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ABSTRACT
In this paper, we have presented a feasibility study of

weather RADAR in detecting the cloud occurrence level.
Weather RADAR is generally used for locating precipitation.
However in our study, we have successfully used RADAR
data to study the clouds and its related properties. Our study
shows that cloud height can be accurately detected using
RADAR data with indication of the type of cloud (low, mid
or high level). We validate our study with images captured
from ground-based sky cameras. Our technique shows better
performance in terms of spatial and temporal resolutions,
as compared to other cloud detecting models that uses ra-
diosonde data .

1. INTRODUCTION

With increasing spectral congestion, clouds are considered to
be an important fading factor on signal propagation besides
rain, especially for Ka band (20/30 GHz) or above [1]. Thus,
study of clouds is not only important in predicting the earth’s
climate but also estimating the signal attenuation. To deter-
mine cloud attenuation, it is very important to properly detect
the clouds and its thickness in advance.

Clouds can be identified using LIDAR, ceilometer, satel-
lite based images or using temperature and water vapor pro-
files of radiosonde data. LIDAR and ceilometer are generally
used to detect clouds. But signals from these devices are
quickly attenuated by the clouds and aerosols which make
them impossible to detect tops of optically thick clouds
or multi-level clouds [2]. Different models like Decker
Model [3], SU Model [4] , Water Vapor Pressure (WVP)
Model [5] have been proposed using the radiosonde vertical
profile data. These models are used to detect clouds and cor-
responding occurrence level. However, performance of these
models is limited in terms of spatial and temporal resolution
as these models are derived using radiosonde data. Generally,
radiosonde data is recorded only twice a day and vertically
above a particular station, covering a smaller area.

In contrast to these existing instruments, we are study-
ing the feasibility of using Weather RADAR to detect clouds
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Fig. 1: Schematic drawing of RADAR measurements
(RADAR Site at Changi [1.3644N, 103.9915E] in Singapore)

and its occurrence level. Weather RADAR is generally used
for measuring rainfall rate. Empirical models for estimating
rainfall using relationship between RADAR reflectivity from
weather RADAR (ZHH ) and rainfall rate (R), i.e., Z-R rela-
tion, have been studied for a long time [6, 7]. In our previous
study [8], RADAR reflectivity is presented as a probable tech-
nique to detect clouds. According to the National Oceanic
and Atmo-spheric Administration (NOAA) and [9], if ZHH >
20 dBZ, it indicates rain and if ZHH < 20 dBZ, it indicates
no rain conditions. We presented results (using RADAR data
from Singapore region) in [8] that verifies this condition and
thus proposed the 20 dBZ threshold for Singapore region to
differentiate clouds from rain and indicate cloud events.

In this paper, we further analyze the RADAR data to cal-
culate the cloud height. RADAR data is generally available
with higher temporal and spatial resolution as compared to the
radiosonde data. Thus, use of RADAR data to study clouds
and its related properties is highly beneficial in the field of
remote sensing.
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Fig. 2: Image plot of RADAR reflectivity data and corresponding ground-based sky images captured on Sept. 21, 2015 at NTU
site. [Best viewed in color]

2. DATASETS

2.1. RADAR Data

Radar reflectivity data used in this study are recorded by a
weather Radar (2.71 GHz, S-band operating frequency), lo-
cated at Changi weather station (1.35◦N, 103.97◦E), Singa-
pore. The Radar performs a full volume scan at different ele-
vation angles (1◦ , 1.5◦ , 3◦ , 5◦, 7◦, 10◦, 20◦ and 40◦), 360◦
azimuth angle around Changi. This can be visualized from the
schematic drawing presented in Fig. 1. The maximum range
of RADAR data is 120 km around Changi and each pixel scan
of RADAR has the spatial resolution of 250 m. The RADAR
data is recorded at an interval of 5 min.

Cloud detection is done by comparing the ZHH to 20 dBZ
threshold. If the recorded ZHH is less than the threshold, we
conclude that the reflection is from clouds [8]. For calculating
cloud height we need to know the height from where the re-
flections are recorded. And this height is calculated based on
the distance from RADAR station (Changi). As can be seen
from Fig. 1, for any elevation angle at a particular azimuth
angle, height from any location (P) increases as the location
moves away from RADAR station and decreases as it comes
nearer to the station. This can also be explained by simple
trigonometry, where height above any location is given by the
product of distance (between RADAR station and any partic-
ular location) and tangent of elevation angle.

In this paper, we study RADAR reflections for year

2015 at NTU (Nanyang Technological University, 1.34◦ N,
103.68◦ E) site. NTU is approximately 34 km away from
Changi thus eight discrete elevation angles (1◦ , 1.5◦ , 3◦ , 5◦,
7◦, 10◦, 20◦ and 40◦) translate to eight discrete heights (0.6
km, 0.8 km, 1.78 km, 3 km, 4.2 km, 6 km, 12 km and 28 km)
above NTU site. Thus at NTU site, we record the RADAR
reflectivity and deduce the cloud height using the elevation
angle information.

2.2. Sky Images

With the rapid development of low-cost photogrammetric
techniques, ground-based sky cameras are now increasingly
used in studying the earth’s atmosphere [10]. We use our
custom-built sky camera called Wide Angle High Resolution
Sky Imaging System (WAHRSIS), that captures images at
continuous interval of 2 minutes [11, 12]. WAHRSIS is lo-
cated at NTU site. Cloud images captured by WAHRSIS for
year 2015 are used for further discussions. WAHRSIS images
captured at the corresponding time when RADAR records the
data are used for the comparison purposes as described in the
next section.

3. RESULTS AND DISCUSSION

In this section, we discuss results that show detected clouds
and their occurrence level. RADAR reflectivity data recorded
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Fig. 3: Image plot of RADAR reflectivity data and WAHRSIS images captured on May 3, 2015 at NTU site

over NTU site for September 21, 2015 and May 3, 2015 are
plotted and shown in image plots of Fig. 2 and Fig. 3. X-
axis of both the image plots, represents time in hours and Y-
axis represents height above NTU (in km) from where the
reflectivity was recorded. The color bar represents the value
of ZHH recorded (in dBZ).

3.1. Cloud Detection

From image plot of Fig. 2 and Fig. 3, it can be observed that
the recorded RADAR reflections are all less than 20 dBZ.
This means that these reflections are most probably from
clouds and when WAHRSIS images are checked at the same
point of time, they show presence of clouds. To illustrate this,
in image plot of Fig. 2, it can be observed that no RADAR
data is recorded at 08:00 AM and WAHRSIS image at the
same time shows clear sky. On the other hand, in the later
hours, WAHRSIS images show clouds and correspondingly
at the same time, RADAR reflections (less than 20 dBZ) are
also present. From this analysis, it is clear that the RADAR
reflections recorded at NTU site at those specific time is be-
cause of clouds. These results emphasize our findings in [8]
where we have proposed to use RADAR reflectivity data to
detect clouds.

3.2. Cloud Occurrence Level

After detecting clouds, it is interesting to calculate the cloud
occurrence level. From image plots of Fig. 2 and Fig. 3, we
can clearly observe heights at which clouds are occurring.
These heights above NTU site (34 km away from Changi site)
were calculated based on the elevation angle as described in
section II.

From image plot of Fig. 2, it can be observed that all dBZ
values are less than 20 and are distributed between 600-800
m above NTU. Based on these data, we can predict that the
reflections are from low level clouds (low level clouds occur-
rence level: 300 m - 2000 m). Moreover, we can also observe
that no reflection is recorded above 800 m which is consistent
for a significant period of time, thus, the low level clouds are
likely to be cumulus clouds. These predictions are verified
when WAHRSIS images at corresponding time are checked.
WAHRSIS images at 12:00 PM and at 12:50 PM as shown in
Fig. 2, show low level, fluffy, cumulus clouds.

Similarly, from image plot of Fig. 3, we can observe that
all dBZ values are less than 20 which indicates clouds. These
dBZ values are distributed between 3000 m - 6000 m from
11:00 AM - 03:00 PM. Thus, the clouds detected during this
period of time is the mid level clouds (mid level clouds oc-
currence level: 2000 m - 7000 m). WAHRSIS image at 12:16
PM for the same day as shown in Fig. 3, also gives us an im-
pression of mid level clouds. This can be verified by visually
comparing the WAHRSIS images of Fig. 2 at 12:00 PM and



12:50 PM to WAHRSIS image of Fig. 3 at 12:16 PM. Clouds
detected on May 3, 2015 at 12:16 PM are distinctly at higher
level compared to clouds detected on Sept. 21, 2015.

In image plot of Fig. 3, after 04:00 PM, the dBZ values
are distributed between 1780 m - 4200 m. Thus, the clouds
detected are from low level to mid level clouds. Here we can
observe that the cloud height is lowering as compared to the
earlier hours. This indicates increase in relative humidity that
causes more water vapor to condense into liquid, thus increas-
ing the liquid water content of clouds and lowering its height.
WAHRSIS images captured at 05:00 PM and 05:28 PM can
be used to verify this phenomenon. These images show some
low level clouds compared to image at 12:16 PM. Moreover,
the clouds at 05:28 PM is darker compared to the clouds at
12:16 PM, indicating clouds with higher liquid water content.

Based on the above analysis, it is found that the use of
RADAR data to calculate cloud heights looks much better
than using radiosonde data in terms of spatial and temporal
resolution. However, one of the drawbacks of using RADAR
data is that, it can give information about RADAR reflections
at 8 discrete elevation angles only. That is, it can give cloud
height information at only 8 discrete heights. Thus, vertical
resolution of RADAR data is poor in this regard.

4. CONCLUSION

In this paper, results are presented that emphasize the useful-
ness of RADAR reflectivity data in cloud detection. Applica-
tion of RADAR reflectivity is not only limited in detection of
clouds, but it is also useful in calculating the cloud occurrence
level. We have presented results that show occurrence level of
clouds which are verified by comparing to the sky images.

As future work, the RADAR data can be further investi-
gated to study the cloud thickness. Moreover, the cloud thick-
ness and cloud height can also be compared to those calcu-
lated using different existing radiosonde models in [3–5].
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