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Presentation Overview

1 The High Ice Water Content (HIWC) hazard to
aviation

} Experimental nowcasting products for
avoidance of HIWC conditions

} Engaging with potential users
1 Product evaluation in an operational setting
1 Exercise goals




High Ice Water Content (HIWC) or High Altitude
Ice Crystal (HAIC) Conditions: Significance to
Aviation Operations

1 Large concentrations of small ice crystals can exist in areas
of convective clouds with low radar reflectivity

1 Ice crystals stick to warm metal surfaces in jet engine low

pressure compressor
B Ice accretes; accumulated ice can
block flow into engine core or shed
Into high pressure compressor or
combustor e
B Result may be power surge, power A : X,
loss, engine damage A ol N 4

} Aircraft data systems may & = o
also be affected by ingest of 5e. X

Ice crystals into inlets

B Result may be errors in Over 150 Ice Crystal Icing events

temperature, air speed, and angle confirmed to date
of attack (Event locations provided by M.  Bravin, Boeing, 2015 )
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Mitigation of HAIC-HIWC Hazard:
Current Research Areas

1 Engine modification

yDetection of 1 ce crystal:
radar

1 Identification of HIWC areas with standard
meteorological data sets
BProducts to enable avoidance of hazard

BDevelopment efforts underway by multiple research
teams




NCAR Approach:
Algorithm for the Prediction of HIWC Areas
(ALPHA)’

1 Uses operationally available data as input

1 Applies fuzzy logic methodology to blend input

data

A Apply expert knowledge to create rule - based behavior

A Membership functions characterize the relationship of each
variable to the possibility of HIWC conditions

A Blend data with adjustable weighting factors

1 Provides a 3 - dimensional estimate of HIWC

potential
A 0: minimum interest, no HIWC likely

A 1: maximum interest, high likelihood of HIWC
A Currently uncalibrated

"Research sponsored by U.S. FAA



Operationally
available data

Blend via
algorithms
using fuzzy
logic rules/
membership
functions

The Algorithm for Prediction of HIWC Areas

Satellite

(ALPHA)

Model

3D Radar
Mosaic

Find highest, coldest,
thickest clouds from Total
Water Path, Cloud Top
Height and Cloud Top
Temperature
Total Satellite Interest

Find deep cloud layer,
heavy precipitation, high
condensate, updrafts,
temperature below -15°C
Total Model Interest

Find active updrafts, high
reflectivity in column
along with heights of 10
and 30 dBz echo tops
Total Radar Interest

Calculate Total HIWC Interest

Weighted Combination of Satellite, Model, and Radar Interest

Gridded field of
potential for
HIWC conditions

= Total HIWC Interest




Optimization of ALPHA with Research
Aircraft Measurements

| Three field campaigns e oo o 22890 UTC

B 23 flights based in Darwin, " '* 2

Australia L i

B 16 flights based in . i

Cayenne, French Guiana 14 | - :

B 10 flights based in Florida, s+ - I -

Uus ST e = -

1 IWC Measurements e ]

B In situ Isokinetic Probe 5 s ‘2'7] s 125 90 1ot sz 139 154 105

B Cloud radar retrievals of 0 BR D IR T r 0RO
IWC profiles HIWC Potential .

} Machine Learning
Technique for Algorithm .
Tuning
B Data set partitioned into d

Training and Verification N P
subsets LTI H




ALPHA v2.1 Performance Statistics

False
Alarm
Rate:
20.6% PoD- yes: 77.3%
Misses: 22.7%
PoD- no:

79.4%



