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Problems Associated with Airport
Winter Weather

Ice forming on wings of aircraft
requiring de-icing

Reduced visibility

_ow cellings

Runway icing and snow removal

In-flight icing during takeoff and
landing

Extreme cold temperatures




Large Airport Statistics

. Montreal | Toronto| Vancouver
Alrport .
Trudeau | Pearson | | nternational
Destinations 85* * 110 90
D
ASSENgers per 24500%* | 78.300% | 43,100
Day
Takeoff and 562 | 1108 862
L andings per Day
Airport Empoyees| 52,000 | 70,000 28,000

*from 2004 statistics for year; **from 2003 statistics




CanJet Flight Delays
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Annual Frequency of Occurrence (%)
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Hazardous Hours
at Canadian
Airports

Hazard Type

DT Frost
/) Freezing Fog
B Vet Snow
N Dry Snow

'0'0'0;0'0'0'0'0‘0;0‘(

RRRBEREKEKE Snow Pellets
Blowing Snow

PV, V.V V. V.V V.V.V.VY . .
KRXXRKRRKKXK Freezing Rain

B rFreezing Drizzle

Ice Pellets

Stuart and Isaac, 1994: ICAO Journal



HOT for SAE Type | Fluid

TAEBLEA1

SAE TYPE I° FLUID HOLDOVER GUIDELINES FOR WINTER 2004-2005
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

dpproximate Haoldower Times Under varicus Weather Conditions

AT Y .
{minutes)
Light Rain on
o o 3 Freezing | Wery Light Li gy hit Moderate Freazing . Cold 4
C F . F
Frost Fog Snow Snow Snaow IIIriiEIEII r;eazi::ng Soaked Cther
Wing
-3 and 27 and = = o
above above 45 11 =17 18 11-18 B-11 G-13 4 -G 2-5
biedonw -3 below
to -8 7 to 21 a5 B-13 14 B-14 f-18 5-8 d—§
prew B e | s 610 " 611 4-6 4-7 2-5 CAUTION
o- <10 Mo holdover time
, guidelines exist
el B a5 5-9 7 4-7 2-4

"G Degress Calsius

°F = Degrees Fahrenhed

OAT = Caibside A Temperalure

FF = Freazing Point




HOT for SAE Type Il Fluid

TABLE 2-Genaric

SAE TYPE Il FLUID HOLDOVER GUIDELINES FOR WINTER 2004-2005"
THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE IUSER

OAT T\;pe 1 Fluid Approdirmate Holdowear Times Under Various Weather Gonditions
Concentration (hours:minutes)
o . Meat Fluid Water 2 Freszing 8 Freezing Light Rain on Cold 5
B j (Vol% fVol%) i Fog Snow I:lriIIIE"rI Freezing Rain | Soaked Wing Cther
10000 1200 035 —1:30 0:20 — 55 0:30 — 0:55 015 — 0030 0:05 — Qe
almove 0 above 32 VRS G:00 025 - 1:00 0:15 — 0ed0 0:20 — 045 0:10 — 25 005 — 025
S0wa0 4:00 015 — Qead 005 — 15 005 — 015 005 — 010
10000 a:00 035 —1:30 020 — A5 0:30 — 0:55 0:15—0:30 CAUTION
Oto-3 I to 2T TS5 5:00 025 —1:00 0:15 — 030 020 — 045 010 —0:25 Mo holdaver
SO050 300 015 — Qe 0:05— 15 005 - 015 0:05— 010 tme
Esslony -3 below 27 10040 a:00 020 - 1:05 015 - k36 015 —0rd5” 310 - 0257 gquidelines
te-14 t 7 75125 5-00 020-055 | 0:95-025 | 015-030°7 | 10-020° exist
below 14 | below 7 10040 g0y | ;15-0:20° | 0015 - 030"
to -25 to -13 — -
Typ= || flud may be used below -25°C {-13°F) provided the freszing point of the fluid
below -25 | below -13 100v0 ie at least 7°C {13°F) below the OAT and the asrodynamic acceptance crtena are met.
Consider use of Type | when Typs | fluid cannot be used.
"o o= Degrees Celsius °F = Degress Fahrenhed QAT = Culside Ajr Termpearalune Wal = Valume




Thresholds for Surface
Precipitation

* Freezing Rain (ZR) Thresholds

_ight: less than 2.5 mm/hr
Heavy. greater than 7.5 mm/hr
Moderate: between light and heavy

* Freezing Drizzle (ZL) Thresholds
Light: less than 0.2 mm/hr (or 0.1 inch/hr)

Heavy: greater than 0.4 mm/hr (or 0.2 inch/hr)
Moderate: between light and heavy




Snowfall Rate Information

Light: Visibility > 3/4 mile (1.2 km) NWS
Visibility > 5/8 mile ManQObs
Moderate: Visibility 1/2 mile (0.8 km) NWS
Visibility 1/2 or 3/8 mile ManQObs
Heavy: Visibility < 1/4 mile (0.4 km) NWS
Visibility 1/4, 1/8 or O miles ManQObs

No definitions for mm/hr. However, SAE G12 use

1-2.5 mm/hr (water equivalent) as definition of moderate
snow (private communication — Barry Myers)



Visibility vs Precipitation Rate

VISIBILITY (km)

10

1.0

- Vaizala Visibility & ETI Snow Measurements

April 10, 1995 at Marshall Site (Boulder, CO)
» - Vaisala Visibility & ETI Snow Measurements
April 21, 1995 at Marshall Site (Boulder, CO)

* - TField data from Stallabrass (1985)
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0.625 mi

0.313mm1 __Y
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0.1235mm1
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(=5/8 i)

Moderate (S)
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Rasmussen, R.M. et al, 1999: The estimation of snowfall rate using visibility.
J. Appl. Meteor., 38, 1542-1563.
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Transport Canada Analysis of MSC Surface Data

(from Barry Myers, TC)
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Snowfall rate (water equivalent) mm/h

AIRS2 Mirabel Snow

Ending: 031218 00:00
Observer total amount= 4.8 mm
Hot Plate1(5.23 mm)

Hot Plate2 (4.69 mm)
POSS (5.18 mm)
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Characterize
Accretion of | ce
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031130F1 NASA Twin Otter
18 minute icing encounter

over YOW with FZDZ | s




Movie Showing Clear Ice Shed from Twin Otter
During Y OW Approach during AIRS 11




8§ 1994 Roselawn, IN, ATR-72 Turboprop, 68 fatal

8§ 1997 Monroe, MI, Comair 3272, EMB-120 Turboprop, 39
fatal




March 19 2001
Comair Flight 5054 EMB-120 Incident
West Palm Beach, FL




Comair 5054 - March 19, 2001
FDR/Radar Altitude Comparison During Event

—e=— USAF RADES Radar Altitude
—-— FDR Altitude
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View from above Horizontal Stabilizer

Stabilizer
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Elevator




Airframe Structural Icing:




Under Investigation:




Airframe Structural Icing
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Cessna 208B Suspected Icing
Accidents: 2001-2004

(Under Investigation — TSB Canada)

(Under Investigation — NTSB)
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Summary of In-Cloud Conditions

Definition 30-s Points Characteristics
n-Flight 48301

n-Cloud 27497 (57%) [ TWC > 0.005 g m-3
Nn-Cloud Cold {22267 (46%) |+ Ta <0°C

n-lcing 14206 (29%) |+ L/M Phase
n-Spectra 10135 (21%) |+ Ice <1 L1

n-SLD 2497 (5%) |+ Dmax= 100 um

£




Characterizing Icing Environment
for New Certification Rules

All Data for Analysis for Project(s)135679

0.9r ‘ Temperature < 0°C

0G. . lce Conc < 1L
Points = 9859

2 gcm2 htl

;_6gcm2h4

- ‘.,": I"“L . »

. A oy

. T X o “
L RO SRR P L 2l
TR PAN: drov P Usnpamrs 41 0 Cm2 h

2 3
10 10 10

Median Volume Diameter (microns)

Each data point represents a 30-s (3-km) MedVD LWC observation.



Freezing Precipitation Estimate Comparison

50% | 75% | 95% | 99.0% | 99.9%
Method | Type Precipitation Rate mm/hr
In-Flight | ZL | 0.03 | 0.07 | 0.26 | 0.60 1.13
POSS | ZL | ~0.1 | ~0.2 | 0.4 | 0.65 ?7?
In-Flight | ZR | 0.50 | 1.1 | 2.1 3.2 4.5
POSS | ZR | 065 | 1.2 | 3.0 7.9 ?7?
Gauge | ZR | 0.67 | 1.7 | 3.3 4.5 6.2

An extreme value analysis, similar to what was done for the in-flight and

Gauge data, needs to be done for POSS data.




Alliance Icing Research Study Il Grganizaions

 Alarge international research program

(participants from 25 organizations from N.A. and
Europe, gov’'t and university sectors)
e Lead by MSC

« Conducted in the Ottawa-Mirabel region 3 Nov 2003
to 13 Feb 2004

* Focus on aviation meteorology research,
nowcasting, aircrafticing, cloud processes

 Web site http://airs-icing.org/ (Science Plan, Data

access, publications, etc)

« Endorsed by Aircraft Icing Research Alliance

gAIR?) and WWRP Aircraft In-Flight Icing Project
AlFI

 Five (5) research aircraft involved

« Three (3) different Nowcasting systems (MSC,
NASA, NCAR/NOAA)

« Data currently being quality controlled and
archived PURDL

 Project Workshop was conducted at Mt. Tremblant,
9-10 November = n

e Special Session at AIAA in Reno in January/05 s e

= =~ d o A
T
(nowledge to Go Places




Surface Instrumentation at Mirabel
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POSS Precipitation Rate [mm/hr]

POSS Precipitation Rate [mm/hr]

AIRS Il Precipitation & Flight Summary over Mirabel
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MSC-AVISA
Airport Vicinity Icing and Snow
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AVISA Algorithm - Input GOES Satellite
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AVISA Algorithm — SLW and SLD

— T
-

AVISA Input Parameters

~

Derive SLW for current Derive SLD for current
conditions & forecast conditions & forecast
From radiometer, cloud base and top «  From VPR LWC & particle typing
From GOES icing satellite techniques «  From POSS typing & surface obs

From HIMAP or GEM models
FROM VPR LWC & patrticle typing

SLW - Supercooled Liquid Water, SLD - Supercooled Large Drops ( > 50F m)



ARE YES SLW ISASSUMED
SKIES CLEAR? > Eé'l‘g’ﬁggR ALL
DERIVE BEST GUESSCTH Supercooled Liquid Water (SLW)
‘ METHOD 1
DERIVE BEST GUESS CBH
YES
ISTHERE LIQUID | swis
PRECIPITATION? " INcONcLUSIVE

FORHEIGHTSBETWEEN
BEST GUESSCT & CB

SLW ISASSUMED
FALSE AT THAT
HEIGHT

RADIOMETER LWP >0C AND
GEM MODEL TEMP<0C?

SLW ISASSUMED TRUE
FOR THAT HEIGHT




Other Nowcasting Systems

NOAA Ground Based Icing Detection System (GRIDS) integrates a

Ka-band dual-polarized radar, a microwave radiometer, local surface
meteorological measurements, and information from a numerical weather forecast
model (the U.S. National Center for Environmental Prediction’s Rapid Update
Cycle Model, or RUC) ingested viathe Internet to produce icing forecasts in the
vicinity of an airport.

NASA Icing Remote Sensing System (NIRSS) combines avertically
staring dual band (X and Ka) radar, a multifrequency microwave radiometer, and
a cellometer (Reehorst and Koenig, 2001). The goal of this development effort is
to demonstrate arelatively low cost, stand-alone icing condition detection system
in the airport (terminal) environment.

NCAR Weather Support to Deicing Decision Making (WSDDM)
Winter weather airport nowcasting system with emphasis on ground deicing
problems and weather. Uses NEXRAD radar and surface sensors. (see
Rasmussen et a. 2001: Bulletin AMYS)



The NOAA-ETL Ground-based
Remote Icing Detection System

FAA ATC Tower
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Remote Icing
Detection System
(GRIDS)



Case Study: November 11, 2003 1940-2210 UTC

Temperature [deg C] L+M Icing
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LWC [g/m3] and Sphere Particle Fraction LWC [g/m?3] or [g/kg] for HIMAP
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AVISA Precipitation Forecast Display
for November 11, 2003 at 20 UTC

Precip Rate [mm/hr]

o
o

Current Time: 2003-11-11 20:00Z

ul
o
|
T

B
o

w
o
|
T

N
o
|

—s—HIMAP RR

GEM RR

Hot Plate 1

Hot Plate 2
——POSS RR

WMN Rain
—a— HIMAP RR - Future

| | —a—GEM RR - Future

=
o

| | —=—WMN Rain Pt Fcst

o
o

14

15 16

18 19 20 21 22 23 00 01 02
Observation Time (GMT)




AVISA Precipitation — Observed Data
for November 11, 2003 — Same 12 Hour Period

Precip Rate [mm/hr]

Observed Data: 2003-11-11 14:00Z to 2003-11-12 02:00Z
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20 f- O
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AVISA Ligquid Water Path Forecast Display
for November 11, 2003 at 20 UTC

Integrated Liquid Water [cm]
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AVISA Liquid Water Path - Observed Data
for November 11, 2003 — Same 12 Hour Period

Integrated Liquid Water [cm]
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Altitude [km]

Case Study: November 19, 2003 2045-2345 UTC

Temperature [deg C]

-35 -30 -25 -20 -15 -10 -5
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M+S Icing
6 ]
— HIMAP LWC Avg
— VPRLWC Avg
———TPR LWC Avg*
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LWC [g/m?] or [g/kg] for HIMAP




Altitude [km]

Case Study: November 25, 2003 0025-0345 UTC

Temperature [deg C]
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Satellite Based Icing Predictions

November 24 - 25, 200%

MSC icing product using
GOES-12 data. Icing is
marked in red. In this
case the cloud on the
right was high level and
glaciated, but behind the
system was a low level
stratiform deck with icing
predicted. The Convair
found severe icing in the
low level cloud,
confirming the prediction
in this case, and there
were many other pilot
reports. The Citation,
flying over Lake Ontario,
did not find significant
icing.
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Altitude [km]

Case Study: February 6, 2004 1900-2210 UTC
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February 6, 2004 - 18 UTC in the vicinity of YMX

... HIMAP Supercooled LWP & GOES Icing _
HIMAP Total Precipitation Rate and Radar HIMAP Supercooled LWP & GOES Icing

0.10 ~
— 000 '@ ¥ SN BN BN L . [ A S
S

O 008 ' 0 VIR ) ol . -

o
o
J

0.06 | " I e . . o e
0.05 + "
0.04 |
0.03 .
0.02 C e B o= vt .. B
0.01 N gAm- . N . =

Precip Rate [mm/hr]
Integrated Liquid Water

0.00
00

GOES ICING @ 1815

23 00




February 6, 2004 - 19 UTC in the vicinity of YMX
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February 6, 2004 - 20 UTC in the vicinity of YMX
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HIMAP Total Precipitation Rate and Rada

February 6, 2004 - 21 UTC in the vicinity of YMX

Precipitation Observations & Forecast at YMX

Precip Rate [mm/hr]

[ A
o o w
\

Ly
o
—

—=—HIMAP RR
GEM RR
Hot Plate 1
Hot Plate 2

4 ——POSS ZR

POSS Snow Type

WMN Snow

—=—GEM RR - Future

s
o

+ —=—WMN Snow Pt Fc

|| ——HIMAP RR - Future | /), //1

o

o
[
3}

/TS |

16 17

18

Current Time: 2004-02-06 21:00Z

20

21
Observation Time (GMT)

HIMAP Supercooled LWP & GOES Icing

GOESEING UNAVAILABLE @ 2115 ®

LWP Observations & Forecast at YMX

0.10

— 0.09
3
. 0.08 H
% 0.07 H
= 0.06
=)
S 0.05
k=3
3 0.04 /%
el
2 0.03 A
[
S 0.02 -
Q

E o0

0.00 -

Current Time: 2004-02-06 21:00Z

—=—HIMAP IC

GEM IC

TP3000 Radiometer
——WVR1100 Radiometer| |’
—=—HIMAP IC - Future
—a—GEM IC - Future

22 23 01 02

20

21 03

Observation Time (GMT)




Precip Rate [mm/hr]
BoE NN

004 - 22

otal Precipi

Februgfy 3

& (o()

|
4.0
i Ny
8 30
“
.,r,.u
| |

CAPPI
1.0

o
5.0

2.

SOV RATE I

& CWHR:DBZ §

40, kil
= 20 ki1
§ 10. 20

L EI':I

45
46
43
. ':1




February 6, 2004 - 23 UTC in the vicinity of YMX
HIMAP Total Precipitation Rate and Radar HIMAP Supercooled LWP & GOES Icing
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February 7, 2004 - 00 UTC in the vicinity of YMX
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February 7, 2004 - 01 UTC in the vicinity of YMX
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February 7, 2004 - 02 UTC in the vicinity of YMX
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February 7, 2004 — Until 08 UTC

Precipitation Observations at YMX
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Only intermittent light
snow (< 0.1 mm/hr)
fell at YMX. Models
continued to forecast
a higher rate.

Microwave radiometers
continued to report
significant LWP

(> 0.2 mm until ~72)



Model/Radiometer Comparison
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November 4-5, 2003: Freezing Rain Event
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Surface Temperatures in November 2003: GEM vs. Observed

Surface Temperatures During AIRS I

GEM Screen (TJ)

Campbell Met Stn

November 1 - 30, 2003

[D seaibap] ainresadwa]

05-Nov 09-Nov 13-Nov 17-Nov 21-Nov 25-Nov 29-Nov

01-Nov

Date/Time

Poor minimum temperature predictions reflect on ability to predict frost or fog



Precip Rate [mm/hr]

Precipitation Rate vs. Surface Temperature During AIRS-2
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Preliminary Comparison with

HIMAP During AIRS Il

Parameter Instrument Hit Rate | FAR | TSS
Liquid Water | Profiling HIMAP | 054 |0.11]0.43
Path Radiometer

Cloud Ceilometer |HIMAP 0.96 |0.69]|0.27
Occurrence

Precipitation |Hot Plate 1 |HIMAP 0.78 |0.17|0.61
>0 mm/hr

Precipitation |Hot Plate 1 [HIMAP | 0.42 |(0.01|0.41
> 2 mm/hr

Data not fully quality controlled




Summary of SLW Algorithms for Mirabel Flights During AIRS-II

Time over

Flight Date YMX [UTC] Icing Precip MWR HIMAP TPR GOES VPR

1 2003-11-11 1940-2210 L+M RA INC YES YES N/A YES
2 2003-11-13 1425-1705 L RA INC YES YES NO YES
3 2003-11-14 1745-1930 L RA,SN NO NO YES- NO YES
4 2003-11-19 2045-2345 M+S RA INC YES YES NO YES
5 2003-11-25 0025-0345 L+M RA,SN YES YES YES YES YES
6 2003-11-27 2100-2315 None RA NO YES- YES- NO NO
7 2003-11-28 2025-2245 L RA INC YES YES NO YES
8 2003-11-29 1620-1910 L+M IP,SN NO YES YES NO YES
9 2004-01-22 1425-1655 L SN NO YES YES- NO N/A
10 2004-01-30 1655-1805 None SN NO YES- NO NO YES
11 2004-02-03 0015-0155 (04) L+M SN NO YES YES NO YES
12 2004-02-06 1900-2220 M+S SN YES YES YES YES YES
13 2004-02-07 1735-2035 M+S SN YES+NO YES YES NO YES
14 2004-02-09 2220-2350 L SN INC YES YES YES YES

YES- = SLW deduced but either low LWC amounts or limited to a thin layer




Conclusions

 AIRS Il produced an excellent data set to
develop and test airport systems to detect winter
weather, with emphasis on icing and snow.

» Although weaknesses in some sensors and
models were documented, a good system will
use the strengths from various potential input
components to produce reliable and accurate
detection and forecast methods.

* Other aspects such as SLD formation, aircraft
response to icing, and cloud characterization
measurements also studied but not reported
here.



Future Airport Nowcasting

There Is a need to consult with users regarding
the effective presentation of data. (Proposal to
SAR not funded but will be attempted again)

Emphasis so far on improved safety but there
are large financial savings with improved winter
forecasting at airports

Who will operate an airport nowcast system?
MSC, NavCan, airport authority, airline, or
private company.

AIRS lll, FlySafe or a U.S. based experiment
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Suggestions for Model
Development/Verification

Nowcasting needs forecast modelsthat are
Initialized more frequently than every 12
hours.

Recommend at least every 3 hours

Specially instrumented ground sites could be
very useful toolsfor validation and
development of small scale models

Recommend sites acr oss country: west coast,
prairie, central, Arctic, and east coast.
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