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Abstract 

One importal1l element of airplane safety is knowing the conditions in which it is 
unsafe 10 fly. The hazardous effects of supercooled liquid water freezing on aircraft are 
lI'ell-known The National Centers for Environmel1lal Prediction (NeEP) mesoscale Eta 
model produces routine operational fo recasts of liquid water content. Theseforecasts 
were evaluated using data from a DH-6 Twin OUer research aircraftfor the date of 5 
February 1997. 1n this case, the model performed well in near-surface conditions, while 
large errors were found ill the higher altitudes of the aircraft's flighc. A thorough 
examination this case is described herein. 

Introduction 

A vital s tep towards the improvement of ai rcraft icing forecasts is veri fication. 
Fundamentallv. it is onl\' by verify ing these forecasts that one can identify their spec ific 
strengths and weaknesses and the rebv implement improvements as needed. Additionally, 
verification is jus tifi ed b\' a mvriad of administrative . scientific and economic 
app lications. The purpose of this stud" is to verify the Eta 29 weather forecasting model 
in tenns of its ab ility to pred ict cloud liquid water content by comparin g it to liquid water 
data gathered bv a King Liquid water probe mounted on a DH-6 Twin Otter aircraft. To 
understand more clearl y the basis of our comparison, one must first be familiar with the 
background in which this comparison was made. 

Background 

Aircraft icing is defined as the accretion of ice on the wings of a plane. When an airplane 
encounters supercooled liquid water droplets during flight, its ability to fly may be 
adversely affected by, for example. a loss of lift o r increased stall speeds. However, a 
study by Sand et al. (1984) found that it was supe rcooled water droplets rather than ice 
particles that presented the most potential hazard for aircraft. 



Supercooled water droplets may ex ist in temperatures as low as -40°C, when 
homogeneous freezing occurs. unless ice nuclei are present. With suffic ient ice nuclei , 

freezing occurs at temperatures we ll above -40°c. Activation of ice nuclei (that is, the 
affinity for water droplets to freeze into ice particles ) is temperature dependent, becoming 

greater at colder temperatures . . -\t temperatures greater than about -15°C, activation is 
generall y low, thus clouds at th ose temperatures tend to contain li quid water droplets 
rather than ice crystals. In contrast to the relatively abundant condensation nuclei, ice 
nuclei are relatively scarce. However, when ice crystals exist in the presence of 
supercooled water droplets, because the equ ilibrium vapor pressure over ice is less than 
that over water, the ice crystal s will tend to grow at the expense of the surrounding water 
droplets. When the ice crystal s have grown much larger than the water droplets, they 
begin to fall relative to the droplets, causing precipitation (Roger, 1976). As mentioned 
earlier, the actual ice particles have little effect on aircraft performance, but instead hinder 
the amount of supercooled liquid water available for icing by growing at the expense of 
the surrounding droplets. 

Meteorologically. there are specific conditions which are more conducive to icing than 
others. For example , often well ahead of a warm front there is a broad area of-cloudiness 

with light precipitation. When combined with temperatures between 0° and -15 ° C, the 
conditions are right for the format ion of supercooled cloud liquid water. Bernstein et a!. 
( 1996) found that the synoptic-sca le weather features in which one is most likely to find 
pilot reports of icing is 250-650 km ahead of both active and stationary warm fronts. 
Other locations which pose threats (in decreasing order of significance) are: 50-250 km 
ahead of a warm fro nt , on warm fronts, and behind cold fronts. 

The Era 29 model 

The National Centers for En \' iro nmental Prediction (NCEP). fomlerlv the \'ational 
Meteorological Center. developed the mesosca le Eta model in 1994. It is an operational 
weathe r fo recasting model which is run routinely and is publicly available. The model 
contains 50 layers in the verti cal with horizontal resolution of approximatelv 29 km. 
NCEP designed the model for mesoscale short-range prediction with lead times of no 
more than 48 hours. The primary variables produced by the Eta Model are (Black, 1994): 

• temperature 
• spec ific humidity 

• horizontal wind components 

• surface pressure 
• turbulent kinetic energy. 

[n addition to these variables. the model produces a parameterized cloud liquid water 
field in kilograms of water per kilogram of dry air. 
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