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‘MANUAL OF RADAR METEOROLOGICAL OBSERVATIONS

1000, INTRODUCTI®N

1001. General. --Radar (radio direction and ranging) equipment con-
sists essentially of a radio transmitter that emits pulses of radio en- -
ergy in a directed beam, a radio receiver, and an oscilloscope. The
receiver picks up the pulses of energy that are reflected by "targets"
(including meteorological phenomena) in the path of the beam. The
received pulses are presented in patterns on the oscilloscope (termed
"scope'' in these instructions). The search for targets is termed
"scanning''.. The reflected energy as presented on the scope is termed
an "echo'. For meteorological purposes, echoes from targets of
nonmeteorological origin are termed ""extraneous echoes'. Echoes
from meteorological phenomena are evaluated in terms of echo pat-
terns and area coverage, intensity, tendency of intensity, direction
and distance from the station, location, width, direction and speed of
movement, and altitude, These data are entered upon forms and coded
in the abbreviated plain language RAREP code.

1002, Types of Radar, --The types of radar generally used for mete-
orological search employ wave lengths of from-about 3 cm. to 23 cm.,
corresponding to radio frequencies of about 10, 000 mcs. and 1300 mcs.,
respectively., Limitations of the equipment must be taken into account
when evaluating or using radar data., For example, the presence or
absence of echoes, and their shape and size are dependent upon the

_ characteristics of the radar equipment used, as well as the prevailing
meteorological conditions.

1003. Anomalous Propagation, --When temperature or moisture inver-
sions.in the atmosphere prevail, the radar beam may be bent from its
normal line of propagation, When the conditions are such as to bend
the beam toward the earth's surface (commonly called '"ducting'’ or
"trapping'), echoes (especially extraneous echoes) may be received
from targets that are below the normal horizon of the equipment. This
condition is termed "anomalous propagation''., The "duct' may be
formed at the surface or aloft, depending upon the prevailing tempera-
ture and moisture conditions.

1004. Blocking, --An object near the radar that is high enough to inter-

1
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wye

cept the radar beam constitutes an obstruction to the beam. If the
beam is obstructed to a substantial extent, the obstruction is apparent
on the radar scope as a ''blind" sector in which echoes of objects more
distant than the obstruction are usually not seen.

1005, False-Azimuth Echoes, --If the radar is situated close to an ob-
struction, particularly one presenting a large, flat reflecting surface
to the radar antenna, the transmitted and returned energy may be
"bounced" from the obstruction to a precipitation area. Such echoes
are sometimes termed '"back echo reflections'. In this case the pre-
cipitation echo may also be indicated on the PPI scope at the azimuth
of the obstruction at a range that represents the total path length of an
outgoing radar pulse. Such precipitation echoes are characterized on
the PPI scope by radial alignment of the echoes, compressed in azi-
mauth,

1006, False-Distance Echoes. --If the pulse repetition rate of the
radar is such that one radar pulse has not time to make theé round trip
to the target before the succeeding pulse is emitted, the echo may be
displayed on the PPI or A-scope at a false range. Such echoes are
sometimes termed ''second trip" echoes. In this case the true range
is equal to the maximum range at the range setting used, plus the indi-
cated range. False-distance echoes may be distinguished by changing
the radar to a lower pulse repetition rate (often interconnected with the
control that increases the pulse duration)., In this case, the false-dis-
tance echoes will disappear,

%1007, Extraneous Echoes. --Extraneous echoes are those returned
from permanent obstructions (ground return), such as mountains, hills,
buildings, or even smaller local obstructions, or from temporary ob-
structions, such as waves (i.e., sea return), or ships. Such echoes
often increase in number or area under conditions favorable for "trap-
ping". Echoes may be received from chaff (metallic particles which
reflect the radar pulse) released from aircraft or rockets (see Fig. 6).

1008. Resolution, --The resolution of a radar set is defined as the
ability of the radar to differentiate between targets. The azimuth res-
olution is a function of the width of the radar beam; the range resolu-
tion is a function of the pulse length, '

1008,1. Azimuth Resolution, --A 10 cm. radar set with a 27-inch an-
tenna has a beam width of about 9°; the same type of radar with a 6-foot
antenna has a beam width of about 3-1/2 degrees, With the former type
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of antenna the azimuth resolution is such that at a range of fifty miles
the radar can discriminate between two targets only if they are more
than about eight miles apart; with the latter antenna the radar can dis-
criminate between them at fifty miles range if they are more than three
miles apart. Discrimination of echo details improves with decreasing
range, This is especially apparent with decreasing range especially
when lines or groups of echoes approach or recede from the station;
the echo patterns appear less solid and more detailed as the range
becomes shorter.

1008,2. Range Resolution, --With the radar operating on a pulse length
of one microsecond, the equipment can discriminate between two tar-
gets if they are more than 492 feet apart in range; on a pulse length of
two microseconds, discrimination occurs only when the targets are
more than 984 feet apart in range.

1009, Distortion of Echo Pattern. --The effect of the finite beam width
of the radar is to distort the shape of the echoes (extend them in azi-
muth)., This effect tends to make small precipitation areas appear to
be elliptical, and tends to make lines and groups of echoes appear more
solid than they really are. (See §1008.1.) The effect of the finite pulse
length of the radar is to distort the shape of the echoes in range. This
effect is usually so small as to pass unnoticed. (See §1008,2,)

1010, Echo Evaluation, --Through the proper evaluation of radar scope
patterns, certain forms of precipitation and lithometeors may be de-
tected. However, the absence of echoes will not justify the inference
that precipitation is not occurring., For example, water on the radar
dome from local precipitation may exclude echoes of more distant pre-
cipitation areas, especially where 3 cm. radar is used., Also the size,
number, and nature of precipitation particles may not be such as to
present a satisfactory target.

1020, Scope Photography and Sketches. --Instructions for scope pho-
tography and sketches are contained in this section.

1020, 1., As a general rule, the radar range should be set at 100 nau-
tical miles for thunderstorm photography. An exception to this will be
made when there is a tornado reported within range of the radar, in
which case the radar range control will be adjusted to the shortest
range that will encompass the tornado., The radar range should be set.
at 180 or 200 nautical miles (depending on the radar or repeater used)
for hurricane photography. This range setting will be used for photo-
graphing all echoes associated with a hurricane regardless of the
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proximity of the eye to the station. The foregoing does not preclude
momentary operation of the basic radar set on a shorter range for
routine observations, or for height finding, but these interruptions
should be kept to a minimum. \

* 1020,2, If a VD-2 repeater is used for photography and if circum-
stances are such that the radar can be operated satisfactorily on short
pulse, but not on long, it will be operated on short pulse. If photo-
graphs are being taken of hurricane phenomena under this circumstance,
the range on the VD-2 repeater should be set at 200 nautical miles, and
the sweep length adjusted so as to place the wide echo ring caused by
the "second pulse' just off the edge of the scope if possible (or as close
to the edge of the scope as possible). This will provide for photography

- to slightly more than 100 nautical miles, t

* 1020,3, If the radar is operated at less than full gain, a note as to the
gain setting used should be entered in the "Remarks'' column of Form
610-30

* 1020.4 Whenever a tornado is known to have occurred within the range
of the radar while the scope was being photographed, the fact should be {
reported by letter to the Central Office, attention R-3. 41, with a copy \
to the Radar Analysis and Development Unit (RADU), Kansas City, Mo.
Notification of photography of a hurricane should be made by letter to
the National Hurricane Research Project at West Palm Beach, Florida,
with a copy to the RADU, The exact location and time of occurrence of
the tornado or hurricane should be specified, together with the period
of camera operation. {

* 1021, Time-Lapse Photography, --Where the radar is equipped with a
time-lapse movie camera, photographs will be taken at a rate of about
two per minute. The switch on the camera control box and the antenna
rotation rate will be adjusted so as to yield this rate of picture taking,
if possible. If this exact exposure rate is not possible, a rate of an-
tenna rotation and picture taking will be selected to approach it as
closely as possible. In any case, pictures should be taken at uniform
intervals. A lens aperture of £5.6 will be used initially (see §1026, 1),
The camera will be operated continuously whenever echoes that derive
from precipitation are visible on the radar scope, except that the pho-
tography will be interrupted as necessary for routine radar observa-
tions. The interruptions should be kept to a minimum,. Notations will
be made in the '"Remarks' column of Form 610-3 of the time the cam-
era is turned on and off and of the beginning and end of periods when
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the radar was out of operation for maintenance or because of breakdown,

*1021,1, It is extremely important that identification data be kept cur-
rent on the data plate, and that the clock be kept wound and on time,
The following data will be entered on the data plate with 3-H black pen-
cil:

Three-letter Station Identifier
Date (LST)
AM or PM (if clock is not 24-hour)
RBM (range in nautical miles between markers)
Elevation of Antenna
Camera f-stop

% 1021.2. At the time the film is installed in the camera, the name of
the station, the year and serial number of the film will be scratched
on the shiny side of the film with a sharp instrument (for example,
"ACF 56/3" to indicate that this is the third film in calendar year 1956
from Fort Worth). Similar identification as appropriate, will be
scratched on the trailing end of the film when it is removed. Entries
will be made in the "Remarks' column of Form 610-3 of the serial
number of the films when they are installed,

* 1022, Polaroid Oscilloscope Photography. --At stations equipped with
a Polaroid oscilloscope camera, photographs should be taken of any
important or unusual echo formations and at a frequency that will illus-
trate any growth or development of severe weather situations. The ex-
posure will be made with the shutter control in the "bulb" position,
Some experimentation may be necessary to obtain the correct exposure,
but the following is suggested as an initial guide (see §1026,1). If the
antenna can be adjusted to rotate at 4 RPM, set the lens aperture at
f5. 6 and hold the shutter open, with the cable release, for one revolu-
tion of the antenna, If the antenna can only be rotated at 12 RPM, the
aperture opening must be increased and the shutter held open for more
than one revolution of the antenna, At this faster rotation speed, two
or even three revolutions of the antenna may be necessary to expose
the film satisfactorily. The eyepiece must be closed during the ex-
posure. The print shall be coated with the preservative as soon as it
is removed from the camera to prevent scratches or finger marks from
marring the emulsion. When the preservative has dried, the name of
the station, the time and date of the exposure, the ftstop setting, the
range in nautical miles between markers, and the number of degrees
of antenna tilt shall be written in ink on the back of the photograph.
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Notations will be made in the "Remarks' column of Form 610-3 when-
ever a photograph is taken,

1023, Inoperative Camera, --Notations will be made in the "Remarks"
column of Form 610-3 of the beginning and end of' periods when the
camera was defective,

1023.1, 1If the O-15, 35 mm, time-lapse camera becomes inoperative,
the Supervising Electronic Technician will be notified immediately.

1023, 2, _ If the Polaroid oscilloscope camera becomes inoperative, the
Regional Administrative Office will be notified immediately, and that
office will arrange for camera replacement or repair,

1023.3. 1If the 16 mm. camera furnished by Texas A&M becomes in-
operative and the local station is unable to repair the instrument in
accordance with Section IV of the Camera Manual, the Regional Admin-
istrative Office will be notified immediately, and that office will arrange
for camera replacement,

1024, Film Supply. --Each station shall maintain a sufficient supply of
film at all times; 8 rolls for stations w}th time-lapse cameras, a car-
ton for stations with Ponlaroid oscilloscope cameras, The film should
be stored in a cool, dry place (refrigerated if possible). Generally,
the films which are stored in an ordinary household refrigerator should
last several months beyond the expiration date of the film.

1024.1, Film that is stored in a refrigerator should remain sealed in
its original wrapper during storage. Before use, the film should be re-
moved from the refrigerator and conditioned at room temperature for
several hours prior to removal of the original wrapper, It is very im-
portant that during the storage period, the film remain packaged in its
original wrapper, '

1025, Disposition of Film, --As soon as a roll of time-lapse film has
been exposed, it will be mailed for processing,

1025,1, Thirty-five millimeter film will be mailed to the Naval Photo-
graphic Center, Naval Air Station, Anacostia, D. C. An identifying label
(supplied by the Regional Administrative Office) will be glued to the paper
carton that contains the can of exposed film, and the box of film will then
be wrapped and shipped by franked label to the address indicated,
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% 1025,2 Sixteen millimeter film will be placed in its box, wrapped and
mailed by franked label to the ESO-S Co., 1121 West 47th Street,
Kansas City, Missouri,

% 1025,3., Polaroid oscilloscope photographs of tornadoes or other sig-
nificant weather situations will be mailed to the RADU at the end of each
month. Other photographs may be retained at the station and, with
copies from RADU, used as training material,

% 1026, Monitoring. --There will be furnished (through the Regional
Administrative Offices concerned) to all stations equipped with cameras
a supply of pre-addressed post cards to be completed by the various
stations whenever an unusual storm such as a hurricane or tornado is
observed or reported within the range of the radar, The card will
serve to inform the recipient to watch for important. echo developments
shown on the film or photographs. A space will also be provided for the
station to indicate that a copy of the film or photograph is desired for
local use. Arrangements will then be made for such copy to be supplied.

1026,1, A form letter, or card, will be used to apprise the stations of
changes in camera operation or photography techniques that should be
made to improve the program.

1027, Sketches, --If the station is not equipped with a camera, or if the
camera is inoperative, drawings or sketches should be made of unusual
echoes, especially those of precipitation areas associated with hurri-
canes and tornadoes,

1100, OPERATIONAL USE

1110, Use of Equipment, --Use the radar equipment as an observational
facility to the greatest practicable extent whenever echoes are observed,
and especially whenever disturbances of unusual severity are forecast

or reported to be within radar range.

*1111. Time of Observations, --Observations will be taken:

1, At 0100 GCT and every three hours thereafter, except that

a. Observations will not be taken when the antenna
mechanism is so cold that the drive motor oper-
tion is sluggish.
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b. If a large area surrounding the station is under the

" influence of fair weather, as evidenced by clear skies
or a small amount of high clouds, an observation will
be taken once daily at 1231 GCT to assure that the
equipment is in proper operating condition.

_2_. On the hour, in addition to (1) above, whenever precipitation
echoes are observed or were observed on the preceding ob-
servation, whenever precipitation is observed, reported or
expected within the area of surveillance, and as deemed nec-
essary for the early detection of precipitation in areas where
rapid storm development may be expected, either on the basis
of forecasts or local experience under similar synoptic situa-
tions.

3. At 30 minutes after each hour, whenever necessary to define
a rapidly changing echo pattern, or to track a severe storm.
Rapidly changing echo patterns are defined as follows:

. 8. Echoes noted on a previously clear scope.

b. Speed of echo movement equals or exceeds thirty knots.,

Direction of echo movement changes by 45° or more
since the previous observation.

e

g_. Scattered echoes become a solid line or a solid line
changes to scattered echoes,

e. The scope becomes clear.

—

Whenever requested by an aircraft in distress.

[

5. For flight planning purposes as time permits,

1111,1, During hurricanes and during periods when the area about the
station is alerted for severe local storms, the radar scope will be
watched as continuously as possible.for evidence of significant develop-
ments and rapid changes.

1112, Tuning Procedure, --Direct the antenna by manual control to a
known ground obstruction that will return an echo. Adjust the antenna
in azimuth and elevation for maximum return, and reduce the gain of
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the receiver until the echo is just discernible on the scope. This point
is termed the ''threshold level'". Proceed thereafter in accordance
with tuning instructions prescribed in maintenance and operation
manuals,

1112.1, After tuning adjustments have been made, increase the gain of
the receiver to as high a point as is consistent with prevailing inter-
ference, Tilt the antenna to the angle that yields the best results for
the station at the range being used., This will usually be the lowest
angle at which the radar beam will clear most obstructions. This angle
may vary with azimuth, It is preferable to keep the antenna at a low
angle even though a few minor sectors are blocked out.

1113, Scanning, --Scan all ranges, starting with the longest, through
several angles of antenna tilt during each observation. To obtain the
most accurate and the best defined presentation of an echo, use the
shortest range that will include it.

1114, Observing the PPI Scope, --At the time of each observation, ob-

‘serve the scope for a minimum of three minutes, After echoes have

been initially detected, the equipment will be maintained in operating or
stand-by status until echoes are no longer observed.

1114.1, Observing the RHI Scope (Where Available)., --When echoes are
observed, the antenna will be stopped in azimuth on an observed echo
and scanned in the RHI position,

1115, Identification of Extraneous Echoes. --Prepare a map of the ex-
traneous echoes normally observed on the scope through 360°, for use
as an aid in distinguishing them from echoes of meteorological origin.
The known or expected pattern of extraneous echoes during conditions

. of anomalous propagation may also be indicated on the map or on a

separate map; i. e., as an extension of the normal pattern that includes
echoes from prominent distant hills and mountains,

1120, Recording Observations on Form 610-3. --Enter observations in
chronological order on Form 610-3, Radar Weather Observations., A
new form will be started with the first observation following 0000 LST
on the first day of each month,

1121, Omitted Data. --Omit entries for data that are missing or un-
known, and omit all entries during periods of inoperative equipment,
except reports of cessation and resumption of operation (see §1211.4).
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1122, Entries. --In the heading of each form, enter:
1. Name of the station.

2. Type of radar; e.g., WSR-3 (10 cm. ).

[

Antenna diameter in inches or feet,

foo

4. Month and year; e.g., June 1957

1122. 1, Additional instructions, pertaining to the evaluation of echoes
and entry of evaluated data on Form 610-3, will be found in Section 1200,

1123. Disposition,--Original forms will be mailed to the Radar Analysis
and Development Unit (RADU), Weather Bureau Forecast Center, Kansas
City, Mo., at the end of each month,

1200, OBSERVATIONS

1201, Evaluation and Recording of Echo Data. --Echo data will be eval-
uated and entered in appropriate columns on Form 610-3 in accordance
with the following instructions. Entries on each line will be used to de-
scribe single echoes or related groups, use additional lines to describe
concurrent echoes or groups not adequately described by preceding en-
tries,

* 1202, AnomalousPropagation Echoés, --Enter in ""Remarks'' the date,
time, direction and distance of echoes considered to be the result of
anomalous propagation (see §1003, 1007, and 1205), When anomalous
propagation echoes are observed on the scope at the same time as pre-
cipitation echoes, both the echoes from precipitation and anomalous
propagation will be entered on Form 610-3, but only those from the pre-
cipitation will be transmitted in a RAREP message,.

1203. Date, --Enter the date corresponding to the standard time zone
entry at the top of the Time column,

1204, Time, --Enter the 24-hour clock time to the nearest minute, cor-
responding to the time of the last entry for the observation, and the
standard time zone entry at the top of the column,

* 1205, RAREP Number, --Number the observations consecutively,
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beginning with the first observation following 0000 LST, and excluding
the 1300Z status report entry and entries pertaining to anomalous prop-

agation echoes.

1206,

ing list and enter the corresponding contraction:

Character

Definition

Character. --Classify the echoes in accordance with the follow-

Contraction

Isolated echo

Widely scattered area
Scattereg area
Broken -area

Solid area

Line of widely

scattered echoes

Line of scattered echoes
Line Qf broken echoes

Solid line of echoes

Spira]; band

Isolated solid mass of echo

An area less than 1/10
covered with echoes

An area 1/10to 5/10
covered with echoes

An area 6/10 to 9/10
covered with echoes

An area solidly covered
with echoes

(See widely scattered area)

(See scattered area)

(See broken area)

" (See solid area)

Curved lines of echo which
occur in connection with a
hurricane

CELL

AREA WDLYO

AREA®

AREA @

AREA ©

LN WDLY @

LN O
LN @
LN &

SPRL BND

Note that the echo pattern will be classified as a ''line" only if the
echoes are arrayed in a recognizable and organized line such as might

be reflected from a squall line or front.

This pattern should normally

have a length to width ratio of at least 5 to 1 and will normally be at

least 20 miles long,

Note also that the echo coverage is determined by a comparison of the
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relative amount of echo as compared to the total area as outlined by
the position groups. In case of an "area' of echoes this total area is
that enclosed by a line connecting the reported points., In case of a
line this total area is a rectangular area described by the reported
width along a line drawn through the reported points,

* 1207, Intensity, --The intensity of an echo will be determined as "'weak',
"moderate™, "strong', or 'very strong' on the basis of the returned
signal strength and the range of the echo. The term ''very strong"
should only be used when, in the best judgment of the observer, some
form of severe weather is probably occurring in connection with the
echo.

1207,1, With 10 cm,. radar and where an A-scope is available, use
Figure 1 to relate the appearance of the A-scope to the intensity.

1207,2, Where an A-scope is not available or where 3 cm, radar is
used, estimate the intensity from the PPI scope, on the basis of ex-
perience with the relative intensity of the patterns for existing oper-
ating condition of the equipment and the factors governing attenuation
of the beam.

* 1207, 03. Enter the appropriate contraction under the caption Intensity,
as selected from the following list: : 3

Intensity_ Contraction
Weak WK
Moderate MDT
Strong . STG

Very Strong VRY STG

* 1208, Tendency. --The tendency will be based upon consecutive obser-
vations of intensity. Under the caption Tendency, enter the appropriate
contraction from the following list:

Tendency Contraction
Increasing +
Unchanging NO CHG
Decreasing .-

Slowly SLOLY

Rapidly RPDLY
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Appearance of A-scope Intensity

Weak if range is less than 100

miles. Moderate if range is
more than 100 miles,

Echo can be detected at or near

! ‘ the noise level,

Moderate if range is less than
100 miles, Strong if range is
more than 100 miles.

Echo easily distinguished above
noise level but fails to reach or

exceed saturation,

-~ Strong if range is more than 50
miles. Moderate or strong if
range is less than 50 miles.

Echo completely saturates scope.

Fig. 1,

Relation of the appearance of A-scope to intensity.
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1209. Description of Echoes. --Describe the shape and location of
echoes on the following basis, except as specified for special cases in
subsequent subparagraphs. Read and record azimuth and range to as
many points on the periphery of individual echoes or groups of related
echoes as is necessary to outline generally the contour of the envelope
surrounding the clear-cut echo areas (see Fig, 3).

*1209,01, Determine and record echo measurements as follows:

1. Direction from station in whole degrees, True north will
be entered as 360 degrees,

g. Distance from station to the nearest nautical mile,

(Optional) In addition to (1) and (2) above, and if necessary
for local briefing or broadcast purposes, the direction to
sixteen points of the compass and distance in nautical miles
from a reference point other than the local station (city or
town, geographical feature, aeronautical fix, or landmark)

to the echo.

[

Width (W) of a line or diameter (D) of cells or areas to the
nearest nautical mile, if necessary, to define the echo
shape. These distances may be obtained in terms of equiv-
alent lengths measured along a radius, normal to the range

circles, '

[

*1209.1, Spiral Bands. --Spiral bands of the type associated with hurri-
canes or typhoons (see Figs, 4 and 5) will be evaluated independently,
regardless of the distance separating them. Give the direction and dis-
tance to as many points on the longitudinal center of the bands as are
necessary to establish the general shape and extent of the bands. Re-
cord these data in progressive order preceding from one end of each
band to the other end, preferably from the ends of spiral bands nearest
their common center (see Figs, 2, 4, and 5).

*1209.2. Cells or Circular Area Echoes. --Give the direction and dis-
tance from the station to the center -of each area of echoes or cell that
is approximately circular, and the diameter of the area or cell,

*1209,3. Areas, --Give the direction and distance of 3 or more points
along an enveloping line which most nearly encloses a group of closely
connected echoes. The average diameter of the individual echoes within
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the area should be given as AVG D,

* 1209,4, Lines,--Echoes associated with fronts and squall lines will be
evaluated by giving the direction and distance to as many points on the
longitudinal center of the line of echoes as are necessary to establish

' the general shape and extent of the line, The two end points will suffice
for those patterns that approximate straight lines. Record these data
in progressive order from the uppermost end of the line to the other end,

1209.5, Scope-Center Echoes, --Precipitation at the station may cause
a bright diffuse echo that completely covers the central portion of the
scope. Make distance readings to the edges of the echo at several
points for the determination of echo diameter. Do not record distance
and direction for these echoes on Form 610-3, In "Remarks", indicate
that the echo is centered at the station,

* 1209.6, Thin, Short-Line Echoes. --Echoes at long range from precip-
itation areas that are not as wide as the radar beaim may appear as a
short line of the same angular width as the beam. Give the direction
and distance to the center of these echoes and record the diameter as
the average of the apparent length and width.

1209.7. Direction of Movement, --Determine the direction from which
the echo is moving, to sixteen points of the compass, based on at least
two consecutive echo positions observed at about fifteen-minute inter-
vals. Record the direction from which the echoes are moving by means
of "arrow' symbols such as are used in aviation weather reports.

1209,71, The direction of echo movement may be determined by plot-
ting the location of the center of the echo as observed at the successive
intervals, on a plotting board, or an aeronautical chart covered with
transparent material, Draw a line through the centers of both echoes.
The bearing from the second position to the first is the direction of
movement,

* 1209,8, Speed of Movement, --Determine and record the speed of move-
ment of echoes to the nearest knot, It is important to report significant
differences in echo speed which are observed simultaneously on differ-
ent echo patterns.

1209,81. The speed of movement is equal to the distance in nautical
miles that the echo has moved in successive intervals divided by the
time in hours and fractions of an hour; e.g., the speed of movement
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between observations fifteen minutes apart equals the distance travelled
divided by one quarter (i.e., multiplied by four).

1210, Altitude, --The altitude (height above mean sea level) of echoes
will be determined at stations supplied with radar equipment having an
antenna that can be elevated by the operator. All values of altitude
refer to the uppermost limit of moisture that may be detected by radar,
Therefore, it should not be assumed that altitude data refer to the tops
of clouds. Moreover, altitude data at long ranges are inaccurate be-
cause the elevation angles are very small, the beam dimensions large,
and because corrections are not made for deviations of the radar beam
from normal propagation, At very close ranges, the vanishing point of
an echo may occur at the leading edge of a storm, whereas the actual
top of the storm may be considerably farther from the station and at a
lower elevation angle, Because of the magnitude of these inaccuracies,
determinations of altitude for entry on observational forms will be made
only between the ranges of 15 to 75 miles.,

* 1210, 1. Determine the apparent altitude of the echoes as follows:

—
il

Using manual control, center the antenna in azimuth on the
most intense portion of the echo,

2. If the radar has the RHI feature, the angular elevation of
the apparent top of the echo may be read directly and steps
(3) and (4) omitted,

3. If the echo is so strong as to saturate the A-scope, reduce
the gain until the echo is just below saturation,

4. Tilt the antenna and read the angle when the echo first dis-
appears from the A-scope.

5. Subtract half the vertical beam width from the angle read
in (3).
6. Determine the height above the antenna using Figure 11,

7. Add the height in(5)to the altitude of the antenna to deter-
mine the altitude of the echo.

1210,2. If the measurement of the height of several echoes is required
at one observation, the measurement of them all in one operation may
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be made as follows:

1. Cause the antenna to rotate in azimuth at an elevation angle
of 0 degrees,

2. With the antenna rotating, elevate the antenna in half-degree
steps to 5 degrees and in 1-degree steps thereafter, allow-
ing the antenna to make a few complete scans as each eleva-
tion angle,

3. Note the range of each echo to be measured and the eleva-
tion angle at which it disappears from the PPI scope.

4. Subtract half the vertical beam width from the angles read
in (3).
5. Determine the respective heights of the various echoes

above the antenna using Figure 11,

6. Add these heights to the altitude of the antenna to deter-
mine the altitude of echoes,

1210.3. Enter the altitude of the echoes to the nearest hundred feet;
e.g., 25,000 feet will be entered as 250,

1211. Remarks. --Enter under "Remarks'' such data as will support
and amplify the observation and such additional data as have not been
reported by a surface-observation station. Authorized contractions

will be used so far as possible in making entries. Remarks which are
not transmitted will be entered in parentheses., Other required remarks
are specified in §1209, 4,

Examples of Remarks

Observed data: Squall line with northern end moving from the
northwest at 20 knots and the southern end
moving from the northwest at 55 knots.

Entry under remarks: SQLN NRN END X 20 SRN END \55.
Observed data: Strong echo identified as tornado, 100 miles

west of station, moving from west-southwest
at 25 miles per hour.
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Entry under remarks: - TORNADO RPTD WITH STG ECHO 270/100
- 25

Observed data: Center of tropical storm at 60 degrees and
: range 110 miles, diameter six iniles, moving

from southeast at 28 knots.
Entry under remarks: EYE 060/110 D6 X 28,

1211.1, Unusual Echo Formatlons. --Enter data pertaining to unusual
echo formations or movement. Note that the definition of the fine struc-
ture of echoes may often be improved by reducing the receiver gain.
When a very strong echo is detected, the receiver gain should be re-
duced and this echo analyzed carefully for evidence of bright cores or
"hooked-shaped', "6-shaped', or ""crescent-shaped" echoes which
might be related to severe storms, such as hailstorms and tornadoes.
Echoes or lines of echoes that appear to collide, are also examples of
unusual echo formations and movements that should be noted in "Re-

marks"

1211,.2, Hurricane Echoes, --The following procedures will apply for
hurricane observation by radar:

1. Radar observations of the eye or center of a hurricane should
be transmitted only if the eye or center is on the scope. No
attempt should be made to give its position if it is off the
edge of the scope (out of range of the radar),

Care should be taken that an eye or center position is not
derived from a single instantaneous observation of the scope,
but rather derived from a continuous and logical sequence of
observations,

I

The hurricane eye or center should be determined and con-
tinuously substantiated by observation of the circulation of
the precipitation cells surrounding it. No fix should be re-
ported which is not substantiated by cyclonic circulation.
When the circulation is about an area devoid of echoes, the
fix will be reported as an "eye'', otherwise as a ''center'’.

A positive fix on an eye or center will not be reported un-
less cyclonic circulation of echoes is observed over more
than 180° around it; if such circulation is observed over 180°
or less, the fix will be called "'possible eye'" or ''possible

I
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center'', as the case may be,

4. The position of the eye or center should be reported at least
once per hour in degrees and tenths of latitude and longitude,
If an eye is reported, its dimensions should be included.

The presence of unusually strong convective-type echoes in
the outer bands of the hurricane should be reported, -

&

6. The velocity of prominent echoes in the circulation of the
storm should be reported for possible relationship to the
surface wind velocity. In this case the azimuth and range
of the prominent echoes with respect to the station should
be reported. Care should be taken that real motions only
are reported and not apparent motions that might derive
from the generation or degeneration of the cells.

When possible, the position of the major spiral bands should
be reported. The reporting of major precipitation areas
that sometimes are observed in one quadrant of the storm is
particularly important.

[~

[&

If possible, the report should include height of the major
cells in the convective outer bands of the storm and the
height of the spiral bands and major precipitation areas.

9. Eye and center positions will not be transmitted on Service
A teletypewriter circuits,

* 1211, 3. Bright Band. --During relatively stable conditions, it is often
possible to determine the approximate height of the 0°C. isotherm from
the RHI scope by observing the height of the top of the "bright band'’.
The bright band may be observed as a narrow horizontal layer of inten-
sified radar signal a short distance below the 0°C. isotherm. The
bright band effect is caused by several processes associated with the
melting of snow or ice particles as they fall into warmer air. The re-
flectivity of the water-coated snow or ice particles of the bright band is
much stronger than the snow or ice above and slightly stronger than the
rain below. A reduction of the receiver gain may be necessary so the
bright band will appear more distincly on the scope.

% 1211,31., The altitude of the top of the bright band will be observed as
near the radar set as possible and entered to the nearest hundred feet
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above mean sea level; e, g., top of observed bright band at 8,500 feet
will be entered in the "Remarks' column as, BB 85.

1211,4, Operational Status. --Enter a contraction pertaining to the
operational status of the equipment as required by the table below. In
the following list, "PPI" refers to the scope (plan position indicator);
the additional letters refer to '"'no echo'" (NE), '""Out of service for main-
tenance'' (OM), etc. These contractions may be used separately or in
combination with echo reports.

Status Contraction
1. Equipment performance normal, echoes PPINE
not observed.
2. Equipment out of service for maintenance. PPIOM

(Follow the contraction with a figure to
indicate the number of hours that equip-
ment is expected to be inoperative. )

3. Equipment inoperative owing to breakdown, PPINO
4. Normal operation is continuing or resumed, PPIOK
5. Observation omitted for a reason other PPINR

than those above,

1212, Initials, --The observer's initials will be entered in this column,

1300, REPORTS

1301, Transmission Schedules, --Stations, mainly those in Arkansas,
Kansas, Louisiana, Nebraska, Oklahoma, and Texas, whose RAREPS
are regularly incorporated in the RAREP Summary, as prepared by the
RADU, will transmit regular RAREPS at 05 minutes past the hour on

the RAWARC circuit only, Additional RAREPS from these stations will
be transmitted on the RAWARC circuit on an unscheduled basis, Stations
whose RAREPS are not regularly incorporated in the Summary will be
authorized to transmit their RAREPS on the Service A teletypewriter
system in the HH:20 or HH:40 "scan'' periods and on RAWARC, if avail-
able, in the HH:05 sequence collection, RAREPS of exceptional impor-
tance, such as those related to tornadoes, for example, may be appended

i
i
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<&

to the hourly aviation observation if necessary to obtain immediate dis -
tribution of the report, Transmit PPINE (no echoes) when the scope be-
comes clear after one or more RAREPS, and resume transmissions only
when echoes are again observed, or in accordance with §1302(1),

* 1302,

Special Data Transmitted, --The following data will be trans-

mitted from 2all radar stations under the circumstances and at the times
indicated, via communications facilities as described in §1301.

L

I&

When the equipment fails, transmit the appropriate contrac-
tion "PPINO" or "PPIOM'" (see 1211, 3), once only,

When operation is resumed, transmit the contraction PPIOK,
once only.

Once a day, an appropriate phrase contraction will be ap-
pended as a '""Remark'' to the 1300Z aviation observation or
the 1305Z RAWARC collective to indicate the operational
status of the radar equipment (see §1111(1b), 1211, 3(2), (3),
or (4)).

If the station is within an area for which severe local storms
have been forecast, but no precipitation echoes are observed,
the contraction PPINE will be transmitted hourly as long as
the "no echo' condition prevails during the valid period of
the forecast.

If precipitation echoes are reported by one radar station
within the normal coverage area of a second station, but
the second station observes no precipitation echoes, the
second station will transmit the contraction "PPINE"
hourly as long as the first station reports echoes in the
coverage area of the second station,

1302.1. Communication Forms. --Copies of all radar reports will be -
delivered to CAA personnel for local use and to local airlines as nec-
essary. Reports for transmission and broadcast by the CAA will be
filed on Form 630-4 or other suitable message blank, ‘

1303.

Order and Content, --Data will be reported and transmitted in

the order entered on Form 610-3 to the extent that they are available.
This order is such that a report need not include an explanation of
( omitted data.
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1303.1. All material will be
contractions used in making entries on the form; e. g., data entered in
nautical miles will be coded in nautical miles, and data entered in
hundreds of feet will be coded in hundreds of feet. Omit remarks that
have been reported in an aviation observation from the station trans-

mitting the report.

* 1303, 2,

ration of the elements. Note
radar reports (RAREPS).

taken from Form 610-3 in the units and

A sample RAREP follows to illustrate the spacing and sepa-

that the designator "SD'" will identify

DCA 080233E SD3 LN MDT + SLOLY 311/52 190/9 FM MRB TO
10 S RIC 20W ~ 25 ALT 240 PPIOM3

Breakdown of this message for identification follows:

CONTENTS OF RAREP

1.

2.

Station identification

Date and time, LST

The term '"'SD'" fol-
lowed by a serial
number

Character of the echo

Intensity of the echo

Tendency of the
echo intensity

Direction and distance
to ends of the echo line

CODED DATA EXPLANATION
DCA Washington National
- Airport
080233E Eighth day of month, 2;33
a,m,, Eastern Standard
Time
SD3 To identify the observa-

tion as the third radar
report of the day

LN & _ Solid line of echoes
MDT Moderate intensity
+ SLOLY Increasing slowly

311/52 190/90 Ends of echo are located
92 nautical miles from
Washington at an azimuth
of 311 degrees true and
90 nautical miles from
Washington at an azimuth
of 190 degrees true
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8. Location (optional) - MRB TO 10 S . To locate echo with regard
RIC to specific locations. Echo

extends from Martinsburg,
W. Va. to 10 miles south
of Richmond, Va.

9, Width 20 W Echo is 20 miles wide

10, The direction from /A 25 Moving frdm the south-
which, and the speed west at 25 knots
with which, the echo
is moving

11, Altitude of echo top ALT 240 24,000 feet MSL

12, Remarks As appropriate, see §1211

13. A contraction to re- PPIOM3 Equipment out of service
port inoperative for maintenance for next
equipment or resump- three hours

tion of service
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Fig. 2. Line of broken echoes,

The area of this line is estimated to be about nine-tenths covered with
echoes. The line is therefore classified as "broken'. The direction and
distance to the ends as well as to the ''knee'' of the line and its average
width are measured. There are also two isolated echoes on the PPI., The
report might be evaluated as: Line of broken echoes of strong intensity;
tendency-increasing; direction and distance to the end of the echo 350 de-
grees 120 n, miles and 253 degrees 127 n, miles and to the knee of the
line 283 degrees 65 n. miles; 15 n, miles wide; northern end of the line
moving from the northwest at 12 knots, the southern end moving from
the northwest at 40 knots, tops of echoes at 24, 000 feet MSL. A strong
echo increasing in intensity at 6 degrees 168 n, miles, diameter of 10 n,
miles, moving from the northwest at 12 knots; a strong echo increasing
in intensity at 360 degrees 104 n, miles diameter 9 n, miles moving
from the northwest at 12 knots.

This would be coded as: LN ® STG + 350/120 283/65 253/127 15W
NRN END \ 12 SRN END \ 40 ALT 240,

"
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Fig. 3. Area of scattered echoes.

The echoes that appear on this scope cover less than half of the outlined
area. The area is therefore classified as ""scattered''. The direction
and distance to points outlining the area, as well as the average diameter
of the echo are measured. The report might be evaluated as: Area of
scattered echoes of moderate intensity; tendency-increasing; direction
and distance to points outlining the area are 128 degrees 75 n, miles, 128
degrees 135 n. miles, 164 degrees 120 n, miles, 192 degrees 120 n,
miles, and 182 degrees 55 n. miles; average diameter of the echoes is 8
n., miles; the area is moving from the SSE at 12 knots. A weak cell, in-
creasing in intensity is located at 172 degrees 28 n. miles. Its diameter
is 7 n, miles and is moving from the SSE at 15 knots,

This would be coded as: Area () MDT + 128/75 128/135 164/120 192/120
182/55., AVG D 8 t \12, CELL WK + 172/28D 7 t 15,
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U s

Fig. 4. Hurricane eye and spiral band echoes

Echoes of spiral precipitation bands resulting from a hurricane. The
eye position will be reported since there is cyclonic circulation about
an area devoid of echoes,

EYE 255/36 D4 X 14,

SPRL BND + NO CHG 255/45 265/30 225/70 15W. SPRL BND + NO CHG
237/50 285/50 194/35 224/80 270/100 344/100 10-30W. SPRL BND + NO
CHG 290/150 10/100 115/115 20W. SCTD SPRL BND MDT NO CHG
310/40 110/35 170/120 15W.
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Fig. 5. Hurricane with no defined eye.

Echoes of precipitation showing cyclonic circulation. Since there is no
area devoid of echoes, the "center' will be reported. At least once an
hour the "eye" or "center" of a tropical storm will be reported in lati-
tude and longitude,

This report would be coded as: CENTER 273/55 35,2N 77.4W 1 10,
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Fig. 6. Echoes from chaff,

Echoes from chaff are usually easily identifiable because of their un-
usual formations. These echoes, in the form of a question mark, are
an example of this. Such echoes are not coded. Note, however, the
area of scattered precipitation echoes in the southeast quadrant.
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INTRODUCTION

This guide has been prepared to assist in training observers and fore-
casters in the use of radar for weather search. The guide is intended
to be used as a source of supplemental information by the observer-in-
training while he is under the supervision of trained personnel at the
station. In addition, it is intended that the guide should be used by
forecasters to increase their knowledge of the possibilities and limi-
tations of the use of radar in weather forecasting.

The guide consists of a summary of the basic principles of radar,
general operational techniques, and examples of analysed weather sit-
uations as viewed by radar. Owing to the complicated nature of the
equipment, detailed operational instructions have been omitted where

it would be advisable for the observer to acquire the necessary knowl-
edge by observation, personal training, and by reference to appropriate
technical and maintenance manuals. This guide is specifically designed
for use with the modified APS-2F radar, as used by the Weather Bureau.
However, the general information is applicable to all types of radar.

References with the prefix '""A15'" refer to paragraphs or figures in
Chapter A15 of the Addendum to Circular N, e.g., § A15301. Reprints
of Chapter A15 have been issued as separate manuals without changing
the paragraph numbers. In the event of any seeming conflict between
this manual and Chapter Al5 of Circular N, the instructions of Chapter
A15 will be followed. ‘

We are indebted for some of the information in the guide to Technical
Report No. 20, '""The Use of Radar in Weather Forecasting'', by Mr.
Hal Foster of the Massachusetts Institute of Technology.







1.0. BASIC PRINCIPLES OF RADAR

1.1. General. -- Radar (radio direction and ranging) equipment con-
sists essentially of a directional radio transmitter and a radio
receiver. The transmitter sends forth brief pulses of energy which
are radiated from the antenna in a directed beam as the antenna rotates
through 360° of azimuth, If the energy strikes any reflecting object,
either meteorological or nonmeteorological, some of the reflected
energy is picked up by the antenna, detected by the radar receiver,

and indicated on the radar scopes (osciloscopes) as an "echo''. The
APS-2F radar has two scopes: the Plan Position Indicator (PPI) and
the A-scope.

1.2. PPI-Scope.--The PPI-scope, with range and azimuth coordinates
(see Fig. 1 and 2), presents a plot of the horizontal cross section of
any echo of sufficient reflecting power that falls within the preselected
range of the radar beam. When echo signals are detected and ampli-
fied, they are luminously displayed on the screen of the PPI-scope.

A radial sweep line, beginning at the center of the screen and sweep-
ing outward to its edge, revolves on the screen face like a spoke in a
wheel. These revolutions are synchronized with the rotations of the
antenna. When an echo signal is received, the sweep line brightens at

some point along its length, depending upon the distance to the object
and the range setting of the equipment. Estimation of distance is aided

by electronic range markers on the indicator sweep line which, owing
to the revolving action of the line, appear as concentric circles. These
circles usually indicate radial distance in nautical miles from the cen-
ter of the screen, which represents the position of the antenna. The
long-persistence characteristic of the screen causes luminous spots
to continue to glow until the sweep line completes its revolutions and
again brightens the screen at these points. (Note: Nautical miles may
be converted to statute miles by multiplying the distance on the scope
by 1.15)." '

1.3. A-Scope.--The A-scope (see Fig. 3) indicates the signal strength
against range along the sweep of the beam at the azimuth and elevation
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Fig. 2. Diagram of PPI-Scope.
As the sweep line revolves about the center of the scope it generates
upon it continuous range marks corresponding to the range setting.
The sweep line also indicates the location of an echo-producing target
by brightening at a peint on its length corresponding to the range of the
object. The azimuth angle of this point corresponds to the azimuth
angle of the target in relation to the radar antenna, At the points where
the sweep line brightens, the screen of the scope continues to glow
‘until the sweep line passes over the area again, thereby presenting a
continuous picture of the target.
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Fig. 3. Diagram of A-Scope.
The flat-topped target pulse indicates that a signal of saturation inten-
sity is being received from a target at that range. The height of this
_pulse has been limited by the height of the A-scope screen. A re-
duction in receiver gain will reduce the height of the echo until the top
becomes visible, when the true size of the echo can be determined.
However, the receiver gain should not be reduced except for momentary
intensity tests, if the reduction results in the loss of other echoes from
the: A-scope or PPI-scope. Returns from stationary targets near the
station (ground clutter), not shown in the diagram, may obscure the
pulse of the transmitter output signal. The range marks will represent
the same distance as those on the PPI-scope and will change with the

range selected.




angle at which the antenna is pointed at the time. The height of the
signal above the baseline is a measurement of the strength of the
reflected signal. Rapid fluctuations of the image may occur and cause
a hazy appearance. - This is an indication that the strength of the signal
is changing rapidly as the antenna rotates. On the A-scope, receiver
noise or interference has the appearance of ''grass'' along the baseline.
It varies in height and may obscure small echoes. When the signal
reaches a maximum and exhibits a flat-topped appearance on the A-
scope, it is called a ''saturated" signal (see Fig. Al5-1). On the PPI-
scope, a saturated signal appears as an echo of maximum brightness.

1.4. Meteorological Echoes. --The strength of meteorological echoes
depends upon the size and quantity of the water drops in the area ob-
served and the range of the echoes. It has been determined that the
amount of scattering of the beam of energy from a spherical particle
is proportional to the sixth power of the diameter of the particle.
Accordingly, one drop of water 2. 0 mm. in diameter will give a return
equivalent to 4096 water drops of 0.5 mm. in diameter. For this
reason,; thundershowers, with their usual large raindrops, will give .
much brighter echoes than light rain with its relatively small drops.

It is apparent that the radar will not detect all clouds, but will detect
regions where the water drops are large enough to be classed as pre-
cipitation, although the precipitation may not reach the ground.

1.4.1. Owing to differences in the electrical characteristics of water
and ice, the radar return for spherical particles of equal mass is
approximately five times greater for water than for ice particles. The
reflectivity of nonspherical ice particles does not vary greatly from
that of spherical particles of the same mass. Therefore, the radar
return from snow or sleet will usually be less than for rain of the same
intensity of precipitation. For this reason, echoes received from areas
above the freezing level may be weak and poorly defined. However, one
exception to this rule has been noted, namely that large wet hallstones
return a very bright echo.

1.4.2. In order to receive a detectable return from a small target at

a range of 150 miles, for example, a great amount of energy must be
transmitted in the radar beam., Owing to the large areas covered, only
a very small portion of the transmitted power ever strikes a particular
target. The energy which does strike a target is reflected nearly uni-
formly in all directions. Therefore, only a minute portion of the re-
flected energy will return to the radar antenna. It has been determlned




that this loss of reflected power is directly proportional to the fourth
power of the range of the target. One result-of this range attenuation
effect is that an echo from an object at long range will not appear as
bright as the echo from a similar object at a shorter range.

1.4. 3. During periods of extremely heavy precipitation,radar equip~
ment with a wave length of 3.2 cm. will be attenuated to some degree,
Precipitation attenuation is defined as the loss of energy due to ab-
sorption and scattering by raindrops. Theé outbound energy suffers
attenuation as it advances through the precipitation and, in the same
manner, the returning reflected energy is attenuated as it returns to
the antenna. Accordingly, precipitation patterns beyond areas of
heavy rain may not appear on the PPI-scope of 3.2 cm. radar sets.
However, precipitation attenuation is negligible for ten cm. sets.
Note: APS-2F radar sets have a wave length of ten cm. Attenuation
through snow is negligible at any wave length owing to the low index of
absorption of ice.

1.5, Beam Width. -- The conical beam of energy transmitted from the
30-inch antenna usedon some APS-2F sets is approximately 9° in di-
ameter. The beam from the 72-inch antenna used on modified sets is
approximately 3.5° in diameter (see Fig. 4). The following table indi-
cates the approximate diameter of the beams at various ranges.

[ Range, Miles

[

Beam 20 | . 40 | 60 80 100

3.5°. 6,500 ft. 13,00‘O ft. |19, 000 ft. (36,000 ft. |33, 000 ft,
9° 16,500 ft. | 33,000 ft, |49, 000 ft. [66, 000 ft. | 82,000 ft,

It is evident from the table that two precipitation areas at a range of
100 miles will appear as one if they are less than 33, 000 feet apart,
when the 3.5° radar beam is used. These data indicate that the
detailed definition of echoes decreases rapidly with distance. A solid
line at long rangé may bréak into small individual echoes as the pre-
cipitation approaches the station. This occurrence is owing to the
effect of the beam width and does mwt indicate a dissipating system, un-
less the intensity has decreased also as the line moved (see § 3. 3).
Conversely, a line of scattered echoes at close range may appeéar to
merge and become a solid line as the disturbance moves away from
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Fig. 5. Tower and dome for radar antenna, Miami, Florida.




the station, The loss of detail owing to beam width must always be
taken into consideration by forecasters when comparing the character
of echoes. However, observers should always report the character of
an echo as it appears on the scope.

2.0. USE OF RADAR IN WEATHER OBSERVING AND FORECASTING

2.1, General. --Radar has been responsible for a big step forward in
our knowledge of weather phenomena. It permits the meteorologist to
study the inner structure of storms and thereby increases his fore-
casting ability. It also helps to prevent the unexpectec, with a large
saving in the loss of life and property. Experience in hurricane de-
tection and warning has shown that the destruction caused by the storms
can be reduced by 60% when warnings are given to the people in the
areas where the storm is expected to strike. With respect to tornadoes,
the saving of human lives will be most important.

2.2. Weather Patterns.--Briefly, storms and precipitation of interest
to the radar operator usually occur as follows:

1. In bands of weathér called "fronts"
which move across the country from
west to east. '

2. In a squall line which may precede
the fronts.

3. In isolated cells.

Each of these types of weather produces a typical echo pattern that can
be distinguished on the radar scope. In other words, it is possible to
tell whether the echo is from a single thunderstorm, or a line of
thunderstorms, or an extensive area of precipitation (see Fig. 7 to 13).
Since the intensity of the radar echoes depends upon the amount of pre-
cipitation accompanying the storm, it is also possible to estimate the
severity of a particular disturbance from the brightness of its echo iu
comparison with other echoes at the same range. Therefore, by ob-
serving the radar scope, the observers can actually "see'’ the type and
intensity of the weather approaching the station. This is extremely
important in forecasting the exact area likely to be affected by severe
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storms, such as tornadoes. When tornadoes are forecast for a
general area, as is the usual procedure when meteorological conditions
are right for their development, each thunderstorm is watched care-
fully. If the thunderstorm becomes unusually intense, a tornado may
develop from it. Under these conditions, the approach of a severe
thunderstorm might result in the issuance of warnings to areas in the
path of the storm.

2.3. Tornado Echoes. -- It may not be possible to tell from the ap-
pearance of a radar echo whether a tornado is occurring in connection
with a severe thunderstorm. However, when the presence of a tornado
is verified by telephone calls to or from the affected area, its path can
be watched on the radar scope and warnings issued to areas in the
storm's path (see Fig. 12 and 12A). This method is more effective
than observation by eyesight alone, since the storm may pass

through the regions where it would not be reported until it actually
entered a residential area.

2.4, Reports. -- Radar weather reports are given by teletypewriter to
other weather stations. These reports may be plotted on special maps
and the movement and development of storms watched over the entire
region (see Fig. 16). Pilots also make use of radar weather reports
when making their flight plans, and when changing their plans while in
flight to avoid weather disturbances.

3.0. RADAR OPERATION

References: (1) Handbook of Maintenance Instructions for
U. S. Weather Bureau Search Radar

(2) Chapter A15 of Circular N, 6th Edition
(revised), sections A15100 and A15200

3.1. General. -- Detailed technical operational instructions will not be
given in this text, since the complicated nature of the equipment re-
quires that the operator receive personal training under the supervision
of an experienced operator. A careful study of the reference material
will be helpful.

3.2. Range Setting (See Fig. 2B of Maintenance Instructions). -- The
range should be adjusted to the lowest value possible for the echo being




: 11,
/

observed. For example, when the echo is within 25 miles of the sta-
tion, more details will be evident if the range is set at 25 miles in-
stead of at 50 or 150 miles, Unless a special calibration has been
made, all Weather Bureau radars are calibrated in nautical miles.
After the range switch has been turned to the desired value, it may be
necessary to adjust the sweep amplitude in accordance with operating
instructions. The sweep amplitude may be adjusted to expand the
range scale and any echoes on the scope. One complete sweep of the
PPI-scope will be required before the echoes will conform to the new
range setting.

3.3. Adjustment of Receiver Gain. --The receiver gain may be ad-
justed to indicate the relative intensity of echoes. When the receiver
gain is reduced the weakest echoes will fade out. Continued reduction
will leave only the strongest echoes on the scope. In this way, the
centers of greatest activity can be located for each area. Conversely,
an increase in receiver gain may bring in echoes not observable at
normal settings. In general, many details of the precipitation areas
or storm cells may be disclosed by increasing and then decreasing the
gain. Such details are not always apparent from variations in the in-
tensity of the echoes at constant settings, especially at long ranges.
For example, in frontal activity, the thundershowers may be hidden in
the general mass of precipitation which may obscure a large area;
however, when the receiver gain is reduced, the areas of light pre-
cipitation will fade out and the shower will become more apparent,
This information will be useful as follows: a)in determining the true
nature of the front, b) in guiding aircraft, c¢) in forecasting areas of
maximum precipitation and high winds and, d) in research. However,
allowances must be made for range attenuation when judging the
strength of echoes (see § 1.4.2). A slight increase in the background
light on the scope may accompany the increase in receiver gain. This
light, known as "electronic noise', may be subdued by reducing the
scope intensity. This usually affects the background light to a greater
extent than it affects the signal, since the background has a smaller
amplitude than the signal.

3.3.1. Adjustment of the receiver gain will provide additional details
on the A-scope. In general, the relative intensities of echoes can be
judged with greater accuracy when the signal does. not saturate the A-
scope. A saturated signal extends to the top of the A-scope and be-
comes flat so that its true height or intensity cannot be compared with
other echoes (see Fig. 3). When the receiver gain is reduced enough
to prevent saturation of the scope, an estimation of relative intensities
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can be made by comparing the heights of echoes at comparable ranges.
It should be noted that electronic noise will increase on the A-scope as
the receiver gain is increased. At times the noise level may be high
enough to obscure the true echoes. However, preference should be
given to the appearance of the echoes on the PPI-scope.

3.4. Effects of Location. -- The location of the radar antenna near any
obstruction with a higher elevation than the antenna's, such as towers,
buildings, and hills, will result in the blocking off of targets beyond the
obstruction. The blocking will extend through the azimuth angle sub-
tended by the obstruction. For this reason, radar antennas are usually
located on special towers above all prominent obstructions (see Fig. 5).

3.4.1. "Ground clutter' is present on the scopes of most radar sets.

It consists of an irregular stationary echo covering the first few miles
of range around the center of the scope (see Fig. 6 and 6A). The
ground clutter is caused by a small amount of the transmitted pulse
feeding back through the receiver and by echoes from local obstructions.
The echoes will still be present, although reduced slightly, when the
elevation angle of the antenna is increased.

3.4.2. Each station should prepare a map of all prominent hills,
mountainsg, lakes, or coast lines within a range of 250 miles of the
radar antenna (reference § A15301). The location of buildings, towers,
etc. more than five miles from the radar antenna need not be shown on
the map unless echoes from these objects have been noticed on the
scopes. Transparent overlays for the large PPI-scope can be construc-
ted at each station if certain basic rules are followed. It is known that
the range markers on most of the scopes are not linear. Therefore, it
is necessary to have lock-in points on all of the range markers and to
adjust the sweep sensitivity each time to fit the overlay. It is also im-
portant that the range markers be perfect circles. If they are ellipses,
the technician can make the necessary adjustments to correct the trouble.
Transparent overlays should be constructed as follows:

1. Obtain several sheets of clear plastic with a thickness
of one-sixteenth inch or less.

2. For each range setting, cut an overlay the size of the
large PPI scope from the plastic. The overlay should
fill the face of the scope in order that the plastic will
not slip sideways. Small strips of rubber tape placed
at intervals on the outer edge of the overlay will help
to prevent slippage and rotation.
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3. Adjust the sweep sensitivity until the outermost range
marker is at the outside edge of the scope.

4. Make reference marks on the overlay at 0° (north)
on each range circle.

5. When precipitation echoes are not present, adjust the
receiver gain of the radar to the average operating
setting, and etch in the outlines of the various ground
clutter echoes with a sharp instrument. Black ink
may be applied to the etched lines. The location of
towns, etc., may be marked on the overlays when the
locations are checked with an aeronautical chart.

6. Repeat steps 3, 4, and 5 for each range setting using
a new overlay each time. Clearly label each one.

The overlays should be used as follows:

1. Place the overlay, corresponding to the range setting
in use, on the PPI-scope with the reference marks
on 0°,

2. Adjust the sweep sensitivity until the range circles
correspond to the respective reference marks on
the overlay.

3. Change overlays to correspond to changes in the
range setting,

3.5. Abnormal Echoes (Reference § A15303). --Occasionally, under
certain conditions, unusual echoes may appear on the radar scopes.

3.5.1. Ducting. -- The phenomenon known as "ducting' results from
propagation of the radar beam, which may be bent so that it intercepts
targets which are normally below the horizon. Ducting usually occurs
in connection with a sharp temperature inversion at low levels. A
marked increase in temperature with height or decrease of humidity,
or both, is necessary. Such conditions occur when warm dry air over-
runs a shallow layer of cool moist air, If these conditions are present,
echoes of hills, mountains, or other high objects, which are normally
just below the horizon, may appear, - Suspected echoes should be care-
fully checked. Since echoes resulting from ducting may be from
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stationary objects, the presentation on the PPI- and A-scopes will be
steadier and sharper than precipitation echoes. Ducting may improve
the detection of distant precipitation echoes, since the portion of the
precipitation column below the horizon will return enough energy to
increase the intensity of the normal echo.

3.5.3. Sea Return.-- Under certain conditions, stations near a coast
line may experience echoes known as "'sea return''. These echoes
appear very much like precipitation echoes on either the PPI- or A-
scopes. However, the location of the echoes and their persistence in
one section of the scope, if meteorological phenomena are not expected
in that area, should identify the echoes as sea return.

4,0, OBSERVATION AND EVALUATION OF ECHOES

References: (1) Chapter A15 of Circular N, 6th Edition
(Revised), sections A15100, A15200,
and A15300

(2) Handbook of Maintenance Instructions
for U. S. W. B. Search Radar,
Fig., 2A and 2B

4.1. General.--Frequent radar observations are required in order
that precipitation echoes can be detected at the earliest possible
moment. When echoes are observed, continued observation is nec-
essary to check their development and movement. Since a few min-
utes are required to start the radar equipment and place it in operation,
instructions specify that the radar will not be turned off when echoes
are present. However, when the scopes are not being watched con-
tinuously, the set may be placed in stand-by operation. This is ac-
complished by turning the transmitter filament switch to "Off'" for a
second and then back to '""On''. The scopes may be placed in operation
again by momentarily pressing the transmitter high voltage switch to
"Start'" and then adjusting the range and receiver gain for best results
(see § 3.2 and 3. 3).

4.2. Character of Echoes (Reference § A15304). -- Echoes must be
classified in order that a reasonable description of them can be trans-
mitted over teletypewriter circuits. Therefore, radar-echo patterns
are classified as scattered echoes, solid echoes, line of scattered
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echoes, solid line of echoes, and echoes in a spiral band.

4,2.1, Scattered Echoes.--A group of echoes close together, but not
forming a line or spiral will be described as "'scattered echoes''. In
general, the distance between the echoes must be less than the distance
through the largest echo; otherwise, individual echoes should be
described (see Fig. 8 and 9).

4,2.2. Solid Echo. --Individual echoes, either isolated or separated
from other echoes by a distance greater than the dista.nce through the
largest echo in the group, will be described as a ''solid echo'' (see
Fig. 7, TA, 10, 12, and 12A). These echoes may have irregular out-
lines, but should not be actually separated into several echoes.

4.2.3, Line of Scattered Echoes, -- Scattered echoes (see §J 4.2.1) in

a curved or straight line (but not a spiral) will be described as a 'line

of scattered echoes' (see Fig. 7TA, 9, 10, 11, 11A, 11B, and 11C).

A line of scattered echoes may indicate squall lines or frontal activity.

4.2.4. Solid Line, -- A continuous echo forming a line or curve (but
not a spiral band) will be described as a ''solid line'". The echo may
have irregular edges but no definite breaks (see Fig. 11B).

4.2.5, Spiral Band.--When echoes appear in lines which spiral to-
ward a center, they will be described as '"'spiral bands''. These echoes
are associated with hurricanes or severe tropical storms. A spiral
band may be composed of scattered echoes or of one continuous echo.
Some caution is necessary in describing echoes as spiral bands un-
less a tropical storm is expected or the formation remains evident

for at least thirty minutes (see Fig. 13, 13A, and 13B).

4.3. Intensity (Reference § A15305 and Flg A15-1). -- Estimation and
classification of the echo intensity as weak, moderate, or strong will
be made from the appearance of the echo on the A-scope and the PPI-
scope with an average setting of the receiver gain (see § 1.3). Al-
iowance must be made for the distance from the radar and the weaken-
ing of the signal owing to range attenuation (see §J 1.4.2). When many
echoes are present or when echoes are large, the receiver gain may
be adjusted to indicate the most intense areas (see § 3.3). Echoes
which appear as only small spots on the A-scope at ranges of 50 miles
or less should be classed as ''weak''. Weak echoes appear thin and
grey on the PPI-scope. Owing to the effect of range attenuation any
indication of an echo on the A-scope or PPI-scope at ranges of 50 miles




16,

or more should be classed as '""moderate'. Moderate and strong echoes
may completely saturate the A-scope at close range. Some experience
is necessary in determining the relative strength of echoes at ranges

of less than 50 miles. However, echoes which saturate the A-scope at
ranges of over 20 miles should always be classed as ''strong'. Ex-
ceptionally bright echoes, such as may be received from violent
thunderstorms or heavy frontal activity, at ranges of less than 20
miles, should also be classed as ''strong'’.

4.4. Tendency (Reference § A15306). --Several consecutive observa-
tions of the intensity of an echo are necessary to determine the change
in strength of the echo. This change is called the ''tendency'. After
several observations of an echo, the tendency should be classed as
slowly or rapidly increasing or decreasing, or as unchanged. Again,
the effect of range attenuation must be considered, since the echo will
become brighter on the scope if it approaches the station, or vice
versa.

4.5, Position (Reference § A15307 to A15307,41 and Fig. A15-2 to
A15-10). --To facilitate recording and transmitting the size and location
of echoes, patterns on the PPI-scope will be described as ellipses,
circles, combinations of individual echoes, or spiral bands in accord-
ance with the reference instructions. The azimuth angle, to sixteen
points of the compass, and the range, in statute miles (nautical miles
multiplied by 1.15), of each pattern will be given also. Note that the
pattern may include a collection of scattered echoes or one solid echo.
Although the observer will not be able to describe every small detail
of each echo in the teletypewriter message when this system is used,
a reasonably accurate picture can be reproduced from the average
report. The circle or ellipse should represent the mean boundary of
the area described. Some small projections on the echoes will be out-
side of the reported area and some clear areas will be on the inside.
However, if the discrepancy appears unreasonable, the use of an addi-
tional circle or ellipse may give a better representation of the true
echo. When the individual echoes in a group are too far apart to be

. described as one areasee J ‘A15307. 3), each echo will be evaluated
as a circle or ellipse. However, no attempt should be made to describe
a portion of a spiral band as a circle or ellipse, since these bands
should be described in detail (see § A15307, 4),

4.6, Orientation, Length, and Width (Reference § A15308 through
A15311). --When echoes are evaluated as an ellipse, the orientation of
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the major axis will be determined to sixteen points of the compass (see
Fig. 7 and 7TA). The length of the major axis will be determined to the
nearest statute mile. The width or diameter of each echo also will be
determined to the nearest statute mile. If possible, the echo should be
located with reference to cities, mountains, or air-navigation facilities.

4,7. Direction and Speed of Movement (Reference § A15312 and
Al5313). --The direction and speed of movement of the brightest portion
of each echo can be determined by plotting the location at one observa-
tion and noting the amount and direction of movement at the following
observation, about 15 or 30 minutes later (see Fig. 1l to 11C). It may
be necessary to adjust the receiver gain to determine the brightest
portion of the echoes (see § 3. 3).

4.8. Height (Reference § A15314). --A chart for estimating the height
of radar echoes is furnished to all radar stations (see Fig. 14). The
height of the top of radar echoes is important to forecasters and to
research activities. The top of the echoes may be indefinite owing to
an increase in the amount of ice or snow particles above the freezing
level, and owing to the echoes from nearby precipitation areas obscur-
ing the top of the true center of the cloud. For these reasons, height
determinations will be made only between the range of 15 to 50 miles.

4.8.1. Radars of the APS-2F type have a beam width of 3.5° when 72-
inch antennas are used, and a beam width of 9° when the original 30=
inch antennas are used. Therefore, observers with this type of radar
equipment will subtract 1.8° or 4.5°, as appropriate, from the eleva-
tion angles when determining the height of echoes.

4,.8.2. The antenna can be tilted to a maximum of 20° above the hori-
zontal. The elevation angle will be indicated on the 'tilt indicator"
The angle is varied by manipulation of the ''tilt" switch.

4.8.3. Example. --

Given: An echo at a range of 40 nautical miles.
When the antenna is tilted, the signal fades out
at an indicated elevation angle of 7.5°.

40 nautical miles x 1,15 = 46 statute miles
7.5° - 3:5 =5,7° (for 3.5° beam
5 )

TTeing the chart in Fig. 14, the height is
found to be 25, 000 feet,
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4.9. Remarks (See § A15315). --The remarks portion of the message
is reserved primarily for information that cannot be coded in the main
report. In general, the observer should include such additional infor-
mation as he believes will help forecasters or pilots in their evaluation
of the radar reports.

5.0. ENTRIES ON FORMS

5.1. General (Reference section A15500). -- A complete report of
every observation will be entered on Form 610, 3-1, "Radar Weather
Observations, Land Station,' in accordance with the reference instruc-
tions (see Fig. 15). An entry is required for each scheduled observa-
tion regardless of whether echoes are observed (see § A15524). Special
remarks or comments may be entered on the form and enclosed in pa-
rentheses to indicate that they were not transmitted. For example, the
remark may explain that the observation was taken at the request of the
district forecaster. Other remarks, not transmitted, refer to the use
of the radar camera, adjustment on the equipment, etc.

6.0, TRANSMISSION OF RADAR REPORTS

6.1. General (Reference, section A15500). --Radar reports are given
special distribution on Service A. However, RAREPS describing
thundershowers, frontal activity, or tropical storms should be appended
as remarks to aviation weather observations.

7.0, VERIFICATION OF RADAR ECHOES

7.1. General. -- When severe storms are suspected in connection with
an unusual radar echo, telephone calls should be made to the community
in the vicinity of the storm to obtain information regarding the disturb-
ance. In the event that the storm is severe, warning should be passed
to other communities in the storm's path. Such warnings should be
issued in accordance with standard Weather Bureau procedure,
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Fig. 6. Ground Clutter,
Permanent objects around the station produce echoes near the center
of the scope, as shown in this photograph of the PPI-scope at Wichita,
Kansas. These echoes are called ''ground clutter'. The observer
should be familiar with the location and average brightness of the
echoes contributing to the ground clutter pattern (see § 3.4.2). Since
azimuth markings are not visible on the illustrations, a white dash has
been placed on the upper edge of the scopes to indicate north, These
range markers are ten miles apart. It is 70 miles from the center to
the outer edge of the scope. When only ground clutter appears at an
observation it should be recorded as PPINE. This report will be trans-
mitted if this is the first clear scope report following one or more re-
ports of echoes (see § A15610),
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Fig. 6A. Ground Clutter.
Ground clutter may completely obscure all prec:lpltatlon echoes within
ten or more miles of the station. On this illustration the range marks
are 20 miles apart. Most Weather Bureau radar scopes indicate dis-
tances in nautical miles, which must be converted to statute miles by
the observer (see § 3.2 and 4.8.3). Note: These illustrations have
been selected for subject matter and the clock time shown on them
does not indicate necessarily the required time of observations.
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Fig. 7. Echoes Evaluated as Ellipses.
These echoes have been evaluated as ellipses, since the length of each
echo is at least twice the width. Compare the ground clutter with
Fig. 6. The two precipitation echoes are fairly bright for their range,
indicating moderate intensity. The echo intensity should be checked
on the A-scope also. A small area of light precipitation is developing
at the end of the echo at 30 miles range (see Fig. 7TA). The report
would be coded as: ICT 081637C RAREP2 SLD MDT INCRG SSW/ 35
(30 nautical miles x 1. 15 = 35 statute miles) VCNTY WELLINGTON
ORNTD SE-NW 14 LONG 4 WIDE MOVG FM SW/18 HGT 210 SLD MDT
INCRG SSW/63 ORNTD ESE-WNW 12 LONG 5 WIDE MOVG FM SW/20.
(Remarks, if any, regarding pilot reports, verified hail, etc., are

.added to the end of the report.)
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Fig. TA. Echoes Evaluated as Ellipses.
This observation was taken 30 minutes after the observation illustrated
in Fig. 7. The innermost echo (SSW/29) has increased in size and two
more precipitation areas have developed or moved into range in the
southwestern quadrant. The A-scope should be checked to confirm
apparent increases in intensity (see Fig. 3). Owing to their proximity
to each other, the three echoes in the lower portion of the scope will
be evaluated as a group of scattered echoes (see § A15307.1). Coded
as: ICT 081706C RAREP3 SLD STG INCRG SSW/29 ORNTD ESE-WNW
15 LONG 7 WIDE MOVG FM SW/10 HGT 300 LINE SCTD STG INCRG
SSW/63 ORNTD SW-NE 37 LONG 17 WIDE MOVG FM WSW/17.
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Fig. 8. Numerous Small Echoes.
These echoes are very small and too numerous and widely scattered
to justify individual descriptions (see § A15309). The echoes are
located in the southwest and northwest quadrants and are scattered
over an area extending from the station outward to an average distance
of 54 statute miles. Code as: ICT 101258C RAREP6 SCTD MDT NO
CHG MANY SML SCTD THRUT AREA XTNDG FM STN TO 54 MI
RADIUS SW THRU W TO NNE MOVG FM SW/12.
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Fig. 9. Line of Scattered Echoes.
The most significant meteorological feature of a group of echoes should
be retained, and, if possible, coded in one group. In this case, the
larger echoes form a line of considerable importance to forecasters.
The small scattered echoes may be added to the report as separate
groups. Note that the ground clutter has increased owing to an in-
crease of receiver gain; however, some precipitation echoes inter-
mingle with the ground clutter (see Fig. 6). Code as: ICT 191626C
RAREPT7 LINE SCTD MDT NO CHG NNE/29 ORNTD SSW-NNE 40 LONG
12 WIDE MOVG FM NW/15 SCTD WK NO CHG E/29 DIAM 14 MOVG
FM NW/15 SCTD MDT NO CHG N/28 ORNTD N-S 11 LONG 9 WIDE
MOVG FM NW/ 15,
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Fig. 10. Squall Line Echoes.
Echoes similar to these often accompany squall line activity. Several
very small echoes have not been described in the report because they
are relatively unimportant in a group of larger scattered echoes.
Coded as: ICT 202111C RAREP9 SLD MDT INCRG SLOLY N/17 DIAM
15 MOVG FM N/18 LINE SCTD MDT INCRG SLOLY ENE/26 VCNTY
EL DORADO ORNTD NW-SE 46 LONG 6 WIDE MOVG FM N/18 HGT
300 SLD MDT NO CHG NE/39 DIAM 11 MOVG FM N/18 SLD LINE WK
DCRG SLOLY E/49 ORNTD SW-NE 15 LONG 8 WIDE MOVG FM N/ 18
LINE SCTD MDT NO CHG W/10 ORNTD SW-NE 15 LONG 3 WIDE
MOVG FM N/ 18 SCTD WK NO CHG WSW/ 35 DIAM 3 MOVG FM N/18.
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_ Fig. 11. Frontal Echoes.
A front with weak to moderate precipitation echoes is approaching the
station from the north. The receiver gain has been increased to bring
in the frontal echoes resulting in an increase in the amount of ground
clutter (see Fig. 9). Two ellipses are used to describe the main
portion of the front. Code as: ICT 220154C RAREP2 LINE SCTD MDT
NO CHG NNW 52 ORNTD WSW-ENE 102 LONG 16 WIDE MOVG FM
NW/25 LINE SCTD WK INCRG SLOLY NE 58 ORNTD NW-SE 85 LONG
13 WIDE STNRY SLD WK INCRG SLOLY NW/ 39 DIAM 6 MOVG FM
N/25 SCTD WK DCRG E/25 ORNTD NNW-SSE 53 LONG 11 WIDE STNRY.
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Fig. 11A. Frontal Echoes.
A portion of the front northwest of the station has advanced with a
spead greater than 30 miles per hour. Therefore a special observation
is required (see § A15120(3)(b)). The section of the front northeast of
the station appears to be weakening and to be moving from the south-
west. A small wave may be forming on the front. Code as: ICT ‘
920214C RAREP3 LINE SCTD MDT NO CHG N/46 ORNTD WSW-ENE
108 LONG 18 WIDE MOVG FM NW/32 HGT 220 LINE SCTD MDT
DCRG NE/63 ORNTD NW-SE 82 LONG 13 WIDE MOVG FM SW/8 SCTD .
MDT INCRG N/29 DIAM 13 MOVG FM NW/25 HGT 200 SCTD WK NO
CHG ENE/24 ORNTD NNW-SSE 40 LONG 10 WIDE NO MOVMT
(Remarks) PTN FRONT NW STN MOVG RPDLY,
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Fig. 11B. Frontal Echoes.
The fast moving sector of the front, also shown in Fig. 11 and 11A,
has moved close to the station and the apparent wave to the north-
northeast has become very sharp. The northern portion of the wave is
weakening and moving out of range. The S-shaped front may be coded
as: ICT 220231C RAREP4 LINE SCTD MDT INCRG N/ 22 HUTCHINSON
TO NEWTON TO EL DORADO ORNTD WNW-ESE 110 LONG 24 WIDE
MOVG FM NNW/25 HGT 240 SLD LINE WK DCRG NNE/41 ORNTD N-S
14 LONG 8 WIDE MOVG FM NW/25 SLD LINE MDT DCRG NE/60
ORNTD NW-SE 94 LONG 6 WIDE MOVG FM W/ 18.
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Fig. 11C. Frontal Echoes.
This observation was taken approximately one-half hour after the ob-
servation in Fig. 11B. The apparent wave has nearly disappeared
from the scope. The heavy portion of the front may be described as
one broad ellipse in order to preserve the frontal picture in the report.
Code as: ICT 220258C RAREP5 LINE SCTD STG NO CHG N/20 ORNTD
E-W 100 LONG 23 WIDE MOVG FM NW/25 LINE SCTD WK DCRG
ENE/ 47 ORNTD N-S 25 LONG 3 WIDE MOVG FM NW/45 LINE SCTD
WK DCRG NE/66 ORNTD NW-SE 42 LONG 3 WIDE MOVG FM NW/45.




30,

WICHITA
3-30-53
f 4

/‘F/?NZ.L‘ M/»"ﬁ’/ﬁﬁwé

Fig. 12. Echo Accompanying a Tornado
Telephone calls verified the occurrence of a tornado at point "X" in
connection with this thunderstorm. Warnings were given to areas in
the path of the storm (see § 2.1 and 7.1). RAREPS should be trans-
mitted as "remarks' appended to special aviation weather operations
in addition to their regular distribution (see § A15611), Code as’ICT
301456C RAREPS8 SLD STG NO CHG SW/34 OVR ANNESS DIAM 42
MOVG FM SW/25 HGT 300 SCTD WK DCRG NW/38 ORNTD SW-NE 23
LONG 5 WIDE MOVMT UNKN TORNADO LCTD SW/46 VCNTY HARPER
1445C,




31.

‘mm"m
'3-30-53

4

. JO MIE .
RANCE MARIERS

p

Fig. 12A. Echo Accompanying a Tornado.
As in Fig. 12. A telephone call located a tornado at point "X'". Since
more than one tornado may accompany a large area of thunderstorms,
this may not be the same tornado as was reported in Fig. 12, In
general, warnings should be given for the areas in the path of the
thunderstorm, as the movement of a tornado funnel may be erratic.
This report may be coded as: ICT 301518C RAREPS9 SLD STG NO CHG
WSW/21 DIAM 3\4 MOVG FM SW/25 TORNADO LCTD WSW/23 1515C.




Fig. 13. Spiral Precipitation Bands
These echoes are from precipitation bands associated with a hurricane
approaching Freeport, Texas. These range markers are 20 statute
miles apart. The splral bands are located in the lower half of the
scope, with the "eye' rather indefinite but apparently located near the
bottom edge (see § A15307.4), A general description of the storm and
the location of the center should be given in aviation weather observa-
tions (see § A15611), The report might be coded as: FREEPORT
031414C RAREP5 LINE SCTD STG NO CHG NE/90 ORNTD NW-SE 220
LONG 60 WIDE MOVG FM SSW/20 SLLD SPRL BND STG NO CHG
AZRAN 17/65 15/70 14/120 20 WIDE SLD SPRL BND STG NO CHG
AZRAN 19/110 17/90 16/140 40 WIDE SLD SPRL BND STG NO CHG
AZRAN 18/140 17/145 18 WIDE BNDS MOVG FM SSW/20 CNTR'
VCNTY 160 MI S,
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Fig. 13A. Spiral Precipitation Bands.
The hurricane bands are not as distinct as in Fig. 13, owing to a
coverage of light precipitation between the bands. A slight reduction
of the receiver gain may improve the definition of the bands in such
cases (see ¥ 3.3). It was verified that all the precipitation occurring
in connection with this storm was confined to the northeast quadrant of
the hurricane, as shown by the precipitation bands in these photographs.
Report coded as: FREEPORT 031440C RAREP6 LINE SCTD STG DCRG
SLOLY NE/100 ORNTD NW-SE 285 LONG 70 WIDE MOVG FM SSW/20
SLD SPRL BND STG NO CHG AZRAN 13/130 16/40 22/75 20 WIDE
SLD SPRL BND STG NO CHG AZRAN 17/70 20/70 10 WIDE SLD SPRL
BND STG NO CHG AZRAN 16/150 17/85 20/110 30 WIDE SLD SPRL
BND STG NO CHG AZRAN 17/130 20/110 15 WIDE SLD SPRL BND ,
STG NO CHG AZRAN 17/140 18/140 20 WIDE BNDS MOVG FM SSW/20
CNTR VCNTY 150 MI S LGT PCPN AT STN AND BTN SPRL BNDS.
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Fig. 13B. Spiral Precipitation Bands.
Moderate rain at the station and between the bands of heavy precipita-
tion in the hurricane area obscures the central portion of the spiral
bands. The radar station was closed down a few minutes after this ob-
servation was taken owing to dangerously strong winds. The individual
spiral bands cannot be described in this case. However, a general
description is possible. It is coded as: FREEPORT 031545C RAREP9
STG INDFT SPRL BNDS OF HURCN FILL SE QUAD FM STN TO ABT
170 MI CNTRD ABT 130 MI S OF STN MOVG FM S/20 LINE SCTD
MDT DCRG SLOLY NNE/120 ORNTD NW-SE 150 LONG 45 WIDE
MOVG FM S/20 HVY R STG WND AT STN OBSNS DSCONTD TIL
HURCN CNDS IPV.




APPARENT HEIGHT OF RADAR ECHOES 35.
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Fig. 14. Height Computation Chart.
The height of the echo above the level of the station is found at the in-
tersection of the curve representing the elevation angle and the ordi-
nate representing the slant range. The height of the 0° curve above
the baseline indicates the curvature of the earth. This value is not
subtracted from the height of the echo.
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U,5. Deportment of Commerce, Weother Bureou

Experimental Radar Plotting Chart
E (Section D)

Station Date.

Distance belween concenlric range circles
s 20 stotute miles.
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Loy | | ] S|
Stotete wies

Fig. 16. Radar Plotting Chart.
Similar charts have been prepared for other sections to facilitate the
plotting of radar reports.
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INTRODUCTION

This guide has been prepared to assist in training observers and fore-
casters in the use of radar for weather search. The guide is intended
to be used as a source of supplemental information by the observer-in-
training while he is under the supervision of trained personnel at the
station. In addition, it is intended that the guide should be used by
forecasters to increase their knowledge of the possibilities and limi-
tations of the use of radar in weather forecasting.

The guide consists of a summary of the basic principles of radar,
general operational techniques, and examples of analysed weather sit-
uations as viewed by radar. Owing to the complicated nature of the
equipment, detailed operational instructions have been omitted where

it would be advisable for the observer to acquire the necessary knowl-
edge by observation, personal training, and by reference to appropriate
technical and maintenance manuals. This guide is specifically designed
for use with the modified APS-2F radar, as used by the Weather Bureau.
However, the general information is applicable to all types of radar.

References with the prefix '"A15" refer to paragraphs or figures in
Chapter A15 of the Addendum to Circular N, e.g., § A15301. Reprints
of Chapter A15 have been issued as separate manuals without changing
the paragraph numbers. In the event of any seeming conflict between
this manual and Chapter Al5 of Circular N, the instructions of Chapter
A15 will be followed.

We are indebted for some of the information in the guide to Technical
Report No. 20, ""The Use of Radar in Weather Forecasting', by Mr.
Hal Foster of the Massachusetts Institute of Technology.






1.0. BASIC PRINCIPLES OF RADAR

1.1. General.-- Radar (radio direction and ranging) equipment con-
sists essentially of a directional radio transmitter and a radio
receiver, The transmitter sends forth brief pulses of energy which
are radiated from the antenna in a directed beam as the antenna rotates
through 360° of azimuth. If the energy strikes any reflecting object,
either meteorological or nonmeteorological, some of the reflected
energy is picked up by the antenna, detected by the radar receiver,

and indicated on the radar scopes (osciloscopes) as an "'echo''. The
APS-2F radar has two scopes: the Plan Position Indicator (PPI) and
the A-scope.

1.2. PPI-Scope.--The PPI-scope, with range and azimuth coordinates
(see Fig. 1 and 2), presents a plot of the horizontal cross section of
any echo of sufficient reflecting power that falls within the preselected
range of the radar beam. When echo signals are detected and ampli-
fied, they are luminously displayed on the screen of the PPI-scope.

A radial sweep line, beginning at the center of the screen and sweep-
ing outward to its edge, revolves on the screen face like a spoke in a
wheel. These revolutions are synchronized with the rotations of the
antenna. When an echo signal is received, the sweep line brightens at
some point along its length, depending upon the distance to the object
and the range setting of the equipment. Estimation of distance is aided
by electronic range markers on the indicator sweep line which, owing
to the revolving action of the line, appear as concentric circles. These
circles usually indicate radial distance in nautical miles from the cen-
ter of the screen, which represents the position of the antenna. The
long-persistence characteristic of the screen causes luminous spots

to continue to glow until the sweep line completes its revolutions and
again brightens the screen at these points. (Note: Nautical miles may
be converted to statute miles by multiplying the distance on the scope
by 1.15).

1.3. A-Scope.--The A-scope (see Fig. 3) indicates the signal strength
against range along the sweep of the beam at the azimuth and elevation
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Fig. 2. Diagram of PPI-Scope.
As the sweep line revolves about the center of the scope it generates
upon it continuous range marks corresponding to the range setting.
The sweep line also indicates the location of an echo-producing target
by brightening at a point on its length corresponding to the range of the
object. The azimuth angle of this point corresponds to the azimuth
angle of the target in relation to the radar antenna. At the points where
the sweep line brightens, the screen of the scope continues to glow
‘until the sweep line passes over the area again, thereby presenting a
continuous picture of the target.
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Fig. 3. Diagram of A-Scope.

The flat-topped target pulse indicates that a signal of saturation inten-
sity is being received from a target at that range. The height of this
_pulse has been limited by the height of the A-scope screen. A re-
duction in receiver gain will reduce the height of the echo until the top
becomes visible, when the true size of the echo can be determined.
However, the receiver gain should not be reduced except for momentary
intensity tests, if the reduction results in the loss of other echoes from
the A-scope or PPI-scope. Returns from stationary targets near the
station (ground clutter), not shown in the diagram, may obscure the
pulse of the transmitter output signal. The range marks will represent
the same distance as those on the PPI-scope and will change with the
range selected.




angle at which the antenna is pointed at the time. The height of the
signal above the baseline is a measurement of the strength of the
reflected signal. Rapid fluctuations of the image may occur and cause
a hazy appearance. This is an indication that the strength of the signal
is changing rapidly as the antenna rotates. On the A-scope, receiver
noise or interference has the appearance of ''grass'’ along the baseline.
It varies in height and may obscure small echoes. When the signal
reaches a maximum and exhibits a flat-topped appearance on the A-
scope, it is called a "'saturated' signal (see Fig. Al5-1). On the PPI-
scope, a saturated signal appears as an echo of maximum brightness.

1.4. Meteorological Echoes. --The strength of meteorological echoes
depends upon the size and quantity of the water drops in the area ob-
served and the range of the echoes. It has been determined that the
amount of scattering of the beam of energy from a spherical particle
is proportional to the sixth power of the diameter of the particle.
Accordingly, one drop of water 2.0 mm. in diameter will give a return
equivalent to 4096 water drops of 0.5 mm. in diameter. For this
reason, thundershowers, with their usual large raindrops, will give
much brighter echoes than light rain with its relatively small drops.
It is apparent that the radar will not detect all clouds, but will detect
regions where the water drops are large enough to be classed as pre-
cipitation, although the precipitation may not reach the ground.

1.4.1. Owing to differences in the electrical characteristics of water
and ice, the radar return for spherical particles of equal mass is
approximately five times greater for water than for ice particles. The
reflectivity of nonspherical ice particles does not vary greatly from
that of spherical particles of the same mass. Therefore, the radar
return from snow or sleet will usually be less than for rain of the same
intensity of precipitation. For this reason, echoes received from areas
above the freezing level may be weak and poorly defined. However, one
exception to this rule has been noted, namely that large wet hailstones
return a very bright echo.

1.4.2. In order to receive a detectable return from a small target at

a range of 150 miles, for example, a great amount of energy must be
transmitted in the radar beam. Owing to the large areas covered, only
a very small portion of the transmitted power ever strikes a particular
target. The energy which does strike a target is reflected nearly uni-
formly in all directions. Therefore, only a minute portion of the re-
flected energy will return to the radar antenna. It has been determined




that this loss of reflected power is directly proportional to the fourth
power of the range of the target. One result -of this range attenuation
effect is that an echo from an object at long range will not appear as
bright as the echo from a similar object at a shorter range.

1.4. 3. During periods of extremely heavy precipitation,radar equip-
ment with a wave length of 3.2 cm. will be attenuated to some degree.
Precipitation attenuation is defined as the loss of energy due to ab-
sorption and scattering by raindrops. The outbound energy suffers
attenuation as it advances through the precipitation and, in the same
manner, the returning reflected energy is attenuated as it returns to
the antenna. Accordingly, precipitation patterns beyond areas of
heavy rain may not appear on the PPI-scope of 3.2 cm. radar sets.
However, precipitation attenuation is negligible for ten cm. sets.
Note: APS-2F radar sets have a wave length of ten cm. Attenuation
through snow is negligible at any wave length owing to the low index of
absorption of ice.

1.5. Beam Width. -- The conical beam of energy transmitted from the
30-inch antenna usedon some APS-2F sets is approximately 9° in di-
ameter. The beam from the 72-inch antenna used on modified sets is
approximately 3.5° in diameter (see Fig. 4). The following table indi-
cates the approximate diameter of the beams at various ranges.

Range, Miles
Beam 20 40 60 80 100
3.5° 6,500 ft, | 13,000 ft. |19, 000 ft. |36, 000 ft, | 33,000 ft.
9° 16,500 ft. | 33,000 ft. |49, 000 ft. [66, 000 ft. |82, 000 ft.

It is evident from the table that two precipitation areas at a range of
100 miles will appear as one if they are less than 33, 000 feet apart,
when the 3.5° radar beam is used. These data indicate that the

detailed definition of echoes decreases rapidly with distance.

A solid

line at long range may break into small individual echoes as the pre-
cipitation approaches the station.
effect of the beam width and does ot indicate a dissipating system, un-
less the intensity has decreased also as the line moved (see ¥ 3.3).
Conversely, a line of scattered echoes at close range may appear to
merge and become a solid line as the disturbance moves away from

This occurrence is owing to the
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the station. The loss of detail owing to beam width must always be
taken into consideration by forecasters when comparing the character
of echoes. However, observers should always report the character of
an echo as it appears on the scope.

2.0. USE OF RADAR IN WEATHER OBSERVING AND FORECASTING

2.1, General. --Radar has been responsible for a big step forward in
our knowledge of weather phenomena, It permits the meteorologist to
study the inner structure of storms and thereby increases his fore-
casting ability. It also helps to prevent the unexpectecd, with a large
saving in the loss of life and property. Experience in hurricane de-
tection and warning has shown that the destruction caused by the storms
can be reduced by 60% when warnings are given to the people in the
areas where the storm is expected to strike. With respect to tornadoes,
the saving of human lives will be most important.

2.2. Weather Patterns. --Brie’ly, storms and precipitation of interest
to the radar operator usually occur as follows:

1. In bands of weathér called ''fronts"
which move across the country from
west to east. ’

2. In a squall line which may precede
the fronts.

3. In isolated cells.

Each of these types of weather produces a typical echo pattern that can
be distinguished on the radar scope. In other words, it is possible to
tell whether the echo is from a single thunderstorm, or a line of
thunderstorms, or an extensive area of precipitation (see Fig. 7 to 13).
Since the intensity of the radar echoes depends upon the amount of pre-
cipitation accompanying the storm, it is also possible to estimate the
severity of a particular disturbance from the brightness of its echo in
comparison with other echoes at the same range. Therefore, by ob-
serving the radar scope, the observers can actually '"'see'' the type and
intensity of the weather approaching the station. This is extremely
important in forecasting the exact area likely to be affected by severe
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storms, such as tornadoes. When tornadoes are forecast for a
general area, as is the usual procedure when meteorological conditions
are right for their development, each thunderstorm is watched care-
fully. If the thunderstorm becomes unusually intense, a tornado may
develop from it. Under these conditions, the approach of a severe
thunderstorm might result in the issuance of warnings to areas in the
path of the storm.

2.3. Tornado Echoes. --It may not be possible to tell from the ap-
pearance of a radar echo whether a tornado is occurring in connection
with a severe thunderstorm. However, when the presence of a tornado
is verified by telephone calls to or from the affected area, its path can
be watched on the radar scope and warnings issued to areas in the
storm's path (see Fig. 12 and 12A). This method is more effective
than observation by eyesight alone, since the storm may pass

through the regions where it would not be reported until it actually
entered a residential area.

2.4, Reports.--Radar weather reports are given by teletypewriter to
other weather stations. These reports may be plotted on special maps
and the movement and development of storms watched over the entire
region (see Fig. 16). Pilots also make use of radar weather reports
when making their flight plans, and when changing their plans while in
flight to avoid weather disturbances.

3.0. RADAR OPERATION

References: (1) Handbook of Maintenance Instructions for
U. S. Weather Bureau Search Radar

(2) Chapter Al15 of Circular N, 6th Edition
(revised), sections A15100 and A15200

3.1. General, -- Detailed technical operational instructions will not be
given in this text, since the complicated nature of the equipment re-
quires that the operator receive personal training under the supervision
of an experienced operator. A careful study of the reference material
will be helpful, '

3.2. Range Setting (See Fig. 2B of Maintenance Instructions). -~ The
range should be adjusted to the lowest value possible for the echo being
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observed. For example, when the echo is within 25 miles of the sta-
tion, more details will be evident if the range is set at 25 miles in-
stead of at 50 or 150 miles. Unless a special calibration has been
made, all Weather Bureau radars are calibrated in nautical miles.
After the range switch has been turned to the desired value, it may be
necessary to adjust the sweep amplitude in accordance with operating
instructions. The sweep amplitude may be adjusted to expand the
range scale and any echoes on the scope. One complete sweep of the
PPI-scope will be required before the echoes will conform to the new
range setting.

3.3. Adjustment of Receiver Gain. --The receiver gain may be ad-
justed to indicate the relative intensity of echoes. When the receiver
gain is reduced the weakest echoes will fade out. Continued reduction
will leave only the strongest echoes on the scope. In this way, the
centers of greatest activity can be located for each area. Conversely,
an increase in receiver gain may bring in echoes not observable at
normal settings. In general, many details of the precipitation areas
or storm cells may be disclosed by increasing and then decreasing the
gain., Such details are not always apparent from variations in the in-
tensity of the echoes at constant settings, especially at long ranges.
For example, in frontal activity, the thundershowers may be hidden in
the general mass of precipitation which may obscure a large area;
however, when the receiver gain is reduced, the areas of light pre-
cipitation will fade out and the shower will become more apparent.
This information will be useful as follows: a)in determining the true
nature of the front, b) in guiding aircraft, c) in forecasting areas of
maximum precipitation and high winds and, d) in research. However,
allowances must be made for range attenuation when judging the
strength of echoes (see § 1.4.2). A slight increase in the background
light on the scope may accompany the increase in receiver gairr. This
light, known as "electronic noise', may be subdued by reducing the
scope intensity. This usually affects the background light to a greater
extent than it affects the signal, since the background has a smaller
amplitude than the signal.

3.3.1. Adjustment of the receiver gain will provide additional details
on the A-scope. In general, the relative intensities of echoes can be
judged with greater accuracy when the signal does not saturate the A-
scope. A saturated signal extends to the top of the A-scope and be-
comes flat so that its true height or intensity cannot be compared with
other echoes (see Fig. 3). When the receiver gain is reduced enough
to prevent saturation of the scope, an estimation of relative intensities
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can be made by comparing the heights of echoes at comparable ranges.
It should be noted that electronic noise will increase on the A-scope as
the receiver gain-is increased. At times the noise level may be high
enough to obscure the true echoes. However, preference should be
given to the appearance of the echoes on the PPI-scope.

3.4. Effects of Location. -- The location of the radar antenna near any
obstruction with a higher elevation than the antenna's, such as towers,
buildings, and hills, will result in the blocking off of targets beyond the
obstruction. The blocking will extend through the azimuth angle sub-
tended by the obstruction., For this reason, radar antennas are usually
located on special towers above all prominent obstructions (see Fig. 5).

3.4.1. "Ground clutter" is present on the scopes of most radar sets.

It consists of an irregular stationary echo covering the first few miles
of range around the center of the scope (see Fig. 6 and 6A). The
ground clutter is caused by a small amount of the transmitted pulse
feeding back through the receiver and by echoes from local obstructions.
The echoes will still be present, although reduced slightly, when the
elevation angle of the antenna is increased.

3.4.2. Each station should prepare a map of all prominent hills, -
mountains, lakes, or coast lines within a range of 250 miles of the
radar antenna (reference § A15301). The location of buildings, towers,
etc. more than five miles from the radar antenna need not be shown on
the map unless echoes from these objects have been noticed on the
scopes. Transparent overlays for the large PPI-scope can be construc-
ted at each station if certain basic rules are followed. It is known that
the range markers on most of the scopes are not linear. Therefore, it
is necessary to have lock-in points on all of the range markers and to
adjust the sweep sensitivity each time to fit the overlay. It is also im-
portant that the range markers be perfect circles. If they are ellipses,
the technician can make the necessary adjustments to correct the trouble.
Transparent overlays should be constructed as follows:

1. Obtain several sheets of clear plastic with a thickness
of one-sixteenth inch or less.

2. For each range setting, cut an overlay the size of the
large PPI scope from the plastic. The overlay should
fill the face of the scope in order that the plastic will
not slip sideways. Small strips of rubber tape placed
at intervals on the outer edge of the overlay will help
to prevent slippage and rotation.
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3. Adjust the sweep sensitivity until the outermost range
marker is at the outside edge of the scope.

4. Make reference marks on the overlay at 0° (north)
on each range circle.

5. When precipitation echoes are not present, adjust the
receiver gain of the radar to the average operating
setting, and etch in the outlines of the varioeus ground
clutter echoes with a sharp instrument. Black ink
may be applied to the etched lines. The location of
towns, etc., may be marked on the overlays when the
locations are checked with an aeronautical chart.

6. Repeat steps 3, 4, and 5 for each range setting using
a new overlay each time. Clearly label each one.

The overlays should be used as follows:

1. Place the overlay, corresponding to the range setting
'in use, on the PPI-scope with the reference marks
on 0°,

2. Adjust the sweep sensitivity until the range circles
correspond to the respective reference marks on
the overlay.

3. Change overlays to correspond to changes in the
range setting.

3.5. Abnormal Echoes (Reference § A15303). --Occasionally, under
certain conditions, unusual echoes may appear on the radar scopes.

3.5.1. Ducting. -- The phenomenon known as ''ducting' results from
propagation of the radar.beam, which may be bent so that it intercepts
targets which are normally below the horizon. Ducting usually occurs
in connection with a sharp temperature inversion at low levels. A
marked increase in temperature with height or decrease of humidity,
or both, is necessary. Such conditions occur when warm dry air over-
runs a shallow layer of cool moist air. If these conditions are present,
echoes of hills, mountains, or other high objects, which are normally
just below the horizon, may appear. - Suspected echoes should be care-
fully checked. Since echoes resulting from ducting may be from
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stationary objects, the presentation on the PPI- and A-scopes will be
steadier and sharper than precipitation echoes. Ducting may improve
the detection of distant precipitation echoes, since the portion of the
precipitation column below the horizon will return enough energy to
increase the intensity of the normal echo.

3.5.3. Sea Return.-- Under certain conditions, stations near a coast
line may experience echoes known as ''sea return'. These echoes
appear very much like precipitation echoes on either the PPI- or A-
scopes. However, the location of the echoes and their persistence in
one section of the scope, if meteorological phenomena are not expected
in that area, should identify the echoes as sea return.

4.0. OBSERVATION AND EVALUATION OF ECHOES

References: (1) Chapter Al5 of Circular N, 6th Edition
(Revised), sections A15100, A15200,
and A15300

(2) Handbook of Maintenance Instructions
for U. S. W. B. Search Radar,
Fig. 2A and 2B

4.1, General. --Frequent radar observations are required in order
that precipitation echoes can be detected at the earliest possible
moment. When echoes are observed, continued observation is nec-
essary to check their development and movement. Since a few min-
utes are required to start the radar equipment and place it in operation,
instructions specify that the radar will not be turned off when echoes
are present. However, when the scopes are not being watched con-
tinuously, the set may be placed in stand-by operation. This is ac-
complished by turning the transmitter filament switch to "off'"" for a
second and then back to '"On'". The scopes may be placed in operation
again by momentarily pressing the transmitter high voltage switch to
"Start' and then adjusting the range and receiver gain for best results
(see ¥ 3.2 and 3. 3).

4.2. Character of Echoes (Reference § A15304). -- Echoes must be
classified in order that a reasonable description of them can be trans-
mitted over teletypewriter circuits. Therefore, radar-echo patterns
are classified as scattered echoes, solid echoes, line of scattered
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echoes, solid line of ef‘hoes, and echoes in a spiral band.

4,2.1. Scattered Echoes.--A group of echoes close together, but not
forming a line or spiral will be described as "scattered echoes'. In
general, the distance between the echoes must be less than the distance
through the largest echo; otherwise, individual echoes should be
described (see Fig. 8 and 9).

4.2.2. Solid Echo. --Individual echoes, either isolated or separated
from other echoes by a distance greater than the distance through the
largest echo in the group, will be described as a "solid echo'' (see
Fig. 7, 7TA, 10, 12, and 12A). These echoes may have irregular out-
lines, but should not be actually separated into several echoes.

4,2.3. Line of Scattered Echoes. -- Scattered echoes (see § 4.2.1) in

a curved or straight line (but not a spiral) will be described as a "line

of scattered echoes'' (see Fig. 7TA, 9, 10, 11, 11A, 11B, and 11C).

A line of scattered echoes may indicate squall lines or frontal activity.

4.2.4. Solid Line. -- A continuous echo forming a line or curve (but
not a spiral band) will be described as a ''solid line". The echo may
have irregular edges but no definite breaks (see Fig. 11B).

4.2.5. Spiral Band. --When echoes appear in lines which spiral to-
ward a center, they will be described as ''spiral bands''. These echoes
are associated with hurricanes or severe tropical storms. A spiral
band may be composed of scattered echoes or of one continuous echo.
-Some caution is necessary in describing echoes as spiral bands un-
less a tropical storm is expected or the formation remains evident

for at least thirty minutes (see Fig. 13, 13A, and 13B).

4,3. Intensity (Reference § A15305 and Fig. Al5-1). -- Estimation and
classification of the echo intensity as weak, moderate, or strong will
be made from the appearance of the echo on the A-scope and the PPI-
scope with an average setting of the receiver gain (see § 1.3). Al-
1owance must be made for the distance from the radar and the weaken-
ing of the signal owing to range attenuation (see § 1.4.2). When many
echoes are present or when echoes are large, the receiver gain may
be adjusted to indicate the most intense areas (see ¥ 3.3). Echoes
which appear as only small spots on the A-scope at ranges of 50 miles
or less should be classed as ''weak''. Weak echoes appear thin and
grey on the PPI-scope. Owing to the effect of range attenuation any
indication of an echo on the A-scope or PPI-scope at ranges of 50 miles
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or more should be classed as ''moderate'. Moderate and strong echoes
may completely saturate the A-scope at close range. Some experience
is necessary in determining the relative strength of echoes at ranges

of less than 50 miles. However, echoes which saturate the A-scope at
ranges of over 20 miles should always be classed as "strong'. Ex-
ceptionally bright echoes, such as may be received from violent
thunderstorms or heavy frontal activity, at ranges of less than 20
miles, should also be classed as "strong".

4.4. Tendency (Reference § A15306). --Several consecutive observa-
tions of the intensity of an echo are necessary to determine the change
in strength of the echo. This change is called the 'tendency'. After
several observations of an echo, the tendency should be classed as
slowly or rapidly increasing or decreasing, or as unchanged. Again,
the effect of range attenuation must be considered, since the echo will
become brighter on the scope if it approaches the station, or vice
versa.

4.5. Position (Reference § A15307 to A15307.41 and Fig. A15-2 to
A15-10), --To facilitate recording and transmitting the size and location
of echoes, patterns on the PPI-scope will be described as ellipses,
circles, combinations of individual echoes, or spiral bands in accord-
ance with the reference instructions. The azimuth angle, to sixteen
points of the compass, and the range, in statute miles (nautical miles
multiplied by 1.15), of each pattern will be given also. Note that the
pattern may include a collection of scattered echoes or one solid echo.
Although the observer will not be able to describe every small detail
of each echo in the teletypewriter message when this system is used,
a reasonably accurate picture can be reproduced from the average
report. The circle or ellipse should represent the mean boundary of
the area described. Some small projections on the echoes will be out-
side of the reported area and some clear areas will be on the inside.
However, if the discrepancy appears unreasonable, the use of an addi-
tional circle or ellipse may give a better representation of the true
echo. When the individual echoes in a group are too far apart to be

. described as one area,(see J ‘A15307. 3); each echo will be evaluated
as a circle or ellipse. However, no attempt should be made to describe
a portion of a spiral band as a circle or ellipse, since these bands
should be described in detail (see § A15307. 4).

4.6. Orientation, Length, and Width (Reference § A15308 through
A15311). --When echoes are evaluated as an ellipse, the orientation of
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the major axis will be determined to sixteen points of the compass (see
Fig., 7 and 7TA). The length of the major axis will be determined to the
nearest statute mile. The width or diameter of each echo also will be
determined to the nearest statute mile. If possible, the echo should be
located with reference to cities, mountains, or air-navigation facilities.

4.7, Direction and Speed of Movement (Reference § A15312 and
A15313). --The direction and speed of movement of the brightest portion
of each echo can be determined by plotting the location at one observa-
tion and noting the amount and direction of movement -at the following
observation, about 15 or 30 minutes later (see Fig. 1l to 11C). It may
be necessary to adjust the receiver gain to determine the brightest
portion of the echoes (see §J 3. 3).

4.8. Height (Reference § A15314). --A chart for estimating the height
of radar echoes is furnished to all radar stations (see Fig. 14). The
height of the top of radar echoes is important to forecasters and to
research activities. The top of the echoes may be indefinite owing to
an increase in the amount of ice or snow particles above the freezing
level, and owing to the echoes from nearby precipitation areas obscur-
ing the top of the true center of the cloud. For these reasons, height
determinations will be made only between the range of 15 to 50 miles.

4.8.1. Radars of the APS-2F type have a beam width of 3.5° when 72-
inch antennas are used, and a beam width of 9° when the original 30~
inch antennas are used. Therefore, observers with this type of radar
equipment will subtract 1.8° or 4.5°, as appropriate, from the eleva-
tion angles when determining the height of echoes.

4.8.2. The antenna can be tilted to a maximum of 20° above the hori-
zontal, The elevation angle will be indicated on the '"tilt indicator"
The angle is varied by manipulation of the ''tilt" switch.

4.8.3. Example. -~

Given: An echo at a range of 40 nautical miles.
When the antenna is tilted, the signal fades out
at an indicated elevation angle of 7.5°.

40 nautical miles x 1.15 = 46 statute miles
7.5° -3.5=5,7° (for 3.5° beam
e ( )

TTsing the chart in Fig. 14, the height is
found to be 25, 000 feet.
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4.9. Remarks (See § A15315). --The remarks portion of the message
is reserved primarily for information that cannot be coded in the main
report. In general, the observer should include such additional infor-
mation as he believes will help forecasters or pilots in their evaluation
of the radar reports.

5.0. ENTRIES ON FORMS

5.1. General (Reference section A15500), -- A complete report of
every observation will be entered on Form 610. 3-1, '""Radar Weather
Observations, Land Station,' in accordance with the reference instruc-
tions (see Fig. 15). An entry is required for each scheduled observa-
tion regardless of whether echoes are observed (see § A15524). Special
remarks or comments may be entered on the form and enclosed in pa-
rentheses to indicate that they were not transmitted. For example, the
remark may explain that the observation was taken at the request of the
district forecaster. Other remarks, not transmitted, refer to the use
of the radar camera, adjustment on the equipment, etc.

6.0. TRANSMISSION OF RADAR REPORTS

6.1, General (Reference, section A15500). --Radar reports are given
special distribution on Service A, However, RAREPS describing
‘thundershowers, frontal activity, or tropical storms should be appended
as remarks to aviation weather observations.

7.0, VERIFICATION OF RADAR ECHOES

7.1. General. -- When severe storms are suspected in connection with
an unusual radar echo, telephone calls should be made to the community
in the vicinity of the storm to obtain information regarding the disturb-
ance. In the event that the storm is severe, warning should be passed
to other communities in the storm's path. Such warnings should be
issued in accordance with standard Weather Bureau procedure.
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Fig. 6. Ground Clutter.
Permanent objects around the station produce echoes near the center
of the scope, as shown in this photograph of the PPI-scope at Wichita,
Kansas. These echoes are called "ground clutter''. The observer
should be familiar with the location and average brightness of the
echoes contributing to the ground clutter pattern (see § 3.4.2). Since
azimuth markings are not visible on the illustrations, a white dash has
been placed on the upper edge of the scopes to indicate north. These
range markers are ten miles apart. It is 70 miles from the center to
the outer edge of the scope. When only ground clutter appears at an
observation it should be recorded as PPINE. This report will be trans-
mitted if this is the first clear scope report following one or more re-
ports of echoes (see § A15610).
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Fig. 6A. Ground Clutter.
Ground clutter may completely obscure all precipitation echoes within
ten or more miles of the station. On this illustration the range marks
are 20 miles apart. Most Weather Bureau radar scopes indicate dis-
tances in nautical miles, which must be converted to statute miles by
the observer (see § 3.2 and 4.8.3). Note: These illustrations have
been selected for subject matter and the clock time shown on them
does not indicate necessarily the required time of observations.
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Fig, 7. Echoes Evaluated as Ellipses.
These echoes have been evaluated as ellipses, since the length of each
echo is at least twice the width. Compare the ground clutter with
Fig. 6. The two precipitation echoes are fairly bright for their range,
indicating moderate intensity. The echo intensity should be checked
on the A-scope also. A small area of light precipitation is developing
at the end of the echo at 30 miles range (see Fig. TA). The report
would be coded as: ICT 081637C RAREP2 SLD MDT INCRG SSW/35
(30 nautical miles x 1.15 = 35 statute miles) VCNTY WELLINGTON
ORNTD SE-NW 14 LLONG 4 WIDE MOVG FM SW/18 HGT 210 SLD MDT
INCRG SSW/63 ORNTD ESE-WNW 12 LONG 5 WIDE MOVG FM SW/20.
(Remarks, if any, regarding pilot reports, verified hail, etc., are
.added to the end of the report.)
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Fig. 7TA. Echoes Evaluated as Ellipses.
This observation was taken 30 minutes after the observation illustrated
in Fig. 7. The innermost echo (SSW/29) has increased in size and two
more precipitation areas have developed or moved into range in the
southwestern quadrant. The A-scope should be checked to confirm
apparent increases in intensity (see Fig. 3). Owing to their proximity
to each other, the three echoes in the lower portion of the scope will
be evaluated as a group of scattered echoes (see § A15307.1). Coded
as: ICT 081706C RAREP3 SLD STG INCRG SSW/29 ORNTD ESE-WNW
15 LONG 7 WIDE MOVG FM SW/10 HGT 300 LINE SCTD STG INCRG
SSW/63 ORNTD SW-NE 37 LONG 17 WIDE MOVG FM WSW/17.




23.

Waire

i 6' /0 ~-53
S MILE
/9?/}/\/@ F M/?/)?/\/E/é

Fig. 8. Numerous Small Echoes.
These echoes are very small and too numerous and widely scattered
to justify individual descriptions (see § A15309). The echoes are
located in the southwest and northwest quadrants and are scattered
over an area extending from the station outward to an average distance
of 54 statute miles. Code as: ICT 101258C RAREP6 SCTD MDT NO
CHG MANY SML SCTD THRUT AREA XTNDG FM STN TO 54 MI
RADIUS SW THRU W TO NNE MOVG FM SW/12.
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Fig. 9. Line of Scattered Echoes.
The most significant meteorological feature of a group of echoes should
be retained, and, if possible, coded in one group. In this case, the
larger echoes form a line of considerable importance to forecasters.
The small scattered echoes may be added to the report as separate
groups. Note that the ground clutter has increased owing to an in-
crease of receiver gain; however, some precipitation echoes inter-
mingle with the ground clutter (see Fig. 6). Code as: ICT 191626C
RAREP7 LINE SCTD MDT NO CHG NNE/29 ORNTD SSW-NNE 40 LONG
12 WIDE MOVG FM NW/15 SCTD WK NO CHG E/29 DIAM 14 MOVG
FM NW/15 SCTD MDT NO CHG N/28 ORNTD N-S 11 LONG 9 WIDE
MOVG FM NW/ 15,
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Fig. 10, Squall Line Echoes.
Echoes similar to these often accompany squall line activity. Several
very small echoes have not been described in the report because they
are relatively unimportant in a group of larger scattered echoes.
Coded as: ICT 202111C RAREPY SLD MDT INCRG SLOLY N/17 DIAM
15 MOVG FM N/18 LINE SCTD MDT INCRG SLOLY ENE/26 VCNTY
EL DORADO ORNTD NW-SE 46 LONG 6 WIDE MOVG FM N/18 HGT
300 SLD MDT NO CHG NE/39 DIAM 11 MOVG FM N/18 SLD LINE WK
DCRG SLOLY E/49 ORNTD SW-NE 15 LONG 8 WIDE MOVG FM N/ 18
~LINE SCTD MDT NO CHG W/10 ORNTD SW-NE 15 LONG 3 WIDE
MOVG FM N/ 18 SCTD WK NO CHG WSW/35 DIAM 3 MOVG FM N/ 18.
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, Fig. 11. Frontal Echoes.
A front with weak to moderate precipitation echoes is approaching the
station from the north. The receiver gain has been increased to bring
in the frontal echoes resulting in an increase in the amount of ground
clutter (see Fig. 9). Two ellipses are used to describe the main
portion of the front. Code as: ICT 220154C RAREP2 LINE SCTD MDT
NO CHG NNW 52 ORNTD WSW-ENE 102 LONG 16 WIDE MOVG FM
NW/25 LINE SCTD WK INCRG SLOLY NE 58 ORNTD NW-SE 85 LONG
13 WIDE STNRY SLD WK INCRG SLOLY NW/39 DIAM 6 MOVG FM
N/25 SCTD WK DCRG E/25 ORNTD NNW-SSE 53 LONG 11 WIDE STNRY.
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Fig. 11A. Frontal Echoes.
A portion of the front northwest of the station has advanced with a
spead greater than 30 miles per hour. Therefore a special observation
is required (see § A15120(3)(b)). The section of the front northeast of
the station appears to be weakening and to be moving from the south-
west. A small wave may be forming on the front. Code as: ICT
220214C RAREP3 LINE SCTD MDT NO CHG N/46 ORNTD WSW-ENE
108 LONG 18 WIDE MOVG FM NW/32 HGT 220 LINE SCTD MDT
DCRG NE/63 ORNTD NW-SE 82 LONG 13 WIDE MOVG FM SW/8 SCTD .
MDT INCRG N/29 DIAM 13 MOVG FM NW/25 HGT 200 SCTD WK NO
CHG ENE/24 ORNTD NNW-SSE 40 LONG 10 WIDE NO MOVMT
(Remarks) PTN FRONT NW STN MOVG RPDLY.

1
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Fig. 11B. Frontal Echoes.
The fast moving sector of the front, also shown in Fig. 11 and 11A,
has moved close to the station and the apparent wave to the north-
northeast has become very sharp. The northern portion of the wave is
weakening and moving out of range. The S-shaped front may be coded
as: ICT 220231C RAREP4 LINE SCTD MDT INCRG N/22 HUTCHINSON
TO NEWTON TO EL. DORADO ORNTD WNW-ESE 110 LONG 24 WIDE
MOVG FM NNW/25 HGT 240 SLLD LINE WK DCRG NNE/41 ORNTD N-S
14 LONG 8 WIDE MOVG FM NW/25 SLD LINE MDT DCRG NE/60
ORNTD NW-SE 94 LONG 6 WIDE MOVG FM W/ 18.
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Fig. 11C. Frontal Echoes.
This observation was taken approximately one-half hour after the ob-
servation in Fig. 11B. The apparent wave has nearly disappeared
from the scope. The heavy portion of the front may be described as
one broad ellipse in order to preserve the frontal picture in the report.
Code as: ICT 220258C RAREP5 LINE SCTD STG NO CHG N/20 ORNTD
E-W 100 LONG 23 WIDE MOVG FM NW/25 LINE SCTD WK DCRG
ENE/ 47 ORNTD N-S 25 LONG 3 WIDE MOVG FM NW/45 LINE SCTD
WK DCRG NE/66 ORNTD NW-SE 42 LONG 3 WIDE MOVG FM NW/45.




30,

WICHITA
3-30-53
L 4

10 MILE
AANGE /‘\'7/?/?/{&"5

Fig. 12. Echo Accompanying a Tornado
Telephone calls verified the occurrence of a tornado at point '"X'" in
connection with this thunderstorm. Warnings were given to areas in
the path of the storm (see § 2.1 and 7.1). RAREPS should be trans-
mitted as ''remarks'' appended to special aviation weather operations
in addition to their regular distribution (see § A15611). Code as:ICT
301456C RAREPS SLD STG NO CHG SW/34 OVR ANNESS DIAM 42
MOVG FM SW/25 HGT 300 SCTD WK DCRG NW/38 ORNTD SW-NE 23
LONG 5 WIDE MOVMT UNKN TORNADO LCTD SW/46 VCNTY HARPER
1445cC.
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Fig. 12A. Echo Accompanying a Tornado.
As in Fig. 12. A telephone call located a tornado at point "X''. Since
more than one tornado may accompany a large area of thunderstorms,
this may not be the same tornado as was reported in Fig. 12, In
general, warnings should be given for the areas in the path of the
thunderstorm, as the movement of a tornado funnel may be erratic.
This report may be coded as: ICT 301518C RAREPY SLD STG NO CHG
WSW/21 DIAM {4 MOVG FM SW/25 TORNADO LCTD WSW/23 1515C.
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Fig. 13. Spiral Precipitation Bands.
These echoes are from precipitation bands associated with a hurricane
approaching Freeport, Texas. These range markers are 20 statute
miles apart. The spiral bands are located in the lower half of the
scope, with the ""eye" rather indefinite but apparently located near the
bottom edge (see § A15307.4). A general descripﬁon of the storm and
the location of the center should be given in aviation weather observa-
tions (see § A15611). The report might be coded as: FREEPORT
031414C RAREP5 LINE SCTD STG NO CHG NE/90 ORNTD NW-SE 220
LONG 60 WIDE MOVG FM SSW/20 SLD SPRL BND STG NO CHG
AZRAN 17/65 15/70 14/120 20 WIDE SLD SPRL BND STG NO CHG
AZRAN 19/110 17/90 16/140 40 WIDE SLD SPRL BND STG NO CHG

AZRAN 18/140 17/145 18 WIDE BNDS MOVG FM SSW/20 CNTR'
VCNTY 160 MI S.
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Fig. 13A. Spiral Precipitation Bands. .

The hurricane bands are not as distinct as in Fig. 13, owing to a
coverage of light precipitation between the bands. A slight reduction

of the receiver gain may improve the definition of the bands in such
cases (see § 3.3). It was verified that all the precipitation occurring

in connection with this storm was confined to the northeast quadrant of
the hurricane, as shown by the precipitation bands in these photographs.
"Report coded as: FREEPORT 031440C RAREP6 LINE SCTD STG DCRG
SLOLY NE/100 ORNTD NW-SE 285 LONG 70 WIDE MOVG FM SSW/20
SLD SPRL BND STG NO CHG AZRAN 13/130 16/40 22/75 20 WIDE
SLD SPRL BND STG NO CHG AZRAN 17/70 20/70 10 WIDE SLD SPRL
BND STG NO CHG AZRAN 16/150 17/85 20/110 30 WIDE SLD SPRL
BND STG NO CHG AZRAN 17/130 20/110 15 WIDE SLD SPRL BND ,
STG NO CHG AZRAN 17/140 18/140 20 WIDE BNDS MOVG FM SSW/20
CNTR VCNTY 150 MI S LGT PCPN AT STN AND BTN SPRL BNDS.
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Fig. 13B. Spiral Precipitation Bands.
Moderate rain at the station and between the bands of heavy precipita-
tion in the hurricane area obscures the central portion of the spiral
bands. The radar station was closed down a few minutes after this ob-
servation was taken owing to dangerously strong winds. The individual
spiral bands cannot be described in this case. However, a general
description is possible. It is coded as: FREEPORT 031545C RAREPY
STG INDFT SPRL BNDS OF HURCN FILL SE QUAD FM STN TO ABT
170 MI CNTRD ABT 130 MI S OF STN MOVG FM S/20 LINE SCTD
MDT DCRG SLOLY NNE/ 120 ORNTD NW-SE 150 LONG 45 WIDE
MOVG FM S/20 HVY R STG WND AT STN OBSNS DSCONTD TIL
HURCN CNDS IPV,
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Fig. 14. Height Computation Chart.
The height of the echo above the level of the station is found at the in-
tersection of the curve representing the elevation angle and the ordi-
nate representing the slant range. The height of the 0° curve above
the baseline indicates the curvature of the earth. This value is not
subtracted from the height of the echo.




36.

"SUOTIBAJISS(O JI3jBOM Jeped JOJ urio}j SuIpJoday

“o[Im #3nasia IeeINen 03 IPIM Plw GiBue

‘g1 814

“e[fm enyeis yeerven oy; o} souvE
“ervamoo eg3 o mmiod 9T oF HoRsENI]

=Y wo 325, |0F£] o/ A 02 NYWVYT YN sog] Y¥nTacsT @15 €/ §s/[59
I ELCE 7 Sof 450
\SQA AN S Z/ |eoZ/i50
2y Mg 5| or FIISIILIVG SN | pas-3N | TS| o&| NNA | N 3wt TS| /| og/l|se
AL o7 [5530|50
e ¥V & Tox FIHALNTL)  F |\ m3-3IN| F5s| 53| 9¥0d| m | 3NT (7 -
AL YOHl 9 | 05 v I o ONFILYTHI W\ 7SS -GN MN| O8] 950 | ¥ |05 W7 24 |55L0|se
A INII] & 399450
73 S VA | oF| oo/ MS-IN | Fs5| 09 W v od] ym B INTT| L [ersoe|s9
270 oZ[ N[ oZ[ 0L ms-3NT3ss| o8| V¥07 | Law NN 475 9 [soso|so
27 [ INA[oZ| oF S -IN| TS| SE| 9Ho O | Law |3MT UT5)| ¢ (20| 50
27 N/ LYLS | ol Tiw | oL svay ™ Lor awaoyy Fmoyi> ZLI TR torspon| LaW | OLOS | f |05E0|S9
25 05 ol 7 [ oz/ S-N | 1] oF pyon/| Law | INIT QTS| -
7 L opire S (097 Wil a7 oor S-N| 35| oF | o> oW | Lawf |IVT 613 & | 212950
5% B EARE SN | 5| 0| 953G | Law [6w 3NT & |Z070|59|
27 oF[IN| L |97 FS-AN | A5 0 X [IHD oN [ DLS|INT T3 7 | 8999|350
ZZ| OFF OSSN O/ 0T T VINGBYY T 0T [ S5eWn| /43| 55 3RV ON| 945 | SMTGR| 07 |35Eh 40
25| oZ| aN| & | @ F3-#N | S| 0L | I0° oN [ULs [SNIT 075 & | MrZ[40
~217 R sZ[aN| < [o& VYN Kvm §N | F5-mMN| ms| oo/ AW N | LS| am1 075 5 |szz2do
ZEd 51 57 STLYTD YA Is-mN| ms ez 99> N | 923 ant (15| 2 |957Z |40
AT _ oE| ms| S AT 9N AN | SL| 9/ oF | LW G753 | 9 |S1Z|A9
A= [N 3| 57 | NULINITIY 0L VA 15| Fs=mN | /W0 09| 94N/ | Labl |0Ls 31| 5 |0geZ|A0
\S.U\ Mz\D\n‘ ﬂ.&\o W&A»Q:.mn\u . V* N.QM\ &Q
\x\'\ N s Iy ..Zwu\\Ld& of VIS - [N o] 9430 | Law]| awnry 015] -
=4 SN 2 TsVHD I MN| e (955 ON [ Lan| d718 | & |sZdl|ho
4 AT NaTTW  IN N |05 | 3m oN | ZawW| 4T3 =
4 CX AN | 57| 03 | WaSIAD 0L NisaaH |sus-3IN | #IN| 08 | SA5 0N | Law |05 3N, & |32Z7|A0
AL Ceo 2350200 57 | 54 JESTHNYR oL ¥IAVIE [y IN VNN | oot | oyowvt | Lawihs INMT| /7 |skh97[#o
A S0Y (A0
| INTLel 5oLl %0
| IN/ S 500/ |fo
J— e pontibarsy 1on oyep a0g) s e :Hm“»% hisiag) zonworl 0 ponoend] 4ouepuey | Kwueinp | seiowavgn N |'1s D v
omedo SXIVNTY VOISH | NIWEAOK OHOT 40 NOWISOZ NEAITY 4O NOLLNMOSIA 4Ty | emL
MIIWM\ M?§\J oy puv HUOW T ‘lﬂ.&T awpey j0 eodLY 5 \<T\u\ 3 T.\\\\\.\U\\A woRYg

NOILY1S ANVYT ‘SNOILYAHISHO HIHIVAM YYAVH



1 D —
b ~ CN A
£ ' L% e KE
TAD g\ A - o / sgr
—_ o s o [T ] o Yo
== ~_— - s N . a . _d > e -
A e 4 ¥ *he H e % T .
<« w g § — o
$ S A ® > g ¥ FLP . PN
H > - & S v A "
$ T % ) Tul H 3 o, o)
s ,— o % T\® < \ $ 3
(& & : L '
/ & & o § 3
2 5 i
0] - .
° 78 AMA 4 © o -
5 ] o) ’
F b
| i HLC ur ¥
g t t S ) e
v £
? g oyl /& oy ! POF
‘3'.. AQM €
' & Y . #
%\ ICH . ¢
g3 o & a .
% ¢ L &
T,
ROW i o KR €L0 <
P o« o ol SLR x p
[¢) S = i
Hon!' W\ T+ . . o . H w o
o [y ¥ " VKSR
, 9 o & 8 9} <) o/
ChM H 3 R !
! 86s I Y d‘\ B o \\L . \_
J. M >
X PSN
o o
AEX nuce
Yo O LK <]
0 N ° e o =]
- *
TR o
s 7
© N LeH o /
Us o © 3 s
s] 7 pys § /
T
S ou Y (g
; hied R 3 X
2
P o . 3
) ) af X s %
%
%
3 3 a,
%
i ) ChF s é A
h
¥ kS
. . i £ v &,
A
2 N
£ &
&
. . 0%,
T 8
U.S. Department of Commerce, Weather Bureou % 8
. . s
Experimental Radar Plotting Chart Y 5
1 (Section D) f
" | station Dote V N
Distance between concenltric range circles &
is 20 stofule miles. o
o 30 100 %0 200 &
[ | | 1 i »
Stolete mits ogl - o
3

Fig. 16. Radar Plotting Chart.

Similar charts have been prepared for other sections to facilitate the
plotting of radar reports.
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

February 2, 1961

IN REPLY, PLEASE ADDRESS
CHIEF, U. S. WEATHER BUREAU
WASHINGTON 28, D, C,

AND REFER TO

MEMORANDUM

0-4, 25

TO : All Radar Stations
All Continental Regional Administrative Offices (for

information), RADU
FROM ! Chief, O&SF Division

SUBJECT . Use of Radar During the Severe Local Storm Season

Each year, the use of radar in storm-warning and short-range forecasting
becomes increasingly important, With the advent of the severe local
storm season, it is suggested that each station have some type of radar
observation training program prior to the spring season. The broad
objective of this program should be to increase effectiveness and make
the best use of radar during the severe weather and thunderstorm season.
Although the issuance of severe local forecasts and warnings should be
an integral part of any training program, this memorandum is primarily
_concerned with the detection and appearance of severe storms on radar-
scopes and their subsedquent recording on WB Form 610-3 and film.
Suggestions for training on hurricanes will not be included in this memo-~
randum but will be covered at a later date. The following items and
articles are suggested for review and discussion: '
1. Synoptic situations associated with sévere weather. A very good
resume of these parameters may be found in Forecasting Guide
No. 1, "Forecasting Tornadoes and Severe Thunderstorms. "

9. Weather Surveillance Radar Manual; especially Chapters 3 and 4.
3, Training Film Strips Nos. 1, 4, 5, 6, and 7.
4. Review of local severe weather warning procedures.

5. Memorandum 0-5. 34, "Skill in the Utilization of Weather Radar, "
dated July 22, 1959. ‘

6. Texas A&M Report, '"The Use of Radar in Severe Storm Detection,

Hydrology and Climatology, ' Myron G. H. Ligda, October 1956.
(available at most radar stations)
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7. Any other material related to the detection of severe 1ocal storms
by radar that are available in the station library.

8. Ralph Donaldson's Report, '"Radar Methods for Identification of
Severe Storms.'' (Listed in Progress Report No, 4, page 8),

Item (6) contains the distinctive characteristics most frequently observed
to occur with hooked echoes. Recent studies have shown that identification
of the hooked echo feature is easier and frequently better defined at about
20, 000 feet rather than near the ground. Further, in many cases, the
hooked echo will be obscured by light rain at full radar sensitivity, There-
fore, the attenuator control, in the case of the WSR-57, or the receiver
gain control in the case of the WSR~1, 3, or 4 should be used to reduce
the radar sensitivity so that the weaker echoes are not distinguishable.

Of equal importance is the evolution  of the hooked echo. Continuous
manning of the radar is mandatory in order to observe the often short-
lived appearance of this particular feature. It is worthy of note that
although the presence of a hooked echo is an important indication of severe
local weather, other parameters are equally important.

In addition, to features discussed in items (5) a number of significant
research results should be evaluated by all stations. Recent articles.
indicate a method for objective determination of storm severity by uti-
lizing the WSR~-57 attenuator controls and the Rainfall Rate-Echo Intensity
Chart. Echo heights with respect to the tropopause and the echo intensity
at 20-30, 000 feet are considered to be important criteria for severe local
storm identification. The intensity criteria contained in the echo intensity
graph were developed, in part, to provide assistance in severe local
storm identification, Research results have shown that echoes falling
within the '"Strong" category are very often associated with hail greater
than 1/2 inch at the ground, and echoes in the "Very Strong' category

are very often associated with tornadoes. Although there may be some
climatic differences, and some tornadoes may occur in association with
"Moderate' echoes, radar operators should consider that echo intensity
is an excellent criterion of storm severity, particularly when an intensity
maximum of Strong or Very Strong occurs at middle levels of the echo

(20, 000-30, 000 feet). These criteria may be used only when echoes are
less than 100 miles distant. Beam dimensions, refraction of the beam and
earth curvature combine to create sufficient uncertamty of the reliability
of data beyond 100 miles.

Incidentally, RADU is conducting on a national scale a study to evaluate
the extent that tropopause penetratlon can be used to identify severe local
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storms. Once again, recent research has indicated that echoes penetrating
the tropopause by 5, 000 feet or more should be regarded as potential
producers of large hail, with an increasing threat of a tornado as echo tops

grow higher.,

Although the operational requirements of the radar should always have top
priority, every effort should be made to photograph data on severe
storms, This should include PPI and RHI photographs at different antenna
elevations and attenuator settings. If time and operational needs will
permit, reflectivity profiles should be made,

The above echo severity criteria may also be used by WSR~1, 3, and 4
radars, but in a less precise manner. Although suitable observations are
difficult to obtain, diligent operators may do fairly well. To observe
either of the two criteria, i.e., maximum echo height, and height and
intensity of the strongest portion of the echo, the antenna should be posi-
tioned in the azimuth of the storm being investigated, then scanned
vertically, By decreasing receiver gain until the echo reaches a thresh-
old level, the height of the echo maximum may be observed on the RHI

or A scope. By trial and error, operators will have to learn the significance
of receiver gain settings, with proper consideration of the range to the
target. Maximum echo height may be determined in the usual manner.

_ If thé Radar Unit of this division can be of any assistance in the formulation
of the radar observation training program, please feel free to request
‘it of us.

It

A, K. Showalter
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SUBJECT: Use of Rader Film for Hydrologic or Climatological Purposes

With increased use of radsr as & weather detecting instrument has come a cor=-
responding increase in the number of requests for radar data, egpeclally for
time-lapse film of the radarscope. Many of these requests have come from
groups concerned with water resources development in areas where radar has
been given a great deal of publicity. As our radar installations become more
numerous, these inguiries can be expected to increase accordingly.

Almost without exception, people desiring this information lack an understand-
{ ing of the limitations inherent in WSR-1l and 3 radar sets currently in opera=-
tion. For this reason, it is felt that the capabilities and limitations of
the radars and the time-lapse film should be enumerated. On this basis, field
officials will be better able to enswer requests for such data as monthly and
" annual isohyetal meps, storm studies, etc., based on radar time-lapse film.

It should be mode clear that all of the limitations ascribed to the WSR-1l and
3 raders will not necessarily apply to the SP type in operation at Nantucket,
Cape Hatteras and San Juen, or to the WSR-57 rader which is to be placed in
operation at many stetions within the next year and a half.

The following teble lists, for comparison purposes, the major characteristics
of Weather Bureau radar equipment:

CHARACTERISTICS OF WEATHER BUREAU RADAR EQUIPMENT
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WSR-1 and 3 sp WSR=57

VWave Length 10 cm 10 cn 10 cm
Pesk Power Output 60 KW 1000 KW 500 KW
Beam Width he 2° 1.8°
Antenna, 6_Ft 8 Ft 12 Ft
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Exemination of these characteristics will indlcate the more predominant dif-
ferences between the several radar types, the primary one being in power out=
put. The power received at the radar from a storm is directly proportional
to power output, inversely proportional to the squere of the range and
directly proportional to the area of the antenna. Thus, for radars of equal
power and wave length, one having a l2-foot antenna would detect four



times more energy from a storm than one with a 6-foot antenna. On the basis
of power output and antenna aree of the three rader types, power received by
the SP radar would be 30 times greater, and for the WSR-57, 33 times greater
than that of the WSR-l and 3. Low power and small antenna severely limit the
range of detection of the WSR-l's and 3's for all but the heaviest precipita-
tion. In other words, low power prevents the radar beam from penetrating
areas of heavy precipitation. This mokes it difficult to estimate the areal
extent and intensity variations of precipitation.

Investigations have also shown that the WSR-1l and 3 cannot generally detect
precipitetion falling at rates lower than 0.l0-inch per hour. It should also
be pointed out that when a radar is operating at full gain, echoes from heavy
Precipitation will sometimes saturate the PPI scope, depending upon the range
of detection. This upper limit of detectlon has not been clearly defined and
will very somewhat from radar to radar, depending upon its operating efficiency,
power output, entenna size or dynsmic range. (It is this dynamic range which
determines the upper and lower limit of detectebility.) When the receiver
gein on the radar is lowered the more intense precipitation is indicated, but
at the expense of not detectlng the lower rates. The most ideal radar would
be one that could present all intensities. Though ‘the WSR=57 and SP radars
will have much greater dynemic range than the WSR-l and 3, they still are
limited to e range of intensity of up to approximately 3-1/2 to 4 inches per
hour,

It should be made clear to those requesting radar data that though our cover-
age i1s adequate in some areas (with the lower-povered raders) for severe storm
detection, overlapping coverage satisfactory for hydrologic analysis on a
large scale is not yet avalleble and won't be until the WSR-5T7 network is com=
plete. The hydrologic renge of the WSR-1l and 3 radar is only about 60 miles,
beyond which the relationship between the redar echo and meagsured precipitoe
tion becomes increasingly obscure. This range will be extended to 130-150
miles with the SP and WSR-57 sets.

Other factors which affect all rodars regardless of power, etc., can influence
the determination of precipitation distribution. These include refraction of
the rader beam, anomslous propegation (AP), and the guality of the time-lapse

film itself.

Under certain atmospheric conditions, the radar beam may be refracted either
upward or downward. If upward, the beam is lost in space and may overshoot
storms normally detected. If bent downward, all of the energy may be lost in
a very short range, thus limiting the range of detectlon. Certain atmospheric
conditlons cause the beam to be trapped or ducted in a layer close to the
ground, thus presenting ground echoes on the face of the scope to distances
far beyond the normal ground clutter of the radar. Frequently these anomalous
propagation echoes have occurred simultaneously with the appearance of precip-
itation echoes over the same area. It would be difficult, if not impossible,
in this case for even an experienced analyst to separate false echoes from
precipitation. An inexperienced analyst would not even recognize the echoes
derived from anomalous propegation, whereas a person familiar with radar could
compensate to some extent for the presence of such phenomens.




Another factor limiting analysis of time-lepse radar film is the quality of
the film itself. There are times when malfunctioning of the camera or radar
equipment, incorrect exposure, inadequate data cerd information, or inter-
ruptions in the filmed sequence will preclude the use of the film for deter-
mining precipitation distribution, even for short-duration storms.

Despite efforts to exercise some control over these factors by the RADU, such
difficulties will have to be overcome before the film will be completely ade-
quate for climatological analysis. However, studies of specific storms may

be undertaken by competent analysts familiar with the vageries of radar storm

detection.

In spite of the numerous limitations listed above, the WSR-l and 3 radars arc
very useful. They still perform edmirebly under many clrcumstances, and
especially so in the detection of severe thunder and hail storms, tornadoes,
and for alerting river forecasters to the possibility of flesh floods.

It is believed that all concerned with the use of radar should be cognizant
of the operating characteristics of the raders in use. Only with such under=
standing cen field officials properly evaluate the usefulness of the radar
time~lapse film when requested for specific storm studies.

Until the time when our network of WSR-57 raders is established and the time-
lepse film program is stabilized, it is deemed necessary to restrict the dis-
tribution of radar film copies to those agencies which fully understand the
limitations of the radar and the quality of radar film data. The time-lapse
film mey still be useful for specific storm studies providing the quality is
good. In these instances, it may be used to supplement "bucket surveys",

flash flood situations, and other cases where knowledge of the precipitation
distribution is required. However, the use of available time-lapse radar film
for the determination of long-period reinfall or climatological averages should
definitely be discouraged at this time. :

Copies of this Multiple Address Letter mey be used in replying to requests for

radar film or radar studies. //)
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F. W. Reichelderfer
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