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Abstract—The International Collaborative Experiment during
the PyeongChang Olympics and Paralympic winter games 2018
took place in the PyeongChang region of South Korea. The main
goal of this field campaign was to study winter precipitation in an
environment that has complex terrain. The NASA dual-frequency,
dual-polarization, Doppler radar (D3R) was calibrated and de-
ployed in this field campaign. The positioning error of the radar
was calibrated to be within 0.1°. The D3R was deployed for more
than four months and was able to capture many interesting snowfall
events along with a few rain events. In this article, the deployment
and performance of the D3R during the campaign are discussed.
The snowfall events captured by the D3R are discussed in detail
to interpret the microphysics from a radar’s perspective. The
reflectivity–snowfall rate relationship is derived at the Ku band,
and the snow accumulation computed is in good agreement with a
precipitation gauge that was deployed near the radar. The benefit
of the dual-frequency ratio for identifying the precipitation particle
types is briefly introduced using the data from a large snow event
on 28th February 2018. The vertical profile D3R data for this snow
event are studied for detecting the presence of pristine-oriented
ice crystals in the mixed hydrometeor phase conditions. Various
other instruments, such as X-band radar and disdrometers, were
deployed in the campaign. The D3R data are compared with the
MxPOL X-band radar, and the reflectivity values match within a
couple of dB in the common volume region.

Index Terms—Dual-frequency, dual-polarization, Doppler
radar (D3R), International Collaborative Experiment during the
PyeongChang Olympics and Paralympic winter games (ICE-POP),
instruments, Ku-band, snow, weather radar.

I. INTRODUCTION

IN EARLY 2018, the PyeongChang region in South Korea
hosted the International Collaborative Experiment during the

PyeongChang Olympics and Paralympic winter games (ICE-
POP) field campaign. Since the Olympics and Paralympics
games require significant precipitation on the ground, the cam-
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paign was scheduled in the winter season of South Korea. Many
active and passive remote sensing instruments were deployed
in this field campaign. The primary goal of the ICE-POP 2018
campaign was to understand the winter precipitation regime in
the PyeongChang region, which has a complex terrain, and the
associated processes, with the focus on improving the short-term
forecasting and nowcasting systems [1]. The PyeongChang re-
gion encounters a huge amount of snowfall and records very low
temperatures in the winter season. In addition, since the coastline
of the ocean is near this region, the observations during this cam-
paign will aid in understanding the climate interactions between
ocean and mountain regions and the formation of clouds and
snow [2]. The remote sensing observations captured by various
instruments will aid in understanding the microphysics of the
snow clouds and the evolution of the weather events spatially and
temporally. The Korean Meteorological Administration (KMA)
and the National Institute of Meteorological Science supported
the ICE-POP field campaign.

Remote sensing observations are widely used to under-
stand the microphysical process happening within precipitation
events. In the past, radars have shown their usefulness and
potential for studying microphysical processes. While instru-
ments such as disdrometers, multiangle snowflake cameras, and
particle imaging probes are useful in getting the point measure-
ments, scanning weather radars can collect precipitation data
over a wide area. The maximum unambiguous range for a typical
X-band radar is around 40–60 km.

Radars can be used to understand the evolution and progress
of the storms. Since the operating frequency of the radar limits
the minimum precipitation particle size that can be observed, the
sensitivity of observing smaller precipitation particles increases
with frequency. Since the size of the snow particles is small
compared to rain particles, high-frequency radars above 10 GHz
are suitable for studying snow and interpreting the mixed-phase
precipitation conditions. The combination of remote sensing
observations from different instruments, such as radars and
disdrometers, will aid in understanding the precipitation process
in detail.

The NASA dual-frequency, dual-polarization, Doppler radar
(D3R) [3], [4] was initially developed to support ground vali-
dation (GV) operations of the global precipitation measurement
(GPM) mission [5]. The D3R operates at the high-frequency
bands of Ku (13.9 GHz) and Ka (35.5 GHz). These frequency
bands of the D3R radar are the same in which the GPM’s
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Fig. 1. NASA D3R deployed on the rooftop of DGW during the ICE-POP
field campaign in South Korea.

Fig. 2. Maximum unambiguous range of D3R during ICE-POP campaign.

dual-frequency precipitation radar operates, which aids in com-
parisons from satellite and ground observations. The D3R was
deployed in various field campaigns across North America under
a variety of warm and cool season conditions and collected
good-quality data [6]. In the past, a notable campaign in which
the D3R collected winter precipitation data was the GCPEx field
campaign in Ontario, Canada. The data collected during this
campaign aided various researchers in improved understanding
of microphysics. As such, the D3R was an ideal candidate for
the ICE-POP field campaign to collect winter precipitation data.

The NASA D3R was stationed at Wallops Flight Facility,
Virginia, USA, before the ICE-POP deployment. The D3R
was disassembled and shipped to South Korea in late August
2017, and the assembly of the D3R in South Korea was done
in late October 2017. The D3R was deployed on the rooftop
of the Daegwallyeong regional weather office (DGW) in the
PyeongChang province of South Korea for the ICE-POP field
campaign. This location was situated very close to the main
stadium of the Winter Olympics, where many sporting events
were held. Fig. 1 shows the D3R in operation on top of the DGW
during one of the campaign days. The maximum unambiguous
operating range of the D3R is 40 km, as shown in Fig. 2.

The mountains and coastal regions around the D3R can also
be seen in this picture. The D3R will aid in understanding the
evolution of the snow clouds through its Doppler velocity and
dual polarization observations. Since the D3R was deployed in
mountainous terrain, as shown in Fig. 2, there were radar beam
blockages at lower elevation angles. At 0.5° elevation, the radar
plan position indicator (PPI) scan coverage was only 5%. At
3° and 5° elevations, the radar PPI scan coverage was 52% and
89%, respectively. Above 7.5°, the full PPI scan coverage was
obtained.

An overview of the snow observations and data collected
during ICE-POP is discussed in this article. The article is struc-
tured as follows. The D3R calibration and the events captured
during the ICE-POP campaign are discussed in Section II. A
relationship between the radar moments and the snowfall rate
(SR) is obtained, and the results are shown in Section III. The
D3R data to interpret some of the snow microphysical processes
are explained in Section IV with the help of vertical profile
analysis and hydrometeor classification. The potential of using
dual-frequency ratio (DFR) for studying microphysics is briefly
discussed in Section V. Section VI gives a brief discussion of
other instruments that were deployed in the campaign and the
potential of combining their data with D3R data to enhance
the understanding of winter precipitation. Finally, a summary
is given in Section VII.

II. D3R CALIBRATION AND EVENTS CAPTURED DURING

ICE-POP FIELD CAMPAIGN

Before the deployment to the ICE-POP campaign in South
Korea, the D3R went through system upgrades until early 2017.
Some of the subsystems were redesigned and upgraded to en-
hance the radar observing capabilities. Prior to the deployment
of the D3R radar, system parameters were well calibrated using
various calibration methods. One of the calibration methods
used for adjusting the gain and the received power levels is the
calibration using a corner reflector. The radar was calibrated
using a corner reflector with known dimensions placed on top of
a tower located at a predefined distance from the radar [7]. The
corner reflector is adjusted such that the maximum power return
is received. The radar system parameters are then adjusted by
comparing the return power levels with the theoretical power
level return expected. This ensures that correct return power
values are received, and optimal performance is achieved from
the radar. The uncertainty in received power when using the
corner reflector for calibration is within 0.5 dB. More details on
the corner reflector calibration can be found in [8] and [9]. To
verify the accuracy of the radar moments, the D3R data were
cross validated with data from another radar. A nearby U.S.
National Weather Service radar S-band radar was used for the
cross validation. The data analysis showed a good match be-
tween the radar moments [10]. Both corner reflector calibration
and validation were done prior to the shipment of the D3R radar
for the ICE-POP campaign.

As mentioned earlier, the D3R radar was deployed in DGW
for the campaign in late October 2017. Deploying the radar well
in advance for the ICE-POP campaign helped in calibrating the
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Fig. 3. Birdbath scan data collected on 10th of November 2017 at 07:32 UTC
(left to right) reflectivity, co-pol correlation, and differential reflectivity.

system accurately and capturing some early rain events to ensure
the system was performing well. Periodic solar calibration was
done during the ICE-POP field campaign. The solar calibration
exercise is a routine calibration process for the D3R, which is
used to align and adjust the antenna offset between the Ku and
Ka band radars. Solar calibration is also used to determine the
azimuth offset of the radar with respect to the true north, and this
is done with the information of the sun’s position. The position
of the sun is known for a particular location and time during the
day. The radar is scanned around the sun’s position, and the offset
in azimuth is then determined. If the position of the sun and the
radar pointing angle is the same, then there will be zero offset.
This calibration procedure ensures that the radar is looking at
the correct resolution volume when scanning. A slight mismatch
of a few degrees offset in azimuth will yield a huge error in the
scanning radar resolution volume. A more detailed description
of solar calibration is given in [9]. From the solar calibration
results, it was seen that there was a very good alignment with
azimuth and elevation. The error was within 0.1° in elevation
and azimuth.

Periodic checks for the radar systems were carried out to
ensure the radar was well calibrated. Postprocessing of D3R
data from the campaign was also done to ensure the bias in
differential reflectivity was accounted for and corrected. Fig. 3
shows data from a birdbath scan in light rain collected on the
10th of November 2017 at 07:32 UTC. From this figure, it can be
seen that the radar variables, differential reflectivity, and co-polar
correlation between Ku and Ka bands are in good agreement.
There is a drop in co-polar correlation, and a knee-shaped
reflectivity profile can be seen around 1.2 km in height. This
corresponds to the melting layer present at that height. The
differential reflectivity is around 0 dB below the melting layer,
which is expected for data captured in light rain conditions when
pointing vertically [11]. The value of the co-polar correlation

from the surface up to about 0.9 km is close to 1 for both Ku
and Ka, which is expected as the hydrometeor particle type is the
same within the resolution volumes. In the region corresponding
to the melting layer, the co-polar correlation falls to very low
values. As a result, the agreement between the Ku and Ka data
will have a higher standard deviation. Because of this, we see a
small difference in differential reflectivity values in this region.
It can be noticed that the reflectivity of the Ku data is higher than
the Ka data, which can be observed clearly above the melting
layer. This is due to the large signal attenuation encountered at
Ka band compared to the Ku band.

The D3R radar is capable of performing multiple scan strate-
gies such as PPI scan, range height indicator (RHI) scan, fixed
pointing scan, and birdbath scan. The birdbath scan is a vertically
pointing (90° elevation) full azimuth rotation scan. There is
flexibility in D3R’s user interface software which allows the
radar operator to set up the scan strategy according to the needs
and can combine different types of scans sequentially. The
change in scan strategy can be accomplished with ease within
a couple of minutes using the graphical user interface (GUI)
of the D3R radar. The GUI of the radar also displays real-time
images of the scans captured by the radar. The radar scan images
that were generated were also sent to the KMA display so that
the forecasters monitoring the weather conditions could use the
data from the radar to make decisions accordingly. The data
from D3R helped the forecasters monitor snow conditions on
the opening day of the Winter Olympics, which could not be
detected by other radars present in the KMA network.

III. SNOWFALL RATE ESTIMATIONS

The SR estimations provide information on the amount of
snow accumulation during the precipitation event. Accurate
estimates of SR play a significant role in various hydrologi-
cal and meteorological models. Instruments, such as Parsivel
disdrometers, 2-D video disdrometer, and precipitation gauges
which were deployed in the ICE-POP campaign, were used to
measure the snowfall accumulation. Some of these instruments
also provide microphysical information about the hydrometeors,
such as particle size distribution. However, these instruments
have a limitation that they can only provide point measurements
and provide accumulation values at the location of the instru-
ment. On the other hand, weather radars provide data over a
large area. This is an advantage because the snow accumulation
can be mapped over a large area. It should be noted that the
resolution of SR and snow accumulation from the radar is
limited to the radar’s resolution volume. For D3R, the range
resolution of the radar was 150 m; estimates are obtained at every
150 m interval. Previously, various quantitative precipitation
estimation (QPE) algorithms have been developed. They use the
data from point measurement instruments, such as disdrometer
as well as radar measurements, to accurately estimate the amount
of precipitation received.

In the past, many researchers have come up with a power-law
relationship to estimate SRs using radar reflectivity.

However, these relationships were obtained based on the data
considered in a particular climatology that was used in their
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Fig. 4. Reflectivity and SR plots for D3R Ku data taken during a snow event on 28th of February 2018 at 08:00 UTC.

study. The parameters of the snow particles, such as density and
mass, vary based on the region. The SR relationships estimated
using density determined in [12], [13], and [14] would yield
incorrect SR estimates for the events captured in the ICE-POP
campaign. Therefore, a new relationship has to be derived for this
campaign. Data from the disdrometers deployed in the campaign
were used to derive an equation for the estimation of the SR. The
density of snow is one of the factors which should be carefully
studied as it depends on many factors, such as the type of snow
particle and climatology. For accurately estimating the SR for the
snow events captured in the campaign, the density of the snow
particles was computed using the information of terminal veloc-
ity and diameter of the hydrometeor particles measured by the
disdrometer. More details on computing the density for the snow
events can be found in [15]. Once the density was determined,
the SR was obtained, and then the relationship between the SR
and reflectivity was determined using the Parsivel disdrometer
dataset.

The data considered for obtaining the SR and reflectivity
relationship are from a Parsivel disdrometer, which was located
at YongPyong Cloud Physics Observatory (YPO). The YPO is
located 5.7 km away and approximately 233° azimuth from
the location of the D3R radar. The microphysical data such
as diameter, velocity, and density of the precipitation parti-
cles are considered from the disdrometer to compute the SR.
The backscattered radar cross sections were obtained using
the T-matrix signal simulations. This was used to compute the
reflectivity values at the Ku band. A power-law relationship was
then determined between the SR and reflectivity computed from
the disdrometer data. The relationship is given as

SR = 0.0921 Z0.5809. (1)

The Ku radar reflectivity and SR images for a PPI scan data
recorded at 5° elevation angle on the 28th of February 2018 at
08:00 UTC are shown in Fig. 4. The data in the region from 137°
to 172° azimuth and from 25° to 30° azimuth were not present
due to the radar beam blockage, as explained earlier. From this
figure, it can be seen that the snowstorm covered the entire 40
km range of the D3R, and the SR can be estimated using the
relationship derived for the entire region from which the QPE

can be obtained. Detailed information on the estimation of the
SR for the ICE-POP campaign using disdrometers and D3R can
be found in [15].

Fig. 5 shows the 10 and 20 min interval snow accumulation
computed using D3R Ku data from 08:00 UTC to 16:00 UTC on
the 28th of February 2018. Since the snow particles have a lower
fall velocity compared to rain particles and snow accumulation
does not change rapidly minute by minute, 10 min and 20 min
interval accumulations are considered here. The data point for
computing the accumulation was at the YPO site, where a pre-
cipitation gauge was also installed. The accumulation estimated
from the radar agrees well with the precipitation gauge for both
10 min and 20 min accumulations.

IV. VERTICAL PROFILE ANALYSIS TO STUDY MICROPHYSICS

Obtaining microphysically interesting parameters directly
from remote sensing observations is not easy [16]. As men-
tioned earlier, the operating frequency of the radar influences
the capability of observing smaller hydrometeor particles. To
effectively study the microphysics of snow and ice hydrometers,
it is desirable to use radars that are operating at frequencies
higher than X-band. The D3R radar, which operates at Ku and
Ka bands, is sensitive to observing ice clouds and winter precip-
itation containing ice hydrometeors. Another important aspect
to consider is the amount of data available for the researchers
to study ice hydrometeors is limited because there are very few
scanning weather radars available that operate at these frequency
bands.

In addition, falling snow can be characterized using the infor-
mation of dual-polarimetric measurements and their combina-
tions from D3R [12]. Some previous researchers have used this
dual-polarization information to understand the microphysics
of ice hydrometers [12], [13]. Along with the reflectivity, the
information from other dual-polarization radar moments, such as
differential reflectivity (Zdr), co-polar correlation (ρhv), spectral
width (σv), and specific phase (KDP ), can be used to study
the ice hydrometeors. Since the co-polar correlation values
have very small variability and, in most situations, values vary
between 0.9 and 1, variable L, which is related to the co-polar
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Fig. 5. 10-min (left) and 20-min (right) snow accumulation from D3R and precipitation gauge during a snow event on 28th of February 2018.

correlation, is considered here for the study. The variable L is
defined asL = −log10(1− ρhv), which has a larger range than
ρhv and will be useful in interpreting the values of ρhv .

A snow case study from the ICE-POP campaign is described
in the following. The data are from an RHI scan taken on the
28th of February 2018 at 06:02 UTC. The RHI scans give insight
into the vertical structure of the storm event. The D3R was
conducting RHI scans along with PPI scans periodically in the
campaign. This gives researchers the flexibility to investigate
the spatial spread of the precipitation event over the entire
unambiguous range covered by the radar, as well as to get the
vertical structure of the precipitation event. The snowstorm on
the 28th of February 2018 lasted more than 12 h and collected
more than 40 cm of snow. The interesting feature of this event
was that as the storm progressed, various precipitation phases
were observed, such as freezing rain and snow aggregates.
The various radar moments for this RHI scan are shown in
Fig. 6. It can be seen from this figure that there are interesting
features in the various moments, such as a significant increase of
differential phase, variations in the spectral width values along
the height, and bright band in specific differential phase, which
gives information about the precipitation particles.

The use of Zdr and ρhv to detect the presence of pristine ice
crystals along with aggregates was shown in [17]. According
to this study, when there is a mixture of pristine ice crystals
and aggregates in the radar resolution volume, the Zdr tends
to have large values, and the ρhv will decrease due to the mix-
ture of hydrometeors. Kennedy and Rutledge [18] and Bechini
et al. [19] showed that enhanced KDP can be correlated to ice
crystal growth in the −10° to −15° temperature range due to
vapor deposition. They concluded that the dendritic crystals are
most likely causing enhanced KDP to occur between −10 and
−18 °C.

From Fig. 6, around 3.6 km in height, a band of enhanced
Zdr and relatively low L (i.e., ρhv close to 1) is observed. This
corresponds to the presence of pristine-oriented ice crystals
at this height. The KDP values are also enhanced closer to
this height, which is expected for pristine ice crystal growth.
To further understand the microphysical characteristics of this
event, a vertical profile at 8 km from the radar scan is considered.
The vertical cut is represented as the dashed black line in Fig. 6.
Fig. 7 shows the profile of various radar moments. A temperature
profile taken from a sounding instrument on the same day, which

was deployed at the site where D3R was present, is also shown in
this figure. Since interesting microphysical activity is happening
between 0.5 and 5 km in height, the vertical profile is shown only
for this region.

From the figures of the vertical profiles considered, we can
clearly see that the radar moments and the temperature support
the claim of the presence of pristine-oriented ice crystals along
with aggregates around 3.6 km in height. The microphysical
interpretation for this case is as follows: the nucleation of the
pristine-oriented ice crystals starts around 5 km in height. As we
go below in height, we can see the Zdr starts to increase and L
value starts to decrease. This is because the aggregates are form-
ing among the pristine-ice crystals due to vapor decomposition.
At 3.6 km in height, we can see the peak of Zdr and KDP and
low value of L. This height can be considered as the height where
the pristine ice crystals and aggregate particles achieve a balance
with respect to the concentration. The temperature at this height
is around -15 °C, which supports the claim of pristine-ice crystals
present. Between 3.6 and 3 km, theKDP values further increase,
indicating continued growth of pristine ice. The temperature at
3 km is−10 °C supporting pristine crystals can be formed, which
is consistent with the previous literature. Below 3 km, bothKDP

and Zdr decreases and L increases, which indicates aggregates
start to grow and increase in number and they are dominating
the radar resolution volume. Around 2 km, it can be seen that
there is a small spike in Zdr and L values drop to a small extent.
This might correspond to a region of secondary ice nucleation
[20].

From this case study, we can see that we can use the data col-
lected in the ICE-POP field campaign to improve understanding
of precipitation microphysics. Data from many additional snow
events can be used to study the variation of the hydrometeor
during different storms and time scales. In addition, data from
multiple instruments can be used together for better understand-
ing, which is discussed later in this article.

V. DUAL-FREQUENCY RATIO FOR STUDYING SNOW

MICROPHYSICS

In D3R, the Ku and Ka band radars both have colocated
antennas mounted on the same positioner. This configuration
will allow the radar to scan the same resolution volume at Ku
and Ka bands. This integrated system has the added advantage of
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Fig. 6. Various radar moments of an RHI scan taken on the 28th of February 2018 at 06:02 UTC. (a) Reflectivity. (b) Differential reflectivity. (c) L. (d) Specific
differential phase. (e) Differential phase. (f) Spectral width. The horizontal dotted purple line corresponds to the−15 °C isotherm. The black dashed line corresponds
to the vertical profile considered in Fig 7.

Fig. 7. Vertical profile plots at 8 km in range for the data case considered in Fig. 6.
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Fig. 8. D3R Ku reflectivity versus DFR for precipitation event data from D3R
on the 28th of February 2018.

computing derived moments from the combination of frequen-
cies, such as the DFR. The DFR is defined as the ratio between
the equivalent radar reflectivity Ze at two frequencies f1 and f2
and is given in (2).

DFR =
Zf1

Zf2

. (2)

In the logarithmic scale, it is the difference between the
equivalent radar reflectivity Ze at two frequencies f1 and f2
[DFR (dB) = Zf1 (dBZ)− Zf2 (dBZ)]. The equivalent radar
reflectivity is referred to as reflectivity further in this article. For
computing DFR for D3R, f1 is Ku band and f2 is Ka band in
(2).

We can use the information of the DFR between the Ku and Ka
bands to improve the SR estimation. In [21], a detailed descrip-
tion of deriving a relationship for SR using the DFR and radar
reflectivity is provided. In short, it is observed that using DFR
in addition to radar reflectivity gives more accurate estimates of
SR compared to the SR computed only using reflectivity.

Since the radar backscatter lies in the Rayleigh scattering
region at the Ku band and in the Mie scattering region at Ka
band, the DFR provides useful information to interpret different
signatures from precipitation particles in the observation volume
of a radar [22], including the capability to distinguish between
rain and snow [23]. The DFR can also be used to identify changes
in precipitation phases during a snowstorm.

A case study examining the influence of DFR on different
precipitation particle types is discussed next. Fig. 8 shows four
sets of Ku reflectivity versus DFR data from the snowstorm on
the 28th of February 2018. The storm on this day lasted for
several hours with varying precipitation particle types. Near
vertical pointing data, which lie below 1 km in height and
elevation angles from 85° to 90° from RHI scans, are considered
for constructing the data points. This gives us close to vertical
pointing data, which is required for the study. The time period for

each set of data is 30 min. From the plot of D3R Ku reflectivity
versus DFR, as shown in Fig. 8, it can be seen that for the
first set of data from 00:30 to 01:00 UTC (light blue color), the
DFR values are concentrated around−0.5 dB, the Ku reflectivity
values were below 12 dBZ, and the temperature was below 0 °C
in the region of data considered. These data points correspond
to the mixed phase of the precipitation particles at the initial
phase of the storm and may correspond to the presence of
freezing rain particles. As the storm progressed, for the data
points considered during 04:00 to 04:30 UTC (purple color), the
DFR values were concentrated around 4–5 dB. The data were
during the developing stage of the severe snowfall event. This
might correspond to the snow aggregation increasing, similar to
the DFR case studies in [23]. It was also observed from signal
simulations that as the axis ratio of the particles increases, the
DFR also increases. The next set of data is taken from 12:00 to
12:30 UTC (orange color). From this data, it can be seen that
the DFR is concentrated around 6–7 dB. This timeframe was
one of the peak snowfall durations. Since the large DFR values
correspond to particles becoming more spherical due to large
aggregates [24], the DFR values during this phase indicate large
snow aggregates present. Finally, for the data points between
15:30 and 16:00 UTC (yellow color), the mean DFR value is
around 3 dB, this was during the weakening stage of the storm,
and the precipitation particles do not feature high DFR values.
From this case study, we can see that the DFR values can be used
to identify different ice hydrometeor types and also to interpret
the various stages during the precipitation event.

VI. COMPARISON WITH OTHER INSTRUMENTS IN ICE-POP
CAMPAIGN

Various instruments were deployed in addition to the D3R in
the ICE-POP field campaign. This instrument network included
upper air observations, surface remote sensing instruments, and
instruments to measure the microphysics of precipitation [25].
Having such a wide variety of instruments deployed will be
useful in understanding the precipitation evolution and char-
acteristics in the complex terrain around PyeongChang. The
instruments were placed in a network of sites known as super
sites, which were chosen such that the instruments could map
the atmospheric flows effectively. More details about the various
equipment deployment can be found in the ICE-POP experiment
document [26]. Data from some of the instruments, such as the
Parsivel disdrometer, precipitation gauge, and sounding used in
this study, along with D3R, were described previously. In this
section, data from an X-band radar are discussed to show the
potential of using D3R data along with other instruments for
microphysical analysis and study.

The MXPoL X-band polarimetric radar was also deployed
in the ICE-POP field campaign. This radar was located at the
Gangneung-Wonju National University campus, which is about
16.9 km from DGW, where D3R was deployed. Additional
details regarding the MXPoL radar and its performance during
the ICE-POP campaign can be found in [27]. Fig. 9(a) shows
the common volume region between D3R and MXPoL. The
common volume for PPI scans lies between 5 and 7 km in range
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Fig. 9. D3R data comparison with MXPol X-band radar data. (a) Common observation volume between D3R and MXPol. (b) Reflectivity line plot along the
common observation volume. (c) RHI plot of reflectivity from D3R. (d) RHI plot of reflectivity from MXPol radar.

from D3R when MXPoL is scanning at 6° elevation, and D3R
is scanning at 4.8° elevation. In this figure, the elevation profile
between D3R and MXPoL is also shown in brown color. The
D3R is located at an elevation of about 785 m from sea level
in the mountain ranges, and MXPOL is located at 66 m from
sea level, which is in Gangneung city. It can also be seen in the
figure that some of the lower scan angles of D3R and MXPOL
will be blocked due to mountains. Fig. 9(b) shows the reflectivity
comparison from D3R Ku band radar and MXPOL radar from a
PPI scan taken on the 28th of February 2018 at 12:37 UTC. The
azimuth angle with the line of sight for D3R is approximately
53° and for MXPOL is 233°. From this figure, it can be seen that
the reflectivities from D3R Ku and MXPOL radars match well
in the common volume region.

As mentioned before, since these two radars are located at
different altitudes, the data from the radars could be used to study
the cloud formation due to the ocean and mountain interface. The
RHI scans from D3R and MXPoL radars taken on the 28th of
February 2018 at 11:25 UTC are shown in Fig. 9(c) and (d). The
RHI scans considered from the radars are looking at each other.
These plots are adjusted for the altitude of the radar location. We
can see from the plots that the MXPoL radar has a bright band
around 0.5 km, which could not be detected from D3R because
of beam blockage and the MXPoL radar sensitivity is too low
to detect ice particles at 8 km in height which D3R is able to
capture. It can also be seen from the figures that the minimum

reflectivity that D3R could detect is around −10 dBZ. Utilizing
data from both radars could help in understanding precipitation
characteristics better.

VII. SUMMARY

The NASA D3R weather radar was deployed in the
PyeongChang region in South Korea for the ICE-POP 2018
field campaign. Operating at the Ku and Ka frequency bands
and having a matched beam scanning system, the D3R served
as a useful tool for understanding the microphysical process
of snow storms. The radar systems were well calibrated, and
the D3R was deployed in late October 2017 at the DGW site.
The uncertainty in the measured power was within 0.5 dB. The
differential reflectivity and co-polar correlation obtained from
the vertical pointing D3R data are in good agreement between
Ku and Ka bands. During the campaign, D3R captured many
interesting rain and snow events. Data from 20 precipitation days
were collected, as listed in Table I. Along with PPI scans, the
radar also collected RHI scan data which gives us information
on the vertical structure of the precipitation event. The radar data
helped the local forecasters to monitor and predict snow events.

The relationship between the radar reflectivity and SR is
provided for the D3R radar. The D3R having an unambiguous
range of 40 km could be used to estimate accumulation over
a large area. It was seen that accumulation from D3R, when
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TABLE I
SUMMARY OF EVENTS CAPTURED BY D3R IN ICE-POP FIELD CAMPAIGN

compared to a precipitation gauge, matched very well. Due to
the complex terrain around the radar, the data of the snow events
collected from D3R are interesting to study the development and
progress of the event. It is useful to analyze the microphysics of
snow events captured during the campaign. A major snow event
with a large amount of accumulation occurred on the 28th of
February 2018. Data from this day are considered in this article
for discussion. Vertical profile analysis was briefly discussed for
one of the snapshots during the snowstorm. For this case study,
radar moments and derived products, such as specific phase from
D3R, were used to identify the presence of pristine oriented ice
crystals along with aggregates. The temperature obtained from a
colocated sounding instrument was around−15 °C at the heights
where pristine crystals were present. The detection of different
ice hydrometeors was also briefly introduced.

A short discussion on using the DFR from D3R for the snow
event observed during the ICE-POP campaign was given. Four
phases of the precipitation event were distinguished based on
the DFR values obtained from vertical pointing D3R Ku and Ka
data. Along with D3R, various other instruments were deployed
in the ICE-POP campaign. The data from multiple instruments
can be used to understand the precipitation process and micro-
physics of snow storms better. The comparisons from an X-band
MXPOL radar with D3R data showed a good agreement in
reflectivity values in the common volume region between the
two radars. Overall, the D3R radar collected quality data during
the ICE-POP field campaign, and this data could be used in
further studies of winter precipitation.
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