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CHAPTER 1
INTRODUCTION

Prior to the development of any type of electronic communications, weather
forecasts wers of necessity based on very minimal data. Indeed, for the most
part, input data were limited to those that could be observed at a single loca-
tion. This was true for most land stations as well as all ships at sea.
Synoptic meteorology did not develop until after telegraph networks became
operational so that meteorological observations could be collected and analyzed
in real time.

By the beginning of World War II, forecasts based on synoptic weather maps
for large parts of the world were being made. However, the war quickly changed
this situation as the combatants attempted to deprive their opponents of vital
weather information. Once again, ships at sea, island stations and isolated
combat groups found themselves without a data network, or had data from only a
limited area. As a consequence, it became necessary to develop a technique
that would permit the forecaster to make optimum use of the information avail-
able to him from a combination of rawinsonde and surface data for his station,
The technique became known as "single station analysis™ (SSA). Early publica-
tions dealing with the technique were by Rossby, Oliver and Boyden (1942),
Boyden et al. (1942) and Jones and staff members (1943). Oliver and Oliver
(1945) combined and organized the material and it was published in the Handbook
of Meteorology.

Today, the meteorologist has the benefit of a world-wide network of
surface and upper—air stations. Many have at their finger tips radar and
satellite observations, computer—-prepared analyses and forecasts, and statisti-
cal aids such as conditional climatology tables and model-output statistics
(MOS)., However, for some, the situation may be little different than it was
during World War II. The weather data may be discontinued at any time by
hostile action, communication network failure or by the requirement of the
mission, Therefore, it seems reasonable to review the fundamental concepts of
SSA and to update the procedures where possible. Furthermore, a knowledge of
SSA procedures will help to improve any analysis--many features that are
revealed may be overlooked in general synoptic analysis.

As the name implies, single station analysis is a procedure whereby the

observations at a location are utilized to their fullest extent to provide




information, either directly or by inference, about the meteorological condi-
tions and the changes they are undergoing in the near vicinity of the given
location. All of the principles of analysis in standard practice still apply
in SSA. 1In fact, strict and accurate spatial and temporal coantinuity become
critical. To apply the SSA procedures, the forecaster must have a thorough
understanding of the three-dimensional structure of synoptic systems, knowledge
of seasonal climatology, and knowledge of local conditions that impact upon the
meteorological events at his station. These points will be reiterated and
expanded upon in the following chapters.

One can visualize a variety of situations in which a forecaster might find
himself that vary in the amount of information available to him and the circum—-
stances in which he is operating. His approach to the forecast problem must
vary accordingly. Space will not permit consideration of every possible situa-
tion that might arise; therefore, in the chapters that follow we will concen-
trate on several examples which should point the way for most any circumstance.
In Chapter 1I, we deal with the forecaster who is completely isolated and with
little or no instrumentation. Chapter II1I will cover the classical SSA situa-
tion in which surface observations with an upper—air sounding are available and
in Chapter 1V the data base will be expanded to include information from three
upper—air stations. In none of the cases will it be assumed that the fore-
caster has access to radar or satellite observations, or any computer products
during the period of his isolation. Where calculations are involved, it is
assumed that a hand-held calculator will be available. Each of these chapters
will provide a discussion of the basic principles and theory applicable to the
situation (PART A), procedures will be described to process the data (PART B)
and an example using real data will be presented (PART C). If the reader does
not wish to examine the theory of why certain procedures are used, he can skip
PART A, and do PART B and PART C on faith,

The final chapters of the text will deal with special topics such as
modifications of the SSA technique that must be considered for certain clima-
tological regimes (Chapter V), and a brief discussion of some of the statisti-
cal techniques that have been developed for single-station forecasting of
certain phenomena (Chapter VI).

To do SSA, certain materials and equipment are needed that are not rou-

tinely used in an AWS/USAF weather station. A list of items to have ready in




the event that the forecaster needs to resort to SSA is in the Appendix, Part
A'
Part B of the Appendix has a list of symbols and abbreviations used in

this manual.




PART

PART
1.

CHAPTER I1I
OBSERVATION, ANALYSIS AND FORECASTING USING MINIMAL INSTRUMENTATION

A  THEORY AND BASIC PRINCIPLES

Observations Without Instruments. For centuries people survived without

using weather instruments when they decided what the weather might be.
Many a ship set sail after the "Master” walked around the deck to "sniff"
the weather, Not all the "Masters” made correct forecasts and not all
ships made harbor safely. Aristotle wrote "Meterologica"™ about 30C B.C.
and he knew many of the correct meteorological processes and he did not
have tl. instruments that are in a weather station today.

Observations of many atmospheric conditions can be made without
instruments., A 1list would include: clouds, type of precipitation,
visibility, wind, stability of atmosphere, and a general sense of tempera-
ture and humidity. There will be a certain degree of precision missing,
but many aspects of the atmosphere can be determined. A forecaster is
never without some information that can be utilized.

The theory concerning observations without instruments is limited and
no further discussion is needed in this part. The Federal Meteorological
Handbook No. 1 has instructions for taking the visual part of the observa-
tion,

B PRACTICAL PROCEDURES

Detail the Observations. It 1s necessary that the observer (forecaster)

be able to make the visual part of a standard observation and go beyond,
to describe conditions even better. For example, a sky condition of 2000
scattered’ could be & few flct cumulus clouds floating at random across
the nelestrial dome or could be an approaching line of thunderstorms. A
few altocumulus standing lenticularis north (ACSL N) would indicate a
different situation than just 10,000 scattered, or few altocumulus.

Background Knowledge. Assume a wartime situation in which the enemy

territory represents a silent area as fs~ as weather information is con-
cerned. The forecaster may be alone or part of a combat team that the
forecaster is to support in the area. First, consider a case in which the
forecaster has no instrumentation but does have a watch and can determine

directions. He should have a detailed map of the area. If he is to be




effective, there is a vast amount of information the forecaster must have

at the moment he starts his mission. This information is as follows:

a. Climatology. The forecaster needs to know the climatology of the
area for the given season. This should include familiarity with the
weather events which are common. A knowledge of extremes will
prevent an observation or forecast that is almost impossible. Also
needed is knowledge of the diurnal variations of the meteorological
variables for the given area and season. Reference should be made to
the discussion by Jenkins (1945) for a description of the variability
of the standard variables, not only diurnally, but also as a conse-
quence of such factors as land vs. ocean locales or polar vs.
tropical regions. Climatic classifications such as Koppen can give
helpful information.

b. Landforms, The forecaster needs a knowledge of the topography and
geography of the area. One needs to know of the presence of rivers,
lakes and significant mountains and the influence these features may
have on the weather of the area. World aeronautical maps are avail-
able and show the required information in sufficient detail.

C. Structure., The forecaster should have a thorough knowledge of the
three—dimensional structure of atmospheric pressure systems and the
sequence of weather events normally associated with moving systems.
This is a crucial factor for the ability to make a forecast on the
basis only of what the forecaster can observe at his location,

d. Currency. The forecaster should have the latest available informa-
tion on, or estimation of, the weather conditions in the area when he
departs to go to the new area, If it is available, a 12 h forecast
for the area would be very useful.

The Observations. Before he can make a forecast, the isolated forecaster

must first make a series of observations of the pertinent weather elements
in order to establish trends. All observations should be recorded, and it
is often useful to plot them to balp determine trends. Without
instrumentation this 1s a challenging task which demands considerable
experience. The Federal Meteorological Handbook #1 is the officilal guide
for making surface observations and should be reviewed. A listing of the

elements of the observation and some comments on each are given below.




Clouds. The experienced observer knows the cloud types, their
diurnal variations and their implications for producing weather or
modifying the diurnal temperature variation. He knows that halos are
associated with cirrostratus and that coronas occur with altostratus.
Furthermore, he 1s aware of the sequence of cloud types typically
associated with moving systems, such as a wave cyclone. Figures
II-B-la and II-B~1lb show the standard wave model. The orientation
may be different and the dashed arrows showing north indicate the
possible change in orientation. The double line arrow indicates the
movement of the wave and the lines of arrows show the upper air wind
direction.

Atmospheric Phenomena. This item covers the entire range of
precipitation types and obstructions to visibility. Experience is
required to recognize them. St. .z on his AM radio may indicate to
the observer that lightning is occurring at some distance even when
it is not directly observable.

Visibility. Again, experience plays an important role in making this
estimation., However, prior knowledge of the distance to observable
landmarks can be useful. The turbidity of the air can be a
factor-—-this may be indicated by the sky color.

Pressure., There is no non-instrumental technique for obtaining the
pressure, However, estimates of pressure change can be made from
one's knowledge of the diurnal pressure variation for tre given
locale and estimation of the opressure systems moving through the
area, A simple indicator may be made by placing a thin rubber
covering over a jar and fixing it with a rubber band. As the
pressure changes, the rubber will sink or extend from the top of the
jar.

Temperature and Humidity. Knowledge of the local climatology and the
diurnal variations of these elements must be utilized along with
estimation based on one's personal comfort. Certain temperatures
such as freezing can be determined. Snow will "crunch” when walked
on at temperatures below 0° F. Advective changes in these properties
generally can be sensed, thus giving a clue to air mass changes that
may be in progress, However, care must be taken to distinguish

between real cold temperature and apparent cold temperature as a




FIG.

II-3-1la

Sketch of open wave. The low, with the warm and cold fronts
may have different orientations as shown by the different
directions of north in the upper right hand corner. The
double arrow indicates the direction of movement of the wave.
The single arrows show winds aloft. The stippled area
represents precipitation. The wave usually will progress

to the occlusion stage.
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consequence of wind chill, Also the body's response to direct sun-
light can be misleading for temperature estimation. The body does
not sense humidity very well; however, with low RH (below 20%) the
lips get dry and may crack, and the nostrils may feel “"crimped”
inside. Whether or not dew or frost forms at night gives some clue
to the relative humidity. Fog or drizzle indicates a RH above 95%.
A glow around street lights at night also indicates high humidity.
It is possible to estimate the dew point spread aloft from visual
observations at the surface. A "rule of thumb” for doing this using
observations of low and middle clouds is given in the Appendix, Part
C. A more elaborate method involving observations of cloud types and
amounts, past and present weather, has been developed by Ball et al.
(1965). The method uses decision trees for the 850, 700, 500, and
400 mb levels developed for the winter months over the United States.,
These trees with additional information are reproduced in the
Appendix, Part D,

Wind. The wind direction at the surface can be obtained by observing
the motion of smoke, dust, leaves, etc. The wind speed can be
estimated from the Beaufort Scale which appears as Part E in the
Appendix. Winds aloft can be estimated from cloud motion in a
variety of ways. For example, puddles of water can be used as a
nephoscope to get the cloud motion; or, one can stand with his back
to a building with known orientation and observe the cloud motion
relative to the building. The estimation of the wind speed aloft
first requires a determination or estimation of the cloud height in
order to apply geometric principles to the calculation. Various
techniques for making wind estimates based on cloud motion are
further described in the Appendix, Part F.

Stability, Stability in the boundary layer is known to vary diurnal-
ly. The less stable conditions normally occurring during the daytime
are indicated by couvective cloud types and gustiness of the surface
wind. However, even at night, strong winds produced by a large pres-
sure gradient can cause mechanical mixing and a lapse rate near the
adiabatic value., Whirlwinds or dust devils are an indication of
unstable air in the boundary layer. Stable layers aloft can produce

a definite top to a haze layer and cause convective clouds to flatten




4,

PART
1.

out and spread in the direction of the wind. A ground-based
inversion, such as the nocturnal radiation inversion, permits sound
to be heard over greater distances. Much can be learned about the
boundary layer stability and its variation with time by observing the
behavior of smoke from fires or stacks. Part G of the Appendix
illustrates this aspect.
Starting. During approximately the first 12 h the isolated forecaster has
little for guidance except for whatever weather information he had at the
beginning. It follows that he must rely mainly on persistence and use his
own observations to indicate the modifications that should be applied. As
noted above, a crucial factor will be his ability to recognize his posi-
tion relative to the synoptic system producing the conditions in his area
and to use his observations of the weather elements to indicate the move-
ment of the system in relation to his position.
C AN EXAMPLE
Setting. The weather team has been dispatched into an area to take obser-
vations and forecast in support of limited ground forces. During the move
into a location identified as Station #3, the observation kit was lost but
a watch, compass, radio, map, paper and pencils were available. The team
proceeded to the specified location and started operations without instru-
ments., The location 1is about 38° N at an altitude of 887 ft., The
topography map indicates that the area has low rolling hills. About half
of the area is in crop production and the rest is pasture land. To the
southeast about five miles is a small city which is mostly residential and
has only a few tall smoke stacks., Small lakes are in the area but no
large bodies of water or major orographic features are within 500 mi. The
month is February and the forecaster has reviewed the climatology of the
area which is summarized in Part H of the Appendix. The forecaster was
current with the known synoptic conditions for the area for Day 1 (D1) at
0600 LST.* A stationary front was known to be about 5° Lat south of
Station #3 at that time.

*For this section, the time is given in 24-h Local Standard Time (LST instead

of GMT to let the reader know day and night to convey the concept that SSA is

not

use

dependent upon a time or location., In real conditions it would better to

GMT and draw maps at standard times.

10




2. Data.

The team established their station observation site, and determined

north and the distance to several points for visibility markers. The

first observation was recorded at D1-1755 LST which was just after sunset.

The observations are shown in Table II-C-l.

3. Interpretation of Data, D1-1755 LST to D2-0557 LST.**

ae.

b.

1755 LST. 1In cold air mass below freezing—-maybe cP for a first
guess,

1755 LST. Lapse rate in lower layer is close to dry adiabatic--smoke
rising and dispersing downwind.

1955 LST. No fog tonight, The middle overcast and lower clouds that
are forming will prevent a radiation inversion. Temperature should
not lower during the night.

1955 LST. The altocumulus clouds indicate that some turbulence
exists at the 700 mb level.

2055 LST. Warm air advection aloft is occurring, (lower wind west,
upper wind northwest).

2155 LST. The layer of middle clouds continued to lower. Using the
moisture decision trees in Part C of the Appendix, the 850 mb T-Ty
is estimated to be 3° C and the same at 700 mb.

2256 LST. The 4500 ft layer of stratus is variable in amount and
represents the base of the inversion with a dry lapse rate below the
cloud layer. The air mass must be cPk,
Wind., The west wind at 2356 LST does not fit with the rest of the
data. It may be a local drainage or an error. The calm wind of the
next hour may indicate a radiation inversion forming, or the center
of a high pressure area. Since the temperature does not seem to be
colder and the overcast is solid the high pressure center is the
better estimate,

z-t Diagram. From a plot of the clouds on a 2z2-t diagram (a z-t
diagram can be drawn on any sheet of paper) by 2200 LST the slope of

**The forecaster may be at the observation site, or at some location outside of

area and be receiving the reports by radio. The analysis and forecast are

presented with the view that no other information is available regardless of

where the forecaster is located. A forecaster at the site would have a better

"feel” and make a better analysis and forecast.
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5.

the base of the clouds can be established (Fig. II-C-1), Knowing of

the warm advection, a warm front should be identified. The slope
extrapolates to a passage at D2-1100 LST. The front is not causing
precipitation because the winds above it are from the NW which are
parallel to the front. The clouds above the front with NW winds are
not thick.

Low Clouds. The stratocumulus clouds are below the front and the
woisture is left from previous showers as the front moved southward
as a cold front.

Clouds Lower. The continued lowering of the stratocumulus clouds
from 2256 to 0557 LST indicate that the warm front is approaching.
Strong Wind. The strengthening surface winds from the southeast
quadrant at 0557 LST indicate that the warm front is approaching,
Surface Map. A surface map can be constructed at D2-6000 LST. Plot
the data on the map (see Fig. I1I-C-2) and draw the standard frontal
wave model. The front is about 5 h from passage, maybe 30-40 mi.
The high to the northeast was placed there to accommodate the NW
winds of the D1-1800 LST observations and the calm of the D2-0000 LST

observation,

Weather Briefing at D2-0730 LST.

d.

e.

f.

Front, The warm front 1is approaching and should pass by D2-1100
LST.

Clouds. No low clouds after the frontal passage.

Temperature. The temperature will rise to above freezing, 40° to 45°
F, after frontal passage with some sunshine. New air mass probably
mP. Warm front passage will cause warming, now below freezing.
42,7° F is the mean maximum temperature according to the climatology
(Part H of Appendix).

Winds. Winds will be southerly rest of day.

Outlook, Cold front will pass in the next 12 to 24 h. (This 1is
based on the frontal wave model).

Showers., Low clouds will form prior to cold front passage with 30%

chance of showers (based on the frontal model).

Analysis of Observations, D2-0600 LST to D2-1800 LST. With the arrival of

daylight the weather team found the missing observation kit and observa-

13
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4.
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II-C-2

Surface map for D2-0600 LST. Streamlines are used to
represent wind because the pressure is not known.
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tions were continued using the instrumerts. The observations are listed

in Table II-C-2. The forecaster interpreted the data as follows.

ae

Sky. The clearing trend and becoming clear by D2-0856 LST indicated
that the warm front was close enough that the depth of the cold air
was less than the lifted condensation level.

Front. By D2-1259 LST the warm front was past. The wind shifted

from 160° to 210°, the temperature had increased (but might be caused

by the diurnal heating), however the dew point had increased rapidly
during the last 5 h, which confirmed the frontal passage.

Ridge Aloft., By D2-1356 the ridge at 700 mb was moving past as

indicated by the winds at the altocumulus level and the winds at that

level should soon become southwesterly. The approaching trough would
support the frontal wave with the approaching cold front. The fall-
ing surface pressure indicated an approaching low.

Instability. The altocumulus observed at D2-1259 LST indicated

instability aloft.

Surface Map. Using the D2-1758 (1800) LST data a surface map was

constructed to use in the weather briefing. The map is shown as Fig.

I1I-C-3.

1.) warm front. The warm front had passed 5 h previously and was
moving about 10-12 kt, so it should be 50-60 n mi to the north-
east and have the same orientation as on the D2-0600 LST map.

2.) gradient. The surface wind would be crossing the isobars at
about 30° and the gradient level wind would be at least 150% of
the surface wind speed (Davenport 1961). A table for deter-
mining the spacing of isobars is given in the Appendix Part 1
and the spacing is 1.9° Lat.

3.) warm sector. Ahead of the warm front the winds would continue
to be from the southeast.

4,) clouds. The low clouds remained in tne cold air ahead of the
warm front.

5.) cold front, The location of the cold front is not known.
However, it should be placed on the map to remind the forecaster

that it is to the northwest and will pass.

16
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The heavy dashes on the

FIG. 1II-C-3 Surface map for D2-1800 LST.
The spacing

isobars indicate the spacing of the isobars.
is determined bv using geostrophic winds in Apnendix

PART I.
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6.

Weather Briefing at D2-1930 LEST.

A

b.

Warm Front, The warm front passed and weather during the day was
suitable for most operations,

Cold Front. A cold front is approaching, The estimated time of
passage is midnight. The distance to the front is not known and tne
actual time of passage may be a few hours in error.

Time of Front. At time of frontal passage rain showers will probalbly
occur. (Showers often occur with cold fronts,)

Ciouds. Ceilings of 1000 ft. will occur with the showers and visibi-
lity will be reduced to 5 mi. (These conditions often occur with rain
showers.)

Winds. Gusty winds (30 kt) from the northwest should accompany the
front.

Temperature. Temperatures will lower to below freezing, probably 25°
F. (The average minimum temperature is 24.5°F, Part H of Appendix.)
Outlook. Partly cloudy and cool (mid 20's® F) during daylight. hours
of D3. (Continued cold air advection will offset radiational warm~
ing.)

Analysis of Data, D2-1800 LST to D3-0600 LST.

a.

General. The sun has set by 1800 LST but no cooling has occurred by
2200 LST. The dew point is increasing slowly and the clouds and
winds are not changing. See Table II-C-3.

Pressure, The pressure, however, has reached its lowest value of
1003.6 mb at 1957 LST and has started to rise. The diurnal pressure
has a minimum of 1600 LST and a maximum of 2200 LST. The three-
hourly tendency is shown in Table II-C-4, At 2055 LST it would
appear that the decreasing pressure from the moving low is being
offset by the diurnal pressure change. The warm sector isobars are
still orientated from the southwest to northeast so the low is
probably moving toward the northeast. That direction would
correspond to the wind aloft from the D2-1750 LST observation,

19
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TABLE II-C-4

Diurnal pressure change at Station #3.
The numbers represent the net change in millibars during the previous
3 h.

Time LST 0000 0300 0600 0900 1200 1500 1800 2100
4p/3h -0.1 0.0 0.0 +1.0 -1.2 -0.9 +0.7 +0.5

c. Low Clouds West, The scud to the west at D2-2157 LST should be
interpreted as the approach of the clouds associated with the cold
front,

d. Stratus Clouds. The stratus clouds have moved in and have covered
all except the southeast quadrant by the D2-2254 LST observation.
Temperature and dew point holding steady. The rising pressure
exceeding the diurnal change indicates that the low is not approach-
ing the station, but is moving past to the north, and may be fill-
ing.

e. Showers. Light rain showers started at D2-2235 LST. Evaporation of
the showers into the air lowered the ceiling rapidly. There must be
some cumulus clouds but they are hidden by the lower stratus, No
lightning or thunder occurred with any of the showers, so there was
no deep convection activity. The climatic record (Appendix, Part H)
shows thunderstorms are rare in February.

f. Front Approaching. The movement of the stratus toward the ENE at 40
kt is a good indicator that the front is close, but has not passed
and that the rain showers are pre-frontal.

g. Wind Shift. By D3-0155 the wind had shifted to 270° and the front
was starting to pass but the temperature and dew point had not
changed.

h. frontal Passage. By D3-0255 LST the front has passed. The wind
shift to 315°, the lowering temperaturs and dew point and the rising
pressure of 1.7 mb in one hour at a time the diurnal pressure is
essentially steady, are enough to indicate that the front passed.

The rain shower and gusty winds at D3-0215 LST marked the passage.
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8.

The low clouds, cooling temperature and finally the cloud direction

at D3-0554 LST all are features of the cold air arriving.

The D3-0600 LST Surface Map. Construction of the D3-0600 LST map

would show the following features. (See Fig. II-C-4,)

1.) cold front. The front is orientated by the shear vector (see
Chapter III) using the surface wind and the motion of the alto-
cumulus layer at D2-1758 LST which provides the latest estimate
of wind aloft. The distance the front is past the station is
determined by the wind normal to the front. The front passed 4
h ago and with a 20 kt wind (20 kt x 4 h = 80 n mi = 1.3° L).

2.) 1isobars. The spacing of the isobars 1is taken from the geo-
strophic wind tables and with the gusty winds up to 27 kt and
the estimated 1300 ft winds at 30 kt would give a spacing of
1.2° Lat,

3.) warm front. The warm front was extrapolated from the past two
maps and carried as a reminder.

4,) showers. The showers were placed along the front because show-
ers were with the front as it passed.

5.) clouds. The cloud patterns also were carried for the same
reason, i.e., time continuity. The edge of the stratified layer
was 1indicated to be to the northwest by using the wave model
(Fig. II-B-1b). Clearing usually occurs soon after a frontal

passage.

Weather Briefing at D3-0730 LST. The forecast frr the next 12 h is:

ae

Sky Condition. By D3-0700 LST skies have cleared. However, with the
front to the south, middle clouds may form above the front, and
cirrus will be present, The forecast is 10,000 ft broken and 35,000
ft overcast for the next 12 h,

Precipitation. Good chance of snow during afternoon. No significant
amounts, (Weak overrunning over the front will cause some light
precipitation and with the temperature below freezing, snow.)
Visibility. 7+ mi next 12 h, except down to 5 mi during snow.

Wind. The winds with the shift from northwest to northeast and
become 10-15 kt as the high pressure center moves to the north of the

station.
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Temperature., Upper 20's during the day, equivalent chill temperature
of 10° F.

Outlook. The front will start to return as a warm front and a
frontal wave will approach from the west. Lowering of the ceilings
and a good chance of snow and/or freezing rain. Temperature will

remain 23-28° F. Winds becoming easterly at 10 kt.
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CHAPTER III
CLASSICAL SINGLE STATION ANALYSIS AND FORECASTING

PART A  THEORY

1.

Introduction. 1In this chapter the classical single station analysis will

be described. The weather station 1is intact with all surface observation
equipment operational. The rawinsonde data are available but radar and
satellite data are not. The basic procedure was described by Oliver and
Oliver (1945) in the Handbook of Meteorology. However, since 1945 a
change has been made from the representation of meteorological data on
constant level surfaces to constant pressure surfaces. Thus, while the
basic concepts involved in SSA expressed by Oliver and Oliver have not
changed, the pertinent equations, maps and diagrams to be used have
changed.
This part will discuss the theory of winds of the boundary layer,
gradient and geostrophic winds, and concepts related to the thermal
wind.

Winds in the Boundary Layer. The earth's surface exerts a frictional

drag on the air as it moves over the surface. As a consequence, near the
earth's surface the velocity is subgeostrophic and the wind vector
crosses the isobars (or height contours of isobaric surfaces) with a
component from high to low values. However, the influence of the earth's
surface on the flow diminishes with height so that the velocity vector
approaches the geostrophic wind vector with height. The level at which
the direction of the wind first becomes the same as that of the geostro-
phic wind 1s called the gradient 1level. An idealized (theoretical)
version of the wind distribution in the boundary layer is shown in Fig.
III-A-1, The arrows 1n this figure represent wind vectors at the ground
and at 1000 ft increments above the ground. The line passing through the
tips of the vectors exhibits a spiral shape which 1is called the Ekman
Spiral. The last vector in the spiral in Fig., III-A-l is the wind at the
gradient level and is the geostrophic wind for the frictional boundary
layer. This will be referred to as the gradient level wind (GLW),

The conditions that lie behind the theory of the Ekman Spiral will
generally not exist at the time that an upper air sounding is made.

Thus, a plot of real winds on a hodograph will only approximate the

25




FIG.

III-A-1

Hodograph for the Ekman Spiral. This illustrates how
the wind vectors at successive heights approach the
geostrophic wind for the boundary layer. The 3000 ft
wind (3) is considered to be the GLW.
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distribution shown in Fig, III-A-1. Observations show that the angle
between the surface wind and the isobars on a surface map may be as small
as 10° under conditions of unstable lapse rate and as large as 40° under
stable conditions. The height of the gradient level averages about 1 km,
but may be lower for stable conditions and higher for unstable condi-
tions. A frontal inversion also may force an adjustment in the selection
of the level of the GLW. The winds may be affected by some topographic
features and this must be kept in mind when attempting to determine the
GLW from the observations. As is frequently observed, the surface winds
blows more nearly normal to the sea-level isobars where cold-air advec-
tion 1is occurring as may be seen behind cold fronts. However, the
cross—-isobar angle usually is diminished where warmair advection is
occurring. It would be a most unusual circumstance, perhaps only in the
vicinity of a severe thunderstorm, that the surface wind would ever have
a component opposite to the GLW. An informative analysis of the effects
of baroclinity, stability and wind speed on the vertical wind profile in
the boundary layer is given by Hoxit, 1973.

It follows from the above discussion that the wind at 3000 ft above
the surface frequently should serve as a reasonable first approximation
to the GLW for many circumstances. Its orientation 1indicates the
orientation of the sea-level isobars and its magnitude gives the spacing

of these isobars through the geostrophic wind relationship,

Rq T ap
Vg= —_— (I1I-1)
fp 'n

where Ry is the gas constant for dry air, T is the temperature, f is the
coriolis parameter, p 1s the pressure, Ap 1is the desired isobar
increment, and 4n 1is the spacing between the isobars. Frequently, the
sea-level pressure map 1s converted into a 1000 mb map by noting that a
pressure increment of 3 mb is approximately equal to a height increment
of 30 gpm. The determination of .An may then conveniently be done by
using a geostrophic wind nomogram, or it can be calculated from III-2:
in = 9519&—3 [degrees of latitude], (111-2)
Vg gin %

where T is temperature in °K, Vg is the observed wind at the gradient
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level in kt, and ¢ is the latitude of the station. A table for 4n based
on a 2 mb increment and standard sea-level values of T and p is Part I of
the Appendix.

The Gradient Wind. The assumptions that must be applied to the equations

of motion in order to derive the geostrophic wind equation are that the
motion is horizontal, frictionless and unaccelerated. Thus, the parcels
must flow in a straight line at constant speed and must be above the
frictional boundary layer to satisfy these requirements. However,
atmospheric flow is generally along curved paths, which means that
centripetal acceleration must be involved, at least.

The wind that meets the conditions of frictionless, curved flow
which 1s parallel to the height contours of the pressure surfaces is
called the gradient wind, Vgr- Its direction at a point is the same as
Vg but its magnitude depends upon the coriolis parameter, f = 2 Qsing ,
the magnitude of the geostrophic wind, Vg, and the radius of curvature,
R, of the heig' . _ontours of the pressure surface at the point. The
latter is u’ 2 as an approximation for the radius of curvature of the
parcel's ._rajectory which generally is difficult to determine. For
everytiing else the same, the value of Vgr for a parcel following a path
whicn 1is counterclockwise around the center of curvature (cyclonic
curvature) differs from that of a parcel following a clockwise path
around the center of curvature (anticyclonic curvature). Also, Vgr<vg
for cyclonic curvature, but Vgr>Vg for anticyclonic curvature.
Thus, it follows that if the real wind is in gradient balance, an error
will be made in determining the spacing of height contours in the vicinity
of that wind by treating it as a geostrophic wind.

The equations which relate the magnitude of Vg to the magnitude of

Vgr are as follows,

Vgr?l
Cyclonic Curvature: Vg = Vgr + g ’ (I111-3)
fR
Vgr 2
Anticyclonic Curvature: Vg = Vgp = : (I11-4)
fR
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The magnitude of the geostrophic wind is given by

_ 83z
Ve =¥ n

b

which can be solved to obtain the distance .n between two height contours
differing in value by Az (e.g., 30 m). Thus,

g Az (I1I-5)
Vg

An =

Therefore, a better estimate of the spacing of height contours in curved
flow can be obtained by using the observed wind, V, as Vgr on the
right-hand side of (11I-3) or (III-4) to solve for V,. This value of Vg
used in (III-5) will give the proper spacing. The results of combining
(I1I-5) with (I1I-3) and (I1I-4) for Az = 30 m are,

294R (I11-6)

8.32VR siné + 26.46 X 10 2v2

-

Cyclonic Curvature: An =

294R . (11I-7)

8.32VR sino =~ 26.46 X 1022

Anticyclonic Curvature: an =

In using these equations, the unicts of V are kt, the units of R are
degrees of latitude and it is a positive number, and the units of An are
degrees of latitude. R can be measured on the map, given the general
shape of the contour which passes through the observation point. Thus, a
calculation of An can be made. For an example calculation, suppose that
the observed wind is 50 kt, the latitude is 45° and the radius of curva-
ture is 9° Lat. Treating the wind as geostrophic, the value of n calcu-
lated from (III-5) is 1° Lat (see Appendix, Part J). But, from (III-6),
the calculated value of 4n is 0.8° Lat and from (III-7), it is 1.3° Lat.

Obviously, when doing single station analysis, a value for R cannot
be obtained; however, it may be possible to determine whether the curva-
ture is cyclonic or anticyclonic. 1If so, the sample calculations provide
a guideline for modifying the spacing obtained from (III-5) or Appendix,
Part J. The rule is to make the spacing a little larger if the curvature
is anticyclonic and a little smaller for cyclonic curvature.

A nomogram devised by J. C. Bellamy for calculating Vgr is shown
in Fig, III-A-2 and in the Appendix (Part K). It also can be used to

make the calculations of n above by following the arrows shown in the
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diagram. The nomogram (Fig. III-A-2) is entered in the middle section
with R = 9° Lat. The vertical arrow locates the intersection of the
lines for R = 9° Lat and ¢ = 45°, Moving from this point to the right in
the diagram to the intersection with the vertical line labeled as 50 kt
then determines Vg = 63 kt (dashed 1lines) for <cyclonic curvature.
With Vg = 63 kt and ¢ = 45°, enter Appendix, Part J, and read 4n = 0.8°
Lat. For anticylconic curvature of R = 9° Lat, move to the left in the
nomogram to the intersection with vertical line for Vgr = V = 50 kt. The
dashed 1lines can be interpolated to give Vg = 38 kt at this point. Then,
enter Appendix, Part J, with this value and ¢ = 45° to read An = 1,3° Lat
The Thermal Wind. Physically, the concept of a thermal wind arises from

the combination of the influence of the temperature field on the pressure
field, as given by the hypsometric equation, and the control exerted by
the pressure field on the wind field, as given by the geostrophic wind

equation, The hypsometric equation

Ra Ty P1 | (111-8)

Az = 1n
g Pz

states that the vertical distance in going from pressure surface p] up to
pressure surface pj is proportional to the mean virtual temperature T; in
the layer. Thus, where the air in the layer is warm, Az will be rela-
tively large and where TQ is small the thickness will be small. This,
in turn, means that the slope of the pressure surfaces must change with
height over most areas of the middle latitudes, mainly because of the
horizontal variation of temperature.

The vector form of the geostrophic wind equation for use on isobaric
surfaces is given by

>

(I1I-9)
Vg =

% i X 7z ,
which says that Vg at a point is parallel to the height contours with
high contour values to its right and its magnitude is proportional to the
slope of the given pressure surface at the point. Thus, where the slopes
of the pressure surfaces are changing in magnitude and orientation with
height, the geostrophic wind also is changing in magnitude and orienta-
tion with height. Since above the friction layer the geostrophic wind is
a first approximation to the real wind, it follows that the real wind

changes with height in essentially the same way as Vg.
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The vector representing the shear of the geustrophic wind on going

from surface Py to surface Py is called the thermal wind and is given by

-

7, - (111-10)

kKX 7(2z) .

] 0

This vector is oriented parallel to the thickness lines for the layer
from Py to Py with higher value of thickness to its right--therefore from
(111-8) V& has higher values of T; to its right., From this, when the
wind veers with height, there is warm air advection in the layer and cold
air advection 1is occurring in a layer in which the wind backs with
height. These concepts are applicable only at levels above the gradient
level.

From the combination of (III-8) and (III-10), one can develop an
equation to provide the spacing of TQ on a pressure surface, based upon
the thermal wind in a layer which encompasses the given pressure zurface.
If the thickness of the layer is kept to a few thousand feet, this spac-
ing will be representative of the actual isotherms. The resulting

relationship is

P AT,
ln = Ry ln(—l' <,
Po £ Ve
Another formulation of this equation is given by
gl (I1I-11)
Tf Ve Ty

Here, .z is the vertical distance over which the shear vector is deter-
mined. Part L in the Appendix gives values for :n for several choices
of _T and heights. For this purpose, the correction of the temperature
to the virtual temperature, Ty, 1is unimportant and standard atmosphere
values for T have been used.

In Fig. III-A-3, suppose that the vectors represent the observed
wind at 3000 ft, 6C00 ft and 10,000 ft as they would appear on a hodo-
graph, Arrows are not shown for the intermediate heights. The dashed
wind shear vectors then represent an approximation to the thermal wind in
the layers 3000-6000 ft and 6000-10,000 ft, 1In the lower layer the wind
is veering and warm air advection is occurring; the backing wind in the

upper layer indicates that cold air advection is present. The effect of
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the differential advection on the lapse rate is to cause the stability to
decrease with time,

The relative orientations of the shear vectors provide additional
information on current conditions in the vicinity of this station. 1In
the lower layer warm air lies off to the southwest of the station and
colder air lies off to the northeast. In the upper layer, the warm air
lies to the east of the statiomn while colder air 1is to the west. The
colder air overlying the warm air to the west of the station should be
the region where the lapse rate indicates the least stability and the
most likely area of convective activity. The region most likely to have
stable lapse rates then lies to the east of the station where, relatively
speaking, warm air overlies cold air.

In Figs. III-A-4a and III-A-4b are shown the wind vectors Vl and 62
for the bottom and top pressure surfaces, respectively, of a given layer.
The shear vector, i.e., the thermal wind, is labeled as Gt. The vector
labeled 6& is the component of the wind in the layer which provides the
temperature or thickness advection., 1In Fig., III-A-4a, Vn is normal to Vﬁ
and in the same direction as the gradient of E&, i.e., toward the
warmer air. This is considered to be the positive direction for 6&.
If it is assumed that the local change of thickness is a consequence only
of horizontal advection, it can be shown that

3 Az f
= - E-ant . (111-12)

In this example, cold air advection is occurring and the thickness 1is
decreasing with time, as indicated by the minus sign in the equation.

The wind is seen to be veering in Fig. III-A-4b and V, is in the
opposite direction to the gradient of mean virtual temperature. This
makes the magnitude of ah a negative quantity in the thickness advection
equation which, therefore, gives a computation of a positive thickness
change.

In practice, (III-12) can be used to tie a forecast of height fields
at two pressure levels together in a hydrostatically consistent fashion.
For example, if a forecast is made of the 1000 mb surface, (III-12) could
be used to determine the new thickness from 1000 to 500 mb at a number of

locations. However, because the equation does not account for vertical
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advection or adiabatic changes of state associated with vertical dis-
placement and non—-adiabatic processes, it tends to predict thickness
change which is too large by a factor of about two. If a factor of two
correction is made in (III-12), a predicted value of thickness in gpm is
given by
Az = Azg = 4.8 X 1073 vpveat (111I-13)

The subscript zero indicates the value of thickness at the initial time,
At represents the number of hours of the forecast and the units of V,
and V; are kt.

Warm air advection near the ground may be an indication of an
approaching warm front, especially if it extends over a deep layer. Cold

air advection may indicate that a cold front already has passed and is

moving away. Warm air advection also precedes occluded fronts and,

although of weaker magnitude, may occur in the warm sector of a warm
cyclone. These alterations in advection, coupled with the information
provided by the surface observations, will enable the single-station
analyst to estimate his position relative to fronts. If he finds that an
approaching warm front has small advection in the 3000-6000 ft layer but
large warm air advection above, he may assume the front will be active.
An active cold front is indicated when the winds above the frontal
boundary are either parallel to the front or blowing with a component
from warm to cold.

Information on the identification of fronts and other stable layers
in RAOBS in terms of their temperature, humidity and wind characteristics
can be found in PART B of this chapter, Chapter 6 of AWSTR 79/006, and on
pages 8-1.6-2 to 8-1.6-4 in AWSP 105-56, which are copied in the Appendix

as Part M.

PART B PRACTICAL PROCEDURES AND METHODS

1.

Introduction. Single station analysis requires that the analyst look at

the data from a different perspective and adapt procedures to extract the
maximum information from the limited data. 1In this section the weather
station is considered to be operational but is not receiving data from
other stations, The only data available are from observations at the

station which are surface and rawinsonde. Since most USAF/AWS weather
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stations do not take radiosonde or rawinsonde data, alternate supply of
this data should be preplanned. In addition to the National Weather
Service, the USA Artillery makes rawinsonde soundings. Means of trans-
mittal of the data from the observer to the station should be established
prior to the emergency. USAF/AWS mobile rawinsonde stations are avail-
able and some new lightweight radiosonde equipment can be carried in a
small package, for use in the field, or as backup in the station. The
materials and equipment to do SSA should be in place. A list of recom—
mended materials and equipment is given in the Appendix, Part A.
Continuity. In standard weather map analysis continuity is very impor-
tant. Usually, when doing SSA, a time cross-section is used to record
time continuity of the station. A sample plotted cross-section is shown
in Fig. I1I-B-1, The ordinate is pressure which can be labeled in pres-
sure altitude if desired. Time is the abscissa and when the station is
in the Northern Hemisphere progresses toward the left, and toward the
right if the station is in the Southern Hemisphere. These directions are
used so that the wind shifts will appear as on a surface map. The data
used in the cross-section in Fig. III-B-1 starts at time D1-0600 LST
which is 12 h prior to the data used in Chapter 11, PART C, which started
at D1-1755 LST.

a. Data. Surtace data may be plotted along the bottom of the form
using standard plotting models. The winds aloft may be plotted at
the dots shown on the vertical wind staffs as is done on the Skew
T-Log P diagrams. The radiosonde data may be plotted with the
temperature and dewpoint spread at the pressure levels and at all
significant levels if desired. When the sounding also is plotted on
the Skew T~Log P diagram, then the plotting of significant points on
the cross—section is not necessary. Heights may be plotted at man-
datory levels (see Fig. III-B-1). The cross-sections may make a
continuous record. As new data are received they are added to the
cross—-section and analyzed.

b. Cross—section Analysis. A number of features should be analyzed.
It may be necessary to have more than one cross-section so that the
analysis does not become cluttered.

1.) advection. Advection can be shown by making red (warm) and

blue (cold) marks between winds on the wind staff. No or
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2.)

3.)

4.)

5.)

6-)

little advection can be left blank or marked in yellow to
indicate that the analysis was made.

temperature. Isotherms may be drawn on the chart, usually in
red at 5° C intervals. The isotherms will show inversions by
being closed at some level above the surface, will tend to
become vertical at fronts, and will be nearly horizontal in air
masses (see Fig, III-B-1).

temperature changes AT/12 h and AT/24 h., A 12 and 24 h temper-
ature change can be calculated, especially at the mandatory
levels, These values are usually plotted on the cross-section
close to the last observation and between the two times used
(not shown). The 12 h change may include a diurnal effect,
especially in the lower levels.

potential temperature. The potential temperature may be
computed for each pressure with plotted data. Usually the
potential temperature values are read from the Skew T-log P
Diagram. Since the potential temperature is a semi-conserva-
tive value it can be very useful in both frontal analysis and
in stability considerations.

dew point spread. The difference between the temperature and
dew point relates to the relative humidity. The RH for some
T~Tq values at different pressures are shown in the Appendix,
Part C. Using the surface reports and the RH (dewpoint spread)
aloft a cloud chart may be developed as shown in Fig., I1I-B-2.
First all plotted raob data with T-Tq <« 4° C are located. Then
the clouds from the surface reports were plotted at the height
reported. The rain shower was the basis of the cumulus cloud
drawn at D3-0000 LST. RH becomes important in relation to
clouds and aircraft icing.

height change (pressure change ). AH/12 h, AH/24 h., The height
change at the mandatory levels can be computed and plotted on
the cross-section. The surface pressure should be converted to
a 1000 mb height. One easy method is to use the nomogram on
the Skew T-Log P Diagram USAF/AWS WPC 9-16 and described in
AWSTR 79/006. An approximation of the change from surface

pressure to a 1000 mb height 1is given following equation
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(III-1). After the surface pressure is couverted to height the
AH in meters can be computed. Such an analysis for 12-~h 2H is
shown in Fig., III-B-3, The height change may indicate warm or
cold advection and/or movement of systems.

7.) synoptic feature analysis.

a.) Troughs and ridges aloft will be indicated by wind shifts
and the AH patterns, The troughs are marked in brown
dashed lines and the ridges in sawtooth yellow lines. The
troughs and ridges are shown in Fig, III-B-3.

b.) Fronts are indicated by red, blue and purple. They are
located by wusing the advection, wind shifts, T, AH
(Ap), and weather--the same as with any weather map analy-
sis. The slope of the front on the cross-section is a
rate of height change, 2z/4t; if calculated it would be in
ft(m)/h.

8.) other features. The tropopause height may be indicated. The
location of the tropopause is apparent but not marked on Fig.
IT1-B-1. Stability indexes such as TTI, SI, KI and SWEAT may
be computed and listed at the top where space is available.
Other items can be added to meet operational requirements like
vertical wind shear in kt/1000 ft for CAT forecasting (AWS
1979, AWSP 105-56), B values for the Refraction Index (More-
land, 1965), and the surface weather along the bottom by using
conventional markings.

Map Analysis. To be useful in the conventional sense, the data on the

z-t section must be converted to base maps which show the surface and
required upper level charts, The transformation from the z-t to the x-y
surface requires the data to be utilized in ways that usually are not
used in map analysis, but would improve most maps if they were. Select a
base map which satisfies the operational requirements with the station
located approximately at the center of the map. The smallest map should
be about 8° by 8° Lat and a larger map is better. Plot the data using
standard plotting models on the map at the station for the surface and
desired upper levels.

a. Surface Pressure Field. The 1isobars are drawn parallel to the

gradient-level wind (GLW). As explained in PART A of this chapter,
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the surface wind does not represent the GLW in either speed or
direction. Use a wind 600 to 900 m above the surface depending upon
the roughness of the surface and the stability of the atmosphere as
shown by the RAOB. Plot the GLW on the surface map along with the
other data. Using the sea level pressure and the GLW, three or four
isobars may be drawn with the spacing determined by using a
geostrophic wind scale or the table in the Appendix, Part I. Make
these isobars about 2 cm long and label them in millibars. The
direction to the highs and lows are now known.

Consider the pressure fields in continuity. If a low or high
pressure center passed the station within the last 24 h, it is still
in the area and probably has about the same central pressure.
Consider how the pressure center passed the station. Say the wind
was south, went to east and is now from the north, then the center
of a low moving eastward went south of the stavion. This wind shift
pattern could accompany a westward moving high pressure center which
is north of the station. 1If the station is in the mid-latitudes
this assumption is poor because not many highs move westward. More
isobars may be drawn to match the known pressure field and to
complete the final sketch of the map.

Upper Air Contour Field. The contours are parallel to the upper air
winds so space the contours (Part J of Appendix) for the wind speed
and draw two or thcee short contours in the vicinity of the station.
Study the cross-section and see if the station is in a trough,
ridge, or in between. Continue to draw and adjust the spacing of
the contour field. Curvature will have an effect on the spacing of
the contours. If the curvature is cyclonic the contour spacing will
be closer than the spacing given by the geostrophic wind scale, and
if the curvature is anticyclonic, the spacing must be increased.
(See discussion in PART A of this chapter.)

Upper Air Temperature Field. The orientation of the isotherm field
must be determined before the isotherms can be drawn. The isotherms
are parallel to the thermal wind, but since the thermal wind is not
available the vertical shear vector is used as an approximation of
the thermal wind. The shear vector can be computed graphically

using a hodograph or by using trigonometric functions which can be
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previously programmed into a calculator. The hodograph will be used
in this report because of the visual aspects. A ronpur=’‘on of a
shear vector is shown in Fig. III-A-3, The colder air is to the
left of the shear vector. A selection of heights whose winds may be
used to determine the shear vector for each standard lever are shown
in Table 1II-B-1l.

TABLE III-B-1

Heights above MSL at which the winds may be used for computing
shear vectors for standard upper-air maps. In mountainous areas the

shear for the 850 mb level may not be available.

UNITS (meters) UNITS (feet)

Map Level Lower /Upper Lower /Upper
850 mb 1200-2000 4000-6000
700 mb 2400-4000 8000-12000
500 mb 4800-6000 16000-20000
300 mb 8500-11700 25000-35000
200 mb 11700-15000 35000-45000
100 mb 17000-20000 50000-60000

Tables of spacing of isotherms at the first three levels of Table
I1I-B-1 are given in the Appendix, Part L. The spacing of isotherms
at other levels may be computed using equation (III-11).

Air Mass Analysis. In most of North America four air masses exist with

seasonal variations as to extent and characteristics. In other parts of
the world similar ailr masses exist and have seasonal variations. The
forecaster must be aware of the climatology of the area when he is doing
SSA. Each air mass has a range of values of potential temperature which
apply to the given geographic region. However, the ranges of values vary
in relation to season of the year and are modified as the air mass moves
farther from its source region. A short discussion of the more usual air
masses follows,
a. cT. Continental tropical air is on the surface in the U.S. at the
higher elevations and more frequently in the warmer seasons. It is
found also above an inversion that may extend very far east from the

plateau regions. Sometimes it is called Superior air. On the
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surface the Tq is usually less than 5° C (41° F). Above the surface
inversion the lapse rate aproaches the dry adiabatic lapse rate with
a potential temperature of approximately 315° K (42° C) (108° F).
Several soundings showing the ¢T air aloft are shown by Miller
(1972). The boundary of c¢T and the cooler mT on the surface has
many names (in Texas: Marfa Front, Dew Point Front, Dew Line, Dry
Line) and needs to be identified on the map. Thbe c¢T air mass is
identified on the soundings of Figs. III-B-4 and III-B-6.

mT, Maritime tropical comes from the warm oceans. The mT air is
important because it has the moisture for clouds and precipitation.
Almost all large precipitation events involve mT air. The surface
potential temperature of mT air is 300° XK (27° C) (81° F). The mT
air mass is shown in Figs, III-B-4 from the surface to about 800 mb
and I1I-B-8 from the surface to 700 mb.

mP. Maritime polar air comes from the mid-latitude oceans and has a
surface potential temperature of approximately 285° K (12° C) (54°
F). A sounding close to the coast will follow a moist adiabat at
least to the 500 mb level. When the mP air crosses the Rocky
Mountain Range, it may lose most of its moisture, especially in the
lower 10,000 ft. Fig. III-B=5 is an excellent example of the deep
cooling caused by the passage of an wmP front. In this example,
moisture has remained in the lower levels.

cP and cA. Both the continental polar and continental arctic air
masses are colder than the 285° K of the mP air in the winter (the
summer cP is warmer than summer mP). In its source region cA air
may have a potential temperature of 235° K (-40° C) (-40° F). The
arctic air will modify as it moves southward. Figure III-B-6 shows
both c¢P and cA air masses in the lower levels., The air vetween 680
and and 610 mb has been warmed by subsidence and has the character-
istics of c¢T air. The cP and cA air masses are shallow (3000 m
deep) while the mP may extend to the tropopause. The cooling when
the mP front comes by is aloft. The cP, cA front will have cooling
in the lower layers with little change aloft. On many occasions the
mP and c¢P front (Fig. III-3-7) will be close to each other at the
surface so the whole RAOB will show cooling. This is the case in

Fig. ITI-B-~7. The cP air extends up to 700 mb and the mP is aloft.
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Del Rio, TX 72261 DRT for 1200 GMT 0Ol November 1983.
The sounding shows the ¢T air above the =T air. The

cT air has a potential temperature of 40° C at 700 mb
and higher values above 600 mb which is caused bv
subsidence. The mT air between 900 and 800 mb has a
potential temperature of about 26° C, and is moist.
Note the super-adiabatic layer just below 800 mb. This
is caused by the wet thermister approaching the wet
bulb temperature rather than the air temperature
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FIG. III-B-5 Dodge City, KS 72451 DDC for 1200 GMT 03 April 1984. The
sounding shows cooling from the previous 24 h trace (the
thin line to the right of the sounding). Note the cooling
is deep, extending above the 400 mb level. The tropopause
is at 376 mb. The lapse rate of _he sounding is close to
the wet adiabatic lapse rate. Tte mP air is above the 800
mb level, and the potential temperature at the bottom of
the mP air is 16° C. Some colder air, probably cP is in
the lower level, This is a tvpical mP front passage.
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FIG. 1III-B-6 Oklahoma City, OK 72353 OKC for 1200 GMT 10 November

1983. This sounding represents a cP cold front passage.
The top of the cP air is about 680 mb. Notice the
cooling below the front and some warming above the front
(24 h trace, the thin solid lines). The 9 of the cP

air is 11° C (at base). The air below 900 mb mayv be cA.
The continuity of the cA front should be checked. Note
the unstable air below 900 mb. This is caused bv heating
from the surface, which modifies the cA air rapidilv.
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Amarillo TX 72363 AMA for 1200 GMT 09 November 1983.

As so often happens the cP front catches the mP front
and both pass the station, either at the same time or
only a few hours apart. The sounding shows both fronts,
the cP front from the surface to 700 mb and the mP aloft.
The trace (thin line) shows cT air over AMA above 850 mb
so the great cooling. Note the wind is backing. The
unstable layer below 800 mb is caused by heat exchange
with the surface.
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The cP air may retreat as a warm front and be replaced by another
air mass is shown in Fig. II1I-B-8.

In the United States, especially the midwest, the orientation
of the front will be a guide to the type. The mP fronts tend to
orientate NE-SW while the cP fronts are more E-W,

Frontal Analysis. Fronts are defined as the boundary between air masses.

The surface and upper air masses must be determined., In synoptic analy-
sis the front and air mass is checked on previous maps to determine the
source region and the trajectory. Then it is declared to be mP, cP, cA,
etc., Single station analysis does not permit the backtracking to the
source region so the characteristics of the airmass need to be studied.
The geographical location and season may limit the possibilities. The
frontal analysis is easier and can be done with greater confidence when
the station is in the cold air mass at the surface. The orientation of
the front is determined by the orientation of the 1000-700 mb or 1000-500
mb thickness lines, which are parallel to the thermal wind of the layer.
Since neither the thickness lines nor the thermal wind are available, the
best approximation of the orientation and gradient of the thickness lines
is the shear vector. Shear vectors should be computed for the layer from
the GLW to 700 mb wind and from the GLW to 500 mb wind. When the fronts
are shallow the GLW-700 mb wind shear should be more representative and
for deep fronts the GLW-500 mb wind shear should be used. The orienta-
tion of the front will be about the same as the shear vectors. The
magnitude of the shear vector will be proportional to the strength of the
front.

The distance between the front and station can be determined when
the station is in the cold air. The upper surface of the frontal zone
should be located on a plotted Skew T-Log P Diagram. When attempting to
locate the top of the front remember that the 9 value will remain about
the same on a time series of soundings and that the winds should show
cyclonic shear in the frontal zone. The temperature advection as shown
by the winds will indicate if the front 1is warm or cold. From the
surface to the 850 mb level cP and cA warm fronts have a slope of about
1:250 and cold fronts about 1:50. Above the 850 mb level the fronts have
a flatter slope. The slope of the front is determined by the temperature

and wind shear across the front and some other factors (speed of move-
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Nashville TN 72327 BNA for 1200 GMT 03 April 1984. This
sounding represents a weak warm front passage. The trace
(thin solid line) showed the front was at 700 mb but by
24 h the front had passed so that the cP air was replaced
with mT. The surface 8 of 12° C will warm during the dav
to 23 or 24° C, thus better representing the mlT air. The
dry layer between 700 and 600 mb is caused by subsidence
which often occurs when a warm front passes. Note the
warm air advection indicated bv the winds.




ment, latitude and type of air masses) so an adjustment to those slopes
may be made when the front has added conditions. Measure the distance
from the station and orientate the front parallel to the selected shear
vector.

To compute the distance of a front use the following equation.

Ht. Top of Front - Sta. Height X (Slope of Front)~l (I11-12)
5280 69

For most uses the heights may be read from the Pressure Altitude Scale.

Distance =

The 5280 converts the feet to miles and the 69 changes the distance to
degrees latitude. Say the top of the front is 750 amb (8000 ft P.A.),
station height 880 ft, and the slope is 1:50.

1. -1
(=)
8000 - 880 50 o
Distance = 380 X 69 = 0.,98° Lat.

The same equation (III-12) can be used using the metric system. The

equation then becomes

Ht. Top of Front - Sta. Height X (Slope of Front)‘l(III_lz)
1000 111

The 1000 converts the meters to km and the 111 changes the distance from

Distance =

km to degrees latitude.
Using the same data 8000 ft = 2438 m and 880 ft = 268 m.

( 1)—1
Di _ 2438 - 268 X 50 = 0.97° Lat
stance = 1600 T - O at .

Another method of estimating the distance to the front from the station
is by timing the front. The cold front will move at a speed of about 80%
of the component of the GLW normal to the front (the GLW must be in the
cold air). A warm front moves at about 50% of the component of the GLW
normal to the front (the GLW must be in the cold air). In a study of the
wind and temperature structure of eleven cold fronts which passed an
instrumented tower during the nighttime, Brundidge (1965) found that the
speed of the front is well-represented by the component oi the 600 ft
wind normal to the front. Little error would result from using the 1000
ft wind. These results were based on measurements within the first
several hours after passage. A warm or cold front can be extrapolated in

time up to 12 h.
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Use continuity, climatology and standard models to complete the map.
Draw the frontal model and orientate it to fit the data. Continuity
always helps, for example, if the winds were from the southwest before a
cold front passed the station, the winds will still be from the southwest
ahead of the cold front. If thunderstorms preceded the front they will
continue to precede the front. Local climatology may dictate a diurnal
change of intensity. Non-adiabatic conditions also change the
characteristics of the front. Time of day, land forms, land-water,
season, clear or cloudy sky all have an impact.

The maps should have vertical consistency or “"stacking.” If the maps
do not "stack™ hydrostatically then something is wrong with the basic
analysis. On the upper air maps the 1isotherms and contours should show
the warm and cold advection in the correct areas in relationship to
fronts, troughs, ridges and other features. The isotherms should pack to
the cold side of the front and the isotherm next to the front should be
the temperature associated with the potential temperature of the front
adjusted for the level.

The Stability Chart. With the radiosonde data several stability indices

may be computed, see Grover (1979) or Miller (1972). 1In addition to the
stability indices the location of more and less stable areas is important.
The instability wind or shear of shears may be used for this purpose (see
discussion I1I-A~4). The shear vector between the 850 and 700 mb winds is
determined and called the first shear. Determine the shear vector between
the 700 and 500 mb levels. This is the second shear. Now compute the
shear between the first and second vector. This shear vector is called
the shear of shears or the instability vector. The more stable area is to
the right and the less stable area is to the left. An example of the
calculation is shown in Fig. III-B-9.

In addition, the change of stability in the lower part of the atmos-
phere and the boundary layer can be computed as shown in III-A-4 (see Fig.
I1I-A-3). Diurnal heating alsoc becomes important so an estimate of the

convective temperature T. (see AWSTR 79/006) should be made.
PART C AN EXAMPLE

1. Data. The observations will continue from Chapter I11. The surface

observations for Station #3 are given in Table II1I-C-1.
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2.

3.

Interpretation of the Data, D3-0600 to D3-1800 LST.

a. Low Clouds. The low clouds which were behind the front have
moved on south and east so the sky has cleared.

b. Air Mass. The cold air mass (probably cP) is dry so no low
clouds or fog will occur.

¢, Advection. The continued cold air advection matches the solar
heating and the temperature is not changing much. The drier air
is being advected as indicated by the lowering dew point.

d. Wind Directions. The winds were from the northwest, shifted to
northerly and shifted again to be from the northeast. This
indicates that the high is moving eastward and passing north of
the station, The easterly movement is consistent with the
movement of the altostratus clouds, and with the recorded
pressures.

e. High Clouds. Altostratus and cirrostratus clouds normally are
associated with an approaching warm front. The extension of the
cold front to the west may have become stationary or even be
approaching as a warm front. The winds from the northeast are
not favorable for continued southerly motion of the front
because they are parallel to the front,

Winds Aloft. During D3 the upper air observing equipment arrived at
Station #3 and was put into operation as soon as possible, A visual
observation of the winds aloft was made using a theodolite and a balloon
at D3-1235 LST. The observed winds are listed in Table III-C-2, and
plotted on a hodograph in Fig. III-C~1l.
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TABLE III-C-2

Winds aloft for D3-1300 LST for Station #3.

Height ft MSL Direction Speed kt
sfc. 360° 08
1000 360° 08
2000 350° 06
3000 350° 07
4000 310° 07
5000 270° 12
6000 270° 15
7000 270° 18
8000 270° 25
9000 270° 31

10060 270° 33
12000 280° 39

Balloon lost in clouds.

a. Advection. The backing winds between the 3000 ft wind and 5000 ft
wind indicates cold air advection.

b. Depth of cold air. The top of the cold air is at 5000 ft (top of
cold air advection).

c. Stability. The very uniform winds from the surface to 3000 ft
indicate mixing and a dry adiabatic lapse rate.

d. Frontal Orientation. The front would be orientated from 260° to 080°
(shear vector computed using the 3000 ft wind to 10,000 ft wind).

D3-1800 LST Rawinsonde. The rawinsonde was launched to obtain the D3-1800

LST sounding. The winds and mandatory level data are given in Table

I11-C-3.
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5.

TABLE I1I-C-3
Station #3 D3-1800 LST Rawinsonde Data
T-T

Wind TT d HHH
2000 ft 0710
3000 ft 0511
4000 ft 3512
850 mb 3315 -1.2 16.0 414
6000 ft 2818
8000 ft 2524
700 mb 2525 =6.5 14.0 950
12000 ft 2635
16000 ft 2548
500 mb 2653 -22.2 4.0 550
20000 £t 2666

The Analysis of the D3-1800 LST Rawinsonde Data For Station #3.

a.

Winds. The first step is to plot the wind data on a hodograph, Fig.
II1-C-2a and 2b. Then plot the data at the station on the surface,
850, 700, and 500 mb maps. The data are shown in Fig. III-C-4, 5, 6,
and 7. Add the GLW to the surface map by using ancther color (like
purple). In Fig, III-C-4 it is shown with a longer shaft. Compute
(on hodograph or calculator) the GLW-700 mb and the GLW-500 mb shear
vectors and plot on the surface map (see Fig. III-C~2a and III-C-4).
Usually they are almost rthe same direction and only one needs to be
plotted on the map., 1If different directions occur then plot both for
further consideration. In this case the difference in direction
between the two vectors is 11°, which will not change the solution.

Review the example in Part II-C in Chapter II to establish the
continuity. On D3-0300 LST a cold front passed and from the wind
directions at surface (Table II1-C-1) it should become stationarv.
The continuity is shown in Fig, III-B-1.

As can be seen on Fig, I11-C-2a the wind component normal to the
shear vectors (GLW-700 mb wind and GLW-500 wmb wind) is :-mall and
indicates very weak cold air advection. At the standard levels the
shear vector for the 850 mb chart indicates weak cold advection while
the shears for both the 700 and 500 mb charts indicate weak warm air

advection, see Fig. III-C=2b,
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Front. The sounding (Fig. III-C-3) indicates that the top of the
cold air is at 750 mb (8000 ft). The slope of the front is a func-
tion of the wind shear across the front (stronger--more vertical)
and temperature difference across the front (greater AT--less slope).
The horizontal wind shear across the front cannot be determined, but
a strong wind shear in the vertical is an indication that the
horizontal wind shear is strong. The shear of the GLW-700 mb wind is
39 kt which 1is sufficient thickness gradient for a moderate front.
The temperature across the front is to be measured at the inversion,
by using the difference of potential temperature across the front
which is 24° C (22° C at top of inversion and ~2° C at bottom). This
AT while not the AT of Margules Equation is the best approximation of
the AT across the front. Considering that the front is stationary
with a good temperature gradient and a small wind shear, a slope of
1:200 would be about right since it is changing from the steeper
slope of a cold front. 1In practice the heights may be read from the
pressure altitude scale,

To compute the distance from the station see equation (III-12),
In this case

8000 - 800 _ 200 _ o (I11-12)

Since the GLW-700 mb wind vector is more representative of the
coid air (the cold air is only 750 mb deep), the GLW~700 mb wind will

be used as the guide to orientate the front. The front will be
placed parallel to the GLW=700 mb shear and at a distance of 3.9° Lat
with the station in the cold air.

Surface Map. The surface isobars may be drawn. Start at the station
and place the 1014, 1016, and 1018 mb isobars using the GLW for
orientation. From Appendix, Part I, the spacing of isobars at 2 mb
interval for a wind speed of 11 kt at 40° N is 3.4° Lat. The dis-
tances are marked as heavy lines on the isobars on Fig. III-C-4,
From the continuity the pressure at the front would be higher than it
was at the time the front passed the station, because the low is
moving northeastward so this section of the front is further from the
low than the part of the front which passed Station #3. Therefore a

pressure of below 1014 mb is a reasonable value. Also the 1014 mb
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D3-1800 LST Station #3 plot of the lapse rate of T and

T , and winds. The top of the front is at P=750 mb and
Gdis 22° C, and the height can be read from the pressure
altitude scale. The base of the inversion is at 920 mb
with a 8 of -2° C,
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FIG. III-C-4 Surface map for Station #3 at D3-1800 LST. Thick sections

of isobars indicate gradient spacing in relation to the
gradient wind. Arrows are the shear vector winds and the
number bv the arrow head indicates the speed. Longer wind
shaft indicates the gradient-layer wind.
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isobar was turned away from the front toward the west indicating a
stationary front, A low will probably form off of the southwest
corner of the map.

850 mb Map. Before the surface map was finalized the 850 mb map
(Fig. III-C-5) should have been started. On the sounding (Fig.
ITII-C-3) the 850 mb level is in the cold air, so the front is placed
south of the station and parallel to the surface front. The contours
are spaced using Appendix, Part J and the measurements are shown as
heavy lines on the contours. Using the general pattern for fronts
the low is to the northeast and also another low to the west or
southwest so the 1440 contour is shown as turning away from the front
to indicate the low. Before the front passed the winds at 850 mb
were from the southwest and strong. The countours south of the front
are drawn tco maintain continuity. There is no reason to believe that
the winds have not continued to blow from the southwest at about the
same speed that they did prior to the front passing the station.

The shear vector for the 4000-6000 ft is shown on Fig. III-C-2b
and is plotted on the 850 mb map, Fig. III-C-5. The isotherms are
drawn parallel to the 4000-6000 ft wind shear and spaced by using
the Appendix, Part L. The spacing of the isotherms is shown in heavy
segments on the isotherms. The potential temperature of the top of
the frontal inversion is 22° C and at 850 mb this is a temperature of
8° C, Thus a 8° C isotherm was drawn along the front in the cold
air. The isotherms should pack on the cold side of the front. In
Fig, III-C-5 the isotherms were spaced to fit the data at the sta-
tion, then the temperature gradient tightened closer to the front and
relaxed deeper into the air mass.

700 mb Map. The top c¢f the front is at 750 mb so at Station #3 the
700 mb level is ia the warm air. The front is parallel to the sur-
face and 850 mb front and is placed to show less slope (greater
distance) at this level. (The distance from the 700 to 850 mb loca-
tion of the front is greater than the distance from surface to 850
mb,) The contours are spaced by the wind and Appendix, Part J. At
this level warm air advection 1is strong., To the north side of the
front in the cold air the winds are still weak as compared with the

winds in the warm air. The measured spacings of the contours are
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FIG. 1III-C-5 850 mb map for D3-1800 LST for Station #3. Thick sections
on contours and isotherms indicate spacing. Isntherms are
dashed and the arrow is the shear vector.
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shown by the heavy marks on the contour lines. The isotherms are
spaced using the 8000-12000 ft shear vector and the Appendix, Part L,
and the spacing is indicated by the heavier section of the isotherm.
The potential temperature of 22° C as used on the 850 mb map would be
a temperature of -5° C at the 700 mb level. Thus the -5° C isotherm
would be along the front at the 700 mb level. To the north side of
the front the isotherms are drawn in a tight gradient, Fig. III-C-6.
500 mb Map. The 500 mb map is shown as Fig, III-C-7. The spacing
for the contours is read from the Appendix, Part J, and is shown by
the heavy marks on the contours. The contours were given anticy-
clonic curvature. Refer to Fig. III-B-lc and notice that a weak
ridge has passed the station 12 h previously., Therefore, the ridge
should be drawn east of the station and the station is still in the
ridge. This is an example of using the x-t chart for continuity.
The isotherms are drawn parallel to the 16000 to 20000 ft shear
vector (see Fig, III-C-2b) and their orientation relative to the
height contours indicates warm air advection. The isotherms are
spaced by using the Appendix, Part L. The map indicates a weak
trough to the west, which matches with the low that was anticipated
on the surface and the 850 mb maps. The warm air advection has
caused a height rise of 60 m during the last 12 h.

Stability Map. The stability map, Fig. I1I-C-8, was constructed
using the shear of shears and the graphical computation is shown on
Fig., I1I-C-9, The Total-Totals (TTI), the Showalter (SI) and the "K
Index” (KI) were computed and plotted at the station. These are all
empirical indices and do not have any mathematical relationship to
the shear of shears, thus, any spacing could be used. In this case
all indices indicated stability. However, as an example, TTI iso-
pleths were drawn to indicate the most stable air to the right of the
vector, an area that is over the high on the 850 mb level which seems
to be reasonable. However, note that the isopleths are curved to
indicate more instability along the front, Maps at all levels and
other supporting charts must indicate the same features if they are
to be correct and useful.

The Surface Prognostic Chart (Fig. III1-C-10). The front has become

quasi-gstationary to the south of the station. The GLW is parallel to
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the front so little movement of the front would be expected during

the first 6 h. However, with the low off the west side of the map

the front should become a warm front by D4-0000 LST, and start a slow
movement northward; the pressure should fall as the low moves east-
ward. The major trough should remain to the west off of this map.

Weather. Winds above the front are from the southwest which are

over-running the warm front so clouds will lower with precipitation.

Consider the warm front in the standard wave and place the weather

and clouds. (Refer to Fig. II-B-la, II-B-1lb, and I1I-C-1.)

1.) the present condition., 120 SCT E300 QVC 7+ 24/12/0507.

2.) sky condition, Ceiling will lower to 1000 ft overcast with
temporary ceilings to 800 ft. Higher ceilings of 5000 ft north
of the station (this 1s based on the over-running warm front
condition).

3.) wvisibility, 7+ with occasional reduction in snow.

4,) weather, Light snow starting after midnight. No significant
accumulation.

5.) temperature., No change; will remain in the mid 20's® F.

6.) winds. The wind will be from the northeast 10-15 kncts all
period. Equivalent chill temperture 0° F.

7.) south section (area south of the front). Ceilings 4000 ft with
rain showers, especially along front (showers when front passed
Station #3); winds from the southwest at 15 knots and tempera-
ture in low 60's® F (temperature at #3 prior to cold fromnt with
some more warm advection).

8.) outlook. Conditions will remain about the same for the next
period 06C0 LST to 1800 LST, turaing colder with increasing snow

tomorrow night as the low to the west moves eastward.
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CHAPTER IV
THE SPARCE DATA PROBLEM

PART A THEORY OF UTILIZING SPARCE DATA

l.

Introduction. The techniques for dealing with the single-station forecast

problem have been discussed in the foregoing chapters. However, there may
be situations in which a region involving several weather stations may be
isolated, or otherwise may not have access to the observations from out-
side the region. The recommended procedure in this case is to first apply
SSA techniques to each station and then combine the information to com-
plete the analysis. An example will be given in this chapter by the
additior of observations from two more stations to those of Station #3.

With observations from as many as three stations, it is possible to
make computations of quantities that cannot be determined with observa-
tions from a single station., The following will give the theory for and
examples of the computations of horizontal divergence, vertical wmotion,
vorticity, and computed change of the Lifted Index. The latter includes
methods for making short-term forecasts of temperature and moisture
change.

Vertical Motion. With observations from three stations it is possible to

calculate the vertical motion in the region enclosed by a triangle whose
vertices are the given stations, Theoretically, upward motion should
occur in the region between the trough and the downstream ridge in the 500
mb height field and cloud layers and precipitation may result. Converse-
ly, subsidence should occur between the trough and the upstream ridge.
While the omega equation (Holton, 1979) would be the most desirable
relationship for this purpose it cannot be used because rhe gradient of
vorticity cannot be determined with data from only three stations.
Another possible approach is to use the adiabatic method; however, this
requires knowing the local change of potential temperature at the time of
the observations. An estimate of this quantity based on the change during
the past 12 h is the only method available, which makes its validity
questionable. A third method, which is still subject to criticism but
recommends itself on the basis of simplicity, is the assumption of incom-

pressibility. One relationship for this computation may be written as
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[9¢+dv = 0, (1v-1)
where ¢ is the three dimensional velocity vector, dV = dxdydz, and the
integration is over the volume bounded on the sides by the legs of the
triangle and at the bottom and top by surfaces of one's choosing, e.g.,
the local terrain and 5000 ft, respectively. Applying the divergence
theorem to (IV-l) gives

/€ do =0,
from which

(w

J—— '
T " VplA

mn

- fandsdz .

Here, the bars indicate an average over the area of the triangle, A'. The
subscripts, T and B, designate the vertical motion at the top and bottom
surfaces of the volume, V, is the component of the wind normal to a
lateral boundary of the volume and dsdz represents an increment of area on
a lateral boundary. The integral on the right hand side can be approxi-
mated by a summation to give

= e - K% ; (1V=-2)

T = VB (V)48

i=1
where (V)i 1s the average normal component of the wind over the
ith jateral face of the volume and Ay is the area of the ith
face.
If o is the direction of the wind as reported in meteorology, i.e.,
the direction from which the wind is blowing, then the velocity compo-
nents are given by

- Vsin ¢ (1v-3)

u

v - V cos a

where V is the reported speed at a point, The computation of ;-V is made
by treating the sides of the triangle as if they were vectors which, like
the wind, are from a direction given by the angle 8 as measured in meteor-
ological convention (see Fig. IV-A-1). The unit vector n must be a vector
rotated 9C° clockwise from the direction of the side and such that n is
directed outward from the triangle, as shown in Fig. IV-A-1. Then

n = ;(-cosB) + j(sinB).

Therefore,

<}

[ 30

= v sing - u cosg = Vn -
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By this convention, outflow from the triangle is +, signifying divergence
while inflow, or convergence is -. Note that u and v are simple arithme-
tic averages over a given face. For example, for face a in Fig. IV-A-1
EA is given by

(u,)

- Pp (g + (v

Uy %

gt ()

Therefore, using the notation in Fig, IV-A~1l, (IV-2) can be written:

_ _ 1 _ — _ —
Wp = Wp X“[(VaSinea - uacossa)Aa + (vbsineb - ubcosab)Ab

+ (vesinB. - u.cosBe)Ac]l . (Iv-4)
Subscript a refers to side a, and subscript b and ¢ refer to sides b and
¢, respectively. A, is the area of the vertical wall on side a, for
example., By this method, the computation requires ;B = (0 at the ground,
in accordance with the kinematic boundary condition. Also, it requires
fairly accurate knowledge of the terrain heights along the legs of the
triangle in order to get accurate values ~f the Aj. An example is shown
in Chapter IV-C-8,

An alternative relationship to (IV-2) comes from vertical integration

of
> W
VeV +37=0 .
Thus,
> -
VeVp + VeVp
= - (—m—) -
Wp =Wy 5 Az . (1v=-5)

The subscripts in (IV-5) refer to two levels (T, top and B, bottom) sepa-
rated in the vertical by the geopotential height increment, Az. Values
for V'V can be obtained from wind values at the three stations, as ex-
plained below.

If Q is some quantity whose values are known at the vertices of a
triangle, then these values can be expressed by a set of linear Taylor

Taylor Series expansions. Thus,
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Q) =, + Gk + Gy (@
Q 3Q
= D — IV-6 b
Q2 Qo + (ax)oXZ + (a )oy2’ ¢ ) (®)
3Q 3Q
Q3 - Qo M (Bx)oXB + (8y)oy3' (c)

In these equations the subscripts 1, 2, 3 refer to the values at the
vertices of the triangle, as shown in Fig. IV-A-2. The centroid of the
triangle is taken as the location of the origin of the x, y coordinate
system and the locations of the stations at the vertices must be assigned
X, y coordinate values relative to the centroid. Q», (5Q/3x)o, and
(3Q/3y)o are values at the centroid; they can be obtained by simultaneous

solution of the set (IV-6) to give

Qp(x,737%4¥5) + Qlxay =% 7,5 + Qu(xyy,%,7,)

Q = s (a)
A
Q. yl(Q3-Q2) + yz(Ql-Q3) + y3(Q2-Q1) ’ (b)
(E)O - A
(Iv-7)
(ﬂ) ) Q(xy=x,) + Qp(x =x3) + Qy(x,7x) , (o)
ay’o A
b=y (xgmxy) + y, (0 =xg) + ys(x=x)) . (d)

When (IV-7) 1is applied to the velocity components at the three

stations, then

U (XY 37X¥ )+ up(Xgy X ¥a) +ug(x vy ) (a)

ug =
A
V(XY 3TRY o) F vy (Xay TR Y )+ vl y,TRoY) , (b)
v =
° A
L Y lugmup) + y,(uymug) + yq(upmup) (c)
"}_X)O A
(1V-8)
(Dv) vl(x3-x2) + vz(xl-x3) + v3(x2—x1) , (d)

17y 0 A
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YI(V Vo) + Y (v 4 Y4(vyv))

’ (e)
(:;00 A
- u (x3 x,.) + u (x -x ) + u (X Xl) ’ ()
3’0 © A
u

and \7-3 = (g)o + (g)o .
If level B in (IV=-5) represents the ground, then it is necessary in

this procedure to obtain wg, the vertical motion forced by the motion of

the air over the terrain. This can be computed from
>
wp = Vo°Vz
3z Jz (IV-9)
“o(3§°o * Vo(3§90 ’
where the subscript refers to values at the centroid of the triangle. If
Q in (IV-7) now refers to elevation, z, above sea level, the terms in
(1IV=9) can be evaluated using
y,(z472,) + ¥,(2,~23) + y3(z,-2))

Sz _ . (a)
o T A
(1v-10)
(—_D i z (x3 2) + z (x ~x ) + z (x xl) ’ )
Iy’o 4
Then (IV-5) becomes
3 3 3 v
wp vy = S+ (D) + (5, + (5] (1v-11)

Using either method described here, the w calculated at the top of a given
layer becomes the wg for the base of the next layer. An example of the

second method is snown in Chapter IV-C-8.

Vorticity. The relative vorticity at the centroid of the triangle can be

calculated for any level from the relationships (IV-8 e and f) by

substitution into the statement

v
5% = ) - (3—},)o . (1v-12)
The absolute vorticity is given by

ta = fo t 5%
where f, 1s the coriolis parameter at the latitude of the centroid.

za generally is + but 7, may be + or -. If “pz>f,, then the cen-
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troid may be located in a trough but also could lie in relatively straight
flow with cyclonic shear, e.g., on the north side of a jet-stream maximum.
If zp<f,, the centroid may be in a ridge or in relatively straight
flow and on the south side of a jet maximum. A sample computation is
shown in Chapter IV-C-8,

Stability Change. For a single station the calculation of the 1local

temperature change, of necessity, must neglect the individual changes of
temperature experienced by parcels undergoing the adiabatic process during
vertical displacement. However, as previously shown, with three stations
a calculation of vertical motion can be made as an average over the area
of the triangle formed by the stations. Furthermore, with three stations
it is not necessary to rely upon the geostrophic assumption to obtain
horizontal temperature advection, Finally, it also is possible to deter-
mine stability change while accounting for advection and radiation effects
during the daylight hours.

It is convenient to predict the stability change in terms of a
stability index, such as the Lifted Index. This index is determined (see
Duffield and Nastrom, 1984) by first determining the pressure-averaged
mixing ratio and temperature for the lowest 100 mb of a sounding. Second-
ly, a parcel having these average values is 1lifted while following an
adiabatic process from a point 50 mb above the surface to its LCL, and
thence, moist-adiabatically to 500 mb. If T' is the 1lifted parcel's
temperature at 500 mb, then LI is defined as

LI = Tggg = T' .

The approach used here is to predict new values of 1500 and T'. The
predictions are based on the rawinsonde information at the three stations
assuming there are no severe topographic features between the stations,
such as a mountain or a deep valley., This restriction makes it possible
to place greater reliance upon the techniques described earlier for esti-~
mating vertical motion., Also, it is assumed for computations of a fore~
cast LI that no front exists between the stations or {s likely to move
through during the forecast period. These assumptions restrict the use of
this technique to situations in which the three stations remain in the
same air mass during the forecast period.

For the prediction of T 500 * consider the relationship for the

individual derivative and assume adiabatic changes of state to obtain
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PART
1.

T V.vT (Ty-T
E— . w d ) . (IV‘13)

I and T are the dry adiabatic and observed lapse rate, respectively. The
local derivative in (IV=-13) can be approximated by a finite difference.
Therefore, the forecast value T, of Tg5og is given by

T 5T
T, = T, =~ [“o(ﬁ)o + Vo(a—y)o +woaolfa-D e . (1Iv-14)

In (IV-14), w 500 can be calculated from either (IV-4) or (IV-11), u, and
vy and the derivatives of T are obtained from (IV-8 a and b) and (IV-7 b

and c).
In the lowest 100 mb, the change of the mean temperature is a conse~-
quence primarily of advection and the modification by radiation. Thus,
3T aT

3 - Godrag - VT -

The forecast value of T is then given by
T, 5T
At - [uo(—) + v (W)o]“ . (IV-15)

T = [T+ (%
t | o 3?0 ax‘o o

rad]
Once again, (IV-7) and (IV-8) should be used to evaluate the derivatives
and the wind components. For this purpose, the centroid GLW can be used.
Unless precipitation occurs it is not unreasonable to assume that the
alr parcels will essentially conserve their mixing ratio values over the
forecast period in the lowest 100 mb. Also, vertical advection is negli-
gible in this layer and turbulent tramsport is ignored. Therefore, the

forecast equation for the mean mixing ratio, r, is

- = _ 5T ar (IV-16)
r, =r, [uo(-é;)o+v°(a—;)°]m .

When T, T}, and ;L are plotted on a Skew T-Log P Diagram, a pre-
dicted value of LI can be obtained in accordance with its definition.

The procedure just outlined cannot be demonstrated using data from
the three stations considered in this chapter because of the presence of a
front in the region. The use of the linearized Taylor-series expansions
for temperature and mixing ratio .equires that smooth gradients of these
variables exist in the region; they actually have first—order discontin-

uities when a front 1is present.

B PRACTICAL PROCEDURES AND METHODS
Sparce Data. After workipg with only one station as described in Chapter

II1, any scrap of additional data becomes very valuable. The analysis can
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be extended in the direction of the one report with confidence. Also,

only one of the stations should be surprised by a weather event because

the others would be forewarned.

If a network of three stations can be established the forecaster may
have three times the amount of data but the advantages are cubed. The
geographical relationship of the stations does make a difference. An
equilateral triangle is the best but a line may be very useful. Any
arrangement 1s better than not having the data, A fourth or fifth station
continues to improve the situation. In this study three stations will be
used. The addition of more stations increases the number of possible
triangles or extends the line, but the methodology does not change.

Adding Data. With sparce data the single station procedures of Chapters

IT and III should be continued and applied to all stations available.

Plot data at all stations for all levels.

a. Frontal Analysis. Continuity of fronts and the passage of the fronts
as indicated by the hourly data should be identified and rate-time-
distance relationships maintained. The depth of the cold air on each
radiosonde should be noted. The potential temperature should be
close to the same value (within 2 or 3° C) to identify the front. Do
not mix fronts or inversions of different potential temperature
values, The distance from the station to the surface frontal posi-
tions can be determined for each sounding as in Chapter III-B-5.
These locations of the front from all three stations should be
mutually supportive or the forecaster needs to rethink the work. A
tentative position of the fronts can be placed at the various pres-
sure levels, especially the surface and 850 mb charts.

b. Contour Analysis. In Chapter III-C the contours were spaced in rela-
tion to the calculated distance for the given GLW speed and maybe
some correction for curvature added after a study of the z~t chart
and the determination that a ridge or trough was diagnosed to be in
the area. With two or three stations the forecaster will notice that
when the real winds are treated as if they were geostrophic in order
to obtain contour spacing there may be difficulty in drawing a con-
sistent pattern., Now is the time to consider curvature. The grad-
ient wind equation (III-3) is composed of the geostrophic wind and a
curvature factor. If there is cyclonic curvature the wind will be
weaker than the geostrophic wind and, if articyclonic curvature, the
wind will be faster than the geostrophic wind. Study Fig. IV-B-la,
1b, and 1lc, which represent these conditions on a 500 mb chart. When
only three heights are available, one is not eliminated by calling it

incorrect. It must be rechecked and reconsidered before deciding it
is wrong. The same concept works at all levels.
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FIG.

IV-B-1la

500 mb chart with straight contours. The spacing

for the wind speed and the heights fit,.

The heavy

marks on the contours indicate the measured spacing
based on assuming the observed wind is in geustrophic

balance.
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FIG.

IV-B~1b 500 mb chart with cyclonic contours. The winds are
less than geostrophic in speed, so the geostrophic
spacing is too wide to fit the height data. The two
heavy lines on either side of Station A and marked

513 and 519 represent the spacing required for a

geostrophic wind. The same distance is marked from
Station B, labeled 519 and 325 and connected with a

dashed line through Station B. The 519 contour
cannot go through both locations marked 519.

However if the contours have cyclonic curvature the

gradient may be tightened, and the pattern should

be drawn as shown, which fits the heights, windspeed

and curvature.
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FIG. 1IV-B-lc 500 mb chart with anticyclonic contours. The winds

are larger than geostrophic in speed so do not agree
with the heights at the stations. The geostrophic
spacing is indicated for Station A by the heavy lines
at 513 and 519. The spacing for Station B is shown
by the heavy lines at 519 and 515 and connected with
the dashed line through Station B. The 519 coatour
cannot pass through both the locations for the 519.
However if anticyclonic curvature is occurring the
spacing would be greater and the contours could be
drawn as shown.
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The stations do not need to have the same wind speed or the same
wind direction and do not have to be on a line perpendicular to the
winds as shown in Fig. IV-B-l. Figure IV-B-2 shows a more realistic
situation, The heavy line segments indicate the contour spacing
using the observed wind as geostrophic. The recessary adjustments
are indicated in Fig. IV-B-2,

Stability Analysis. The use of three stability vectors (shear of
shears) will define the unstable areas better than one vector wi.l.
In the event the wind is not reported at some of the levels it may be
estimated from the analyzed upper air chart, then the stability
vector may be computed. As soon as any map is analyzed winds at all
points can be estimated, and additional stability vectors may be
computed for the rest of the map if desi-ed.

Moisture Analysis. The forecaster can make a moisture analvsis on
the upper air maps. The analysis may be of the T-T3, r, Ty, or any

other moisture variable desired.

1.) 850 wb moisture. On the 850 mb char+, and especia ly if showers
or thunderstorms are expected, a Tq or r analysis would be
most useful. Remember that at any pressure the Ty represents
a r value so the isolines may be labeled as T3 at one end and
r at the other, Continuity must be maintained because the water
vapor (mixing ratio) will move with the wind and remain constant
unless the water content is changed by evaporation, mixing with
another layer or by condensation, Thus, a reasonable mixing
ratio (dew—-point) analysis may be made at 850 mb. Moist and dry
intrusions may be identified. Do not analyze the isodrosotherm
to be warmer than the isotherm.

2.) cloud analysis. On the 700 mb and 500 mb charts the T-T4 values
often are analyzed because then the chart can be used as a cloud
chart, Extrapolation of relative humidity is not easy because
of the vertical motion, However, when attempting to make such a
chart refer to the cloud observations at the staticns, the
vertical motion as computed in Chapter 1IV-a-2 and the frontal
patterns, and good estimates may be made.

Weather. With three stations reporting the weather and by moving the

weather events with the steering winds aloft, a good idea of the

weather in and about the triangle or line of stations can be main-

tained.
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FIG. 1Iv-B-2 500 mb chart with winds at different directions and speeds.
The heavy segments show the geostrophic spacing at Stations
A, B and C. With different wind directions at B and C there
must be some anticyclonic curvature between them. Assuming
that B was in an inflection point with almost straight flow
the 513 contour was drawn through the spacing mark (513) and
given anticyclonic curvature to pass through Station C. The
516 contour was drawn through B and given a larger spacing
(south of the 516 mark at Station C). South of Station B
some anticyclonic curvature was drawn so the spacing was
increased. This procedure was continued to complete the
map.
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f. Prognosis. With a better analysis and knowledge of the convergence,
vertical motion, vorticity, and moisture advection, the forecaster
can make better prognostic maps and a better forecast than with only
one station,

g, Forecast. A confident forecast may be given for the downwind sta-
tions. The timing for weather events that will enter the area is
still a problem and the standard models are the best help.

Adding Non—-synoptic Data, Data from aircraft or other sources (ships at

sea, a tank crew) may become available. These data may not be at map time

and are from almost any location or height. They can be very useful and

must be used in continuity with time and adjusted on the synoptic map.

a. RECCO Report. These are the best and most complete airborne reports
available. Plot all reports and start to adjust in time and space.
TR 225 (Air Weather Service, 1960) has an excellent discussion on
this subject.

b. Pilot Reports. Any information about tops and bases of clouds, cloud
type, weather, turbulence, and aircraft icing helps to develop and
extend the analysis. The pilot report needs to be adjusted in time
and space the same as the RECCO data.

C. TARWI Reports. These are used in NATO for Target Weather Reporting.
This code is not used as frequently as RECCO or PIREP so it is given
in the Appendix, Part N. All these codes are given in AWSR 105-24
(Air Weather Service, 1983).

The information is primarily sky condition, visibiity (surface)
and weather (surface)., This information can be added to the single
station data, or if successive reports are available, a single sta-
tion procedure can be used for that target. Lack of wind data is the
major handicap, but with a series of these data the forecaster can
determine the synoptic condition. Thus, he can gilve the latest
target weather report and a forecast for the next few hours.

The cloud and weather reports can be converted to a relative
humidity report using the procedures in the Appendix, Parts C and D.

Consider how helpful the following TARWI report at D3-1800 LST
in the southwest corner of the map would have been to the forecaster

pack in Chapter III-C-9c:
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TARWI YQLgLgL;LoLoLoG'G' 8343 SMOKE BLOWING SW.

He would have been certain that the front was past the corner of
the map, as he drew it, and would have known about the low clouds to
the rear of the front. Thus, he would have been more confident about

his forecast for D4-0600 LST.

PART C AN EXAMPLE

1.

2.

Data. The observations and situation continues from Chapter III, The
observations for D3-1800 LST to D4~-0600 LST are given in Table IV-C-1.
Interpretation of the Data from D3-1800 LST to D4-0600 LST.

a. Continuity. The front south of the station has become stationary as
indicated on the map for D3-1800 LST, Fig. I1I-C-4,

b. Clouds. By D3-2300 LST the forecaster should realize that over-
running is occurring because of the increasing amount and the lower-
ing of the clouds.

C. Radiation Cooling. The temperature holding steady indicates that the
clouds are thick so little IR radiation is escaping, or warm air
advection is occurring, or both,

d. Wind Shear. The shear between the surface wind and the wind at the
AS cloud 1level indicates almost no advection, but a strong wind
shear. The gradient~level wind (GLW) will surely be from the ESE
which would indicate weak warm air advection, and a low to the south-
west.

e. Pressure Falls. The continually falling pressure indicates that the
low is moving toward the station, or intensifying, or both. The
diurnal pressure change from 1800 to 2100 LST would indicate a rising
pressure and almost no change until the next day at 0600 LST (Table
1I-C-4).,

f. D3-2355 Observation. The observation at D3-2355 appears to be
incorrect, i.e., the sky condition does not seem to follow previous
observations., Why has the ceiling lowered so fast? Should the
forecaster assume a continuing lowering of the ceiling?

g Ceiling. By D4-0100 LST the ceiling has lifted to be in line with
prior observations.

h. Warm Front. The D4-0200 and D4-~0300 LST observations give the mean-
ing of the D3-2355 LST observation. The front probably is moving
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3.

5.

northward as a warm front (falling pressure, lowering ceilings and
precipitation) and snow showers are forming ahead of the warm front.
The low ceiling at D3-2355 occurred when low clouds associated with
the developing snow showers moved past without precipitation.

i. Low Pressure. The continual falling pressure indicates that a major
frontal wave 1is approaching, and the wind indicates it is to the
southwest of the station.

Additional Data. Other observation teams also have been working and

communications are established to the extent that data from two additional
stations, #1 and #2, are available. The relative locations of the sta-
tions are shown in Fig. IV-C-1. The last 6 h of surface data for these
stations are shown in Tables IV-=C-2 and IV-C-3.

Interpretation of the Data from Station #1 D4-0000 to D4-0600 LST. Table
IV_C-ZQ

a. Air Mass. This station is in the cold air mass and the low is to the
southwest of the station.

b. Precipitation, The snow and rain are caused by overrunning of the
warm front. The temperature is right for freezing rain.

c. The Low. The small pressure change and winds indicate that the low
is moving south of the station.

Evaluation of the Data from Station ﬁg D4-0000 LST to D4-0600 LST. (See

Table IV-C-3.)

a. Front. The warm front passed the station between 2358 and 0300 LST
when the wind shifted. From 2358 to 0054 LST the temperature warmed
12° F and dewpoint increased 9° F.

b. Low Center. The low pressure center is west of all stations

Upper Air Data. The rawinsonde data (Table 1V-C-4) have been plotted as

Figures IV-C-2, 3, and 4 for Stations #1, #2, and #3.
Analysis of the D4-0600 LST Data. The same single-station analysis

procedures outlined in Chapter III should be utilize” for each station

before joining them together to make the analysis.

a. Plotting the Maps. The basic data were plotted for each station then
the GLW were added to the surface map. Because of the inversion at
Station #3 (Fig. IV-C-4) the 2000 ft wind was selected to be the GLW,.
At Stations #1 and #2 the 3000 ft winds were selected for the GLW.
The shear vectors computed from the GLW and the 700 mb level wind
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TABLE IV-C-4
Upper air data for stations for D4-0600 LST.

#1 #2 #3

Sfc 040/12 180/15 060/18
1000 £t — 190/26 080/17
2000 £t 090/15 200/35 100/25"
3000 ft 160/19" 220/40" 110/24
4000 ft 190/30 220/43 110/20
5000 £t 210/44 225/47 140/20
6000 ft 220/44 225/50 180/23
7000 £t 230/45 225/50 220/32
8000 ft 230/53 225/51 220/43
9000 ft 230/58 225/54 220/48

10000 ft 230/63 225/55 230/47
12000 ft 230/71 235/70 235/56
16000 ft 235/86 235/90 240/71
20000 ft 235/98 240/103 250/77
850 mb 200/36 225/48 120/20
700 mb 230/62 225/55 230/48
500 mb 235/95 240/100 240/78
300 mb 250/103
850 H 353 433 390
850 T 8.8 10.2 1.2
850 T-T, 0.6 2.7 1.3
700 H 941 021 941
700 T 2.0 2.5 4.2
700 1-T, 5.0 8.0 0.6
500 H 555 566 552
500 T -17.5 ~16.0 -18.8
500 T-T, x 8.0 2.4

*
Gradient-level Wind
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SKEW T.LOG P DlaGRAM

/

STATION®1
D4 OS00LST

PRESSURE (MILLIBARS)

900

- 1000 \, [~}
/°\ / ° /N

TEMPERATURE (°C)

Rawinsonde data for Station #1 for D4-0600 LST.
Front is at p = 875 mb with a potential temper-
ature value of 21° C. The break of lapse rate at
p = 700 mb and 8 = 32° C is probably subsidence.
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PRESSURE (MILLIBARS)

SKEW T.LOG P DIAGRAM

o — 2 /

STATION %2
D4 0600 LST,

N

FIG.

Iv-C-3

TEMPERATURE (*C)

Rawinsonde data for Station #2 for D4-0600 LST.
The front is not over this station but the
subsidence layer with 8 = 32° C is same layer
at 32° C at Station #1.




PRESSURE (MILLIBARS)

SKEW T.LO0G P DIAGRAM

STATION=s3
D4 0600 LST

7 AEN AT 20N

TEMPERATURE (°C)

FIG. 1IV-C-4 Rawinsonde data for Station #3 for D4-0600 LST.
Front is at p = 780 mb and 6 = 24° C. Compare
with 8 of 21° C at Station #1.
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were computed and plotted on the surface map. The shear vectors also
were plotted on the 850, 700, and 500 mb maps as described in Chaptear
III, aiong with the data for each level. (See Figs. IV-C-5, 7, 9,
and 12.)

Station #2 D4-0600 LST. The warm front passed #2 soon after D4-00CO
LST. The GLW is from the SSW and surface wind in the cold air is
from 045°, so the front will not move fast - maybe at 5 kt. There-
fore, it will displace about 0.5° Lat in the 6 h period to 0600 LST
so it should be placed north of Station #2 and parallel to the shear
vector of the GLW and the 700 mb wind.

Station #1 D4-0600 LST. The sounding (see Fig. IV=C-2) shows the top
of the inversion at 875 mb, and having a 6 of 21° C which would
convert to a temperature of 7.5° C at 850 mb. The 875 mb level is
about 4000 ft pressure altitude (PA) and the surface is 1300 ft MSL.

Warm air advection is indicated so the front is a warm front., Assum—
ing a slope of 1:200 for the warm front, the front is 1.5° Lat from
Station #1 at the surface

4000-1300 200
5280 X 69

= 1.5° Lat

and

5000-4000 200
5280 X 69

from the station at the 850 mb level. The orientation of the front

= 0.5° Lat

is determined by the direction of the GLW-700 mb wind shear vector.
These distances could be computed using the actual height of the 850
mb level, but the error in estimating the slope does not require such
close calculations, so the ease of reading the pressure altitude is
utilized.

Station #3 D4-0600 LST. The sounding (see Fig, IV-C-4) shows the top
of the front at 780 mb (7000 ft PA) with a 6 of 24° C (10° C at 850
mb). The station is 800 ft MSL. Using a slope of 1:200 the surface
position would be

7000-800 200
5280 ~ 69

from Station #3. It is orientated parallel to the GLW-700 mb wind

= 3.4° Lat

shear vector. The front is
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7000-5000 X 200
5280 69

from Station #3 at the 850 mb level., At the 700 mb level the front
would be

= 1.1° Lat

9600-7000 X 200
5280 69

distant from Station #3. At the 700 mb height the front should be a

= 1.4° Lat

little flatter so 1.5° or 1.6° Lat could be used. The isotherm along
the front is -5° C. The value of -5° C at 700 mb was determined by
following the 6 value to the 700 mb level. Note how well the poten-
tial temperature at the top of the front was conserved during the
last 12 h.

Placing Front. When 3.4° Lat from Station #3 is located along a line
normal to the GLW-700 mb wind shear vector, the position is very
close to the location estimated from Station #2 in part 5a. With the
location of the two points just north of Station #2, the distance
south of Station #1 (computed in part 7c¢) and the direction of the
shear vectors, the front may be drawn on the surface map. {(See Fig.
IV-C-5.)

Surface Map. The cold front on the western edge of the map was drawn
to complete the model and remind the forecaster that a low with
frontal wave is expected.

Using the geostrophic wind tables (Appendix, Part I) the spacing
of the isobars may be marked (shown by the heavy lines). All the
determined spacings it except at Station #1. Because of the cyclon-
ic curvature the i obars were drawn with closer spacing then would be
indicated by the geostrophic wind.

The surface weather and nephanalysis are shown in Fig, IV-C-6
for D4-0600 LST. The snow showers at Station #3 were moved north-
eastward from the station. The rain area at Station #1 extended east
and west of the station with snow to the north., Showers were placed
along and ahead of the front because of the instability shown on the
stability chart Fig. IV—-C-14 which is discussed later, The nephanal-
ysis was made using the present and past ceilings of the three

stations,.
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850 mb Map. The 850 mb map (Fig. IV-C-7) is drawn to show the front
at the distances from the stations calculated in 7¢ and 7d and
properly stacked with the surface. The 30 m contours are spaced
using the geostrophic wind table in Appendix, Part J. The spacing is
indicated by the heavy section of the contours. The isotherms are at
2° C intervals and the 6° C isotherm is placed just north of the
front and the others in relation to the temperature gradient read
from the Appendix, Part L. A check of the plotted RAOB data shows
the large temperature difference between the two air masses which
indicates a close packing as was also indicated by the shear vector.
The 850 mb Moisture Chart. Fig., IV-C-8 is an analysis of the 850 mb
Tq and 850 mb mixing ratio (r) (solid lines labeled with dew point
temperature at the left end of the line and mixing ratio on the
right) and T-T4 (dashed). This chart presents the moisture pattern
of a warm front with precipitation caused by overrunning. Thus the
isodrosotherms are close to their saturation isotherm on the northern
two-thirds of the map. Only on the southern edge of the map might be
a cloud free area at the 850 mb level. In practice, the moisture may
be placed on the 850 mb chart by using color (green) but was kept
separate for clarity in this presentation.

The 700 mb Chart. The data were plotted on the 700 mb chart (Fig.
IV-C-9) and the spacing of the contours are marked (heavy mark).
When the contours are drawn to fit the spacing a trough is implied
just west of Stations #2 and #3. On the surface and 850 mb charts a
trough is on the western edge of the map. With warm air advection
occurring at both Station #2 and #3 at the 700 mb level and warm air
advection from the surface to 700 mb (see GLW-700 thickness vector on
surface map) this trough in Fig, IV-C-9 does not fit the conditions
and the contour analysis must be incorrect. It needs a curvature
adjustment as described in Fig, IV-B-lc. The adjustment is made by
introducing anticyclonic curvature at Station #2 and spreading the
gradient as shown in Fig. IV-C-10., The 294 contour is drawn with
only slight curvature from Station #1 to #3. To the southeast anti-
cyclonic curvature is shown in the contours and a wider spacing than
the geostrophic spacing indicates. To the northwest of the 294

contour the contours were drawn with cyclonic curvature, because the
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front is in the area. The potential temperature at the top of the
frontal zone on the RAOB (Fig. IV-C~4) would indicate a -5° C iso-
therm along the front so the -8° C is placed in the cold air, close
to and parallel to the front at 700 mb with a strong thermal gradient
to the northwest.
700 mb Moisture Chart. At both Stations #1 and #2 the 700 mb level
is much drier than the layers just below as shown by the radiosonde
data, Fig. IV=C-2 and 3. The moist overrunning over the front
extends well above the 700 mb level over Station #3, however, because
the cold air is deeper. The T-T3 = 2°, 4°, and 6° C are shown in
Fig. IV=C-11l. As in the case of the 850 mb chart the moisture could
be added to the contour analysis by using color.
500 mb Chart. The same type of corrections to adjust for the geo-
strophic wind gradient that were applied to the 700 mb chart had to
be used on the 500 mb chart, The geostrophic spacing is marked and
the amount of deviation because of the anticyclonic curvature can be
seen on Fig., IV—-C-12, The weak thermal pattern shown by the dashed
lines would be expected in the warm sector of a wave cyclone.

At Station #3 the 12 h height change was +20 m. A study of the
z-t chart (Fig. IV-C-13) shows that Station #3 is still in the ridge
and should have anticyclonic curvature. The trough 1is west of
Station #1 which allows proper hydrostatic stacking.
The Instability Chart. The shear of shears vector (instability
shear) for each station and the stability indices were computed for
each station and plotted on the map. The location of the surface
front was traced on the chart, Fig, IV-C-14., The TTI is presented on
the analysis. The area of instability along the front is indicated
with the shear of shears vectors at Station #3 from the east and
Station #2 from the west. Station #1 has unstable air over it and

more unstable air to the southwest.

8. Evaluation of the Vertical Motion and Vorticity.

a.

Calculation of Vertical Motion. The vertical motion at 500 mb was
calculated using both (IV-4) and (IV-11l) for comparison. These
calculations will be referred to as method 1 and method 2, respec-

tively. In both cases, the calculations proceeded by first calcula-
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ting w at 2000 ft, then at 4000 ft, and finally at 500 mb (actually
5580 m).

The wind observations needed for the calculations appear in
Table IV-C-4, Trom these, the velocity components at the three
stations can be calculated using (IV-3). These values and the other
pertinent information for the three stations are given in Table
IV=C-5. Table IV-C-6 provides the remaining information required for
the three sides of the triangle (see Fig. IV-C-1). The area enclosed
by the triangle in this case is A' = 112,315 x 10m 2, 1t will be
recalled that method 1 uses (IV-4), which is repeated here for the

convenience of the reader.

— - 1 _ _
Wp = Wp - KT{(VaSinBa - uacosBa)Aa

+ (vbsian - ubcost)Ab (1V=-4)
+ (v sinB - U cosB )A ] .
c c ¢ c’e
Thus, w by method 1 at 2000 ft is given by
1 [(498 sin279°+138 c0s279°)132,373.6 X 103

72000 7 7 175 315 x 100
+(556 sinl76°+363 cos176°)175,312.8 X 103
+(-178 sin49°+809 c0s49°)216,119.6 X 103]
= 0.3 cm s~1,
The same procedure leads to V4,000 ft = 0.9 cm s~1 and Yegp T 3.1 cm
s—1,

The quantity A (IV-7), which is required for the computation
using method 2, has the value, A = 223,356 km2. The average
terrain height at the centroid of the triangle is 275 m. The values
of u, and v,, calculated from (IV-8 a,b) for the surface centroid
winds are given in Table IV-C-7. Also given in Table IV-C-7 are the
components of the terrain gradient (:z/3%x)o and (3z/3y)o, calculated
from (IV-10 a,b). When these values are used in (IV-9), an oro-
graphy-induced vertical motion at the centroid of 0.14 cm s=l is
obtained. The various derivatives of the velocity components re-

quired in this method were calculated from (IV-8, c-f), using the
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computed

X

y

Height (MSL)

u

v

u

(sfc)

(sfc)

(2000 ft)
(2000 ftr)
(4000 ft)
(4000 ft)
(500 mb)
(500 mb)

Station parameters and data

TABLE IV-C-5

from rawinsonde data in Table IV-C-4,

#1

330
93
391
397
473
772
0
268
1520
4003
2872

km
km
m

cm

cm
cm
cm

cm
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#2

151.8 km
- 167.6 km

78.3 m

0

772 cm
616 cm
1692 cm
1422 cm
1694 cm
4455 cm
2572 cm

#3
123.3
300.4
237.1

- 802

- 463

~-1266
233

- 967
352

3475
2006

cm

cm

cm

cm

cm
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values listed in Tables IV-C-5 and IV-C-6. The results are given in
Table 1IV-C-7. By this method, the value of w at 2000 ft is given by
(see IV-11)

o000 = 0+14 = 167.3 X 102[(22.8-29.5) X 10~% + (5.6-25) X 10~9]

= 0.57 cm s~1 .
The values of w at 4000 ft and 500 mb obtained using method 2 are
given in Table IV-C~7. When the values of w calculated by the two
methods are compared, it 1is seen that minor differences present at
the lower levels diminish with height to essentially zero at 500 mb.
b. Calculation of Vorticity. The derivatives needed for the calculation
of vorticity at 500 mb also are given in Table IV-C-7. The value of

% computed from these values using (IV~12) is 1.2 X 1075571 ,  with

£, = 0.85 X 10~% s~1, this gives gy = 0.97 X 1074 s~1,
Forecasting of Max Temperature and Convection. Station #2 has been chosen

to illustrate the techniques for forecasting the maximum temperature and
the possibility of convection because it best meets the conditions
required for the techniques to be successful, From the analysis already
performed, it was determined at D4-0600 LST that this station is most
likely to remain in the mTw air mass through the next 9 h, by which time
the maximum temperature should be realized at the station.

It has been estimated that for a station at this Lat in February the
insolation for a clear sky can be represented on the Skew T-Log P Diagram
by an area of 10° C by 2° 8. However, at D&4~=0600 LST at this station
there 1s a solid overcast ceiling measured to be 1600 ft AGL. Under such
conditions approximately half of the clear sky insolation will not reach
the ground. Accordingly, in Fig. IV-C-15, the stipled area represents the
net insolation after adjustment for the cloud cover. The mixing ratio
line from the surface value of r to the sounding marks the height of the
CCL to be at about 940 mb. The intersection of the 940 mb isobar with the
pressure-height curve (dash-dot line in Fig, IV-C-16) shows the CCL to be
at about 570 m MSL which converts to about 1600 ft AGL (the elevation at
Station #2 is 78 m). (A quick approximation can be made by using the
Pressure Altitude scale on the side of the Skew T-Log P Diagram).
Therefore, the convective activity at this station should simply maintain

the cloud deck already present. As a consequence, it is assumed that the
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FIG. 1IV-C-15 Station #2 sounding from 1000 to 800 mb for
D4-0600 LST. The dash-dot line is the
pressure~to-height conversion curve using
the isotherms as a linear scale for height
in meters above sea level and the reported
mandatory pressure surface heights. The
stipled area represents energy added to the
boundary layer from solar insolation
modified by cloud cover.
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FIG. 1V-C-16 A portion of the Station #2 hodograph. The
thermal wind vector from 3000 ft to 830 =bh
is Vt. The advective wind for the laver is
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10.

stipled area in Fig, IV-C-15 represents the maximum amount of insolation
to be expected. The temperature increase by insolation then amounts to
1.7° C at 1000 mb,

Fig., IV-C-16 shows a portion of the hodograph for Station #2 at
D4-0600 LST. Dots represent the winds from the surface to 3000 ft (the
gradient level) and the 850 mb wind. The thermal wind, 3; from the
gradient to 850 mb has a magnitude of 9 kt. The normal wind in the layer,
Vn, also shown in Fig., IV-C-16 has a magnitude of 21 kt. These values
along with a forecast period of At = 9 h when substituted into (III-13)
give an advective temperature increase, coincidentally, of 1.7° C.

The net temperature increase, 3.4° C or 6° F, from the combined
effect of radiation and advection would lead to a maximum temperature of
69° F at about 1500 LST at Station #2. In actuality, the maximum tempera-
ture reached was 68° F.

Deep convection should not be expected at this station during the
forecast period. The mean mixing ratio line for the lowest 100 mb (r in
Fig. IV=C-15) would intersect the sounding at a value of § which, in turn,
falls well to the right of the potential temperature line through the
maximum temperature for the day. This suppression of deep convection also
is indicated by the various stability indices which can be determined for
this station at 0600 LST. These are: SI = 1, LI = 2 and TTI = 45. How-
ever, light rain showers should be forecast because of the approaching
cold front.

The Surface Prognostic Chart. Assuming that the surface wave is on the

west edge of the map and that it is an open wave, it would be expected to
move in the direction and at about half the speed of the 500 mb wind. The
direction would be 070° and the speed of 70/2 = 35 kt. Movement for 6 h
would give 6 X 35/69 = 3.,0° Lat and a 12 h displacement would be 6.0° Lat.
The 500 mb wind does become more southerly along the track and the warm
front will shift northward so the thermal steering would indicate a shift
to the north, The forecast position of the low is placed about 0.5° Lat
to the north of the steering wind position, While the movement is good,
the location of the low at D4-0600 LST is not known so the forecast low
may be off, The warm front can be moved by extrapolation to the new
position shown. The forecast cold front is harder to position because

continuity is not available., Therefore, use the standard wave and draw
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11.

the cold front. The low was estimated at D4-0600 LST to be at 998 mb.
The low is crossing about 30m of contours (Chapter IV-C-8a) at the 500 mb
level toward lower values. Thus, a drop of 4 mb at the surface would be
expected, maybe to 995 mb. The winds on the west side of the low will be
strong and the winds in the warm air will remain strong at the gradient
level. The prog map is Fig. IV-C-17.

With the cyclonic curvature the isobars for a 2 mb interval should be
about 0.5° Lat for spacing at Station #1 and #2. The wind at Station #2
will be easterly and about 25 kt or greater.

The Forecast Made at D4-0730 LST.

a. General. Northern and western parts of area cold, windy, low clouds
and poor visibility with snow, Southeastern section warm, with
showers but cooling when front passes. (See Fig. IV-C-18.)

b. Station #3. Temperature in the 20's® F. Winds northeasterly at
15-18 kts. Snow and freezing rain reducing visibility to 1/4 mi and
making movement of vehicles and aircraft very difficult, The chill
temperature will be -10° F.

C. Station #1. Temperature falling rapidly to mid 20's® F with snow and
freezing rain. The visibility will be 1/4 mi. Movement of vehicles
very difficult., Equivalent chill temperature will be at least ~-10°
F.

d. Station #2. Warm all day, in low 70's® F with southerly winds, low
ceiling with showers and thundershowers. Front will pass D4-2100 LST
(+ 2 hours), then low ceilings and turning much colder, into the
30's° F.

e. OQutlook. 24 h of snow, strong winds and temperatures into the low
teens. Six to eight inches of snow and deep drifts. Snow may stop
by D5-1200 LST, but winds and colder temperatures (10-15° F) will
continue over northwestern two-thirds of the area. This is a major

cold outbreak.
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CHAPTER V
SINGLE STATION ANALYSIS IN THE ARCTIC AND TROPICS

PART A GENERAL CONDITION

1.

Arctic. The arctic will be comnsidered the area within the Arctic Circle,

plus areas of permafrost and areas included in the "E" type of Koppen
climatic classification. The arctic (and antarctic) areas have extreme
sunshine patterns. In the winter the sun rises in the southeast and
sets in the southwest when it makes it above the horizon. In summer,

if the sun sets, it will be in the northwest and will rise in the north-

east. Because of the sunshine patterns, winter and summer have marked
differences. Phenomena occurring in the arctic that are not common in
the mid-latitudes are whiteout, looming, and ice fog. Any forecaster

going into the area should study the meteorological conditions, the ter-

rain, and geography of the area before arrival. Cold weather survivial

training is desireable in any condition, but a must if the team is to

move into a hostile area.

a. Air Masses in the Arctic. The northern hemisphere arctic air masses
are cA, mA, cP, mP and on occasions mT.

1.) ol air mass. Under certain conditions the mT air mass will
invade the arctic. When it does in winter the weather usually
is very disagreeable. The warm, moist air causes heavy precipi-
tation and thaws some of the ice on the roads so they become
slick (cold ice is not slick and makes an excellent road surface).
A slow moving 500 mb trough with large amplitude can bring the
mT air into the arctic. In summer, additional rainfall is about
the only problem with mT air.

2.) mP air mass. The mP air mass is a frequent visitor aloft in
the winter, but in summer it is the prevailing air mass at the
surface. The warm, moist mP air rides over the colder cA air
in the winter, causing clouds and snow. The leading edge of
the advancing mP air is called a "Trowell" by the Canadians.

3.) mA air mass. The mA air mass is a transition stage as the

cA air moves from land to open water. The cA is soon modified
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to a mP air mass.

4.,) cP and cA. Some meteorologists do not separate these two air
masses. They have the same characteristics, except some of
the air is colder which, at least for convenience, may be called
cA. Both air masses are shallow, cold, and have low mixing
ratio values. The cA air mass does not exist in the summer,
except on the snow-topped mountains.

Upper Air. The arctic area is to the north of the polar jet streams
(especially in winter) except when the top of a ridge may extend
well to the north. Therefore the winds at 500 mb often are weak,
but they may be very strong on occasion on the top of the ridge.
The Stratospheric Polar Night Jet does develop in the winter at 50
km above the surface. This jet does not seem to have any day-by-day
effect on the surface weather but would be important for aircraft
operating at the altitude.
Fronts. The boundary between air masses is knowm as a front. The
front with the cA air mass on its cold side is called the arctic
front. Frontal waves will form on the arctic front as on other fronts.
Because of the weak winds aloft and the shallow air mass, the wave
on the front does not move rapidly. Because the air mass is shallow
it does not cross over mountainous areas, but tends to go through
mountain passes or go around the obstruction. The 1location of the
front is usually marked by a band of clouds and snow. Since it moves
slowly some time may occur before it passes the next station. For
conventional analysis the forecaster must keep track of the time
the front passes each station because often after it passes the winds
and temperature may be more affected by terrain than the conditions
of the new air mass, thus the front is not identified easily.

Radiation. Because of the long nights during the winter, which usually

have clear skies, the long wave radiation is a factor. On many sound-

ings the inversion for the arctic front can be identified, and an
additional very cold layer at the surface is the radiation inversion.

The radiation inversion may be destroyed very rapidly when a cloud

layer moves over the station. As a general guide a cirrus overcast
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will cause a 10° F rise, a middle cloud overcast will cause a 20°
F rise and stratus will cause the temperature to rise 40° F in less
than 2 h. The arctic air mass will still be there but the extreme
cold produced by the strong radiation losses will be modified.

Because the very cold air drains into a valley, the hillsides

are always warmer than the valley. Also, the hillsides are windier
than the valley where the dense cold air is calm.
Ice Fog. At temperatures colder than =-22° F ice fog may occur.
There are two types of ice fog, pure ice fog and induced ice fog.
Induced ice fog occurs when additional moisture and/or pollutants
are added to the air, such as from a smoke stack, auto or aircraft
exhaust, or even a moose walking across the tundra. This induced
ice fog occurs around inhabited areas and may be initiated at -22°
F but almost always at =-40° F. The fog is shallow and the top of
hangers may be above it. A pilot is often misled because when he
flies over the runway he can see everything. (looking downward through
only a few feet of ice fog) but as he lands, his horizontal visibility
suddenly may become nil.

The ice fog is most dense during the day when more activity
is occurring (cars moving, aircraft operating, etc.). If activity
decreases the 1ice crystals will settle and at about 0600 LST the
visibility is good and will remain good until the first aircraft
operation leaves a contrail on the runway that soon spreads across
the area.

True ice fog does not form until the temperatures drop to about
-50° F. Of course, around cities, the induced ice fog will already
have formed as the temperature decreases. Regardless of the temper-
ature the first day after an arctic frontal passage, ice fog does
not form.

Blowing Snow. Because blowing snow reduces the visibility and obscures
land marks from the air, it is a condition that must be considered
because it 1is so dangerous to anyone outside. At some camps ropes
are stretched between buildings so that a person may hold to them

and not lose their way in the poor visibility or be blown away by
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the strong wind. The forecast procedure is the same as anywhere

else; look for loose snow and stong winds. Blowing snow is not a

whiteout.

g. Thunderstorms. Thunderstorms occur over the inland areas in the
summer season. The surface temperatures may reach 100° F and the
lower 1level air 1is unstable. Terrain is available for orographic
uplift. In inland Alaska, a SI of less than or equal to 4 is critical
for thunderstorms to form.

h. Surface Winds. During the winter months the surface winds in the
interior of land masses are weak, but along the coast, the winds
are stronger (150 kt or greater may occur in major storms). In the
summer the interior winds are usually less than 15 kt and the coastal
winds remain strong but not as strong as winter.

i. Additional Information. A number of studies have been made on arctic
climate and weather. Some, but by no means all, are listed: Director
of Met. (1960), Rubin (1966), Petterssen et al. (1956), Gavrilova
(1966), Reed et al. (1956 through 1959) and Weller and Bowling (1973).

Tropics. The tropical area is wusually defined as that area between

the Tropic of Cancer and Tropic of Capricorn. However, it may be extended

in a meteorological sense to include all of the "A" area of Koppen's
classification and all of the area which usually is covered with mT or
cT air.

a. Air Masses in the Tropics. The air masses are mT, c¢T, mP and cP.
In the literature some authors mention some others. One article
describes cA air as far south as 15° N. E has been used for Equatorial
and M for munsoon air masses.

1.) mT ait mass. Since most of the area on both sides of the equator
is covered by ocean, it is logical that the most extensive air
mass in the tropics is w»T. The warm, moist air usually has
clouds almost every day and often has showers and thunderstorms.

2.) ¢T air mass. Since there are not large land masses in the true
tropics (Africa being an exception), not much c¢T air exists
there. There are arid areas which may be classified as a '"B"

climate by Koppen, but the surface air is usually mT. The cT
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air is on the fringe of the tropics in the desert areas about
30° N and 30° S. Aloft, above the mT air, the airmass is dry
and potentially warm and when brought to the surface has the
characteristics of the ¢T air mass.

3.) mP and cP air masses. The polar air from mid-latitudes in the
winter season will penetrate into the tropical areas. The
temperature of the polar air is warmed rapidly but the native
of the tropics notes the colder air.

Severe Storms. Some of the thunderstorms do become strong and do

have strong downrush winds. They are usually in clusters or lines

which can be identified as compared with the isolated thunderstorm.

Fronts. Cold fronts from both the Northern and Southern Hemispheres

will invade the tropical areas and occasionally may cross the equator.

The surface temperature change will be small but the dew point changes,

wind shifts, and rain showers are there. The temperature changes

at 850 mb are usually larger than temperature changes at the surface.

The discontinuities may be' called fronts, shear lines, convergence

zones, or squall 1lines, but they must be analyzed because of the

weather they cause.

Pressure Changes. For many years forecasters have attempted to use

the pressure changes to predict weather in the tropics. In general,

a 24 h pressure change was used so as to eliminate the diurnal effects,

and also used was a 3 h period vs a 3 h period of the same time the

previous day. In general (excepting tropical storms), these have
not been too successful (Landgren and Leies, 1945). Rises and falls

of several millibars may occur over a large area for reasons not

known.
General. Of all the elements of the tropics the rainfall is the
most important to the welfare of the economy of the country. Note

that the temperature stays within well-defined ranges, the winds
are not too strong, hail occurs in higher plateaus and tropical storms
develop mostly over the oceanic areas. But to an agrarian economy
the rain is the most important of the weather elements. Too much

rain causes floods and too little means no crop. For military oper-
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ations, the clouds, rainshowers and thunderstorms and severe storms,
i.e. hurricanes, will be the main forecast problems.

Atkinson (1971) 1is available as an excellent starting point
for study of general conditions in the tropics. Additional references
are Anthes (1982), Palmer et al. (1955, Vol I; 1961, Vol II), Riehl
(1979), Shaw (1978), Simpson and Riehl (1981), Sutcliffe (1958),
Weikes (1957), and Winn-Nielsen (1979). Much material concerning
convective activity in the tropics has come from "GATE" and can be
found in the recent journals.

B PRACTICAL ASPECTS

Arctic. Single station analysis is alwavs helpful in the arctic (and

antarctic). Because of the great expanse of uninhabitable land and water,
large areas have no reporting stations, thus SSA is a continuing requir-
ement. SSA techniques should be used at all stations, especially the
stations on the edge of the reporting network. The terrain in much of
the Arctic land area 1is mountainous so the cold air is impeded in its
movements. Each major valley has its own synoptic problem and may have
only one or, at most, three reporting stations. Analyze each station
in each valley by SSA then join the several analyses to make one good
area analysis. The concepts of SSA do not need to be changed for the
arctic; however, there are some complicating factors which the forecaster
must consider. The most important factors are discussed below.

a. Bodies of Water. 1In the winter, lakes and the Arctic Ocean are covered
with ice which will be several feet thick. There is more heat transfer
to the overlying air mass from the Arctic Ocean than from the 1land
masses, thus the coldest air is over land (Siberia). From the stand-
point of a day to day forecast the frozen lakes and ocean may be
treated as a land surface without any transfer of water vapor or
heat from the surface to the air. There are a few hot springs that
will cause interesting micro-climates.

In winter, along some coastlines the water does not freeze.
A rapid exchange of heat and moisture occur when the cold air flows
from lan. to water. With light winds 'sea smoke" will form over

the water. An onshore flow will cause cooling of the warmer and
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moist air from the ocean causing advection fog which may be both
deep and thick.

During the summer the ice on the lakes and rivers melts, but
the water stays colder than the land. The forecaster must know his
local area especially during the summer.

The SSA data will be influenced by the land-water distribution
so the forecaster must consider these modifications. The effects
cause the same problem as in mid-latitudes. The data may need to
be adjusted to eliminate local effects to establish the more general
synoptic pattern.

GLW. Selecting a representative GLW requires some judgcme-*, especi-
ally in the winter seasons when the radiation inversion and cold
air drainage are both very strong. The surface will be calm and
very light winds exist up through the cold layer of surface air.
A wind in a layer above the radiation inversion but below the arctic
front would be ideal but often such a level cannot be determined
because the radiation inversion and the frontal inversion blend toget-
her or the transition layer is so thin that no wind is recorded in
the layer. There is no rule; pick the wind that seems to be the
best for the day.

Shear Vectors. Since the arctic front is shallow the shear from
the GLW to 700 mb wind is used to orientate the front. However,
the terrain may have more influence on the location of the front
than the meteorological dynamics. The shear vectors at the 700,
500 and 300 mb 1levels are good for orientating isotherms at these
levels. Check the advection because warming or cooling aloft will
be reflected on the surface the next day.

Tropopause. The tropopause will be lower in the winter than at mid-
latitudes. There are reports from some arctic stations which indicate
that on occasion the tropopause may be on or very close to the surface.
It may cause some problems when drawing the temperature patterns
at the 500 mb level, and often will be a problem at 2040 mb.

Vertical Motions. During the arctic winter the cold surface air

and lack of sunshine prevent convective activity. Vertical motion
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is confined to terrain effects.

1.)

2.)

cold air drainage. The air on the hillside cools by outgoing
longwave radiation. The cold air drains into the valleys, follow-
ing the same path that water runs down the hillside. This cold
air collects in the valleys. A person can note the temperature
change when climbing the hill or descending into the valley.
The drainage winds are weak, maybe 1 or 2 kt. The drainage
will continue throughout the 24 h day. The upslope wind of
mountain valley systems in the other parts of the world does
not occur because of the lack of sunshine during the day. The
single station forecast for these drainage winds is not a problem
because they are weak and are always there in the cold dark
months.

A special case of 1local importance is the glacial wind.
The air over a glacier becomes even colder than the drainage
air discussed in the previous paragraph. This air when restricted
to a narrow valley with a steep slope may develop winds even
exceeding 100 kt. At the entrance of the valley the glacial
winds flow out (direction of the orientation of the valley)
and once out of the valley spread into the flat area and lose
speed. Only the local area in the valley and just outside the
entrance of the valley are affected. The three needed imputs
are the temperature difference between the ambient air and the
air at the glacier, and the slope, shape, and resistance to
air flow of the canyon. In additon the wind direction aloft,
at glacier height, must be considered because it may hinder
the cold air drainage or encourage it. A local forecast study
would be needed to relate these factors to provide a forecast.
upslope winds. A wind flow encountering a mountain range may
be lifted at all levels. The mountain wave is a common occurrence
in the arctic area because of the stable air and the available
mountains. The downslope winds on the lee side of the mountains
may be very strong on the mountainside. However the foehn winds
usually will not penetrate the very cold air on the floor of

the valley. The forecast using SSA is easy when the station




is on the windward side because the wind profile and atmospheric
stability is known. If on the lee side, the forecaster will
need to extend his 700, 500, and 300 mb analysis upstream past
the mountain range. The visibility is good on the lee side
and the rotor clouds and lenticular clouds may be seen so the
forecaster knows the wave is occurring. Should the downslope
winds be strong enough to penetrate the cold air mass, warm
spots, known as foehn islands will be observed.
3.) 1lifting and divergence aloft. During the winter the tropopause
will limit any forced lifting over the terrain of any layers.
The winter tropopause is low and will cap any vertical motion.
During the summer the tropopause is about the 300 mb 1level.
Air will become wunstable from surface heating or uplift over
the terrain. The unstable air will rise to the tropopause which
is the level of divergence.
Polar Front Occulsions in the Arctic. The mP fronts have waves that
move across the Atlantic and Pacific Oceans. The 1low will cause
the mP front to form occlusions. The surface 'ow at the end of the
occulusion may shift north of the jet stream and a new low form at
the point of occlusion which is south of the jet stream and toward
the eastern side of the trough of the major wave. When the new cyclone
forms, the occlusion may break loose and be carried northward in
the southerly flow on the east side of the major trough. With a
trough of large amplitude the occlusion will be carried into the
arctic area. When it encounters the cold cA or cP air in the Arctic
the occlusion moves aloft above the arctic front. Thus another occlus-
ion has formed. From the forecaster's viewpoint it is better to
analyze the old occlusion as a front aloft, above the cA air and
not try to burden the analysis with another occlusion. The thermal
structure of the front aloft (the old occlusion) is weak because
it has mP air on botﬁ .of the occlusion. Because of the small AT
across the front it will have a steep slope. At greater elevationms,

(500 mb), the mT air from the warm sector of the original occlusion
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may be present. If so, the AT across the front is greater and moist-

ure from the mT air will cause more clouds and snow.

From a single station analysis standpoint the following conditions

occur when the old occlusion is in the vicinity of the stationm.

1.)
2.)

3.)

4,)
5.)

6.)

7.)

8,)

9.)

10.)

11.)

g. Ice

no change of surface air mass.

because of the cloud cover the surface temperature may change
(see previous radiation inversion discussion).

clouds may be on both sides of the occlusion aloft. The approach
of the clouds follows the same pattern as the clouds preceding
a warm front. Rapid clearing indicates the front is past.
However the front may pass and the clouds may remain for a day.
precipitation may fall, usually as snow.

the surface pressure will fall as the occlusion approaches and
rise after passage.

the heights at 500 and 700 mb will lower, then rise after pass-
age. To observe the height change compute the 12 h AH and 24
h LH.

the winds aloft will make a cyclonic shift when the occlusion
passes. The occlusion is in a minor trough moving northward
over the major ridge. The wind shift may be from the southeast
to the southwest and a shift to north wind may never occur.

the temperature at 500 and 600 mb will increase then decrease.
A 24 h AT may be from 2°C to 10°C. The occlusion with the 10°C
AT will still have several days of existence.

the speed of the occlusion is the speed of the 500 mb level
wind.

the shear vectors at 700 and 500 mb will indicate the location
of the warm and cold areas which will be warm ahead of the minor
trough and colder behind.

the forecaster must be aware that the occlusions may come past
and be alert to identify them because they cause most of the
fall, winter and spring precipitation and cloudiness.

Jams and Floods. The ice on the rivers will be at least 6 ft

thick in the springtime when the thaw starts. In addition to the
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top ice, the river has frozen from the bottom upward because of the
permafrost. When snow melt or rain water runs into the river and
raises the water level, the top ice will separate from the anchor
ice and will start to float downstream. The ice pans, 6 ft thick,
100-200 ft long and 30-40 ft wide cannot turn the bends in the river,
thus they jam together, holding back the upstream ice. Under pressure
the ice pans will fuse into one solid mass. The ice-jam will soon
restrict the flow of water thus causing the water to flood over the
area above the jam. At this time it is usually suggested that the
ice-jam be bombed. This is a mistake because the anchor ice on the
bottom is blasted loose so then twice as much ice is available to
make a jam. A forecaster can determine the years that a jam will
form. When the headwater area warms- and melts snow before the lower
reaches of the river thaw, ice jams will form. If the lower reaches
thaw first then the ice is gone and there may be high water but no

ice jam floods will occur (Henry 1965).

Tropics. As in all meteorological forecasting the local conditions have
an influence. The forecaster must know the terrain and geography of

the area. The windward and lee sides of the mountains, and even smaller
hills cause uplift or downslope winds which may cause clouds, showers
and foehn conditions. The vegetation of the land mass changes the albedo
which leads to different heat effects from “l.. sunshine. Lakes, curvature
of coastlines, rivers, swamps and all other features, even man-made cities
have an effect.

The climatology of the tropics indicates smaller ranges of temperature
than in other areas. The temperature usually stays close to the monthly
mean. The surface winds have more persistence than in other areas of
the world but climatology alone cannot be used for a good forecast,

Tt can be used to prevent an -*hl;hg‘y one. Rainfall is the 1large
variable) and monthly means are a poor guide (See Appendix, Part O0).
Climatology is very useful for determining the rainy seasons of the area.
A knowledge of the climatology is very important for meteorological analy-

sis and forecasting in the tropics, as in all other areas of the world.
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A forecaster cannot be successful without a knowledge of the terrain,

ecology, and the geography of the area.

The tropical areas are made for SSA. Even in the best of times
the stations are isolaced. The =x-t cross-section was developed in the
tropics. A close watch must be maintained to notice small changes.

The tropical area has been described as a diurnally-persistent region.

This is an erroneous concept. A persistence forecast will not suffice.

a. Permissive vs Suppressive Days. Almost all the rainfall in the tropics
comes from mesoscale systems (showers and thunderstorms). A permissive
synoptic system allows or even encourages the mesocale systems to
operate, thus much precipitation. On other days the synoptic cond-
itions are suppressive so the mesoscale systems do not develop, thus
little or no rain. The atmosphere is in a permissive condition for
3 or 4 d in succession with a shorter suppressive period. During
the dry season the synoptic scale conditions suppress the mesoscale
systems. However, some strong mesoscale systems do break through
and heavy rains occur. The dry season thunderstorm gives more rain
than the wet season thunderstorm. The wet season just has many more
thunderstorms. Some authors refer to the permissive days as "+
days or disturbed, and the suppressive days as '"-'" or undisturbed
days. More on forecasting by SSA is below in c.

b. Shower Size. The rain showers are arranged in patterns so that only
about 12-15% of the area will have precipitation any one day. The
cells are about 35 mi apart and are about 15 mi in diameter. A fore-
caster should know that most of the area does not have thunderstorms
even if a thunderstorm occurs at his station. For more information
about the nature and variations of rainstorms, read Henry (1974),
"The Tropical Rainstorm” and Part O of the Appendix.

c¢. Conditions to Watch. A quick look at a time series of tropical data
indicates a sameness which is deceiving. Because of this many

forecasters do not appreciate the value of the rawinsonde data in

the tropics. A small change may be enough to cause a major weather
event.
1.) rawinsonde data. These data are useful for determining the
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2.)

trade wind inversion, precipitable water, %E , and stability.
Stability will be discussed below. The trade wind inversion
separates the moist mT air at the surface and lower levels from
the drier air aloft. The easterly winds in the lower levels
may change to westerly above the inversion. The inversion sup-
presses cumulus development. Furthermore, the dry air aloft
mixes with any cumulus clouds that penetrate the inversion and
may evaporate them. The precipitable water is a good indicator
of the moisture aloft. In many locations it can be related
to the probability of precipitation. When the values of precipit-
able water are low (< 1 in) precipitation is unlikely; values
larger than 2 in in the tropics does not mean rain will occur,
but the chances have increased.

The lapse rate of equivalent potential temperature will
show differences from day to day better than the temperature
lapse rate. A change in BFE/EZ relates very closely to a change
of stability and the .changes from sounding to sounding should

be noted. These changes are the indicators of '+" and days.
Atkinson (1971) describes the variations of BE with height
very well with several diagrams.

In the presence of the trade wind inversion and with very
few means to provide lifting, organized release of latent instab~-
ility is impossible in the tropics. Large values of GE in the
boundary layer coupled with horizontal convergence is necessary
to initiate convective overturning.
stability and shear. Krishnamurti (1985) states that in a baro-
tropic atmosphere, an increase in time of horizontal cyclonic
shear at the 850 mb level tends to decrease stability in time.
From a SSA viewpoint the horizontal cyclonic shear is hard to
determine anywhere, but especially in the tropics. A time
series of wind observations can supply data for an estimate
of horizontal shear when several assumptions are used. The
main assumption is that the previous wind has translated some

direction and distance and still maintains its direction and
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speed. In some cases this assumption may be met and a horizontal
wind shear can be computed. In the mid-latitudes the pressure
system is translated. The continuity of a pressure system is
better than the continuity of a tropical wind field.

The concept of a barotropic tropical atmosphere like many
of the earlier beliefs about the meteorological conditions in
the tropics, is being phased-out because in fact, the tropical
atmosphere is baroclinic. The baroclinicity is not as strong
as in the mid-latitudes but there 1is enough to cause sloping
systems and shear vectors (thermal winds).

The gradient wind, geostrophic wind, and thermal wind all
have the Coriolis parameter (f=20ecin¢ ) as a factor. ¢ is the
latitude and at the equator, sin¢=0, which means that the equation
cannot be applied at the equator. However, the wind does blow
at the equator. Between 5° N and 5° S the geostropuic
relationship does not hold too well, but the Coriolis effect
is active. Any flow of air coming across the equator is turned
90° by the time it has reached 5° N or 5° S.

At latitudes outside of + 5° Lat the concepts of thermal
wind, advection, and slope of systems may be used, and with
more confidence farther from the equator.

Krishnamurti (1985) comments on the baroclinity of the
tropical atmosphere and the shear in the vertical. An easterly
(shear vector pointing eastward) vertical shear of 30 m s~°
from 850 to 500 mb will imply dense convective clouds in the
shear area.

The shears from 850 mb to 500 mb along with the TTI is
one of the better methods of forecasting the location of rain-
stiowers. The temperature gradients are weak but, when the atmo-
sphere is (in the rainy season) conditionally unstable, does
not have the tropical inversion, and moisture extends to high
altitudes, not much differential advection is needed to let
the cumulus clouds grow. With one RAOB station the direction

of the most activity can he determined and, if three or four
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3.)

RAOB stations are available, the area which will have the rain
can be identified from the morning soundings. The shear of
shears indicates the permissive and suppressive areas. In
Venzuela this method has been so successful that the stability
chart with the shear of shears has become the main chart for
shower and thunderstorm forecasting.

Atkinson (1971) has pointed out that stability indices
have 1limited use in the tropics. O0f course no thunderstorm
was ever caused by an index in the tropics or elsewhere. The
usefulness of indices are to designate areas that need to be
considered first because they are more unstable at the time
the observation was taken. The differential advection indicated
by the shear of shears will change the stability. Diurnal heating
is another factor which changes the stability over a land mass.
The sea breeze. In many parts of the tropics the sea breeze
has dictated a way of life. The afternoon siesta is during
the time period between noon and the arrival of the cooling
sea breeze. The sea breeze is a flow of air from the sea (ocean,
lake) whenever the adjoining land surface become. warmer than
the water. A difference of 10-15° F will usually start a sea
breeze and the greater the temperature difference the stronger
the sea breeze and the farther inland it will penetrate. The
GLW may be in a direction to support or stop the sea breeze.
The cooler, but moist sea breeze is heated as it flows over
the hot land and may become unstable so that showers develop.
Other factors such as terrain, plant coverage, soil color and
moisture, existing stability or inversions all tend to affect
the sea breeze and the following events. Atkinson (1971) devotes
six pages to the structure of the sea breeze.

The forecaster with only single-station data would note
that the sea breeze arrived by the surge of wind speed and maybe
a change of direction. The sea breeze direction usually is
normal to the coast at the coastline but turns toward the right

as it progresses inland (NH). Bluffs, hills, coastal islands
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4.)

deflect the sea breeze and change both the speed and direction.
An increase of the relative humidity and Td always occurs and
some cooling may be observed. The cooling may be indicated
only as a decrease of the heating rate, depending upon the time
of day.

From the operational SSA forecaster's viewpoint, the possi-
bility of clouds, showers, and thunderstorms becomes the main
problem. The air of the sea breeze is heated from below by
transfer of heat from the hot surface. Since some time is
required for the air to be heated to instability the beach does
not have many showers, but the showers occur inland. If the
sea breeze is moving upslope, it will help reduce the stability.
In most cases the sea breeze is an upslope wind.

The rawinsonde data prior to the arrival of the sea breeze
needs to be considered. The direction of the GLW will indicate
the resistance to the sea breeze and the convergence that could
occur. Any existing inversions could suppress the 1lift and
keep the convective activity from occurring, so the sounding
must be studied. The increase of the Td may lower the CCL to
a level below the inversion. Small cumulus clouds may be the
only resulting activity.

Once thunderstorms start, their cold outflow will meet
the incoming sea breeze and the convergence will continue to
generate more thunderstorms. This is especially true when a
coastal mountain range is present because the cold outflow will
move in one direction, downhill, increasing the intensity of
the convergence and thunderstorm quasi-front.

The land breeze which blows at night from the cooler land
to the warmer water usually is not a problem. However, in some
places it does cause a few thunderstorms over the water during
the pre~dawn hours.
the monsoon. The monsoon is a seasonal change of the wind direct-
ion. The wind shift usually brings a rainy or dry period depend-

ing upon the wind direction. The cause of the monsoon is attrib-
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uted to the large temperature change on the continents as bompared
to the oceans. Many parts of the world have some monsoonal
characteristics but the best developed monsoon is around India
and southeast Asia.

The climatological date for the arrival of the monsoon
is known for most places in the world, but the actual arrival
may be several weeks from the mean date. The forecast of the
"burst of the monsoon' is difficult even when all data are avail-
able. However, Krishnamurti (1985) shows a case for which a
computer model made a good forecast for both the start and a
break in the monsoon.

The forecaster with only SSA should know the climatic
date, so the event would not be unexpected. Dr. Phanindramohan
Das* (personal communication) states from his experience of
forecasting in India that the arrival of the monsoon at a coastal
station was watched, so that the movement inland could be
forecast. From a SSA standpoint, often heavy thunderstorms
would occur two or three days before monsoon rains arrived.
The movement of the monsoon rains across an area is not continous,
but a series of surges, each extending farther than the previous
one. He was of the opinion that the 850 to 200 mb shear vector
became stronger just prior to the arrival of the monsoon.

Krishnamurti (1985) comments on the large scale atmospheric
structure and identifies three indicators of the onset of the
monsoon: 1, a rapid increase of daily precipitation rate, 2,
an increase in the vertical integrated humidity (over a large
area), and 3, an increase in the kinetic energy, especially
in low level flows. Of these the SSA forecaster could note
indications of all three, depending upon his location. Number
1 would identify easily, number 2 would show on the radiosonde
sounding by persistence, and number 3 would show only if the

SSA data were in the correct relation to the wind pattern.

*Dr. Das is a member of the faculty of the Meteorology Department

at Texas A&M University.
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5.)

6.)

ITCZ. The Intertropical Convergence Zone is the source of much
of the thunderstorm activity in the tropics. The ITCZ usually
is a broad area of showers and the zone is too wide to mark
on the map with only one line. It does have seasonal travels,
following the sun with a lag time of about one month. Atkinson
(1971) divides the ITCZ intc two types, the monsoon trough and
the trade wind trough. When it is well north of the equator
the trade winds from the southern hemisphere cross the equator
and are turned to become westerlies. This is one type of monsoon,
as the winds of the area change from easterly trades to westerlies
in what Atkinson (1971) calls a "buffer zone".

In the area of the ITCZ (by any name) the temperature inver-
sion and dry air aloft of the trade wind area of the tropics
are missing, or so weak that they are hard to identify. This
area of the tropics does approach the barotropic condition.

The SSA will show the wind distribution and the moisture
aloft so the forecaster can identify the system. The forecast
problem is the same with one or 10 radiosonde statioms in the
area. With the 10 stations the trough may be located better
and its width identified better, but the SSA will indicate the

important features, the moisture aloft, and the £ lapse rate.

cold air aloft. 1In both the middle and upper iroposphere cold
pools of air with a cyclonic circulation do drift through the
tropical areas. It has been known for years that the cyclones
cause rainfall and are related to the tropical storms. Clima-
tology and knowledge of the existing models has been stressed
throughout this report. The analyst and forecaster must be
able to position his station in the appropriate model. Atkinson
(1971) describes tropical synoptic models in Chapter 7. The
effects of terrain and geography will be superimposed upon the
model.

From a single station viewpoint these small (2000 km
diameter) cyclones in the upper troposphere can be identified
only when their circulation and temperature patterns influence

the data.
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They are difficult to locate even with all rawinsondes in the
area available. In addition to the rawinsonde data the clouds
and weather must be observed and used. Since the same type
of clouds and weather occur with other conditions, they are
not sufficient by themselves, but may be used to support the
rawinsonde analysis.

Atkinson (1971) shows a proposed mean trough and ridge
model which he presents as Figs. 7-25‘ and 7-26. The troughs
extending NE-SW over both the Pacific and Atlantic Oceans in
the Northern Hemisphere have been named Tropical Upper Tropospher-
ic Trough (TUTT) by Sadler (1976a, 1976b, and 1978). The August
position is the northern extent of the TUTT. A similiar pattern
occurs in <+he Southern Hemisphere in th: summer season. For
a more complete description see Atkinson (1971) or Sadler (1976a,
1976b, 1978). The trough 1is not stationary or continous as
shown in the mean, but shifts from day to day and even breaks.
Sections of the TUTT may take a N-§ orientation as shown by
Sadler (1976a).

a.) With a series of rawinsonde data the forecaster can locate
his position in relation to the troughs and ridges by the
direction of the winds between the 300 mb level and the
tropopause, The TUTT is a cold trough and the shear vector
between the 200 and 300 mb winds will indicate the direction
of the colder air. The NE end of the TUTT has a greater
temperature contrast than the SW end so the shear vector
will be stronger in the NE.

b.) The pools of cold air enter at the NE section of the TUTT
and in general drift toward the SW in the summer. These
cold pools wusually have a closed cyclonic circulation,
and of course, are in the TUTT. Their approach may be
identified by 12 and 24 h temperature changes, 12 and 24
h height changes ¢t 300 and 200 mb, and the winds at the
upper levels becoming stronger and changing direction as

the low approaches and passes. The shear vector is useful
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d.)

f.)

to locate the direction of the cold air, which is in the
cyclone.
The cloud pattern of a cold cyclone in the TUTT and its
identification from a series of surface observations is
not possible because the visible celestrial dome is too
small. However, when a cold cyclone is suspected by wind
changes the cloud pattern may help to confirm its presence.
Often during the first three or four days of the cyclone
while in the mid-latitudes, no clouds, or only a few clouds
will exist. A band of cirrus in the east winds north and
northwest of the cyclone is one indicator. As the cyclone
moves southwest and moves over the surface trade winds
rainshowers and the CB clouds form to the southeast of
the low aloft. However rain showers occur at other times
with different synoptic patterns.
In the fully-developed «case, tropical storms develop
to the southeast of the low aloft. In other cases, espec-
ially to the far western end of the TUTT, extensive rain
may occur. The intensity of the surface weather caused
by the cyclones is difficult to forecast with all informat-
ion available and if more than 1000 km from a single
station a tropical storm will not be identified in its
initial stages.
It should be noted that the TUTT concept is not considered
by all authors (Riehl, 1979) when describing the cold
air aloft. SSA will identify the cold air cyclones aloft
by any name one wishes when they come over the station.
The origin and behavior of the mid-tropospheric cyclone
is well-described by Atkinson (1971). The SSA will locate
this cyclone's approach by ( A H/Zt), (L.Th/. t) and by
(4 T/ 2t). Both 12 and 24 h differences should be used.
The shear vectors at 500 and 400 mb (see Table-B-1) will
indicate the direction of the cold air at those levels.

The cyclone will be located to the left of the wind direc-
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8.)

tion (NH). Stronger winds and changes of wind direction
around the cyclone can be seen on the time x-section.
The mid-troposphere cyclone travels an erratic path and
may persist for several weeks, causes much rain and some-
times development of surface cyclones.

g.) During the winter season cold pools of air become separated
from the westerlies and drift into the tropics. They
may cause much rain. The SSA will identify the cold
cyclones when they are affecting the area.

hurricanes and typhoons. A forecaster with only SSA should
be able to identify an approaching storm 24 to 48 h before
arrival, Cirrus and cirrostratus clouds will often form in
a banded structure. The bands have the appearance of converging
toward the horizon, in the direction of the storm. Soon
afterward, the cirrus will increase and the bands no longer
can be identified. Along the coast the increased surf at fairly
regular intervals is a precursor. The crest line of the wave
is approximately normal to the azimuth of the storm direction.

The waves move faster than the storm so the waves from the storm

arrive before the increase of the wind. As the storm approaches
the pressure will fall and the winds will increase. The low
clouds and rain will develop. The GLW will become strong and

the storm should be in the direction normal to and to the left
of the GLW.

Using SSA from only one station the direction of the storm
can be determined but not the distance. With two or three stat-
ions, the center may be located by triangulation. However,
with one station the track may be established in relation to
the station. The storm will be approximately normal to the
GLW and the 850 mb wind. The change of direction of these winds
will indicate lateral movement of the storm. If the wind direct-
ion does not change but the speed increases the storm is approach-
ing or becoming larger or both. The pressure change at the
station will help determine if the storm is approaching the

station., The barometric pressure change may indicate a diurnal
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pressure change or a change of intensity of the storm or both.
The pressure and wind speed cannot be used as an absolute measure
to determine the distance to the center, because the strongest
wind and the lowest pressure cof the storm are not known. If
the eye should pass over the station then, for the departing
storm better estimates of the distance to the center of the
storm may be made using the climatological profiles of pressure
and wind of tropical storms.

Again, the climatology of tropical storms should be used
because the winds are not uniform in the storm (usually stronger
in the right, front quadrant). Also, the winds are stronger
in the rain bands. A few tornadoes may be associated with the
storm, but if the storm should curve toward the south the number
of tornadoes usually increases. Along the coast the forecaster
needs to know the terrain because a related hazard is the storm
surge. The depth of the storm surge is a function of the slope
of the beach, the contour of the coastline, and the speed of

the wind.
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CHAPTER VI
STATISTICAL SINGLE STATION FORECASTING

PART A CONCEPTS

The direct utilization of information from the surface and RAWINSONDE data
for essentially subjective forecasting has been discussed and demonstrated in
Chapters 1I through V. Many attempts also have been made to use this informa-
tion from a single station to objectively forecast certain meteorclogical
factors, such as visibility or precipitation amounts, These efforts involve
the use of statistical techniques, generally leading to multivariate regression
or Markov chain relationships. A survey of statistical procedures for this
purpose is provided by Whiton and Berecek (1982).

In general, such statistical relationships are tied closely to the clima-
tology of the given station and frequently show only small improvement over
climatology or persistence. Furthermore, the prediction relationships usually
hold for only a given station or differ from one station to another, i.e.,
require different input data, for the same predictand. Nevertheless, the
approach has value when information from one's own station is the only data
available or for the new forecaster in the station who is not yet familiar with
local conditions., Summaries of some of the types of studies that have been
made for a variety of predictands are provided below.

A procedure for predicting the ceiling and visibility in five category
groups at 22 aviation terminals in the United States has been developed by
Crisci (1973) and Crisci and Lewis (1973), Forecasts can be made at 3 h inter-
vals from 4 to 16 h into the future, A similar study was performed by Allen
(1970) for four stations having widely different climatological regimes. Allen
also stratified his input data according to season. Testing of his relation-
ships for independent data showed an improveament over climatology of 15%.

Druyan (1982) describes a technique for forecasting the 12 h accumulated
rainfall during the rainy season at Bet Degan, Israel. The relationship used
is based upon the mixing rat‘., values from the surface to 600 mb. A test of
the relationship showed that it fell far short of predicting the correct amount
of precipitation when the rain episode produced in excess of 10 mm of rain. A
separate equation, but also depending upon the mixing ratio values, was devel-

oped to discriminate between rainfall amounts of < 2 mm from amounts >2 mm. A




test of this equation showed that it had good abilitv to distinguish between
rain/no rain situations. The Druvan method is useable with best results with a
moist layer below and dry air aloft., A Markov chain model was used by Miller
and Leslie (1984) to predict a rain/mo rain condition with cloud cover amounts
as antecedent states for five cities in Australia. Summer and winter seasons
were separated. Skill scores calculated for a test of this model using 10
years of independent data showed it to be a significant improvement over per-
sistence and climatology. These authors cite a number of other references in
which the Markov Chain model has been used.

Examples of attempts to forecast summertime stratus along the California
coast can be found in the work of Sweet (1983) and Grover and Jacobs (1983)
using regression relationships. Ball et al. (1965) have developed a method
which does not provide a prediction, but instead gives a diagnosis of the dew
point spread at the mandatory pressure levels from 850 to 400 mb. The method
involves the use of a decision tree using surface weather observation elements.
Additional information on this procedure is given in the Appendix, Part C.

Miller (198l) has developed a statistical procedure called GEM for gener-
alized equivalent (or exponential) Markov. This scheme uses only one local
surface observation as a predictor and provides forecasts of the same weather
elements at 1 h increments out to 12 h., The basis for the technique is multi-
variate regression which was used to establish the coefficients of forecast
equations with input of nearly four million observations from 41 stations
spread over the United States. As a consequence, there is a generalized
climatology built into the system. The coefficients for the regression
equations are kept constant as new forecast values are calculated, iteratively,
using the previous hour's predicted values as predictors for the next hour.
Miller states that for a reduced field of predictands, the calculations can be
made on a hand-held calculator. Upon testing his scheme, Miller found that he
obtained better Brier scores than did persistence for the 24 weather elements
in the prediction and that improved skill was obtained when station-adjusted
climatology was introduced into the prediction equations.

The reader also may wish to examine work by Russo et al. (1964) for a
procedure for prediction of winds aloft. Objective statistical methods for
forecasting surface temperature are provided by Klein (1966) and Hansen and
Driscoll (1977). Finally, Williford et al. (1974) have developed a method for

the objective prediction of thunderstorm activity.
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PART B PRACTICAL OBSERVATIONS

l.

Operating Station Suffers Communication Outage. In a case where an

operating station does not receive outside data, many forecasting aids for
the station are useable.

a. Persistence-Probability Tables. The persistence-probability
tables have been computed for USAF/AWS stations and are easy to
use as a guide. For the background and methods used see McCabe
(1968).

b. Statistical Forecasts. Regression equations and Markov chain
equations can be computed for an operating station that has at
least 10 y of data. ETAC has already prepared many of these and
they are available.

c. Objective Forecasts. The Detachment Terminal Reference File has
objective forecast procedures and "rules=of-thumb” which apply to
that station. Many “"rules-of-thumb” apply to only one station or
area and they should be reviewed before trying them in a differ-

ent area,

Statistical Forecast at a New Station. A forecaster moving into an area
where the climatic data has not been processed into the required equations
will not be able to use these methods. During the last several years many
"single station forecast” methods or studies have been published in the
literature and some of it was referenced in PART A of this chapter. How-
ever, all of them require the climatic background or synoptic data from a
base file. A forecaster in a "new” area will not have the necessary back-
ground input. He will have to use his knowledge of what usually happens

(climatology), keep watching the celestrial dome, and make a subjective

forecast of changes from persistence, using the models.
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APPENDIX
PART A

List of materials and equipment for doing single station analysis.

Copy or extracts of this manual

Time cross-section forms

Hodographs (A Dead Reckoning Computer type E-6B or equivalent can be used
in place of the hodograph. This computer does have conversion scales
and the standard atmosphere information in easy-to-use slide rule
format.)

Maps of the area

Straight edge

A scale with units that match the hodograph is handy

Triangles

Plotting pens

Pencils, assorted colors

Skew T-Log P Diagrams

Calculator; Many calculators can be programmed prior to starting single
station analysis procedures.

Tables of geostrophic wind speed vs isobar or contour spacing, or other
charts, such as the Bellamy gradient wind scale

Compass and/or dividers
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APPENDIX
PART B

List of Symbols and Abbreviations.

List of Symbols List of Abbreviations
Aa area of vertical wall of ACSL N  Altocumulus Standing Lenti-
triangle cularis are north of the
Ai area of ith face station
Oy : AGL Above Ground Level
A area of triangle
sy el . AWSM Air Weather Service Manual
c wind direction (from)
AWSP Air Weather Service Pamphlet
AWSTR Air Weather Service
Technical Report
B (subscript) bottom of layer BKN Broken clouds 6/10 to 9/10
£ orientation angle of
triangle legs
[é the three dimensional CAT Clear Air Turbulence
velocity vector CLR Clear Sky
© >
C Celsius temperature scale cA Continental Arctic
cx centimeter cP Continental Polar
cPk Continental Polar, cold
cT Continental Tropic
D day
D1 first day, D2 second day,
etc.
v the del operator
L difference or change of
L determinent of the
coefficients of the
homogeneous form of IV-6
E east ETAC Environmental Technical
ENE east-northeast Applications Center

E Equatorial
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rh

th
rt

H
HHK

[N

=

kt

mb
mi

m

Fahrenheit temperature scale

Coriolis parameter = 2&sin¢

feet

acceleration due to gravity

lapse rate (temperature)

drv adiabatic lapse rate
(temperature)

height of pressure levels

height of pressure levels
from a RAOB code

hour

unit vector in the x
coordinate direction

unit vectoer in the y
coordinate direction

Kelvin temperature scale

unit vector in the z
coordinate direction

kilometers

knots

millibar
mile

millimeter
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GATE

GLw

gpm

LI
LST
Lat

mT

Global Atmospheric Research
Prograr Atlantic Tropical
Experiment

Gradient Level Wind
Greenwich Mean Time

Geopotential Meters

"K" Index

Lifted Index
Local Standard Time

Latitude

Moving
Mean Sea Level
Maritime Polar

Maritime Tropical




bd

north NATO

4

1

northeast
n horizontal distance

n mi nautical mile

>

n unit vector normal to a
boundarv
e} as subscript refers to cve

conditions at the centroid
of triangle, or refers to
value at initial time

«

magnitude of earth's angular

velocity
P pressure (mb) PA
PUs Pos o enn identified pressures PIREP
o latitude
Q any quantity which varies
in space and time
K radius of curvature RAOB
RE relative humidity RAWIN
Rd gas constant for dry air
I . RECCO
be mixing ratio
T mean mixing ratio
S south SCTD
Sw southwest
L . . ; Si
s distance -- side of triangle
. SSA
ds element of area
SWEAT
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North Atlantic Treatv
Organization

Overcast 10/10

Pressure Altitude

Pilot Report Code

Radiosonde Observation

Radiosonde Observation and
winds aloft

Weather Reconnaissance Code

Scattered Clouds 1/10 to
5/10

Showalter Index
Single Station Analvsis

Sweat Index




T (subscript)

t (subscript)

3%}

- c | rﬂ(h

<

-

temperature

top of laver
mean temperature
convective temperature
dew-point temperature
virtual temperature
mean virtual temperature
temperature at 500 mb

lifted parcel's temperature
at 500 mb

time
at time t
potential temperature

equivalent potential
temperature

west wind component

average west wind component

wind speed

average wind speed

wind vector

geostrophic wind speed
geostrophic wind vector
gradient wind

component of wind normal to
a lateral boundary

average component of the
wind normal to the surface

wind vector normal to a
surface

wind speed at centroid of
triangle

thermal wind speed
thermal wind vector
identifier wind vector

north wind component

average north wind component
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TTI

TCTT

Total-Totals Index

Tropical Upper Troposphere
Trough

USAF/AWS United States Air Force/

Alr Weather Service




west

average vertical motion

horizontal distance east-west

horizontal distance
north-south

height

absolute vorticity

relative vorticity
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z-t Diagram & chart with z (height)
as the ordinate and t (time)
as the abscissa




30
20
10

-10
-20

[ L
W

wn

Relative Humidity in percent for different temperatures ° C

°C

1000 mb

700 mb

T-T

and a T-Td
0 2
100  88.4
100 87.3
100 87.1
100 86.9
100 84.9
100 84.6
0 2
100 88.3
100 87.6
100  86.6
100 85.8
100 84.3
0 2
100 87.7
100 86.5
100 85.9
100 84.1
100 8l1.1

[}

dew-point spread

C vs cloud amount "Rule of Thumb".

78.
76.
76.
74,
72.
71.

D= 00O N W

78.1
76.6
75.2
73.3
71.1

~J
o~
o 00 N WU

APPENDIX
PART C

69.
68.
66.

61.
59.

O U O P O N

68.2
66.6
64.7
62.8
60.4

67.1
65.1
63.3
60.6
56.8
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60.2
57.9
56.7
52.8
50.3

58.1
56.3
53.5
50.6
45.9




-10
-20
~30
-40

500 mb

T-T. 0
¢ a
| 100
: 100
! 100
' 100

[N]

85.8
84.1
82.8

72.4
70.7
68.8

LW]]
oo

w
w

v o O

51.8
48.4
45.3

Relationship of dew-point spread in ° C and cloud amounts,

an old "Rule of Thumb".

T—Td

0-2
24
4=6

o+
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APPENDIX
PART D

Estimating relative humidity aloft.

After Ball, et al. (1965)

The moisture aloft may be estimated when radiosonde data are not
available. Ball, et al. 1965 suggest a procedure which only a part has
been extracted for use in this manual. The procedure is to take a series
of surface observations, then follow through a decision tree to an answer,

expressed in T-T The decision trees are made for different pressure

e
levels. Enter the tree at the upper left hand block. If one of the ww
types is occurring go right on the YES line. If not, go down on the NO

line. Repeat until a T-T, is determined or the Statistical Approach block

is reached. 1In the fielddwithout instruments the Statistical Approach is
not practical, and estimate T-Td to be greater than 5° C. The decision
trees for four levels follow the tables of ww, w, and cloud types.

After a T—Td has been determined the forecaster may wish to check the
"Rule of Thumb" in the Appendix Part C.

wwW

21 Rain (NOT freezing and NOT falling as showers) during past hour, but

NOT at time of observatiom.

22 Snow (NOT falling as showers) during past hour, but NOT at time of
observation.

25 Showers of rain during past hour but NOT at time of observation.

26 Showers of snow, or of rain and snow, during past hour, but NOT at
time of observation.

50 Intermittent drizzle (NOT freezing) slight at time of observationm.

51 Continuous drizzle (NOT freezing) slight at time of observation.

52 Intermittent drizzle (NOT freezing) moderate at time of observation.

53 Continuous drizzle (NOT freezing) moderate at time of observation.

54 Intermittent drizzle (NOT freezing) thick at time of observation.

55 Continuous drizzle (NOT freezing) thick at time of observation.
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Slight freezing drizzle.

Moderate or thick freezing drizzle.

Fog, depositing rime, sky discernible.

Fog, depositing rime, skv NOT discernible.

Intermittent rain (NOT freezing) slight at time of observation.
Continuous rain (NOT freezing) slight at time of observation.
Intermittent rain (NOT freezing) moderate at time of observation.
Continuous rain (NOT freezing) moderate at time of observation.
Intermittent rain (NOT freezing) heavy at time of observation.
Continuous rain (NOT freezing) heavy at time of observation.
Slight freezing rain.

Moderate or heavy freezing rain.

Rain or drizzle and snow, slight.

Rain or drizzle and snow, moderate or heavy.

Intermittent fall of snowflakes, slight at time of observation.
Continuous fall of snowflakes, slight at time of observation.
Intermittent fall of snowflakes, moderate at time of observation.
Continuous fall of snowflakes, moderate at time of observataion.
Intermittent fall of snowflakes, heavy at time of observation.
Continuous fall of snowflakes, heavy at time of observation.

Ice pellets (sleet, U.S. definition)

Slight rain shower(s).

Moderate or heavy rain shower(s).

Violent rain shower(s).

Slight shower(s) of rain and snow mixed.

Moderate or heavy shower(s) of rain and snow mixed.

Slight snow shower(s).

Moderate or heavy snow shower(s).

Slight shower(s) of soft or small hail with or without rain or rain
and snow mixed.

Moderate or heavy shower(s) of soft or small hail with or without rain
or rain and snow mixed.

Slight shower(s) of hail, with or without rain or rain and snow

mixed, not associated with thunder.
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Clear or few clouds.

Rain.

Snow, or rain and snow mixed, or ice pellets (sleet).
Shower(s).

Thunderstorm, with or without precipita-iomn.

None.

Cu of considerable development, generally towering, with or without
other Cu or Sc bases all at same level.

Cb with tops lacking clear-cut outlines, but distinctly not cirriform
or anvil-shaped; with or without Cu, Sc, or St.

Sc formed by spreading out of Cu; Cu often present also.

Fs and/or Fc of bad weather (scud).

Cu and Sc (not formed by spreading out of Cu) with bases at different
levels.

Cb having a clearly fibrous (cirriform) top, often anvil-shaped, with

or without Cu, Sc, St, or scud.

Thin As (most of cloud laver semitransparent).

Thick As, greater part sufficiently dense to hide sun (or moon), or
Ns.

Double~lavered Ac, or a thick laver of Ac, not increasing; c¢r Ac

with As and/or Ns.

No clouds.

Less than one-tenth or one-~tenth.

Two and three-tenths.

Four-tenths.

Five~tenths.

Six-tenths.

Seven and eight-tenths.

Nine-tenths or overcast with openings.
Completely overcast.

Sky obscured,

Amount of sky cover, clear, scattered, broken, and overcast.
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ww = 22

Is ww = 21,22,25,26,50-75,77

<T-Td) = 3° C

79-89 L YES —
= 21,25,26,50-75,77,79-89
(T-T,) - 2° ¢
NO
c, = 2.3,8
(T-T,) = 3° C
Is C, = 2,3,7,8,9  YES —
¢, =7.9
(T-T,) = 2° C
NO
K= 5-7
(T-T,) = 3° C
= -NO —{ N, = 5 .
Is C, =0 |[NO— 1s K = 5,8 IYES
N =8
(T-T) = 2° ¢

Is W= 6,7,8YES—

NO
L

Statistica

Is W =17,8 | NO--.Approach

YES

[ |

W=7 W=28
-T = ° - = ]
(T d) 4° C (T Td) 3° C

FIG. D-~1 Recommended 850 mb decision tree.
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ww = 22

(T—Td) = 3°C
Is ww = 21,22,60-75,79,86 YES
bw = 21,60-75,79,86
- = 2°
(T Td) c
NO
Is CL = 3,7,9 YES (T—Td) =2°C
NO
W=26,9
(T-Td) =2°C
Is W=6,7,9 YES
W=7
(I-T,) = 3° C
NO
Is CN =2 YES (T—Td) = 3°¢C
NO
Statistical
Approach

FIG. D-2 Recommended 700 mb decision tree.
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MOIST YES Is NT overcast [—NOq
Is CL = 7 or C% =1,2, or 7 '
. YES
|
(T—Td) = 3°C
NO
DRY YES Is C_ = 1,2,4,5,{—No+
Is RT = Clr, Sctd and CM =0 f,8
ﬁES
(T—Td) = MB
NO
MARGINAL MOIST YES Is W=7 | NO-
Is C,, or CH # 0 and NT Brkn, Ovcst I
s YES
1
- - °
(T Td) 3°C
NO
MARGINAL DRY YES Is CL =1,2,4,8 }—NO=
]
YES
1
(T-Td) = MB
Statistical
Approach
FIG. D=3 Recommended 500 mb decision tree.
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MOIST .
YES — Is hT overcast - NO
Is CL =7 or CM = 1,2, or 7 YES -1
- ]
(T Td) 3° C
NO
Y IsW =20
DR YES sW=0 |-
Is hT = Clr, Sctd and CM =0 YES
\T—Id) = MB
NO
MARGINAL MQOIST YES Is app less | NO -
Is C,, or CH # 0 and NT Brkn, Ovcst than -1.5
YES
-T,) =45 C
(T dj
NO
e Is C, = 2,4,8 e NO
MARGINAL DRY YES R
YES
(T-sz = MB

FIG. D-4 Recommended 400 mb decision tree.
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APPENDIX
PART E
Beaufort wind scale.

At times an observer mav need to report wind speed without the aid
of an anemometer. At such a time he may estimate the force of the wind
according to the descriptive terms in the Beaufort wind table. The
speeds indicated, it should be remembered, are for a level about 33 feet
above level ground. It should also be remembered that the Beaufort scale
does not incorporate a correction for turbulence, or gustiness. If the
observer does not take gustiness into account when it exists, than in
using the movement of trees, etc., as a measure of wind force, it is
possible that his estimated value of force, and hence of speed, will be
too high.

Wind-Speed Equivalents

Descriptive Velocity,

Word Knots Specifications for Estimating Velocities
Calm Less than 1 Smoke rises vertically
1l to 3 Direction of wind shown bv smoke drift but not

by wind vanes.

Light 4 to 6 Wind fel* on face; 1leaves rustle; ordinarv
vane moved by wind.

Gentle 7 to 10 Leaves and small twigs in constant motion; wind
extends light flag.

Moderate 11 to 16 Raises dust and loose paper; small brau:hes are
moved,
Fresh 17 to 21 Small trees in leaf begin swav; crested wavelets

form on inland waters.

22 to 27 Large branches in motion; whistling heard in
telegraph wires; umbrellas used with difficulry.
Strong 28 to 33 Whole trees in motion; inconvenience felt in
walking against the wind.
34 to 40 Breaks twips off trees; generally impedes
progress.
Gale 41 to 47 Slight structural damage occurs (chimneyv pots
and slate removed).
48 to 55 Trees uprooted; considerable structural damage
occurs.
Whole gale 56 to 65 Rarelv experienced; accompanied by widespread
damage.
Hurricane Above 65

168




APPENDIX
PART F

Determining directions and winds aloft.

DIRECTIONS. Wind has to include both direction and speed. To
determine the wind direction the observer must be orientated with the
cardinal directions. A general first start is the direction of sun or moon
rise and set. However at different times of the vear the direction of rise
may be 30 or 40 degrees from east and west. One of the best methods is to
take a stick (3 or 4 ft long) or narrow board and put one end in the ground
and have it nearly vertical by using a plumbline (rock tied to a string).
As noon approaches make marks on the ground (small pegs) at time intervals
of about 30 minutes of the location of the shadow of the top of the stick.
The marks will be in an almost straight line which will be east-west.

North and south may now be determined.

UPPER LEVEL WINDS FROM CLOUDS. The direction of winds at various
levels may be determined by observing the movement of clouds. The height
of the cloud rust be estimated and then its movement may be determined. A
first approximation mav be made by watching a cloud blow awav from vou. An
improvement is to use a stick, board or piece of cord about one meter long.
Lay this on the ground and keep turning it until it is parallel to the
cloud movement. The method is applied best with a reflector under the
stick so the cloud may be seen in the reflection.

In Fig. F-1 the observer sights a cloud across the top of a tree or
flagpole. He moves from a to b so as to keep the cloud centered in his
view across the fixed point. His motion from a to b will then be in the
direction opposite to that of the cloud (A to B). If the observer moves
in some other direction, he will not be able to keep the cloud centered on
the fixed point. This method mav be applied to a cloud at a distance or
one overhead put does not provide the speed. A somewhat similiar but more
sophisticated technique using a clinometer is described by Charyv and
Lininger (1979); it provides both direction and speed.

A simple method which provides both direction and speed for clouds
overhead is illustrated in Fig. F-2. The observer holds a ruler at arm's
length overhead in alignment with the motion of the clouds. The distance

d is the observed displacement of a cloud relative to the ruler while D is
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FIG. F-1 Finding cloud direction. Using pole P the observer starts
at (a) and moves to (b) as the cloud moves from (A) to (B).
The direction ba is the direction the cloud is moving. The
observer keeps the cloud in line with the top of the pole.

A

FIG. F=-2 Estimating speed of clouds. The observer holds a ruler
overhead and watches the cloud move from (a) to (b). K
represents the height of the cloud. D is the distance the
cloud moves. h is the distance the ruler is above the eve
and d is the distance indicated on the ruler.
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its displacement in space. The estimated height of the cloud, H, is the
distance from the ground to a and the length of the observer's arm is h.
Then from the law of similiar triangles

2=EorD=_}E
d h h °

If the time of the displacement is t, then D = Vt and
poBXd

h Xt

A better arrangement would be to have a spoked wheel hung about 6 ft

above the observer's head. Then the radius of the wheel would be known,

and the direction determined by the spokes. This provides a more stable

platform than holding a ruler.
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APPENDIX
PART G

STABLE (FANNING)

NEUTRAL (CONING)

h —~—— ——— "7\ 'g\'
\ e nrad \.—-—':,," T . i
]
AY
\
A}
A
\Y
\
‘\
TAD BELOW, NEUTRAL ALOFT (LOFTING)
TEMPERATURE =3 STABLE BEL

FIG. G-1 Low level lapse rates, wind, and vertical diffusion.

After Slade (1968)

The dashed curves in the left~hand column of diagrams show the
adiabatic lapse rate, and the solid lines are observed
temperature lapse rates. The middle column shows the variation
with height of the variation of the standard deviation of the
wind direction with height. The right-hand column shows the
variation of the standard deviation of the wind speed with
height.
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Fanning. This condition occurs with stable conditions. The low~
frequency components of the turbulence are suppressed, especiallv in
the vertical, so the vertical spread of the plume is verv small. The
plume may show a slow meandering of direction. With respect toc a long-
term mean wind, this meandering produces an effective spreading of the
plume which is much greater laterally than vertically.

Fumigation. There is a brief period after sunrise when the lapse rate
is stable aloft but unstable near the ground. When the top of the
unstable layer reaches the height of the stack, the diffusion toward
the ground can be large while the upward diffusion remains small. A
high concentration of pollutant can then suddenly be brought to ground
level. _

Looping illustrates the much larger scale of the turbulent eddies under
unstable conditions. Diffusion is very rapid so that points awav from
the axis of the plume, but near the source, experience a greater
concentration than under more stable conditions. On the other hand,
further downwind, concentrations are smaller than with more stable
lapse rates.

Coning is characteristic of nearly equal intensities of turbulence in
the vertical and horizontal directions. This is characteristic of
temperature gradients between isothermal and adiabatic. The scale of
the eddies, or the low-frequency energy of the turbulence, is seen to
be less than experienced with looping, unstable conditions, but more
than in the stable conditions which produce fanning. Coning is
characteristic of strong winds and cloudy skies.

Lofting is the opposite of fumigation. When an inversion is present
below the stack, but not above, the preferred direction of the
diffusion is upward. This situation is very desirable from the point
of view of avoiding hazardous exposure at the ground. O0Of course, it

applies only to elevated sources of contaminant.
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APPENDIX
PART H

Climatic Data for Station #3 for Februarv.

Mean Daily Maximum Temperature
Mean Daily Minimum Temperature
Mean Monthly Temperature
Extreme Maximum Temperature
Extreme Minimum Temperature

Normal Precipitation

Maximum
Minimum
Maximum
Maximum

Maximum

Monthly Precipitation
Monthlv Precipitation
Precipitation in 24 h
Monthly Snow

24 h Snow

Percent of time ceiling < 500 ft and/or
visibilityv < 1 mile

Percent of time ceiling is 500' to 900’
with visibility > 1 mile and/or
visibility I to 1% miles and ceiling
> 500"

Percent of time ceiling > 100' with
visibility > 3 miles

Hours per month wind exceeds 25 kt

Percentage of occurrence of 6/10 or more
cloud cover surface to 5000 ft MSL

Percentage occurrence of 6/10 or more
cloud cover 50600' to 10000' MSL

Percentage occurrence of 6/10 or more
cloud cover 10000' to 15000' MSL

Percentage occurrence of 1/10 or more
cloud cover 15000' to 20000"' MSL
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42.7° F
24.5° F
33.6° F
82° F
-6° F

1.72 inches
2.96 inches
0.31 inches
1.33 inches
16.1 inches
11.8 Znches
500

117%
817

6 h
35%
167

9%

6%

water

water

water

water

equivalent
equivalent
equivalent

equivalent
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APPENDIX

PART L

*

Spacing of isotherms by the shear vector speed at different levels.

Spacing of isotherms at the 850 mb level at selected latitudes for

C.

4T = 2°

1800 m (6000 ft) ASL.
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Spacing of isotherms at the 500 mb level at selected latitudes for
LT = 4° C. The shear vector is between winds at 4800 m (16000 ft) and

6100 m (20000 ft) ASL. Shear wind speed is in kt and &n is in ° Lat.

kt 8 12 16 20 24 28 32 36 40 44 48

Lat

70 3.8 2.6 1.9 1.5 1.3 1.1 1.0 0.9 0.8 0.7 0.6
60 4.2 2.8 2.1 1.7 1.4 1.2 1.1 0.9 0.8 0.8 0.7
50 4.7 3.1 2.4 1.9 1.6 1.4 1.2 1.0 0.9 0.9 0.8
40 5.6 3.7 2.8 2.2 1.9 1.6 1.4 1.3 1.2 1.0 0.9
30 7.3 4.8 3.6 2.9 2.4 2.0 1.8 1.6 1.5 1.3 1.2
20 16.5 7.1 5.3 4.3 3.5 3.0 2.6 2.4 2.1 1.9 1.8
10 21.0 14.0 10.9 8.4 7.0 6.0 5.1 4.7 4.1 3.8 3.5

*
When computing spacing at a given height the density of the air must

be considered. The density and the eguation of the thermal gradient becomes

dv _ g LT

dz  fT &n °

The values of LT were chosen to be 2° C and 4° C and 4n given in degrees
latitude. The value of T in the Standard Atmosphere was used at each
level. When the value of T is colder than the Standard Atmosphere, 4n
would be larger and smaller when the air is warmer. However, this change
is small since T is used in ° K. The standard level is not alwavs in the
middle of the laver because the height above mean sea level of the selected
winds 1s constant but the height above mean sea level of the 8§30, 700, and

500 mb levels change.
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APPENDIX
PART M
Specific use of upper air soundings.
Evtracted from: NAVAER 50-1P-529, Handbook Single Station Analysis

and Forecasting Techniques, January 1955.

The following pages were copied from AWSP 105-56 (1979a).

ABSTRACT: Lack of data, especially in wartime, will not lessen the demands
for weather service. This article presents a technique that can be used to
deduce the type of system that is influencing the local area. This
technique requires only the latest upper air sounding and continuity (to
construct an upper air sounding see AWSP 105-56, pp. 8.1.3-1). Knowledge

of the tyvpe system present will allow the forecaster tc prepare a better

forecast.
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APPENDIX
PART N
TARWI Code.

The code and specifications as given in AWSR 105-24 VOL one, March 1983.

Target Weather Reporting Code (TARWI).
a. This is a standard NATO code designed primarily for target weather
reports from strike aircrews.
b. Torm of code:
TARWI YQLaLaLa LOLOLOG‘G' CHVWR
or
Kylply XX Rk YYGG CHYRR

c. Specification of Symbolic Letter(s):

TARWI Code identifier

Y Day of week (as given in WMO Code 4900)

Q . Octant of globe (as given in WMO Code 3300)
LaLaLa Latitude in tenths of degrees

LOLOLo Longitude in tenths of degrees

G'G' Time of observation to the nearest quarter hour

GMT (24 hour clock). G'G' gives -imes to nearest
quarter hour.

Time 15 minutes past hour =-- add 23 to hour for GG
Time 30 minutes past hour -- add 30 to hour for GG
Time 41 minutes past hour =-- add 75 to hour for GG

XBX“XB Identification of Grid Zone Designation

L

XLXL 100,000 meter square identification

XNXNXNXN Ngmerical grid cgordinates of the observation point
given to the desired accuracy

YY Dav of month

GGgg Time of observction in hours and minutes GMT

C Low cloud amount in eighths. Coded 9 if not

observed

Low cloud height
Visibility
Weather

Remarks
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d.

Specifications.

H

v
Kilometers
0 -0 to
1 --1 to
2 -=- 2 to
3 --3t¢to
4 —— 4 to
5 -5 to
6 —— 6 to
7 == 7 to
8 -- 8 or
g -- V is

W

Low Cloud Height

Nautical Miles

less than %

less than 1

less than 1%

1% to less than 2

less than 3

than 3 to less than 4
less than 5
greater

not reported

0 == No low cloud

1 —— 500 ft or less

2 -- 1000 ft

3 —- 1500 ft

4 —— 2000 ft

5 -- 2500 ft

6 -- 3000 ft

7 == 3500 ft

8 -~ 4000 ft

9 -- not observed

Visibility
less than 1 0 to
less than 2 % to
less than 3 l to
less than 4
less than 5 2 to
less than 6 3
less than 7 More
less than 8 4 to
greater 5 or
not reported V is

Weather

0 -- not observed

l —- no significant weather

2 -- sleet

3 -- dust or smoke

4 -- fog or haze

5 == drizzle

6 -- rain

7 —- snow

8 -- showers

9 -- thunderstorms
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Remarks

A -- encoded weather is simulated (for exercise use)
B =~ multiply cloud heights by 10

C -- no medium or scattered medium clouds

D -- scattered variable broken medium clouds

E -- broken variable overcast medium clouds

F ~- contrails at flight level

G =-- enroute weather predominantly IFR

H -~ enroute weather predominantly VFR

I -- gusty winds at surface

J -- fog in valley

K -- higher terrain obscured

L —- surface conditions variable due to showers
M —- thunderstorms occurring

N —- thunderstorms enroute

0 -- icing at flight level or freezing precipitation
P -- surface wind NE quadrant

Q -- surface wind SE quadrant

R == surface wind SW quadrant

S -- surface wind NW quadrant

T -- weather better to north

U —- weather better to east

V -- weather better to south

W —- weather better to west

X —- weather suitable for mission

Y —- weather marginal for mission

Z —-- weather unsuitable for mission

The remarks entry selected will be the one considered most
significant for the mission.

185




APPENDIX
PART O

Short guidelines for operations in tropical rainfall areas - Henry (1972)

Introduction

Man's endeavor is often thwarted by the weather. 1In the tropics the
meteorological variable is the rainfall. The temperature at a place has a
daily range which usually exceeds the annual range, but the limits are
fairly uniform and not exceeded to a critical point. The wind has a
predominance from one quadrant, and the speed is not excessive except
during the few rare occasions when a major tropical storm moves through
the area. This leaves the precipitation as the major variable and the
most important for the populace because the economy of most tropical areas
is based on agriculture, and variations of the rains are all important.
The tropical areas are subject to the extreme rainfall and the threat of
flooding, as well as lack of rainfall and drought.

Some past concepts of tropical rainfall have expressed a sameness of
rainfall by such sayings as "will meet for tea after the shower." Others
view the rainy season as a faucet which is opened at the beginning of the
season and closed at the end. Such concepts are totally in error.

The only statement which can be made with assurance is as follows:
"The rainfall is extremely variable in both the areal and temporal dimen-
sions." The rain last year, yesterday, and today has little in common
with any other rainfall. It can be dry in the rainy season and rainy in
the dry season.

The General Nature of Tropical Rainfall

Most of the tropical rainfall occurs in the form of rain showers.
Each shower represents a mesoscale system. Showers are identified as
having a bursting start, short duration (onme h.), large drops, and being
scattered about over the countryside, with each shower covering a small
area. A shower may be accompanied by thunder and lightning. All these
conditions indicate a conditionally stable atmosphere which may at any
time or place become unstable and the mesoscale rainstorm develop.

On a 1larger scale (macroscale) the atmosphere takes on certain

characteristics. Large scale cyclones and anticyclones develop and move
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both at the surface and aloft. In the tropics the surface cyclones and
anticvclones are not especially noticeable (except major storms). The
change aloft is not great but is sufficient so that permissive or repres-
sive periods occur. Permissive or repressive periods relate to the macro
conditions which permit or inhibit the development of the mesoscale rain
showers. During some periods (days to months in duration), the large
scale conditions prohibit the mesoscale rain showers in an area. A few
mesoscaie systems may develop to a sufficient extent to cause a few
isolated rain showers. This is why there are always a few rains during
the dry season.

It is possible to observe the movement of the permissive atmosphere
by observing where the showers are abundant. The movement is usually slow
(<100 mi/day). The permissive area is too large to observe at one station
but requires many stations over a large area.

Beavy rainfall amounts occur with tropical storms. Hurricanes cause
copious rains over large areas. The rainfall, however, is caused by many
mesoscale systems, closely bound together and organized by the hurricane.
The rainfall is not uniform across an area but is varied by both amount
and time of occurrence. At any one place the rainfall varies with inten-
sitv as the mesoscale rain showers pass over.

The "temporale'" is another type of rainstorm which occurs in the
tropical areas. This storm is caused by a permissive macro system, and
the mesoscale systems are not very active, The storm appears more like
the general area rain of the more northerly latitudes. There are a number
of different definitions and descriptions of this rain storm. Each
country has its own variations.

The light rain and drizzle of the northerly latitudes is not very
common in the tropics. It does occur, but it occurs more frequently at
higher elevations where the atmosphere is colder than at sea level. The
amounts of rain and drizzle are small when compared with the amounts of
water from the rain showers,

The general guidelines which follow apply to the usual condition, but
will not take care of all cases and all areas. The most frequent occur-
rence is described and some of the exceptions noted.

General Guidelines {or Daily Rainfall

1. The rainfall is greater 10-15 mi inland than at the coast.
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This applies to a fairly flat littoral and not to coast lines that
are mountainous. Some of the beaches are almost a desert, but much more
rain falls inland. The cause is-~the moist air which is flowing onshore
needs to be heated by the land surface to cause instability and the
showers,

2. In the tropics a heavy rain at one point is an indicator that
little or po rain is occurring 20 mi away. The chance for rain about 35
mi away is better than at 20 mi when it is raining at your locatijionm.

This rule is best on flat lowland areas; and in general, applies to
single meso system rainfall. When air is rising within the cell, there is
subsidence for a distance around the cloud. The cloud diameters are about
15 mi; so that distance 20 mi away is outside of the cloud. By a distance
of 35 mi the next cell has formed and rain occurs. This is illustrated by
Fig. 0-~l1. In mountainous areas the cells are confined and do not neces-
sarily grow to these sizes., Also, the terrain dictates where much of the
rain will fall.

On the higher plateau area such as Savanna de Bogota (Colombia), the
cold air does not hold as much moisture; so the size of the cells is less
and the distances reduced. When major systems (cold fronts, hurricanes,
etc.) pass over the area, the rain falls over the entire area but not
necessarily uniformly.

3. Over most land areas only one rainstorm a day will occur.

A rainstorm for this purpose is defined as at least 10 mm (0.4 in).
This rule verifies during about 907 of the rain days. Only a few places
will have two rainstorms a day. However, Sihanoukville, in Cambodia, had
seven rainstorms in one day. The rule is more applicable during the
absence of major systems.

4. Most of the rain days are days of light rain,.

There are many days on which only a little rain falls, but which are
counted as rainy days. They do not contribute much to the monthly total.
This is represented by Fig. 0-2, which shows Martin's universal curve.
This curve is representative of most places. In places where the rain is
great (40 in/mo), the curve would be to the upper left of Martin's curve.

5. A meso rainstorm will provide an inch of rain.

This rainfall is under the center of the storm. The fringe areas

receive less. The center of the storm may provide more than one inch.
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Two or three inches are common, and as much as eight inches is reported
infrequently. The area which receives an inch or more is usually ellipti-
cal and about 2 mi across and 5 mi long. The fringe area extends 10 to 12
mi from the center.

Somotimes light rain does fall from fragmented mesoscale systems
which do not have the core of heavy rain. Also, some light rain occurs
from orographic 1lifting., This rainfall will not have the center core
described in the previous paragraph.

The rainstorm does mnot start at certain clock times.- Therefore,
hourly rainfall can be a 1little misleading because a storm may start
during the latter part of an hour and extend into the following hour. If
the hour of heaviest rainfall is selected as the time to center the
rainstorm upon, then the average Cambodian rainstorm will be as shown in
Table 0-I.

TABLE 0-I

Hourly Rainfall Before and After the Hour of
Maximum Rainfall (mm) in Cambodia During the Southwest Monsoon

Case Hourly Total Before and After Maximum Storm Total Daily Total
Hour
=2 -1 Max +1 +2 +3 A
1 ¢ 0 20.7 0 0.0 O 20.7 20.7
I1 0 0 47.0 14,9 3.0 2.2 67.1 67.8
I1I 0 10.0  19.5 0 0 0 20.5 20.5
IV 2.5 13.2  36.6 7.7 8.9 4.6 73.5 74.0
Y 0 2.6 36.2 33.5 2 0 72.5 79.7
Vi 5.0 11.5  37.5 0 0 0 49.5 49.5

When many individual cases as shown in Table O-I are averaged togeth-

er, the composite storm then would be as shown in Table O-II.
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TABLE 0-II

Composite Mesoscale Rainstorms for Cambodia
During the Southwest Monsoon (inches)

average
Hourlv Total Before and After Maximum Hour Storm Total

-2 -1 Max +1 +2

.03 .10 .65 .12 .04 .94

6. Rainstorms occur any time of the day. However, the morning hours
(8 a.m. to noon) have the lowest occurrence. The maximum for most tropi-
cal areas is in the afternoon and early evening. Early morning (3 to 6
a.m.) also is common. In some places there is a seasonal variation of the
day and nighttime rains,

7. Rain today - rain tomorrow.

Analysis of the data does not indicate that this is the case. During
the rainy season it does rain most of the days, but days of no rain do
occur, During the dry season, two or even three days of rain occur,
usuallyv in sequence.

General Guidelines for Monthly Rainfall

1. The rainy season starts and ends with regularity in the mean.
When five-day totals of rainfall are used as an indicator of the beginning
of the rainy season, a sharp change of the amount and frequency of
rainfall can be observed. Over large areas of the tropics, a five-day
total of ome inch marks the onset of the rainy season. This is not an
infallible guide because some areas do not receive this much rainfall. An
example of the advance and retreat of the rainy season is shown in Fig.
0-3a and 0-3b. 1In the areas that receive less rainfall, the change of
amounts can be checked for changes which will indicate that the rainy
season has arrived or departed.

2. Last month's rainfall is not an indicator of next month's

rainfall. There 1is, in some areas and by some persons, a misconcep-
tion that the rain of the previous month foretells the rainfall of the
next month or even for the year. This concept is incorrect. There is no
relationship of the rainfall of one month to the next unor of that month
last year.

Also, there is a belief that the first three or four months of the

vear indicate the rainfall for the year. This does have a statistical
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backing, but onlv because the first three or four months are part of the
annual total.

3. Relationship between the monthly rainfalls of the two stationms.

Two stationms, further than 10 mi. apart and with no orographic
features separating them, will not have the same monthly totals. Alsn,
thev will not necessarily have the same deviation from the mean of each
station. They often deviate in the opposite directica. One will exceed
its mean, while the station 10 mi. away will rcceive less than its mean.
An example of the variation of the coefficient of association with dis-
tance is shown for Guyana in Fig. 0-4.

"Monthly rainfall is variable" is the only correct statement which

can be made.
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