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ABSTRACT 
 Aircraft icing is a known hazard in the aviation field that results from supercooled liquid water in 
clouds impacting aircraft surfaces. Detecting icing conditions is an important step in keeping aircraft 
out of harm's way. However, detecting icing conditions aloft can be difficult. In this study, data from 
a Lufft CHM15K ceilometer were analyzed to determine if the sensor could detect icing conditions 
aloft. A CNR1 solar radiation sensor was used to determine cloudy days and a GEONOR 600mm 
precipitation gauge was used to identify precipitation events on the cloudy days. Each case identified 
from these sensors was categorized into the days considered for the precipitating, non-precipitating 
and null case events for this study. PIREPs (pilot reports) are used to provide air traffic control and 
other pilots with a variety of information including encountered weather type, icing severity, altitude, 
and date/time of occurrence. The raw signal return data from the ceilometer was plotted as a function 
of time and compared with the relevant information from the PIREPs to determine if there was any 
information in the signal that might indicate icing conditions in the atmosphere. The time period 
analyzed was from 1 August 2015 to 12 June 2017. It is evident that the CHM 15k ceilometer 
has some potential skill in detecting icing conditions but more research is still needed.  
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1. Introduction 

Supercooled liquid water (SLW) occurs when droplets in the atmosphere remain liquid at 
temperatures below freezing. When an aircraft comes in contact with SLW, the water freezes on 
the aircraft surface. This can affect the aircraft performance and become a significant aviation 
hazard. There are two types of aircraft icing conditions known as clear ice and rime ice. Rime ice 
is less dense and does not disturb airflow as severely as clear ice. Rime ice is also easier to 
remove from an aircraft surface. On the other hand, clear ice is often times more dangerous 
because it’s harder to see and remove from the aircraft. Not only can clear ice form on the 
surface of the aircraft, but SLW can also be ingested and ice can form on internal systems of the 
aircraft. In addition, icing can occur on the ground if the aircraft is not completely dry and 
moisture freezes on the airframe before take off. For an aircraft to fly in icing conditions, that 
particular plane must be certified to operate in those conditions and show that it can fly without 
performance degradation (Politovich 2003). 

Aircraft icing is important because 10% of aviation accidents occur due to icing 
conditions causing up to $90 million in losses per incident (Perry and Floyd 2004). Some aircraft 
are equipped with anti-icing or de-icing equipment. However, these particular devices do not 
always mitigate all icing concerns or may cause other problems for the aircraft. For example, 
anti-icing equipment contains heating zones within an aircraft’s wing. If the heating zone 
overheats, a fire may ignite in the wing.  

Detecting icing conditions is an important step in keeping aircraft out of harm's way. 
However, some radars may have difficulty detecting icing because the moisture level may be too 
low. Therefore, the purpose of this research is to investigate whether the ceilometer can detect 
icing conditions aloft.  

2. Methods 

a. Data 

 1a.) Instruments:  
The focus of this study was to determine whether a ceilometer has the potential to 

identify areas aloft that may contain aircraft icing conditions. A ceilometer is a vertically 
pointing sensor with a laser beam that is used primarily to measure cloud base height up to 15 
kilometers. The ceilometer used for this research, a Lufft CHM15K, is located at the Marshall 
Field Site just south of Boulder, CO (Fig. 1). The dates for the analysis range from 1 August 
2015 to 12 June 2017.  The ceilometer data variables such as time in UTC, altitude of 
measurement, and raw backscatter signal were processed through a MATLAB software script to 
plot the raw signal as a function of time. 
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Figure 1: Lufft CHM 15K ceilometer located at Marshall Field Site. 

In addition to the ceilometer data, two other types of instruments were used to first 
identify cloudy conditions with and without precipitation. These included a CNR1 radiation 
sensor and a GEONOR 600mm precipitation gauge. The first step in the process was analyzing 
the CRN1 (Fig. 2) data to determine cloudy days since icing conditions don’t occur without 
clouds. The data provides a measure of incoming shortwave radiation with the sensor pointed 
upward. If the plotted data from the sensor shows a smooth line, that indicates there is no 
cloudiness during that period of time; however, if the sensor signal undulates rapidly with time 
that indicates changes in the amount of solar radiation detected and the presence of clouds can be 
inferred (Fig. 3).  

 
Figure 2: CNR1 radiation sensor located at Marshall Field Site. 
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Figure 3: Observed short wave radiation from the CNR1 sensor showing cloudiness between 17-
21 UTC on 17 December 2016. 

Secondly, data from the GEONOR precipitation gauge (Fig. 4) was used to identify 
periods of precipitation. The GEONOR gauge uses vibrating wire technology to determine 
precipitation accumulation (shown as red, green, and blue on the plot in Fig. 4); if the data from 
the wires show a positive slope, then precipitation has occurred during that time (Fig. 5). If the 
signal from the wires shows little to no positive increase over time, then there is no evidence of 
precipitation.  

 
Figure 4: GEONOR 600mm precipitation gauge located at Marshall Field Site. 
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Figure 5: Precipitation accumulation measured by the GEONOR 600mm precipitation gauge 
indicating precipitation between 05-11 UTC on 17 December 2016. 

The classification of cloudy and precipitation times from these two instruments allows 
the data to be stratified into categories of precipitating, non-precipitating, and null events for 
further case study analysis. After stratifying the dataset, there were 103 dates collected.  

2a.) PIREPS: 
A pilot report (PIREP) is created when a pilot communicates, via radio, to Air Traffic 

Control (ATC) or En Route Flight Advisory Service (EFAS) to report weather conditions 
experienced during flight. PIREPs can also be reported at the ground once the flight has landed 
though this does not happen often. The PIREPs used for this research study come from the 
NCAR archive. Information from PIREPs used specifically for this study included date, time, 
location, altitude, and icing severity encountered. For each PIREP, the date and the altitude were 
converted. The date in its original form was the epoch timestamp, which was converted to 
Greenwich Mean Time (GMT). The altitude from the PIREP was recorded in feet, which was 
converted to meters for comparison with the ceilometer default setting for range. The only 
PIREPs considered were the ones located within a 30-mile radius range centered over the 
Marshall Field Site. PIREPs that met the criteria were compared to the dates identified by the 
CNR1 radiation and GEONOR precipitation instruments. Overall, 88 PIREPs were used to 
investigate fourteen case studies in detail using the ceilometer observations. Of the fourteen case 
studies, there were 8 precipitating cases, 4 non-precipitating case, and 2 null cases.  

 
b. Comparison 
In order to analyze the case studies, figures were created using a MATLAB software 

script. The input variables used in MATLAB were time, range, and raw backscatter signal, which 
come directly from the Lufft CHM15K ceilometer. Once the figure was constructed for each of 
the days of interest, the case studies were analyzed.   
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The purpose of the case studies was to investigate whether the ceilometer could be useful 
in identifying icing conditions aloft.  

 
3. Discussion:  

a. Precipitating case study  
In total, 8 precipitating cases were identified; however, two cases were chosen to discuss 

in detail here. The first case analyzed was from 28 April 2016 (Fig. 6). The PIREPs shown by 
the vertical bars indicate when the icing encountered and reported by the pilot encompassed a 
certain vertical range in altitude. The asterisk mark (*) indicates a report of icing encountered at 
a given (constant altitude) level. The color shading in the figure depicts the observations 
obtained from the ceilometer. The color bar indicates the reflectivity level, where darker blue is 
the lower reflectivity level while the green, yellow, orange, and red colors, respectively, are 
indicative of higher values. The darker red reflectivity band typically seen between 200 to 3000 
meters during this 24-hour period indicates the observed cloud base height. Between 01-03 UTC 
there was a rapid decrease in cloud base height before leveling off from 04-14 UTC. Between 
14-00 UTC is where the higher reflectivity gradient is located showing the ceilometer return 
signal. For this case, which is a precipitating case, 11 PIREPs reported icing conditions, with 8 
PIREPs in the higher reflectivity region between 14-00 UTC. The 3 PIREPs outside of the higher 
reflectivity gradient, between 12-14 UTC, may have been due to a misrepresentation of the 
location of the encounter with icing conditions or due to thicker cloud bases that attenuated the 
signal from the ceilometer at the upper levels.  

The second precipitating case analyzed was from 26 March 2016 (Fig. 7). In this case 
there are 8 PIREPs that reported icing conditions, with 5 PIREPs in the higher reflectivity region. 
However, there are 3 PIREPs between 02-04 UTC that are outside the higher reflectivity region. 
The difference between Fig. 6 and Fig. 7 is the PIREPs reported in Fig. 6 are all in close 
temporal proximity, while Fig. 7 shows two distinct time periods (02-04 UTC and 14-19 UTC) 
when PIREPs indicated icing conditions. 
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Figure 6: Raw signal from the CHM 15k ceilometer with PIREPs at a given location (*) and 
over an altitude range (vertical bars) plotted for a precipitating case on 28 April 2016. 



	
SOARS® 2017, Jaylond Harvey, 8 

 
Figure 7: Raw signal from the CHM 15k ceilometer with PIREPs at a given location (*) and 
over an altitude range (vertical bars) plotted for a precipitating case on 26 March 2016. 

b. Non-precipitating case study 
Of the 4 non-precipitating cases identified, two were selected to discuss. The 11 February 

2017 (Fig. 8) non-precipitating case study showed a single PIREP above two multi-layer clouds. 
Even though there was no precipitation measured by the GEONOR precipitation gauge, the 
PIREP confirmed that there was icing encountered in the higher reflectivity region observed by 
the ceilometer. Similarly, the non-precipitating case on 27 May 2016 shows a PIREP of an icing 
encounter in the higher reflectivity region (Fig. 9). 



	
SOARS® 2017, Jaylond Harvey, 9 

 
Figure 8: Raw signal from the CHM 15k ceilometer with PIREPs at a given location (*) and 
over an altitude range (vertical bars) plotted for a non-precipitating case on 11 February 2017. 

 

 
Figure 9: Raw signal from the CHM 15k ceilometer with PIREPs at a given location (*) and 
over an altitude range (vertical bars) plotted for a non-precipitating case on 27 May 2016. 
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3.) Null case study 
 For the null cases, only ceilometer data is plotted. The 05 July 2016 case and the 27 July 
2016 case (Fig. 10 and Fig. 11, respectively) are considered null case studies showing no 
evidence of ice conditions. The null cases exemplify what a day would look like without any 
PIREPs reporting icing conditions aloft.  

 
Figure 10: Raw signal from the CHM 15k ceilometer showing no reported PIREPs and ice 
conditions for a null case on 27 July 2016. 

 

 
Figure 11: Raw signal from the CHM 15k ceilometer showing no reported PIREPs and ice 
conditions for a null case on 05 July 2016. 
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4.) Results/Conclusion:  
Aircraft icing continues to be an important area to study because of the negative impacts 

it can have in the aviation field. Several instrument datasets, including the CNR1 radiation 
sensor, the GEONOR precipitation gauge, and PIREPs were used to investigate the ability of the 
ceilometer to detect icing conditions aloft. It is evident that both the precipitating and non-
precipitating case studies tend to indicate higher backscatter where PIREPs indicate aircraft icing 
was encountered. It is thought that the icing conditions reported outside the higher reflectivity 
regions may be incorrect due to either pilot’s late reports or the raw signal being too strongly 
attenuated. The purpose of the null case studies were to show what the ceilometer observations 
looked like without any reports of PIREPs indicating icing conditions.  

Based on this research, the reporting of icing encounters from the PIREPs showed a 
correlation in location with regions of higher reflectivity observations in the ceilometer data. It is 
evident that the CHM 15k ceilometer has some potential skill in detecting icing conditions but 
more research is still needed. For future work, by checking the cloud top temperature using the 
Geostationary Operational Environmental Satellite imagery can help further analyze the data.  
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