to-one comparison with an aerial survey photo-

graph demonstrated both successes and caveats of melt

pond mapping with airborne high-resolution SAR data.
The comparison showed that SAR data, even at submeter

resolution, is more prone to misclassify the areas of open

water within interconnected ice floes as being melt ponds.

Despite this caveat, the shape and the size of melt ponds

shown in airborne SAR images appear quite similar to

those seen in aerial photographs. The results of this study

indicate that the size and the shape of melt ponds derived

from the high-resolution SAR could provide a level of

Fig. 10. Comparison of melt pond mapping between airborne SAR (left) and TerraSAR-X SM (right) images.
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detail and accuracy comparable to that obtained from
aerial photographs.

Comparison with the TerraSAR-X SM image shows

clear failure of TerraSAR-X SM data in detecting small

melt ponds (e.g., less than 130 m2). Some large melt ponds

(larger than 367 m2) can easily be detected in the

TerraSAR-X SM image, but the estimated areas of the de-

tected ponds are smaller than those observed from the

airborne SAR image, which appear more similar to ground-
truth observations. The TerraSAR-X SM image also signi-

ficantly underestimates the pond fraction, compared to the

airborne SAR results.

The results of this study are very encouraging, in that

detailed melt pond mapping can be achieved using a high-

resolution (down to 0.3-m resolution) SAR system.

Although determination of the feasibility of melt pond
mapping with space-borne SAR data still requires further

investigation, this study has clearly demonstrated that space-

borne high-resolution SAR systems, if spatial resolution is

sufficiently high enough, could be effectively and econom-

ically utilized in melt pond mapping in Arctic areas. h
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