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ABSTRACT

A technique for determining the type and intensi ty of icing
has been modified and programmed for operational use. The
model and the results obtained for 1200Z April 25, 1971 are
discussed.

MOD~LE D'ANALYSE POUR EVALUER LA FORMATION
POTENTIELLK:UK:GIVRAGE SUR LES CELLULES D'AERONEF

par

R. G. Lawford

On a modifie et prepare pour repondre a un besoin pratique
une methode d'evaluation du genre et de l'intensite du givrage.
Le modele et les resultats obtenus a 1200Z Ie 25 avril sont ex­
plique s.
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FO~ GOMPUTINGPOTENTIAiL AIRFRAME ICING
, '

by

R. G.LawfQrd

(Manuscript received 4 August, 1971)

1. Introduction

, The icing' Jncountered by an aircraft as it travels through the'
earth's atmosphere results from. ,a complex interaction of aerodynarnic
and metedrological factors. Alth~ugh th~ aircraft's speed, skin tem­
~ratureandefficiency of ca tch are'variable smeteorologis tscan pr0Vide
an estimate of the atniosphere's potential to produce icingbased on an
analysis ora prognosis of temperatures, dew points :ano instability.
This report describes a computerized diagnostic technique currently
in operational useat the Central Analysis Office designed to estimate
this potentia l.

Air"c'raft are frequently affeCted by two general types of icing.
The'se types include:

a) rime ice -,a' white crystall'ine qeposit with both lowdensity
and lowcohesive'properties.' Iceof'this nature not only
changes the weight of the'aircraft but it breaks, away froIn;
airfrarnee'ntering 'jet and turbo-jet engines to cause perma­
nent damage.

b) clear ice -a cohesive sheet of transparent ice which forms
when supercooled droplets greater than 20 microns in dia­
meter flow over the aircraft's' surface. The effects of cl'ear

,'icing in increasing the aircraft's weight and modifying the
, shape of the' airfoil' make this' phenomenon hazardous to aU
small air,craft. " ' ,

2. II
Meteorological Basis for theModel

The fundamental logic for this model has corne (rom the work of
Jensen; (1). After themid-tropo'sphere is split into four layers mean
temperature.s (T); temperature dew point spreaos'(.4;\ ) and lapse rates
( ~ ) are computed. T,he layers considered include the

•
1. 850 - 770 mb.
2. ,770 - 700 "
3. 700 - 590 "
4. 590 500"

layer
"
"
"
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From the se three ·parameter s Jensen devised a scheme to deter­
mine the intens ity and type of ic ing most likely to occur in any particular
layer. AlthoughJensen derived these criticalvalues'empirically by an
examination of many aircraft icing reports his results have physical
significance. . ,

The temperature determines the proportion of water and ice which
will co-exist at sub-freezingtemperatures. From 'simple vapour pres-

. sure·considerations it can he·seen that most super-cooled water drop­
lets will exist in the temperature range from 0 to -10 0 C. It is aLso
assumed tha:tall.exce's's 'moisturewiHejcis,t,inlhe' ice phase"when the
temperature sinks. below -250 C.!

. The temperature-'dewpointspread gives'a measure of the amount
of moisture in the.air. ·If the air is dry np icing will occur. When the
spread decreases below a threshold v~:tluethe air is assumed to be sat­
,urated, consequently, . icing is possible. The model .currentlyuses a
threshold value of 4°,C:::;. ' i '

Vetticalmotions"arefrequently r~sponsible for raising super­
cooled water droplets to higher levels;' The excessive icing encoun­
tered ina cumulonimbusexeinplified this process. In this model the
lapse rate is assumed to· provide an indicator of instabilityandvertical
ascent. This·criterion isused in separating between the clear (unstable)
and rime (stable) icing situations ...

Further modifications have heen ·incorporated into the scheme.
Expe rime ntCl. tiion w ith,the'· mode 1 d errl0ns it a ted that in c e r tain' s i tua ti'ops
no s:igpi{icarit' clear icing c,ould be"associated with freezing rain and
thundersto'rm situations. This weakries~!which arose from computa­
tional smoothing in determ.ining m~ans fqr the layers was rectified by
a cons (deration ·o(,the ! surface weather observed. On several occasions
the stablelapserates'associated withJre~zingrain situations resulted
in reports of modera te 1;' ime ic ingalthough the liquid water content of
the' clouds appeared'to make 'moderate or severe ,clear ic.ing inevitable.
In order to c irc umvent th'is problem it was as sumed that clouds produc-;
ingfreez ing precipitation reached to' 'the 700 mb level and, contained the
super-cooled water' dropletsessenti'al for the formation of moderate or
heavy clear. icing." Themodel'was'modified to .associatemoderateor
severe ic ing' with the low.er layers in all freez ing 'ra in, freez ing dr izzle
and thunderstorm situations. C '.-"

The model provided little resolutionaf cold temperatures and as
a result Godson's(2)-8D curve was used to predict icing at tempera­
tures below ';'25 0 C. This curve was used to determine if the air WetS

saturated with respect to ice. In cases whe're saturation occurrea
light rime icing was forecast.

.'

•
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The·reader wishing a more' comprehensive discussion of many
of the basic premises for thismodei is referred to theU.S.A.F.Air­
frame Icing Manual (3) ...

A flow diagram outlining the decisionmakingprocedu.reis pre­
sented inFigur:eL On this figureT refers to the mean temperature
of the layer, the mean. temperature-dewpoint spread for the layer, -the
lapse rate for.the layer and ISWrefers to the·surface·weather ..

The term (f is defined by the formula

(f = (TTop - T Bottom) x- 1000

3.048 x 52

.,' whe:re ~ is the lap'se~ate in deca degrees per geopotentialkilofoot

Sl is the thickness of the layer in geopotentia l meters

T Top' is thb temperature at the topaf the lay!e~ in degrees
Calc ius

TBottom is the temperature' at the bottom of the'la yer in
degrees Calcius.,

3. The Mode 1 in the Operational Setting

The model currently exists as a computer program compatible
with the OA phases of operational data processing.' Themodel;whi"cILwe
shall subsequently refer to as,FROSTobtains temperatures, dew-points
and pressure levels fromthemerged data file (4)., Icingsituations'are"
cla s s ified and two letter acronyms arepr int~d outieitheron'theappro­
priate tephigram or ona 1 :20 M map. The first retter'of the acronym
refers to the intensity, of the icing while the second refer s to the type.
The·possible comb,ihations'are listed'below. '

, SR.
MR
MM
'LR
NO

- severe,r ime
- moderate rime
- moderate mixed

1ight r irhe
- no icing

CB
SC
MC
LM
NR
LC

- cumulonimbus
- severe 'c lear
-moderate' clear

ligh~ mixed
- no report

light clear

,"

•

Currerttlythis analysis is beingrnade available to the meteorologist
three and one half. hours after observations are taken.

4. A Case Study Using the Model

April 25, 1971 w.as·used as an example to illustrate the use of the
. model. Figure 2 shows the 500 millibar flow. at 12002. A High waS
bringing clear skies to the western Prairies while a comp~E::;~. binary
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low made the situation in the eas tern part of the country rather complex.
The barotropic low situated over central Quebec served as an anchor
for the: low to the southeast. The southern low had lost much of- its
baroclinicity as the Arctic cold front had' advanced well out into the

. Atlantic. Vertical motions in the older cold low resulted in saturation
to 500 mblevel. . The trough associated with the complex . low center
was.maintaining verticalmotlon~overmost of northern'-Ontario-and
central Manitoba.. Another lowmoving northeastward onto theAlask~
Panhandle was eroding the ridge on the west coast. A thickness ridge,
a frontal surface, saturated air atboth 850 and 700 millibars (see
Figure 4), ascending motions and positive vorticity advection were
all evident over the Gulf of Alaska.

Figures 5and6 are the analysisoficing obtained using thediag­
nostic modeL. In areas wher'e only sparse data was available the tem­
perature and moisture·patterns inferred from the upper air chartswere
used to supplement the analysis of icing at radiosonde stations. Figure
5which provides an analysis of theregionfrom850 t0700mb indicates
that theareas most likely to produce icing are those where vertical
motions exist. The higher freezing ,level over the Atlantic results in
the poor fit between low leve lie ing and the surface front. The fit over
southeastern Alaska and the Arctic Front just o'H'the map:is';one of
many examples where the icing area lies just to ·the north of the warm
front. Most of the Icing in the upper'level(seeFigure6) is associated

. with the cold low over Quebec. It is interesting ,to note that the ic ing
type changes from light clear southeast of the low to moderate rime
north of the low.

These' results lend support.to the validity of the model as do
Boucaud's (5) experiences with a simplified graphical version.

5. Conclusions and Recomm~ndationsfor Further .Research

Theabilityof a computerized diagnostic model to rapidly deline­
atepotentiaLareas of icing has been demonstrated. Although the model
has limita tions due to the ava ilabil ity of data and its inherent averaging
proces ses the res ults obta ined. for the 25th of April, 1971 have been
shown to be in good agreement with thos,e which wouldha ve been derived
subjectively from the surface and upper air analyses.

Further investigations designed to make this model compatible
with forecas t moisture and temperature fie lds or to produce·a-.Lagr.an:­
gian scheme whereby,these ,ic ing areas could be advected would be a
va luable as set inc omple ting significant weather charts. An ,empir ica l
study relating icing reports solicited fr'Ompilots to the re:smlts;obtainerl
from this model would be ot va lue in evaluating' the technique. Use of
this model in conjunction with· the temperature and moisture fields
around cold lows and baroclini'c lows' could inc rea s'eo~r knowledge
relative to the icing hazards associated with thesesyn:optic features.

•
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Figure 1.
LOGIC DIAGRAM

The Sequence of Decisions Made in the Diagnostic Model of
Potential Airframe Icing for the Levels Between 850 and 700 mb
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Figure 2.
Analysis of the 500 rnb Chart for April 25, 1971 at 1200Z

The solid lines are contours while the dashed lines are thickness
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Figure 3.

Surface Analysis for April 25, 1971 at 12002
Isobars at 8 rub. Intervals
Bouridaries on Areas of Precipitation
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Figure 4.
Analysis of the 700 rob Chart for 12Z April 25, 1971

Contours
IsotheJ.°ros at 100 C Intervals
The Boundaries of-the Area Where (T-TD ) 50 C



Figure 5.
Analysis of Icing for April 25, 1971 Between 850 and 700 nib

The acronyms below individual stations refer to the layer from 850-770 mb
while the acronyms above refer to the 770-700 mb layer
The solid line delineates icing between 700 and 700 mb
The dashed line delineates icing between 850 and 770 mb
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Figure 6.
Analysis of Icing for April 25, 1971 Between 700 and 590 mb

The acronyms below individual stations refer to the layer from 700 to 590 mb
Solid line delineates area where icing occurs
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