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Forecasting methods and techniques in use at

Meteorological Office outstations

1. Introduction In training forecasters in the Meteorological O0ffice it
has always been the policy to avoid, where possible, rule of thumb methods of
forecasting, while encouraging students to apply basic physical principles in
their understanding of atmospheric processes and the application of these
principles to their forecast problems. A consequence of this policy is that
several different methods of, for example, forecasting fog are explained to the
student, as much for the purpose of underlining the physics of fog formation
as for the methods of forecasting themselves. The student is afterwards
allowed to follow his professional career with the, perhaps somewhat doubtful,
advantage of being free to use in his work any forecasting methods and tech-
niques which he has acquired or may in future acquire. We shall return to a
discussion of this philosophy later in this report, but. it is clear that we
can expect a wide variety of techniques to be in current use, especially when
it is remembered that UK Dbased forecasters may be forecasting in areas far
removed from Britain, as well as for customers with such widely divergent
requirements as those of civil and military ewiation, agriculture, and public
services both national and individual,

During a review of the technical control exercised by Main Meteorological
Offices over their dependent outstations it became apparent that a knowledge
was desirable of the forecasting techniques actually in use at outstations,
particularly techniques in regular use. All forecasting outstations at home
and abroad were therefore asked to submit pavers on this subject., This report
summarises the replies received and, togethcr with the replies themselves,
will provide the basis for study of, and further work on, forecasting methods
and techniques.,

The replies from outstations varied considerably in the amount of informa-
tion they included when describing techniques in use, but many detailed and
exhaustive accounts were returned, including some useful ideas and suggestions.
Altogether some 300 pages of typescript, about 170,000 words, were received;
forecasters were clearly interested in this exercise in self-analysis, and
stimulated into thinking about, discussing with each other, and putting on
paper their thoughts and suggestions about forecasting methods in use at their
own stations.

Do The raw material

The following questions were posed by headquarters to give guidance as
to what might be included in the station report on methods and techniques used
in forecasting:~

(1) What techniques are used for area, flight, aerodrome, local and
public service forecasting? References should be given to source
material, e.g. Handbook of Weather Forecasting, Meteorological Magazine, etc.

(2) What techniques are most popular and useful in the opinion of
forecasters? .

‘ (3) What techniques would forecasters like to use, but for which time
'15 not normally avallable? o S B o
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(3) +technigque is in use, very helpful

(4) technique is in use, but not found satisfactory
(5) technique is in use, but limited applicability
(6) technique tried and found wenting; not now used

(7) station would like to use technique, but time or equipment not
available,

These annexes clearly indicate the wide variety of methods and
techniques in use even at stations with similar commitments. This variety is
also indicated in Annex C which shows a breakdown of the returns made by
certain stations which resported by individual forecaster.

Annex B, which analyses techniques used at overseas stations, shows that
stations in Germany, as may be expected, use similar methods and techniques to
those in use at stations in UK. At other oversecas stations methods vary widely
with locality.

D% Suggestions for research and development

Suggestions for further research and development contained in the replies
from outstations have been tabulated at Annex D to show:-

1 development requested
q
(2) development strongly supported
(3) - development very strongly supported.

A detailed study of these suggestions has been made in Met.0.8 and each
suggestion compared with items in the Meteorological Office programme of
research as detailed in MRCP 155 (Meteorological Research Committee, Programme
of Research, 1964). Some suggested lines of development are problems of
organisation and administration, e.g. increased use of radar, issue of short-
term, limited-area prebaratics. Most other suggestions are either covered
directly by an item in the research programme, or are specialised aspects of
some such item. There remained a number of suggestions for research into
subjects which did not seem to be covered, or to be adequately covered, by
itens in the research programme, Consequently Met.0.8 submitted a list of
items (and some amendments to existing items) for possible inclusion in the
1965 programme of research., After study by the Directorate and the Meteorological
Research Committee three of these items were accepted for inclusion in MRCP 166
(Meteorological Research Committee, Programme of Resecarch, 1965). These are:

Them 2.7.1:5. The formation, development and movement of non-frontal
troughs and polar lows,

Ttem 2.4.3.4. Conditions (e.g. ground temperature, ground conductivity)
under which falling snow may be expected to lie.

Item 2.9.5. ~ Use of satellite pictures and other satellite data as aids
for forecasting.
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colleague and so on., But little guidance is given as to the relative merits
of different techniques for solving the same forecast problem and the
practising forecaster is left to select for himself which forecasting
technique he will use in any given circumstance. It is therefore not
surprising that different technigues are in use at different stations, or
that different techniques are used by different forecasters at the same
station when making similar type8 of forecast.

Many things may influence a forecaster in his choice of a technique;
available time and facilities for instance can impose severe limitations.
But a major obstacle to a sound and reasoned choice is the almost complete
lack of adequately controlled comparative tests between techniques, the
results of which could enable a forecaster to be more objective in his
selection. The increasing use of machine methods and the development of
objective techniques of forecasting make it imperative that forecasters
should know clearly the likely degree of success to be achieved by using
different methods. Again many so-called objective techniques involve the
use of parameters which themselves have to be forecast; and the accuracy
claimed for a technique is often based on the unreal assumption of high
accuracy in forecasting the necessary parameters. Extensive field tests
under normal routine operational conditions are thus becoming more and more
necessary to aid the forecaster in his choice of methods,

Whenever data from comparative tests are available, or become available,
forecasters should be encouraged to use techniques with the highest ratings,
unless there are very good reasons, e.g. lack of ancilliary material, for
doing otherwise. Instead of leaving forecasters entirely free to choose
techniques on a basis of limited experierce, possibly combined with rather
crude and mainly subjective tests and assessments, the fundamental philosophy
would be to offer guidance to forecasters in their choice of techniques, but
without mandatory restriction to a "best technique" as indicated by comparative
testing.

A mandatory system of methods and techniques in forecasting is hardly
possible at this time, certainly not as a complete system, which is in any
case to be avoided for several reasons. Not all forecasters always have the
time or the material to follow a particular method, But more important, despite
the obvious attraction of purely objective methods, comparatively few such
methods exist for determining the many details which go to mgke a finished
forecast ~ particularly detailed local forecasts tailored to customer
requirements. And existing methods, employing parameters likely to be the
most important, may fail on those occasions when some other parameter becomes
important., The forecaster must therefore understand fully, and understand the
limitations of, the technique he uses; a fully objective method gives a first
approximation to the answer the forecaster is seeking, but he must be left free
to modify or reject this answer, or to use another technique, whenever his
scientific judgement tells him this is necessary.

A number of forecasting techniques are now (1965) being comprehensively
tested at outstations in UK.. Pending the result of these and similar tests
which it may be possible to arrange from time to time, an analysis has been
made of the replies from outstations to the headquarters questionnaire on
methods and techniques of forecasting. The analysis, which is at Annex= E to

; ' based on the degree of popularity accorded by stations to
‘ + is therefore highly subjeotive, the more so sino




5 Further action

A preliminary report (by T.N.S. Harrower) has already had a limited
circulation, chiefly within headquarters, and an advisory group has been set
up to consider what further action should be taken. As a result of advice given
by the group a programme of work has been formulated. Some of this work has
already been completed, for instance that described in the section on "Suggestions
for research and development" and in Annex E, while other projects such as the
testing of selected techniques and the provision of data from high masts are in
hand. Work to be done in the future includes:

(1) A further sifting of station replics and consideration of many idecas
put forward.

(2) A study of "most popular" techniques or "best" techniques to see if
they could be improved upon.

(3) Outstation forecasters favour simple techniques, and those depending
on local parameters, which can be worked out quickly at a station. A study
of more complex problems is required to find those which may be solved
centrally, the solution being distributed by teleprinter or facsimile.

(4) Investigation of meso-scale phenomens and the preparation of a
chapter on Meso-analysis for the Handbook of Weather Forecasting.

(5) Preparation and publication in a form, suitable for ready reference,
of "Forecasting Rules". (Considerable progress has already becn made with
this project).

(6) Continued amendment to the Handbook of Weather Forecasting and the
Pocketbook for Forecasters. :

/ Annex A




' ANNEX A OUTSTATIONS IN UNITED KINGDOM
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ANNEX B
O

Key

Technique is in use.

Technique is in use, very helpful..

+

Technique is in use, but limited applicability.

Station would like to use technique, but time or equipment not available.

OUTSTATIONS OVERSEAS

Technique is in use, popular and helpful,
Technique is in use, but not found satisfactory.
Technique tried and found wanting; not now used.

(@)

v

TECHNIQUE

STATIONS IN
GERMANY STATIONS

OTHER OVERSEAS

GENERAL ANALYSIS AND FORECASTING

P 2|3]4|5[6|7]|8]9]10]11]12

Frontal analysis

(®)

Streamline-isotach analysis, Indian Ocean

Descriptive notes - various

0|0
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3

Seasonal means and climatology

24<hour pressure tendencies

O
v

Vertical cross-sections, space or time

I [+|o

Hodographs

Isotachecontour charts

Tropopause charts

Thermal troughs and cuteoff lows

Diurnal effects - pressure, precipitation, etc.

TEMPERATURE

Night minimum temperatures (McKenzie)

Night minimum temperatures (Craddock)

Night minimum termperatures (Gutersloh)

Night

minimum temperatures (Nicosia)

Night minimum temperatures — cooling curves (Saunders)

Night

cooling and minimum temperatures (H.Q. 1 Gp.)

0|0

Night minimum temperatures — cooling diagram (H.Q.B.C.)

Night minimum temperatures — cooling.curves (Laarbruch)

Night

minimum temperatures — cloudy skies (Summersby)

Night minimum temperatures over snow (Gutersloh)

Ground frost (Faust)
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Day temperatures — clear or overcast skies (Jefferson)

Day maximum temperatures (Gold, Johnston)
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Day maximum temperature (Cyprus)
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* TECHNIQUES USED BY INDIVIDUAL FORECAS

Key

Technique is in use. (o]

Technique is in use, but not found satisfactory.

Stotion would like to use technique, but time or equipment not available.

Technique is in use, popular and helpful.

Technique is in use, but limited applicability.

TERS

Technique is in use, very helpful,

e

Technique tried and found wanting; not now used, v
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Frontal activity by hodograph (Parker)

Anticyclogenesis (Houseman and Howarth)
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Annex D

Suggestions for research and development

KEY Category A Development requested
Category B Development strongly supported
Category C Development very strongly supported

Number of stations

Technique supporting category

n r

A B ()

PREPARATION OF FORECAST CHARTS

Movement and development of features at surface and aloft
Development and movement of non-frontal troughs and polar lows
Acceleration and deceleration of fronts over British Isles
Speed of warm fronts over cold land in winter
"Helmholtz-Cranwell" method for movement of fronts
Short-term limited-area forecast charts - early issue
Analysis of "A"™ and "C" areas on thickness charts
Thickness change with developing highs and lows

Charts of vertical motion

Vorticity charts

Relationship between 300 mb patterns and weather

B T T e i \& 3 |0 )
—_—
-

TEMPERATURE

Forecasting night minimum temperatures over snow

v Modification of air passing from sea to land

Warning and cooling of air passing over the sea

Corrections to above for wind speed and depth of turbulence
Temperature and humidity fine structure in lowest 1000 ft
Extension to other places of Belasco's work at Kew

Inland penetration of thaws (warm air advection over snow)
Formula for Chill Factor for public-service forecasts
Meso-scale turbulence - effects on temperature

B e Sy G e S S I

VISIBILITY

Fog dispersal using network of low-level soundings
Probability statistics of fog formation

Variation of visibility in fog

Fog clearance during evening or night

Onset. and clearance of sea-fog

Meso-scale turbulence - effects on fog

B e O R

CLOUD

Stratus dispersal using netwark of low-level soundings
Meso~scale turbulence -~ effects on stratus

Relationship between cloud layers and the tephigram plot
Structure and amount of turbulence-cloud (Sc)

Formation and dispersal of turbulence-cloud (Sc)
Variation of cumulus tops with time

Frontal cloud structure

Amount of instability cloud

Interpretation of satellite pictures

©Onset. and clearance of stratus

Height of base of stratus

R P I | R O R

PRECIPITATION

Frontal rain and the 300-100 mb thickness pattern

Frontal rain = amount in given area

Ob jective methods for amount, duration and type
Statistical investigation of orographic shelter frem rain
Deceleration of frontal rain approaching a blocking anticyclone
Use of radar information
Formation of thunderstorms and hail
Instability indices for whole year
Thunderstorms ~ §imila's method

P e e

P.3042/1.6/7/65/175
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Sugegestions for research and development (contd.)

KEY Category A Development requested
Category B Development strongly supported
Category C- Development very strongly supported

Number of stations
Techni que supporting category

A B G

PRECIPITATION (contd.)

Thunderstorms - Skeib's method

Thunderstorms and hail - Miller and Starrett!s method
Early morning showers in coastal areas
Rates of subsidence - effects on showers
Conditions under which falling snow may be expected to lie
Determination of height of snow line - snow over high ground
Relationship between thickness values and snowfall

\

WIND AND TURBULENCE

Vertical extent of frictional turbulence over hilly regions
Turbulence near jet-streams — Harrison and George's method
Clear air turbulence in relation to jet-streams
Relationship between winds and topography

Relationship between surface and gradient winds

Sea breezes at specific localities

Short-term, limited-area, upper wind forecasts

Streamline and isotach charts

LOCAL WEATHER

Meso- and micro-scale effects of topography of British Isles
Statistics as an aid in local forecasting

Objective methods at small stations, e.g. similar to George's
Urban "heat~island" effects

Polluticn sources and Clean Air Act

Shower frequency distribution

MEDIUM-RANGE FORECASTING

Use of 10-day mean-thickness charts

Lowndes! techniques for other parts of Britain

Duration of settled and unsettled spells in various regions
Climatology of thickness patterns and associated weather

—_ = =

SUBTROPICAL AND TROPICAL

Position, intensity, movement of subtropical jet~gtream
Meridional extension in low latitudes

Study of upper-flow patterns in the Eastern Mediterranean
Heavy rainfall at Gibraltar

Wind through Straits of Gibraltar - pressure difference method
Statistics of rainfall according to time of day

Equivalent headwinds - regression equation methcd

Alternatives to frontal analysis south of LOON.

Modification to cloud structure on crossing large land masses
Changes in upper easterlies during summer at Bahrain

Movement of semi-permanent trough in Persian Gulf
Wind structure of Inter-tropical Convergence Zone

e \° I 3®
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Forecasting techniques =~ popularity score and bibliography

At Annexes A and B techniques used at home and overseas stations respec-
tively are listed and classified in seven categories., The first six of these
categories have been given an arbitrary "popularity rating" as indicated in
Table 1. The seventh category (Station would like to use technique, but time or
equipment not available) has been omitted from Table 1 as it is not possible to
allot to it a realistic popularity rating. It is considered separately below,

Table 1. Forecasting techniques - category
popularity rating

Popularity

Technique Category e

Technique is in use 2

Technique is in use, popular
and helpful

Technique is in use, very
helpful

L. Technique is in use, but not
found satisfactory

5. Technique is in use, but limited
applicability

6. Technique tried and found wanting -
not used now

7. Station would like to use technique but
time or equipment not available

Tables 2 and 3 list those techniques (category 7) which stations at home
and overseas respectively would like to use but for which time or equipment is
not available. The number of stations placing the technique in category 7 is
shown as well as the total number of stations using the technique (sum of the
number of stations placing the technique in categories 1, 2 or A5

From an inspection of these tables it can be seen that several of these
techniques, if their effectiveness were adequately proved, are suitable for use
at, and the results subsequently distributed by, a central office, e.g. vertical
cross—sections, trajectory charts, vorticity advection charts. Others, e.g.
forecasting minimum temperatures by McKenzie's method, presumably indicate lack
of time for calculating necessary local constants.
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Table 2. Techniques which outstations in UK would like to use,
but for which time or equipment is not available (categony‘ﬁ

No. of stations No. of stations.
Technique (placing using technique
(No. in brackets refers to technique in (6ategories
bibliography) éategory 7) 1+2+3)

GENERAL ANALYSIS AND FORECASTING

Trajectory charts (various levels) 2 0
3=front model and Belasco's analysis
(da2) 1 0
Vertical cross—sections 12 1
Wet~bulb potential temperature analysis 1 0
Frontal activity by hodograph (Parker)
(7) 1 23
Anticyclogenesis (Houseman and Howarth)
(8) 1 1
500 mb contour patterns (C.V. Smith) (12) 1 3
| Rossby wavelength ideas (13,14,15) 1 2
} Vorticity advection (Sawyer) (16) 2 1
Isallobar advection with 500 mb wind
(Scherhag) (17) 1 2 0
i Tropopause charts (18) 1 1
| Isotach analysis (19, 14) 3 0
| PRECIPITATION
Use of instability indices =~ various
(58, 59, 60, 61, 62) 3 26
Thunderstorms - use of isentropic charts
(Namias) (63,6.) 1 2
Rain shields (McElmurry) (66) 1 2
WIND

Airflow over mountains - Scorer's parameter

(73, ) 1 B
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Table 3. Techniques which outstations overseas would like to
uge, but for which time or equipment is not available
(category 7)

Techni que No. of stations No., of stations
(Number in brackets refers to ggiﬁi;ns : ?5125 te9hnique
X bibliograph que in categories
graphy) category 7) 142+3)
GENERAL ANALYSIS AND FORECASTING
24 ~hour pressure tendencies q 1
Various upper-air charts and diagrams
(thickness, isentropic, trop-max-wind,
vertical cross-sections) 2 -
Thermal troughs and cut-off lows (92, 93) 1 0
TEMPERATURE
Night minimum temperatures (McKenzie) (24) 1 2
Night minimum temperatures (Craddock) (26) 1 2
* Night minimum temperatures - cooling
curves (Saunders) (28, 29, 30) 1 2
’ WIND
Upper-winds - regression equations (72) 1 0

In Tables 4 and 5 techniques have been grouped to facilitate the comparison
of the final popularity scores. These final scores were obtained for each
technique by multiplying a category rating by the number of stations placing the
technique in that category and then adding the totals for the six categories to
‘give a technique popularity score. Though highly subjective, as discussed in
the section on Guidance to Forecasters, the results give some indication of the
relative merits of various techniques.

Where several techniques exist for making the same forecast the final
popularity scores for those techniques can be directly compared. For individual
techniques interpretation of the scores is less straight-forward, since a small
score may result from the fact that a particular technique may have been
developed for one station or only a few stations need to make a particular fore-
cast. Whether this is likely may possibly be judged by considering the nature
of the technique concerned and the forecast problem it attempts to. ‘solve. In
general, however, for individual techniques, a high score indicates a is
factory and popu technique, while a low score possibly indicates
‘ - s act Wit
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Table 4. Popularity score - technique in use
at outstations in UK
Technique Popularity | Bib llograplily
score reference
GENERAL _ANALYSIS AND FORECASTING

Analysed facsimile charts 63
Trajectory charts (various levels) -
J-front medel and Belasco's analysis = 1502
Movement of systems 2 %)
Movement of fronts (Cranwell) 2 104
Vertical cross-secticns - L
Wet-bulb potential temperature analysis - o
Cyclonic activity = North Atlantic (George) 5 Sy O
Frontal activity by hodograph (Parker) L7 7
Anticyclogenesis (Houseman and Howarth) 2 8
Cold pools (Sumner) L 9
Special upper-air techniques (LAP) 2 10, 11, 104
Special upper-air techniques (HQBC) 2 104
500 mb contour patterns (C,V. Smith) &7 12
Rossby wavelength ideas L 13, 14, 15
Vorticity advection (Sawyer) 3 16
Isallobar advection with 500 mb wind (Scherhag) - 17
Tropopause charts - 18
Isotach analysis - 19, 4
Relaxing thermal troughs (Miles) L 20
Use of synoptic climatology 23 21
Weather singularities 2 222

TEMPERATURE
Night minimum temperatures (McKenzie) 120 2L
Night minimum temperatures (Boyden) 16 25
Night minimum temperatures (Craddock) 81 26
Night minimum temperatures (Lewis) 2 104
Night air and grass minimum temperatures (special formula) 2 104
1800 and 2100 temperatures 1 104
Night minimum temperatures - cloudy skies (Summersby) 2 27
Grass minimum temperatures (Saunders) 16 28, 29
Night minimum temperatures - cooling curves (Saunders) 197 28, 29, 30
Night cooling (Cranwell modification) 3 104
Night minimum temperatures - cooling diagram (H.Q.B.C.) 33 31, 104
Night minimum temperatures - cooling diagrams (Band) 2 104
Ground frost (Faust) 25 32
Daily mean temperature from thickness patterns (Boyden) 14 o)
Day temperatures - clear or overcast skies (Jefferson) 55 3ly, 35
Day temperatures - clear days (Cranwell) 3 104
Day maximum temperatures (Gold) 104 36
Day maximum temperatures (Jchnstcn) L3 37
Extreme maximum temperatures (Redcar) 5] 38
L8~hour, 72-hour maximum temperatures 2 2
Temperatures with winds of f the North Sea L6 39, Lo
Air mass temperature statistics 21 2

VISIBILITY
Objective forecasts (Freeman) L I
Fog prediction (Saunders) 197 28, 29, L2
Fog prediction (Swinbank) 2 L3
Fog prediction (Briggs) 6 L4

well fog po 3 104

(Modified Briggs)
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Table 4 (contd.)

ARl s ALY e

Technique Popularity Bibliography
score reference

North Sea haars (Lamb) L 39

Nocturnal dispersal of strato-cumulus overland (James) 27 52

Dispersal of strato-cumulus (Kraus) 18 55

Clearance of stratus (Cranwell modification) 3 104

Nocturnal dispersal of strato-cumulus (Cranwell) o 10

Delayed clearance behind cold fronts (Dent) 2 5l

Height of base of cloud (Normand) 7 55

Height of stratus cloud (Kraght) 2 56

Cloud amount (Poulter) 2 57

PRECIPITATION

Instability indices - various 58 58, 59, 60, 61, 62
Thunderstorms = Cranwell modification 2 104
Thunderstorms - use of isentropic charts (Namias) L 63, 64
Precipitation at ana- and kata-fronts 5 65, 7

Rain shields (McElmurry) L 66
Development of rain ahead of upper trough (Bradbury) 2 67

Hail (Ludlam) 2 68 -
Precipitation = rain or snow (Lumb) 8 69, 70
Precipitation - rain or snow (Murray) L7 7

HIND

Surface winds 16 72
Relationship surface to geostrophic wind (onshore) (Valley) 2 104

Special techniques for lee-waves (Pitreavie) 2 104

Airflow over mountains 30 3, Th
Turbulence n lec-waves 2 75

Turbulence (affecting aircraft) 29 76

Sea breezes (Cranwell) 2 104

Sea breezes (Dyce) 2 104

Variation with height (parachuting) 5 104
Jet~stream core location = T

Jet-stream core and thickness -1 18

Maximum wind and tropopause height -1 18, 78, 79, 104

MISCELLANEQUS

Airframe icing 30 80

Airframe icing (Preston) 5 104

Radar displays 5 L8
SContrails (Helliwell, McKenzie) 27 81
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Table 5. Popularity score - technigues in
use at outstations overseas

Techni que Popularity Bibliography
score reference
GENERAL ANALYSIS AND FORECASTING
Frontal analysis 6 82, 83
Streamline—-isotach analysis, Indian Ocean 6 8L, 85, 104
Descriptive notes - various 13 86, 87, 88, 89, 104
Seasonal means and climatology L
2l=hour pressure tendencies L
Vertical cross—-sections, space or time 2 L
Hodographs 7/ L7
Isotach-contour charts S 90, 91
Tropopause charts - 18
Thermal troughs and cut-off lows - 92, 93
Diurnal effects - pressure, precipitation, etc. 2
TEMPERATURE
Night minimum temperatures (McKenzie) 5 2L
Night minimum temperatures (Craddcck) 5 26
Night minimum temperatures (Gutersloh) 2 104
Night minimum temperatures (Nicosia) 3 104
Night minimum temperatures - cooling curves (Saunders) 5 28, 29, 30
Night cooling and minimum temperatures (H.Q. 1 Gp.) 2 104
Night minimum temperatures - cooling diagram (H.Q.B.C.) 7 31, 104
Night minimum temperatures - cooling curves (Laarbruch) 6 104
Night minimum temperatures - cloudy skies (Summersby) % 27
Night minimum temperatures over SROW (Gutersloh) 2 104
Ground frost (Faust) 3 32
Day temperatures - clear or overcast skies (Jefferson) 1 Bliy=35
Day meximum temperatures (Gold, Johnston) 10 365557
Day maximum temperature (Cyprus) 5 104
VISIBILITY
Fog prediction (Saunders) 23 28, 29, 42
Fog prediction (Briggs) 2 Lh
Fog statistics (Gibraltar) 2 oL
Clearance of fog {Jefferson) 6 3,55
CLOUD
Cirrus cloud (James) 9 L6
Convective clouds = parcel and slice methods 11 L7, 48
Convective clouds - entrainment method (Changi) 2 104
Convective-turbulence theory (Ramalingham) 2 "5
Turbulence in cloud 17 76
Stratus ~ tephigram modifications 2 48
Stratus - dispersal by insolation (Jefferson) L 25
Nocturnal dispersal of strato-cumulus overland (James) 2 52
PRECIPITATION
Instability index (Showalter) - 96
Instability index (Rackliff) 10 62
Thunderstorms (George) 2 5 -
Precipitation at ana- and kata-fronts 2 65, 7
Movement of precipitation belts (Harper and Biemers) 3 97
G Diurnal variation of precipitation (in East Africa) (Thompscn) 5 98
; 3ok ; i
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5 opularit; Bibliogr
Technique Eppiss graphy
score reference

MISCELLANEQUS

Airframe icing 14 80

Radar displays, CRDF, aireps 5 L8, 101, 102

Semi~statistical objective techniques -

Spells of weather (Baur) 1 103

Contrails (Helliwell, McKenzie) 16 81
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