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PREFACE

The U.S. Air Force has conducted weather reconnaissance operations in many areas of the world
for several decades. Despite the variety of missions flown by weather reconnaissance units and the
worldwide scope of weather reconnaissance operations very little has been published regarding
weather reconnaissance equipment, operations, and procedures in the general form most suitable for
introducing these subjects to individuals who have not had previous exposure to them. The general
lack of knowledge among meteorologists regarding Air Force weather reconnaissance has been a major
source of concern within the operational weather reconnaissance units, especially when members of
those units must work with "customers" who have only a limited understanding of the capabilities and |
limitations of the weather reconnaissance forces. Preparation of this report was undertaken as an i
. attempt to introduce individuals newly-arrived in the weather reconnaissance units to some of the i
; aspects of their new duties, to provide background material for the “customers" of weather :
reconpaissance operations, and, hopefully, to encourage interest in obtaining more detailed .
information on Air Force weather reconnaissance among potential "customers" and among Air Weather 4
Service personnel who are considering applying for weather reconnaissance duty.

Development of this report began with a series of training publications developed at Keesler AFB
under the auspices of Major Fred Foss, 920th Weather Reconnaissance Group and Captain Gibson Morris,
Det §, HQ Air Weather Service (AWS). Preparation of the initial and final draft did not occur until
over a year later during January 1978. The report has also been developed in partial satisfaction I
of the requirements of a remote sensing meteorology course at Texas ASM University. Submission of
the final draft to HQ AWS and the subsequent reviews by HQG AWS personnel took place during May and
June 1978. Therefore, the information in this report is current as of that date.

The contributions of Major John Pavone, HQ AWS, Major James F. Shunk, Air Force Global Weather R |
Central, (AFGWC) and Majors Bruce Ackert and Eugene Heald are gratefully acknowledged. Dedications
are unusual in survey reports of this type; nevertheless, this report is respectfully dedicated to A
the crew of Swan 38, 54th Weather Reconnaissance Squadron, Andersen AFB, Guam.

[ Capt R. S. Henderson
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Chapter 1
INTRODUCTION

Hurricanes have played significant roles in the history and development of mankind. On one of
his voyages, Christopher Columbus lost six ships from his fleet when they were sunk by a hurricane
which struck their anchorage in Isabella Harbor. Columbus was on the only ship which survived the
hurricane—the Nina. In 1889, German naval forces shelled some American property in Apia, Samoa.
while warships of the United States, Great Britain, and Germany were confronting each other and pre-
paring for battle, Samoa was hit by a hurricane. The American and German warships were sunk by the
hurricane, the British ship Calliope managed to escape by steaming out of the storm's way, and an
impending war was averted by the resultant lack of ships for doing battle! In 1900 more lives were
lost in a single day than have been lost in some of mankind's many wars when 6000 people were killed
by the storm that devastated Galveston Island in Texas (Cole, 1973).

In more recent time, Admiral William Halsey ran into a full-blown typhoon in the Pacific Ocean
about 500 miles from the island of Luzon in the Philippines on 17 December 1944. Halsey lost about
800 men, 3 destroyers, and 146 aircraft in seas whipped by the 150 MPH winds of the typhoon (Cole,
1973). Halsey's forces tangled with yet another typhoon later on in the war with slightly less
disastrous results. In 1969 Hurricane Camille killed 300 people and caused more than a billion
dollars in damage along the Gulf Coast of the United States (Sheets, n.d.). The list of devastating
tropical cyclones gets longer and longer with each passing year as their destructive effects impact
on the lives of thousands of people in many lands. The destructive potential of these storms is
awesome and the stories of their devastation have become legion, but relatively little is known
about the U.S. Air Force's humanitarian role in helping to mitigate the destructive effects of these
stomms through a continuing hurricane and typhoon reconnaissance effort. Even less is known about
the equipment and methods used by the men and women who routinely fly into some of the most vicious
killers in nature's realm.

On 27 July 1943, Major Joe Duckworth flew a propeller-driven, single-engine North American AT-b6
Texan triiner into the eye of a tronical cyclone. Major Duckworth flew into the eye of the cyclone
twice that day, once with a navigator and again with a weather officer, in what are generally
considered to be the first airborne attempts to obtain storm data for use in plotting the position
of a tropical cyclone as it approached land (Doherty, 1977). Duckworth's pioneering efforts have
developed over the years into the trooical cyclone reconnaissance mission of the U.S. Air Force's
weather reconnaissance units.

Today, three Air Force weather reconnaissance squadrons fly Lockheed WC-130 aircraft on a wide
variety of missions ranging from tropical cyclone reconnaissance to routine weather tracks off the
coasts of the United States. Each squadron is supported by trained weather personnel in special Air
Weather Service (AWS) detachments who fly aboard the aircraft as crew members in accomplishing
weather reconnaissance operations in many different parts of the world. The knowledge, skill, and
experience of these individuals are combined with the professional skills and abilities of the other
crew members to form a highly competent team capable of conducting reconnaissance operations on a
wor ldwide basis. ’

One of the primary reasons for preparing this report is to provide basic information on Air
Force weather reconnaissance equipment, procedures, and typical operations for the use of
individuals who are interested in such information but do not reguire the sort of detailed
information provided in many of the weather reconnaissance requlations and technical publications.
This "general overview" of WC-130 weather reconnaissance capabilities, equipment, and operations
should be regarded as a simple introduction to the small but very active world of Air Force weather
reconnaissance.

I’Rccession For
NTIS GRA&I
1T1C TAB O
U .announced d

Ju tifientiinn.

O

Distrdicnd ooy
Avail-lh .0 liv Codes
1 Aval and/er
Dist Cpecial

Lo




Chapter 2
THE WC-130 WEATHER RECONNAISSANCE SYSTEM

General Configuration of the Aircraft

In this decade, the workhorse of the Air Force weather reconnaissance fleet has been and
continues to be the Lockheed WC-130 Hercules. Adapted for the weather reconnaissance role from
transport and rescue versions of the C-130, the majority of the WC-130 aircraft in current use are
of the WC~130E or WC-130H versions (the last remaining WC-130B is a specially-modified aircraft
carrying an advanced weather reconnaissance system).

The WC-130 is an all-metal, four-engine, high-wing monoplane with retractable tricycle landing
gear. The WC-130's Allison T-56 turboprop engines drive four-bladed Hamilton Standard
full-feathering, reversible-pitch propellers at over 1000 revolutions per minute (RPM). The
fuselage is divided into the cargo compartment and the flight station or flight deck by a bulkhead
at the forward end of the cargo compartment. Normal access to the aircraft is obtained through a
crew entrance door near the nose of the wircraft, a paratroop door on either side of the aircraft
fuselage aft of the wing, or a cargo-loading ramp and door at the rear of the cargo compartment
beneath the tail. Figure 1 illustrates the general configuation of the WC-130E and the WC-130k and
the difference in their external appearances. Figure 2 shows the instrument layout at the Aerial
Reconnaissance Weather Officer (ARWO) flight deck panel.

WC-130's carry a basic crew of six: pilot, co-pilot, flight engineer, navigator, aerial
reconnaissance weather officer (ARWO), and dropsonde system operator. Flight deck positions are
provided for five crew members (pilots, flight engineer, navigator, and ARWO), and a crew position
for the dropsonde system operator is provided in the cargo compartment near the right paratroop
door. An additional crew position is normally provided on WC-130E aircraft for a special equipment
operator (SEO) when he is required for atmospheric sampling operations. H-model WC-130's were
adapted from rescue-configured aircraft and retain the scanner's positions (and windows) in the
cargo compartment aft of the bulkhead. Figure 3 is an internal arrangement drawing of a WC-130H and
illustrates the locations of the crew positions and some of the equipment inside the aircraft.

Meteorological systems aboard WC-130 aircraft are normally considered to be part of the
Horizontal Meteorological System or part of the Vertical Meteorological System. Generally, the
Horizontal Meteorological System consists of the instrumentation and support equipment utilized by
the ARWO on the flight deck and the Vertical Meteorological System consists of the equipment and
instruments used by the dropsonde system operator in preparing soundings obtained from dropsondes
released by the aircraft. Additional equipment is installed as necessary for weather modification
operations and special missions.

The Horizontal Meteorological System

Most of the present meteorological system on the WC~130E was installed under Project SEEK CLOUD
after Hurricane Camille struck the Gulf Coast in August 1969, The meteorological system was
intended to be an interim improvement in sensor capability but has now been in use for several
years. The system later installed on WC-130H aircraft is basically a SEEK CLOUD system also. A
prototype of a more advanced data acquisition system is the Airborne Weather Reconnaissance System
(AWRS) presently installed on a WC-130B. The expense of the AWRS and lack of an inexpensive follow-
on system make it likely that the present, aging SEEK CLOUD system will remain in use for some time
with only minor modifications. There are some relatively minor differences in the Horizontal
Meteorological System as installed on the WC-130E and the WC-130H, Table 1 lists system components
and differences between versions of the aircraft.

a. AN/AMQ~28 Total Temperature System. The Rosemount AN/AMQ-28 Total Temperature System
provides total air temperature information consisting of the free-air temperature and a small amount
of friction-generated temperature. System components and their location in the aircraft are listed
in Table 1. Figure 4 is a simplified block diagram of the AN/AMQ-28 Total Temperature System,
System controls consist of an on/off switch and a deice switch.

The AN/AMQ-28 uses a resistance element mounted in an external probe in such a manner that
frictional effects are minimized and are negligible at the WC-130's low operating airspeeds. The
total temperature resistance signal fram the probe forms one leg of a resistance bridge whose output
is used to drive the indicator (USAF, 1974). The resistance value displayed on the motor—driven
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Figure 4, Simplified AN/AM)~28 Block Diagram.

indicator is converted to a temperature by using a table of resistances versus true air speeds
(TAS) . A limited deice capability is provided to remove ice accumulations from the total
temperature probe. The probe must be fully aspirated to provide reliable temperature indications.
The AN/AMQ-23 is one of the simpler and more reliable meteorological systems aboard the aircraft.

b. AN/AMO-34 Dew-Point Hygrometer, Flight-level dew point is obtained from the Cambridge
Systems AN/AMQ-34 Aircraft Hygrometer System. The system provides a direct readout of atmospheric
dew point in degrees Celsius on an indicator at the ARWO position. System components and their
location in the aircraft are given in Table l. Figure 5 is a simplified block diagram of the
AN/AMQ-34 Dew-Point Hygrometer System (EG&G, n.d.). All operator controls for the system are
mounted on the face of the control unit.

Functionally, the AN/A'L-34 operates as two independent subsystems. One subsystem controls a
mirror which has its temperature at the dew point and the other subsystem measures the mirror
temperature. Both subsystems work together to measure and indicate the dew point of the air sample
within the probe.

The dew-point control subsystem consists of a thermoelectric dew-point hygrometer and its
control circuitry. In operation, an incoming air sample is directed into the dew-point hygrometer
chamber which consists of a thermoelectric cooling module containing a mirror surface and an optical
sensing subsystem. The cooling module utilizes the Peltier Effect and is sometimes referred to as a
cooler. The optical sensing subsystem consists of a solid-state light source, two photoresistors, a
control preamplifier, and a power output circuit. Light emanating from the solid-state source is
reflected by the mirror to one photoresistor (called the direct photoresistor) while 1light
controlled by the bias from the light source is detected by the other photoresistor (referred to as
the bias photoresistor). The photoresistors feed signals to the control preamplifier and the power
output circuit.

When power is first applied to the system, the mirror surface of the cooling module is normally
dry and at the ambient temperature of its environment. The signals fed by the photoresistors to the
control preamplifier and power output circuit cause current to flow to the cooling module which in
turn reduces the mirror temperature until condensation occurs on the mirror surface. Condensation
on the mirror surface scatters the light that had been reflected to the direct photoresistor while
the light available to the bias photoresistor increases due to the same scattering. The resulting
imbalance is detected by the control preamplifier which then reduces the amount of current to the




1 CONTROL COMPONENTS

]
4 SOLID STATE LIGHT SOURCE CURRENT :
- - !
|
|
BALANCE "B" 1
1 CURRENT LiMIT "t i
1 S GAIN 'G" A |
i THICKNESS " T" 1
COMPENSATE “C" 1
Y ® 1
lrauupunm
CIRCUIT BOARD POWER AMP
SENSOR A =
OPTICAL SENSING OPTICAL SIGNAL
BRIDGE
T (oS [ 1
TEST OPERATE | 1
CONTROL A
CONDITION
BIA METER
\ DIRECT
SAMPLE == ran"s
S MIRROR COOLING HEATING CURRENT
] S
115 VAC
T. €. COOLER THERMOMETER MAIN TO ALL ASSEMBLIES
PLATINUM RTD bemape| CONVERTER AMPLIFIER | 0-5 VDG POWER SUPPLY
IN MIRROR H CIRCUIT BOARD 857 TRANSFORMER
1
115 VAC INPUT |
b 50-400 HZ

- ——mm e e e —————

i 1 |READOUT
: UNIT
}__ﬂ, ASSEMBLY

e

Figure 5. Simplified AN/AMQ-34 Block Diagram.

cooling module resulting in a subsequent increase in mirror temperature. This operation 1is
continued until a constant dew laye'. thickness is maintained on the mirror surface in equilibrium
with the partial pressure of the water vapor in the air sample. When the system is properly
adjusted and aspirated, the temperature of the mirror corresponds to the dew point (or frost point)
of the air sample.

The mirror temperature measuring subsystem consists of a bridge circuit and a platinum
resistance thermometer embedded in the mirror surface. The resistance -¢ the thermometer forms part
of the bridge circuit so that any variation in mirror temperature has & corresponding influence on
the voltage output of the bridge. The voltage output of the bridge is proportional to the dew point
and is transmitted to the readout unit where it is displayed directly as dew point in degrees
Celsius (EG&G, n.d.).

Two basic operator controls are provided: the Function Switch and the Balance Control. The
Function Switch is a four-position switch with three positions marked OFF, OPERATE, and 1LsT and an
ummarked position which provides maximum current to the cooling module. In the OFF position all
power is removed from the system. In the OPERATE position the entire system is powered and the
readout unit indicates mirror temperature (dew point of the air sample). In the TEST position the
readout unit continues to indicate mirror temperature but the servo feedback loop is interrupted
resulting in an increase in mirror temperature until the condensate is removed from the mirror
surface. When the condensate has been removed, the Balance Control is adjusted to maximize the
output of the control preamplifier.

The Balance Control is a potentiometer which, in effect, allows proper alignment of the optical
dew-detection system when the Function Switch is in the TEST position. In the TEST mode, if the
reading on the Control Condition Meter on the face of the control unit cannot be set to a centerline
value (0.5 ma) by adjusting the Balance Control, then the indicated dew point in the OPERATE mode is
unreliable (EG&G, n.d.). This inability to "balance™ the hygrometer normally results when the
mirror surface is contaminated or when the optical components are misaligned.

The Control Condition Meter indicates the "control condition™ of the mirror surface and provides
a means of checking system operation. Maximum current to the cooling module will result 1n a
Control Condition Meter reading in the upper portion of the scale. Reduction in cooling current
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results in a lower reading. Tne final indication of the Control Condition Meter with the system 1in
the OPERATE mode will be in the 0.l- to 0.3-ma range for a small amount ot cooliny (high relative
humidity) and in the 0.5~ to 0.85-ma range for large amounts of cooling (low relative humidity)
(EG&G, n.d.). In the OPERATE mode the Control Condition Meter indicates between 0.1 to U.85 ma tot
a reliable dew-point indication.

The AN/AMQ-34 is a fairly sophisticated system campared to the other TN R R I S
aircraft. The system must be balanced and aspirated to obtain an accurate frec—alr gew polnt. ‘The
sampling rate of the AN/AMQ-34 is a compromise between a high rate which results in a rapia response
and a low rate which reduces mirror thermal load and gives a low rate of contaminant buildup on the
mirror surface (EG&G, n.d.). Because of the campromise flow rate, the air sample 1n the hygrometer
chamber is not fully representative of the ambient conditions at the instantaneous alrcraft position
but represents conditions at some point close hehind the aircraft on the aircratt tlight path. FPor
semihomogeneous atmospheres this situation does not present any serious operational problems. kapid
fluctuations in moisture content along the flight path, however, cause variations in the dew-point
indication as the AN/AMQ-34 attempts to adjust to a stable condition. Saturation conditions (rain
showers, etc.) may produce dew-point indications that are warmer than the ambient temperature while
in "dry" atmospheres the system may be unable to determine a dew point (the Control Condition Meter
indication will be greater than 0.85 ma). For all its relative camplexity, however, the AN/AMQ-34
is generally regarded as one of the more reliable SEEK CLOUD systems when it is properly maintained.

c. 1301A Pressure Transducer System. The 1301A Pressure ‘Transducer System 1s currently the
primary meteorological altimeter on Air Force WC-130 aircraft. The system is comwposed ot a
Rosemount 1301A Pressure Transducer and a Newport Labs 200u-3 Digirtal Voltmeter with associated
wiring and plumbing to connect the voltmeter to the transducer and the transducer to the pressur:-
source. Controls consist of a switch to provide power to the transducer (H-model only, the
transducer is powered whenever the Main AC Bus is powered on E-model aircraft) and a switch which
provides 60 Hz electrical power to systems such as the 20uu-3 Ligital Voltmeter which requires oy Hz
power for normal operation. The "Record Power" switch on the WC-13Uk supplies 6U Hz power to the
2000-3 and other equipment on that aircraft.

The 1301A Pressure Transducer contains a capacitive pressure-scnsing capeule employing a "tre
edge” diaphragm and generating a variable capacitance value which is proportional to  sensed
pressure., ‘The capacitance change with pressure is converted to a high-level DC voltage by signal
conditioning circuitry within the transducer. The 2000-3 voltmeter displays thi: voltage n
direct readout of the pressure value in millibars and tenths.

The pressure source for the 1301A is the co-pilot's pitot-static system with the jpressur
transducer tapped into the static port tubing on the aircratt. The flush-mounted static ports on
the WC-130 are located low of the fuselage ahead on the propeller warning stripe am are well withir
the boundary layer airflow around the fuselage. The 1301A requires periodic laboratory calibration
and system drifts with time are not uncommon. Since the 1301A output is temperatute dependent,
resistive heaters are provided within the transducer to maintain close control of the tamjerature of
the capacitive capsule and critical circuit components. Insufficient warm-up prior to launct. o
failure of the resistive heating elements may produce erroneous readings. ot that .
considerable care is exercised during the preflight phase of a mission to assure 301A watm-up  r.d
to evaluate 130lA readings. The aging, logistically unsupportatle 13UIA will be replaoea * ot
Garrett Airesearch Digital Pressure Encoder by the end ot CY '/8.

The drift observed in the readings from meteorological altimeters ama the compatibinlity of
pressure-height data derived trom these altimeters and the absolute altimeters 15 the - abgect o g
later section in Chapter 3. Many of the inaccuracies 1nherent in the systems, the cperat lonal
environment, and the standard used for height data comparisons can be reduced ty o otfective

historical calibration program as discussed later.

d. AN/APN-42A Radar Altimeter. Two basic quantities are requitad tor helght ot standara
pressure “surface and D-value computations over the open ocean: ‘The pressur: heights of the sensuon
platform (or ambient pressure at the sensor platform altitude which can b convertea to g standata
day pressure height) and the absolute altitude ot the sensor plattorm above the ocean surtace.  In
operational weather reconnaissance, pressure heights are  determined  using  standard pressute
altimeters set at 29.92 inches of Mercury or by converting the recadings. from the 13U1A to a4 pressurs
height value. Absolute altitudes arc obtained from radar or radio altimeters, The  pramary
metoormlogical absolute altimeter on WC-130 aircraft is the AN/APN-42A Radar Altimeter. The
components of the AN/APN-42A and their location in the aircratt are given in Tabtle 1.

The rad<:\[ altimeter meszures the distanoe letween the aireratt and the terrain (or sea nurtace)
below the aircraft by determining the time delay between transmitted pulses of radar encrgy and




their reflected components which return to the aircratt, Al)l controls necessary for the operation
of the AN/APN-42A are located on the height indicator at the ARWO position. A switch on the upper
right corner of the indicator turns the system on and off and has a center standby position in which
the system camponents are powered but the receiver/transmittcr (K/T) unit is not transmitting. A
calibration knob on the lower left corner of the indicator is used for zeroing the altimeter system
in flight.

The beight indicator has a circular scale graduated from 0 to 1000 feet in increments of 10
feet. A counter in a window located to the left center of the indicator needle displays the
thousands value of the altitude. Under some failure conditions and when the system is off or in
standby, a "fail” flag is displayed in the altitude window. A window in the lower portion of the
indicator displays a flag indicating the operating mode of the system: ON, OFF, or STANDBY.

The AN/APN-42A is subject to some minor operating limitations which normally do not interfere
with its use on operational missions. The system requires a 2-minute warm-up period in standby
prior to use and should not be operated below 2U0-feet altitude to preclude damaging the system.
Height indications fram the AN/APN-42A may be unreliable over large depths of snow and ice (USAF,
1974). It is possible to misread the altimeter if the counter in the thousands window has not
campletely rotated with a minor change in altitude, but this condition is not normally a problem
since -omputation checks tend to easily show the thousand-foot error in height of standard pressure
sur face values.

AN/APN-42A failures tend to attract more attention than failures of other components of the
horizontal Meteorological System since heights of standard pressure surfaces are key elements in
weather recopnaissance observation: and these height values cannot be determined without an absolute
altimeter. WwC-13UH aircraft currently lack a backup (or secondary) absolute altimeter capability
(for meteorological purposes) above 1500 feet. WC-13UE aircraft, however, have the SCR-718 or
AN/APN-133 radio altimeter for backup absolute altitude indication if the AN/APN-42 fails. If the
SCR-718 or AN/APN-133 fails or is unusable and the AN/APN—42A has failed then all capatility for
determining the heights of standard pressure surfaces is lost on the WC-130E.

e. AN/APN-133 or SCR-718 Radio Altimeter. WC-13UE aircraft have a secondary absolute altimeter
installed at the ARWO position on the flight deck. The secondary absolute altimeter is either an
SCR-718 or an AN/APN-133 Radio Altimeter. The SCR-718 and AN/APN-133 are basically similar
altimeter systems and determine the absolute height above terrain by the same time—-delay method used
in the AN/APN-42A. All controls necessary for the operation of these altimeters are located on the
face of the i1ndicator unit at the ARWO position. Table 1 lists system components and their location

\in the aircraft.

Height determination is made using a J-scan display on the face of a cathode ray tube (CRT) in
the indicator unit. The display is in the form of a base circle with two lobes on the outside of
the circle. One lobe is referred to as the reference lobe and remains relatively stationary
throughout the operating profile. The other lobe is referred to as the reflected lobe and moves
around the base circle to indicate absolute altitude (which is read off the "lower" edge of the
lobe). Zeroimg the altimeter is performea prior to flight by aligning the "lower" edge of the
reference lobe (the reflected and reference lobes merge on the ground) with the zero mark on the
circular scale on the face of the CRT. The scale divisions correspond to 0 to 5000 feet at Su-foot
intervals in the "times one” mode and from U to 50,000 feet in the "times ten” mode. Movement of
the reflected lobe around the base circle is continuous so that an indication of 300U feet in the
“times one® mode may actually represent some value corresponding to a multiple of 500U feet plus
Juvy feet (such as 800U, 13000, 18000, 23000, or 28000 feet). It can be readily seen that the
possibility of misreading the instrument is always present, especially when under the pressure of
operational reconnaissance missions. Separate controls are provided for zeroing the display in the
two modes and mode selection is made using a toggle switch on the indicator unit.

The operating frequency of the SCR-718 places geographic liumits on its use in order to avoid
interfering with other radio facilities. The geographic limits are normally waived to a limited
extent for weather reconnaissance operations but may hamper operations within a corta n radius o
Eglin AFB, FPlorida; Thule, Greenland; Clear Mews, Alaska; and within a certain distance fram the
land mass of Great Britain (USAF, 1974). This geographic limitation does not apply to the
AN/APN-133 since it operates at a frequency that is different from that of the SCR-71y.

The SCR-718 and AN/APN-133 are normally very reliable instruments but are not considered to be
as accurate as the AN/APN-42A and are more ditficult to read. At higher altitudes, the reflected
lobe may disappear even at high-gain settings due to a "weak" receiver section. "Fuzzy" or
indistinct reference or reflected lobes may render the altimeter unusable. These failures are rare,
however , and have not significantly diminished the reliability of the altimeters over the course of
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many WC-130E operations. All WC-130E's and H's will be configured with the AN/APN-133 by the summer
of 1979,

f. PRT-5 Precision Radiation Thermometer. To provide the capability of determining sea-surface
temperature, a Barnes Engineering Company PRT-5 Precision Radiation Thermometer has been installed
on the WC-130. Components of the PRT-5 are listed in Table 1 (Barnes Engineering Co., 1970). A
simplified block diagram of the PRT-5 is given in Figure 6. The PRT-5 determines the temperature of
an external target by continuously comparing the amount of energy emitted by the target in the 9.5-
to 1ll.5-micron wavelength band with that emitted by an internal, temperature-controlled reference
enviromment within the optical unit. The electronics unit processes this camparison into a voltage
which is directly related to the energy difference between the target and the reference environment.
This voltage is displayed in terms of equivalent black body temperature on a meter in the front of
the electronics unit (Barnes Engineering Co., 1970). The optical unit in the aircraft is pointed
down through a shuttered opening in the forward undersurface of the fuselage. A rain shield ahead
of the opening protects the optical unit from debris and water thrown back by the nose landing gear.

Precision and stability are achieved in the PRT-5 by using a very sensitive, hyper-immersed
thermistor bolameter as the radiation detector. The bolometer and the optical elements are mounted
in the tightly controlled temperature-reference cavity within the optical unit.

Operation of the PRT-5 requires that the reference cavity reach and maintain its normal
operating temperature of 450C. The cavity temperature rises at a rate of approximately 10°C per
minute after the PRT-5 is turned on. Approximately 3 minutes are required for warm-up fram normal
"room temperature® (it is worth noting that the temperature inside an aircraft parked on an open
ramp is seldom “room temperature®) (Barnes Engineering Co., 1970).

All controls for operating the PRT-5 are located on the face of the electronics unit with the
exception of a switch which operates the solenoid-actuated shutter over the opening in the tuselage.
The shutter-actuating switch is mounted on the switch panel at the ARWO position. ‘The PRT-5 can be
operated over three temperature ranges but normally only the medium range from -1U9C to +409C 1s
calibrated for operational use. A function switch is used to select the operating mode of the PRT-5
(ON, OFF, BATTERY TEST, or FAST CHARGE) but amounts to little more than an on-off switch on units
that have been converted to operate off aircraft power and that have had their NiCad batteries
replaced by capacitors. A bandwidth switch selects the bandwidth of recorder output signals if a
recording system is used.

Radiation emitted from the target (sea surface) arrives first at an optical chopper in the
optical wunit which alternately bLlocks the radiation and passes it to the detector in the
temperature-controlled cavity so that the detector effectively "sees™ itself and the target
alternately. The detector produces an output signal pioportional to the difference between the
radiation received from the target and its own temperature-controlled environment. ‘The output
signal fram the detector is applied to a preamplifier and than transmitted to the electronics unit.
In the electronics unit, the signal is processed through a bandpass filter into a postamplifier.
The output of the postamplifier is coupled to a demodulator which produces a DC voltage related in
magnitude and polarity to the difference between the target and reference temperatures. ‘The IX
voltage is then applied across the output meter which is calibrated to indicate target temperature
directly in degrees Celsius (Barnes Engineering Co., 1970).

The PRT-5 1s a very reliable instrument when properly maintained and calibrated. In operational
use, sea-surface temperatures fram the PRT-5 are inaccurate when the surface is obscured by tog,
thick haze, or cloud, or if the aircraft is operating above 1750 feet absolute altitude. A less
common operational limitation occurs when the shutter will not open due to solencid failure ot
inability of the solenoid to open the shutter at airspeeds greater than about 135 knots.

9. Secondary Pressure Altimeters. On all WC-130E and H airplanes, secondary pressure altitudc
data are obtained fram the ;,jlot'; AIMS counterdrum-pointer aneroia pressure altimeter set at 29.92
in. Hy. On the specially modified WC-13UB AWRS aircraft, a standard MA-1 aneroid pressure altimeter
installed at the auxiliary ARWO position and set at 29.92 in. Hg is used as the secondary pressure
altimeter for use in pressure height computations.

Aneroid pressure altimeters are subject to a number of errors including thoss: resulting tram
hysteresis and friction, temperature, readability, static system leakage, nonlincari', and the
installation of the altimeters. As with the 1301A, much of the n.ultunt error in computations
using these altimeters can be reduced by an effective historical correction program. Hysteresis and
friction errors in the AIMS altimeter are reduced by a built-in vibrator inside the instrument case
(MWW, 1975).
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h. Hewlett-Packard HP-97 Programmable Calculator. A welcome addition to the Horizontal

Meteorological Syster is the Hewlett-Packard HP-97 calculator which became available for use in
weather reconnaissance units in 1977. The use of these calculators has greatly improved the speed
and accuracy with which routine computations of meteorological parameters can be made using the raw
data from the Horizontal Meteorological System sensors. The calculators are programmable and can be
used for the calculations involved in both horizontal and vertical observations.

i. Ancillary Equipment and Circuit Protection. Three Hewlett-Packard 17500A Strip Chart
Recorders were 1nstalled at the ARWO position during the SEEK CLOUD modification to record the
output of the 130lA, the AN/APN-42A, the dew-point hyyrometer, the Total Temperature System, and the
PRT-5. The strip chart recorders are not used at present since a valid requirement for the data and
the necessary customer support have not developed.

Four hewlett-Packard 6111A Power Supplies are provided on WC-130E aircraft. TIwo 6l11As are
located in the overhead equipment rack in the cargo campartment and two in the pedestal beside the
ARWO position on the flight deck. The flight deck 6l111As are used to provide an offset voltage to
the AN/APN-42A strip chart recorder input and to condition the 1301A strip chart recorder input.
The two cargo compartment 6l11As provide DC inputs to the CV-1393/AMQ-19 Synchro Assembly.

The CV-1393/AM(-19 Synchro Assembly receives synchro output signals from the AN/APN~42A and
converts them to an analog DC voltage related to radar (absolute) altitude. Output fram the synchro
assembly is offset as necessary by the appropriate flight deck 6111A power supply.

The equipment listed in this section thus far is related to the recording of various parameters
on the 17500A Strip Chart Recorders and is of small consequence as long as the recorders remain
unused. Current maintenance support allocated to the strip chart recording system due to the lack
of an overational requirement makes it unlikely that many of the recorders are capable of operation.
WC-130H aircraft do not have any of this recording equipment installed as part of the Horizontal
Meteorological System.

A limited backup absolute altitude capability is currently provided on the WC-130H by using the
pilot's radar altimeter at 1500 feet and below. The pilot's radar altimeter on the WC-130H is
calibrated in the historical calibration program along with the other altimeters and has been used
on operational missions when the AN/APN-42A failed and low-level data were required.

Additional equipment located at the flight deck ARWO position includes an interphone panel and
cord, an oxygen regulator and hose, and a lighting system. A small shelf table is provided for
preparing observation forms and to support checklists and reference tables.

Circuit protection for electrical equipment is provided by fuses within the equipment and/or by
circuit breakers located on various circuit breaker panels in the aircraft (primarily on the flight
deck). Loss of engine—driven generators or other electrical problems may require turning off some
or all of the meteorological equipment in order to reduce electrical loads.

The Vertical Meteorological System

The Vertical Meteorclogical System is designed to collect pressure, temperature, and relative
numidity (dew-point depression when coaed in an observation) in a sounding between the aircraft and
the surface. The Vertical Meteorological System consists of the AN/AMQ-2Y Dropsonde Data Recording
System, AN/AMT-13 kadio Dropsonde, MX-9133/AMQ-3]1 Radiosonde Dispenser (and control panel), HP-Y100B
Calculator (replaced by the HP-97 on 42U WRG aircraft), and the Unitron Frequency Converter. For
convenience, all equipment except the AN/AMT-13 has been grouped under the AN/AMQ-29 system in most
discussions and in Table 2 of this repott. The AN/AMT-13 Radio Dropsonde is released from the
aircraft and transmits sounding data back to the aircraft as it falls through the atmosphere.
Dropsondes are normally released over open ocean arecas due to their mass and fall rate.

The Vertical Meteoroloijical sSystem installed on the WC-130 was pieced together fram usable
components of the AN/AMQ-1Y9 meteorological system from the WB-47 and the AN/AMQ-25A meteorological
system from the WC-135B alung with new Hewlett-backard systems. The k-1196 sonde receiver fram the
AN/AM(~1Y was the departure juint from which the current system was pleced tegether.,  The C-8804
Powet Vertical Subsystem Control Panel came from the AN/AMO-29A. The result of the pirecing together
of new and old components 15 the AN/AMQ-29 Dropsonde Lata Recording System and the other camponents
of the Vertical Meteoroloyical System. Components of the Vertical Meteorological System and their
functions are listed in Table /2.

The Unitron Freguency tonverter is not exclusively part of the Vertical Meteorological System.
hormal  aircraft power on the WC-130 15 119V, 4uU-Hz AC, and 28V IX. ‘The Unitron takes normal
aecraft 40U-Hz power and converts it to the 119, bu-hz power which 1s required for the normal
operation of some of the meteorologileal nystem, on the aircraft,
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TABLE 2. THE WC-130 VERTICAL METEOROLOGICAL SYSTEM.
SUBSYSTEM POWER
SUBSYSTEM FUNCTION
COMPONENTS W REQUIREMENTS
AN/AMT-13 N/A A cylindrical radiosonde which, when 18VDC from self-
Radio Drop- dispensed from the aircraft, trans- contained
sonde mits temperature, relative humidity, batteries
pressure, and ref. signals.
AN/AMQ-29 MX-9133/aMQ-31 Used to arm the dropsonde and eject 28vDC
Dropsonde Radiosonde it from the aircraft. The dropsonde
Data Record- Dispenser is locked in place in the chamber
ing System assembly, armed by a plunger (or

manually), and ejected by spring
force released electrically or by
the gate valve lever on the base of
the dispenser.

Unitron Frequen-
cy Converter

Provides 115V, 60 Hz power to equip-
ment requiring 60 Hz power for nor-
mal operation.

AT-896 Antenna

A quarter-wave stub antenna designed
for operation at a nominal frequency
of 403 MHz. Acts as a receiving sur-
face for the dropsonde signal.

115V, 400 Hz

R1196/AMQ-19
Radiosonde
Receiver

Receives the signals transmitted by
the dropsonde. Supplies the signals
to the recording components and pro-
vides an audio signal for intercom
monitoring at the dropsonde system
operator's console.

C-8804/AMQ-25A
Power Vertical
Subsystem Con-
trol Panel

Controls on this panel permit ener-~
gizing the equipment, selecting the
operating mode, and tuning the
receiver when the manual mode is
selected.

Hewlett-Packard
5332A Preset
Controller/Count-
er

Hewlett-Packard
5216A Electronic
Counter

Hewlet t-Packard
562ARC10 Digital
Recorder
(Printer)

Hewlett-Packard
7128A Strip
Chart Recorder

Receives and counts clectrical events
and provides output signals to the
electronic counter when preset val-
ues are reached.

Makes the time period average meas-
urements and transmits them to the
digital recorder (printer).

Provides a printed rccord of digital
input information received from the
electronic counter. The recorder also
converts the digital input to an ana-
log voltage and outputs this voltage
to the strip chart recorder,

Provides a strip chart record of four
parameters: pressure, temperaturc,
relative humidity, and low reference.

115V, 400 iz

115V, 400 Hz

28 vhC

115V, 400 Nz

115V, 400 Hz

115V, A0 Ha

LISV, b He

el




TABLE 2. THE WC-130 VERTICAL METEOROLOGICAL SYSTEM (Cont'd).

9 SUBSYSTEM POWER
SUBSYS FUNC b
TEM COMPONENTS CTION REQUIREMENTS
Hewlett-Packard Provides a calibration signal to the 115V, 400 Hz
3310A Function 7128A strip chart recorder.
Generator
Hewlett-Packard A programmable desk~top calculator 115V, 60 Hz
9100B Program-~ with a simple memory enabling
mable Calculator storage of instructions and data for
(See Note) repetitive operations. Programs nsed

to reduce data from the AN/AMT-13
are recorded on magnetic cards and
read into the calculator using a
built-in magnetic card reader. Use
of the calculator eliminates many of
the steps required in manual data
reduction and speeds sounding prep-
aration considerably.

Maaual Pressur- Provides a means of controlling the N/A
ization/Depres- pressurization of the dispenser.

surization

Control Panel

Dropsvonde Storage Provides storage for 15 dropsondes. N/A
Bin

NOTE:  The HP-9100B has been replaced by the HP-97 on 920 WRG aircraft and is cxpected to
replace the 9100B on aircraft in the active duty squadrons as well.
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The 7128A Strip Chart Recorder can be used to provide a record of pressure, temperature,
relative humidity, and low reference signals received fram the dropsonde. The recorder is not used
at present but is retained with the system.

Most of the equipment in the Vertical Meteorological System is located at or near the dropsonde
system operator's position in the cargo compartment near the right paratroop door. The Unitron
Frequency Converter is located in the overhead equipment rack forward of the wing carry-through
structure in the WC-130E and on a shelf behind the right scanner's seat on the WC-130H. The antenna
for the receiver is located on the undersurface of the aircraft near the dispenser chute.
Additional equipment at the dropsonde system operator's console includes an oxygen regulator and
hose, an interphone panel and cord, and a work table next to the console. Figure 7 is a photograph
of the equipment installation at the dropsonde system operator's console in a WC-130H.

The Atmospheric Sampling System (Atmospheric Research Equipment)

WC-130E aircraft are equipped for particulate and gaseous atmospheric sampling operations using
systems designated as Atmospheric Research Equipment (ARE). ARE aboard the WC-130E consists of an
ARE console, two U-1 Foil Systems, one I-2 Foil System, a whole air sampling system, a sphere case
rack, and an air cooling assembly for the air sampling pressure system (AWS, 1973). ARE is operated
by SEOs on sampling missions.

a. P-System (Gaseous Whole Air Sampling System). The P-system is a whole air sampling system
designed to compress air samples obtained from the engine bleed air system through the transfuselage
bleed air duct just forward of the wing carry-through structure in the cargo compartment. The
compressed air samples are stored in spherical bottles under pressure. The P-system is composed of
three major components: a pressure platform with four 115V, three-phase AC camressors, cach siuocly
two individually-selected 900-cubic inch spheres; a control panel located on the ARE console; and
engine bleed air source plumbing, filters, valves, and other hardware. The compressors and storage
spheres are mounted in a pressure platform secured to the cargo floor at the torward left side of
the cargo compartment. Through the P-system and the air-cooling assembly, engine bleed air is
cooled, corrected to sea-level atmospheric pressure, compressed, and stored in the eight storage
spheres in the pressure platform (AWS, 1973).

b. Air Cooling Assembly. The air cooling assembly is located overhead and forward of the wing
carry-through structure in the cargo campartment. Engine bleed air is cooled in the assembly before
being compressed and stored in the storage spheres (&WS, 1973).

c. Sphere Case Rack. This rack is installed on an as-required basis and provides secure
in-flight storage for an even number of sphere cases up to a total of 18 (USAF, 1974).

d. U-1 Foil System (Particulate Air Sampling System). The U-1 Foil System is a universal,
"record-changer® type, particulate air sampling system. It is desigyned to filter slipstream air
through a filter paper ring—grid assembly approximately 16 inches in diameter. These filters are
changed automatically so that 12 possible sample papers can be provided. WC-13UE aircraft are
configured to accept two removable U-1 Foil Assemblies with one mounted on either side of the
forward fuselage.

Each U-1 Foil Assembly consists of both an automatic and manual filter changer assembly, a duct
assembly, a duct sealing mechanism, an inlet air-control mechanism, and 12 filters. A
pressure-sealed cowling contains the foil systems and a control panel is mounted on the cargo
compartment cover. The automatic filter changer inserts and removes one of the 12 filters from the
duct as controlled from the ARE console. The manual filter changer holds one filter which must be
manually inserted and removed from the cduct. Pressure-sealed panels are provided to cover the
fuselage openings when the U-1 foils are removed (AWS, 1973) (USAF, 1974).

e. 1-2 Foil System. The I-2 Foil System is a manually-changed particulate air sampling system
designed to filter slipstream air through a 4.5-inch diameter filter paper screen assembly. The
filters are changed manually by the SEO and enable the SEO to monitor collected samples and select
flight paths to maintain contact with samples of interest.

The 1-2 Foil System is composed of a three-section foil assembly with gate valvec and actuators,
a heater with rheostat, a control panel on the ARE console, and removable screen assemblies. The
air intake duct of the foil assembly extends forward and through the right side of the fuselage and
boundary layer and is directed straight ahead into the relatively undisturbed slipstream outside the
boundary layer. The exhaust duct extends aft and through the fuselage. The I-2 Foil System is
located next to the ARE console on the forward right side of the cargo compartment (AWS, 1473)
(UsAF, 1974).




Figure 7. Dropsonde System Operator's Console on a
920 WG WC-130H. Note the dropsonde dispenser in the
open position in the foreground o!f the photograph.

A dropsonde 1s positioned in the lower portion of the
dispenser chamboer,

f. Atmospheric Research Equipment (ARE) Console. The ARE conscle contains controls for the
operation of the sampling systems, the rate-meter systems, an interphone panel with cord, an oxygen
requlator with hose, a lighting system, an extendable writing table, and a seat for the SEO. All
fuses and circuit breakers for ARE systems are mounted on the console. A filter trame on the
console provides storage for 12 I-2 foil filters and storage is also provided for two monitoring
probes. The console platform is bolted to the floor on the right side of the carge compattment
forward of the right main landing gear well.

The rate-meter system on the ARE console is a B-400A Dual Channel Count Rate Meter System
designed to detect and display low intensity radiation levels. Data collected by the B-400A is
recotded on a Rustrak recorder assembly on the ARE conscle. Monitoring probes are located in the
U-1 and I-2 foil assemblies.

General Performance Characteristics of the WC-130

The performance of an aircraft is a function of many wvariables and may even vary among
individual aircraft of the same type and model. Some of the variables which have to be considered
in determining aircraft performance include: ambient temperature; aircraft weight; fuel type,
guantity, and distribution; atmospheric density; length of available runways; aircraft trim;
aircraft eonfiguration (gear up, gear down, flaps, no flaps, ctc.); atmospheric turbulence;




flight-level winds; and a host of other variables. The following performance figures for the C-130H
are taken from Green (1969), and are generally applicable to the WC-130H (without considering the
additional fuel capacity provided by the WC-130H fuselage fuel tank):

Maximum Cruising Speed 385 MPH (334K)

Normal Cruising Speed 340 MPH (295K)
Initial C.imb kate (at 155,000 lbs.) 1880 FPM
Range (maximum payload): 2430 miles

Range (maximum fuel and 2u,259 lb. payload) 4780 miles

The problem with cut-and—-dried figures like those given above is that they are misleading when
viewed in the context of normal day-in-and-day-out weather reconnaissance operations. WC-130
operations are conducted over a wide range ot altitudes from low levels (around 150U feet and below)
to around 30,000 feet (approximately 300 mb). Airspeeds at the standara levels flown on weather
reconnaissance missions are selected to provide continuity between instrument calibrations from
mission to mission on individual aircraft. The following lists a typical (but not exclusive) range
of operating airspeeds (which is subject to change) at various altitudes:

Altitude (Feet) True Airspeed (TAS) Range (Knots)

1,500 (absolute) 194-230

4,780 (850 mb) 220-240
9,850 (700 mb) 200-250
18,290 (500 mb) 260-290 j
23,570 (400 mb) 270-300 i
30,070 (300 nb) 270-31v

Range and endurance are two of the factors which enter into most of the planning for weather
reconnaissance missions. These two factors are heavily dependent on aircraft weight, fuel quantity, q
type, and flow rates, aircraft configuration, flight levels and winds at those levels, and, from an !
operational standpoint, the duty status of the crew. Normal weather reconnaissance missions
typically last 11 to 13 hours and may cover in excess of 3500 miles. Maximum time-on-station in \
area-type reconnaissance operations usually depends on flying time to and from the area and the ”
flight levels required in the area.

Conclusion

The WC-130 weather reconnaissance aircraft is a specially adapted version of its cargo-hauling
and rescue cousins. The meteorological systems on the WC~-13U were installed in WC-130B and WC-13UR
aircraft after Hurricane Camille devastated the culf (oast and represented a reasonable interim
improvement in WC-130 capability while awaiting the dJevelopment and deployment of an advanced
system. ‘The lack of a viable follow-on system and an increasing shortage of spare parts coupled
with the age of instruments which date to early 1960's technology and much earlier (the SCR-718 was
in use during World War II) is increasing the difficulty ot providing data of thec density and
quality demanded on many missions. Current system performance peaked some time ago and 1t 1s
uncertain how long that peak performance level can be maintained.
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Chapter 3

UTILIZATION OF THE WC-130 WEATHER RECONNAISSANCE SYSTEM

The central conmcept in aircraft weather reconnaissance operations is to place a manned sensor
platform in the atmosphere at the time, place, and altitude requested by a "customer," to collect
data according to the customer's requirements, and to relay those data to the customer in a usable
coded form as rapidly as possible., The requirement for the data is normally critically constrained
by time considerations and it must be regarded as a highly perishable commodity on most missions.
To provide Air Force resources for furnishing weather reconnaissance support to military and other
govermment agencies, three main organizational structures have been established within the weather
reconnaissance forces.

weather Reconnaissance Organizational Structure

The history of weather reconnaissance forces is marked by rapid changes in organizational
structure. Since 1973 at least five major organizational changes have occurred within the Air Force
weather reconnaissance forces ranging from the deactivation of a squadron of WB-57s to establishment
of an Air Force Reserve weather reconnaissance organization. Since organizational change is a way
of life in weather reconnaissance, any effort to produce other than a temporary guide to weather
reconnaissance organization is a difficult undertaking and is doomed to eventual failure, at least
in part.

Current operational Air Force weather reconnaissance is performed by Military Airlift Command
(MAC) and Air Force Reserve (AFRES) units. Active duty weather reconnaissance units are assigned to
the Aerospace Rescue and Recovery Service (ARRS) and to the Air Weather Service (AwWS). AFRES
weather reconnaissance units are assigned to the Fourth Air Force (AFRES) and are MAC-gained during
wartime. Figure 8 illustrates weather reconnaissance organization under MAC and AFRES.

a. ARRS Weather Reconnaissance Organization. ARRS exercises control of active duty weather
reconnaissance forces through the 4lst Rescue and Weather Reconnaissance Wing (41 RwRw)
headquartered at McClellan AFB, California. The 41lst has two primary missions: combat rescue and
aerial weather reconnaissance. The 4lst also provides a wide range of services ranging from
logistic support to isolated sites to atmospheric sampling. The humanitarian goals of the 4lst are
reflected in the organization's motto, "Serving Mankind."

Three active duty squadrons provide the weather reconnaissance capability within the 41 RwRa:
the 54th weather Reconnaissance Sguadron (54 WRS), Andersen AFB, Guam; the 53 WRS, Keesler AFB,
Mississippi; and the 55 WRS, McClellan AFB, California.

The 54 WRS operates Lockheed WC~130E and WC-130R aircraft on its primary mission of tropical
cyclone reconnaissance in the Western Pacific Ocean area. The "Typhoon Chasers" of the 54th als.
perform atmospheric sampling and specialized missions in supporting the manned space flight prograr,
atmospher ic research programs, and missile research activities.

The 53 WRS operates Lockheed WC-130E and WC-130H aircraft and one specially-modified “c -13uB
(the AWRS aircraft). The "Hurricane Hunters" provide tropical cyclone reconnaissance tot the
National Hurricane Center (NHC), Coral Gables, Florida, and fly atmospheric sampling missions,
winter storms missions off the United States east coast, and a variety of special missions, in
support of worldwide military operations.

The 55 WRS operates Boeing WC-135B aircraft, does not currently operate WC-130s, and is included
to complete the organizational picture of the weather reconnaissance forces. The primary mission of
the 55th is atmospheric sampling for govermment agencies. A limited weather reconnaissance
capability exists in the 55th when augmenting weather personnel from 41 RWRW headguarters or from
AWS headquarters are on board the WC-135s. The WC-135Bs are air-refuellable to permit greater
ranges and longer on-station times than otherwise would be possible.

b. AFRES Weather Reconnaissance Organization. The AFRES weather reconnaissance organization
differs from the ARRS organization due to the much heavier training activity associated with AFRLS
units and the need to maintain AFRES units to perform functions normally provided by host air base
organizations or by higher headguarters. Weather reconnaissance in the AFRES is the responsibility
of the 403d Rescue and Reconnaissance Wing (403 RKWRW), Selfridge ANG Basc, Michigan. The 4U3 KwRw,
which reports to the Fourth Air Force (AFRES), is a parallel organization to the 41 Rwkh in the
ARRS.
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The 403 RWRW is composed of one weather reconnaissance group and four rescue and recovery
squadrons. The peacetime mission of the 403d is to provide command and staff supervision for
assigned units in developing and maintaining an operational capability for providing worldwide
rescue and recovery and weather reconnaissance operations. The wartime mission of the 403d is to
mobilize and execute mission tasking under MAC.

The 920 WRG, Keesler AFB, Mississippi, provides cammand and staff support for a weather
reconnaissance squadron, a consolidated aircraft maintenance squadron, a civil engineering flight, a
tactical clinic, and a consolidated base personnel office. The 815 WRS, also at Keesler AFB, is the
flying organization within the 920 WRG. The 815th operates WC-130H aircraft on tropical cyclone
reconnaissance missions for the NHC, on tactical support missions during aircraft deployments, and
on AFGKC support missions. The 815th also flies winter storms missions off the U.S. east coast and
other special missions.

c. Air Weather Service (AWS) Weather Reconnaissance Organization. With the deactivation of the
9th Weather Reconnaissance Wing (AWS) and transfer of the active duty weather reconnaissance
squadrons to ARRS in 1975, the AWS role in weather reconnaissance is to validate operational
requirements, develop priorities for employment, and to task the missions. AWS supplies trained
weather personnel, provides observations, monitorial services and quality control, and monitors
meteorological systems status and development. In April 1877, weather personnel in the operational
squadrons were placed in separate detachments under AWS headquarters to establish the current AWS
weather reconnaissance structure.

Two detachments and one operating location are maintained by AWS to supply trained weather
personnel to the flying squadrons, to the 41 RWRW, and, to a lesser extent, to the 815 WRS.
Detachment 4 HQ AWS, Andersen AFB, Guam, provides weather officers and dropsonde system operators to
the 54 WRS. Detachment 5 HQ AWS, Keesler AFB, Mississippi, provides weather officers and dropsonde
system operators to the 53 WRS and to the 815 WRS (in a modest augmentation program). Operating
Location D, HQ AWS, provides staff weather support to the 41 RWRW at McClellan AFB, California.

AWS also operates a network of weather monitors which receive observations from weather
reconnaissance aircraft via phone patch, analyze the observations for quality control purposes, and
transmit the observations over longline teletype circuits. Most weather monitor activities are
performed by base weather stations at selected locations. Specialized weather monitoring and
tasking for tropical cyclone reconnaissance missions are also provided by Operating Location G, HQ
MS, Coral Gables, Florida, which is colocated with the National Hurricane Center. The list of
monitoring stations is subject to rapid change. Table 3 is a list of the weather monitors in
current use. [Editor's Note: This table was current as of 1977-1978.}

Typical Operating Concepts and Frocedures

At considerable risk of extreme oversimplification, the material in this section is designed to
introduce some of the basic concepts and procedures that generally apply to weather reconnaissance
operations. Much detail is omitted in the hope of presenting a rough outline of typical weather
reconnaissance operations,

a. Crew Composition and Duties. A basic weather reconnaissance crew on the WC-130 consists of
two pilots (an Aircraft Commander and a Copilot), a Navigator, an ARWO, a Flight Engineer, and a
Dropsonde System Operator. Additional instructor or evaluator personnel may be provided as
necessary and augmenting crew members are sometimes provided for extended operations.

The aircraft commander is a rated pilot, flies the aircraft, camnmands the crew, and is
responsible for the safe execution of the mission. His judgement and experience are utilized in
almost every facet of the reconnaissance operation. The copilot assists the aircraft commander in
flying the aircraft and managing the activities of the crew. Because of the complexity of weather
reconnaissance support to the NHC, many tropical cyclone observations are relayed by the copilot to
free the ARWO for data collection, cyclone location, and mission-director duties.

The navigator on the aircrew is a rated officer and is responsible to the aircraft commander for
the safe navigation of the aircraft. He also provides positions, times, and flight~level winds to
the ARWO for use in observations and works very closely with the ARWO on tropical cyclone and
specialized reconnaissance missions.

The flight engineer is a specially-trained noncammissioned officer (NCO) who operates many of
the aircraft systems for the aircraft commander. His knowledge of aircraft systems, emergency
procedures, and normal operating procedures is essential to safe WC-13U operation.




TABLE 3. AIR WEATHER SFRVICE WEATHER MONITORS RESPONSIBLE FOR
COLLECTING WEATHER RECONNAISSANCE DATA, THEIR LOCATIONS, AND
USAF AERONAUTICAL STATIONS TYPICALLY USED IN CONTACTING EACH
WEATHER MONITOR.

WEATHER MONITOR USAF AERONAUTICAL
MONITOR LOCATION STATION
Miami Monitor OL G, HQ AWS MacDill Airways

Coral Gables, Florida

Swan Monitor Det 2, lWw Andersen Airways
Andersen AFB, Guam

Lajes Monitor Det 19, 7WwW Lajes Airways
Lajes Field, Azores Is

Mather Monitor Det 7, 24WS McClellan Airways
Mather ArB, California

Elmendorf Monitor Det 1, l1lWS Elmendorf Airways
Elmendorf AFB, Alaska

Letterman Det 4, lwwW Hickam Airways
Hickam AFB, Hawaii

Yokota Monitor Det 17, 30WS Yokota Airways
Yokota AB, Japan

Clark Monitor Det 5, lWW Clark Airways
Clark AB, Philippines

Rhein-Main Monitor Det 25. 31WS Croughton Airways
Rhein-Main, Germany

Incirlik Monitor Tuslog Det 2 Incirlik Airways
Incirlik, Turkey

Meteorological expertise on WC-130 aircrews is provided by the ARWO and the dropsonde system
operator. ARWOs are selected from qualified Air Force weather officers and must camplete special
qualification and survival training before assuming duties as a fully qualified ARWO. Dropsonde
system operators are selected from qualified Air Force NCO weather observers and must also complete
special qualification and survival training which includes training as scanners and loadmasters in
C-130 operations.

The ARWO prepares horizontal and special weather observations and transmits observations from
the aircraft. The ARWO is responsible to the aircraft commander for coordinating and, in many
cases, directing the aircrew effort in accomplishing the weather reconnaissance mission to the
satisfaction of the mission customer. The ARWOs knowledge of customer requitrements, weather
reconnaissance procedures and techniques, and meteorological expertise is essential to the
successful accomplishment of weather reconnaissance operations.

The dropsonde system operator operates the Vertical Meteorological System to produce atmospheric
soundings at points selected by the ARWC or the mission customer, The dropsonde system operator
also has special responsibilities involving the inspection of the aircraft and the loading of cargo
and passengers. Some aspect of the dropsonde system operator's duties figures into every phase of
the weather reconnaissance mission.

Successful weather reconnaissance operations require that every crew member function as a member
of a team in accamplishing the mission. Constant crew coordination is required in executing
back-to-back weather reconnaissance missions in a timely, etficient, and effective manner.

Each crew member has duties requiring his particular area of expertise in the ground phase of
the weather reconnaissance operation. ARWOs provide staff weather officer, training, quality
control, and altimetry services in addition to their flying duties. Dropsonde system operators
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provide training, quality control, administrative, and logistic support to the operational units.
Operations centers are frequently manned by weather personnel in addition to or instead of other
personnel .

b. Predeparture Activity. Activity during the predeparture phase of the reconnaissance
operation varies considerably and depends on the nature of the mission, the priority and difficulty
of the mission, the lead time available for assigning a crew, aircraft availability, and custamer
requirements. Activity associated with the predeparture phase of a tasked mission may occur over a
period of several days or even weeks but is normally confined to the 24- to 48-hour period prior to
launching the aircraft and often occurs over periods shorter than 24 hours. In nonwartime
situations, the minimum time to "generate" an aircraft and crew is the time necessary for crew rest
(normally 12 hours) and for preflighting, starting, and launching the aircraft (normally around 3
hours) (ARRS, 1976). The 15-hour period assumes that no TDY is involved, thet the aircraft
functions normally, and that the crew has been previously identified and placed in crew rest at the
start of the 15-hour period. The rules and procedures involved for every case in setting up crews
and aircraft for operational missions are too camplex to be covered in detail in this report.

A typical sequence in the predeparture phase of a mission begins with mission tasking by an
authorized customer. After the mission tasking receives any necessary coordination with other
agencies involved in the operation and is approved by higher headquarters, it is transmitted to the
operational squadrons for execution.

When the sguadrons receive tasking for a mission, they identify a crew and notify the crew
members to enter crew rest for the mission. Mission folders and trip kits containing forms and
publications required on the mission are prepared and checked. If time permits, the route of flight
is plotted and preliminary flight planning is accamplished before the crew reports for the mission.
Maintenance organizations supporting the flying squadrons prepare an airplane and a backup airplane
if one is available. As much preparation and coordination as possible are done prior to alerting
the crew to report for the mission.

when the crew reports, they receive a mission briefing or set of briefings and camplete any
remaining coordination activities with the customer and other agencies involved in the mission. If
the aircraft is ready for preflight inspection (or "preflight”), the crew loads baggage and mission
kits and preflights the aircraft to assure that all necessary aircraft systems are operational.
This process of checking and evaluating system performance continues throughout the predeparture
time period and continues into the flight phase. Systems that are not operational and that are
required for the mission are repaired as necessary by maintenance personnel. If repair time exceeds
time available for predeparture activity, the crew moves to a backup aircraft if one is available or
delays departure.

After campleting their portion of the preflight, the pilots, navigator, and ARWO finish any
remaining flight planning and coordination activity at an operations facility (normally base
operations) and return to the aircraft after receiving a weather briefing and filing a flight plan.
On return to the aircraft, each crew member mans a crew station, engines are started, the crew
entrance door is secured, and the aircraft is taxied to an engine runup area. In the runup area,
the engines and propellers are checked at various power settings and last minute systems checks are
performed. Normally, flight plan clearance is available from the control tower at this point. If
all is in order and the necessary clearances are obtained, the aircraft is taxied onto the runway
and launched on the mission,

c. In-Flight Activity. During the climb out from the departure base, contact is established
with controlling agencies and departure reports are made to command and control centers.
Meteorological altimeters are calibrated during climb out if this phase of flight occurs over open
ocean. Systems checks continue and a watch is maintained for other aircraft traffic. Initial
contact is made with a High-Frequency (HF) Aeronautical Station for relaying weather observations
amd position reports later on in the mission.

After leveling off at cruise flight level (or the first of many such levels), normal activity is
associated with two main functions: the safe operation of the aircraft in its operational profile,
and the collection and dissemination of weather data. The safe operation of the aircraft on the
mission involves many functions but chief among them are obtaining clearances and flight-plan
changes, maintaining contact with flight-following and control agencies, navigation, cammand and
control, systems monitoring and operation, customer coordination, and the most important of all,
flying the aircraft.

Every part of the flight profile on an operational WC-13U mission involves clearances of some
sort fram a flight control agency. Obtaining clearances and changing flight plans to adapt the
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flight protile to mission requircients is accomplished by the pilots after ocoordinating as ncovssary
with the navigator, ARWO, and flight engineer. Clearance constraints may make some desirable
aspects of a mission impossible to attain (a flight level or operating area may not he available for
use, etc.).

Effective communications are essential to the successful conclusion of the weather
reconnaissance mission. Contact must be maintained between the aircraft and flight control
agencies, cammand and control centers, HF Aeronautical Stations for relaying weather observations,
position reports, and clearance requests, and with the customer or a customer-coordinating agency.
A number of radios are maintained aboard the aircraft for communications purposes and some WC-13(0Ets
are equipped to accept secure communications devices for special operations.

Navigation over an airways network between VOR, TACAN, VORTAC, and beacon facilities is normally
accomplished by the pilots with monitoring by the navigator. Outside the range of these short-range
navigation facilities the navigator comes into his element. Using primarily CMEGA, Doppler, and
celestial navigation techniques to obtain lines-of-position (LOPs), the navigator keeps track of the
aircraft position relative to planned flight path, determines headings to maintain the aircraft on
its planned flight path, and furnishes this information to the pilots for position reports and
course control. The navigator also maintains a radar watch for hazardous weather and keeps track of
fuel status using data furnished by the flight engineer.

Command and control of the mission is exercised by the aircraft commander and ground-based
control centers and is normally accomplished by radio contact. On most missions, command and
control functions are performed by wing or squadron operations centers with the aircraft comnander
having the final responsibility for the safe execution of the mission. Command and control
functions normally performed by operations centers during the flight phase of the mission include
assigning recovery bases if a new recovery base 1is required, modifying mission tasking, and
coordinating various aspects of the mission with the customer, maintenance, and other agencies.

Systems monitoring and operation is performed by every crew member to a degree but is
accomplished primarily by the flight engineer. The flight engineer keeps track of the operation of
aircraft engines, the fuel and electrical systems, the hydraulic systems, propellers, etc., and
maintains a record of discrepancies and operating conditions during the flight. The flight engineer
adjusts the operation of various systems to maintain normal operations or as directed by the pilots.,
Much of the effectiveness of emergency procedures depends on the flight engineer's thorough
knowledge of aircraft systems and how they operate.

Customer coordination is normally performed by the ARWO or the ARWO and aircraft commander.
Operational constraints may require modifying flight profiles in such a way as to adversely affect
customer-required data. Data coverage may be different from that expected by the customer if
constraining situations develop. Changes in communications facilities or data transmission
procedures may be required. In these cases and many others it is necessary to contact the customer
and coordinate changes in procedures or requirements. Effective customer coordination is especially
essential in tropical cyclone reconnaissance and on special operations.

Recovery of the aircraft involves securing more clearances, descent and calibration of
meteorological altimeters, and approach and landing at the recovery base, After landing, the
alrcraft is taxied to parking, engines are shut down, systems are turned off, and the aircraft is
secured.

d. Postflight Activity. Postflight activity involves all crew members and consists mainly of
completing paperwork, moving baggage, coordinating support activities at the recovery base, closing
out the flight plan, ard contacting cammand and control facilities with arrival reports. 1In most
cases, the ARWO contacts the mission customer to make sure that the customer has received all the
data and that his requirements have been met.

Any necessary postflight maintenance is accomplished if the necessary personnel and facilities
are available. Maintenance activities are normally performed or coordinated by the crew chief and
assistant. The crew chief and assistant are furnished by the home base maintenance organization,
fly aboard the aircraft on deployments, and are responsible for accamplishing or coordinating
maintenance of the aircraft.

If necessary, the aircrew enters crew rest for the start of a now mission cycle. As much
creplanning and coordination as possible for any new mission tasking is accomplished before the crow
actually enters a new crew rest period.




e. Variations. All sorts of wvariations in procedures occur due to weather conditions,
equipment failure, changes in customer requirements, personnel changes, and even individual
preferences to a limited degree. Changes in operational concepts require changes in procedures.
Changes in equipment or equipment status precipitate still more changes. Weather reconnaissance
operations and concepts must be and are flexible enough to accammodate all customer requirements in
a wide range of operational situations.

Horizontal Data Collection

Horizontal data collection refers to data collected using the Horizontal Meteorological System,
data inputs from the navigator, and the visual and other elements used in the preparation of
horizontal observations. A horizontal observation is a meteorological observation taken from a
reconnaissance aircraft in which the observing platform (aircraft) is considered to be located at
the center of a cylinder of air 30 NM in radius (9WRW, 1975). Measured parameters are reported for
the aircraft flight level (or computed as in height of standard pressure surface data). Visual and
radar data are reported within the 30-NM radius cylinder and for occurrence off or along the
aircraft course of flight outside the cylinder. WC-130 horizontal observations are prepared and
encoded by the ARWO.

Elements of the horizontal observation provided by the nagivator include time (which may also be
determined by the ARWO), aircraft position, and most important meteorologically, flight-level wind.
Plight-level wind data is normally obtained by using the Doppler radar system's ground-speed and
drift-angle readouts along with the TAS value from another indicator and the aircraft heading from
the campass system. Using ground speed, drift angle, heading, and TAS, it is possible to campute a
flight-level wind speed and direction. If the Doppler system fails, fix~to-fix winds are provided
if possible. Each position determination is referred to as a "fix" or "position fix." By knowing
two successive positions, ground speed, TAS, and aircraft headings, it is possible to produce an
average wind direction and speed between the two positions. This method is subject to considerable
error in some circumstances and is used only after failure of the Doppler system.

Elements obtained or computed using the Horizontal Meteorological System include height of the
standard-pressure surface, temperature, dew point, and sea-surface temperature. Height of standard
pressure surface [or D-value or sea-level pressure (SLP)] computations are made using absolute and
pressure altitudes along with corrections for geopotential (variation in gravity with latitude and
absolute altitude) and for virtual temperature. Virtual temperature is computed for the aircraft
flight level and a correction based on the virtual temperature is used to account for densit,
variations due to water-vapor content in the layer between the aircraft and the standard pressurc
surface. The basic process consists of computing a D-value, correcting the D-value for geopotentia.
and virtual temperature variations, and extrapolating the corrected D~value in camputing the height
of the standard pressure surface. The same basic process is used in computing sea-level pressur¢
except that the geopotential correction 1is regarded as unnecessary within current accuracy
constraints.

Height of standard pressure surface data are reported when the aircraft meteorological absolute
and pressure altimeter systems are operational and calibrated, the aircraft is over open ocran, and
the aircraft is at or within 1500~pressure feet of a standard pressure surface. sSimitarly,
sea-level pressure data are calculated and reported if the aircraft is at or within 150u-a wlute
feet of the ocean surface. The 1500-foot limit is considered to be the limit of acceptable accuracy
for camputational purposes. It the aircraft is not at or within the 1500-foot limit, D-values are
camputed and reported. Ffailure of the dew-point hygrometer system does not preclude height of
standard pressure surface computations even though the failure prevents camputation of o virtual
temperature. 1In this case and for the situation in which the air sample is too dry tor dew-point
determination, virtual temperature and ambient temperature are assumed to be the same.

Temperature and dew point are obtained from the AN/AMQ-28 and AN/AMQ-34 as discussed proviously.
Measured frost points are converted to dew points using a special table before the dew point is
encoded. Backup temperature information is available from the navigator's Outside Air lemperature
(GAT) gauge but this indicator is seldom used for observational purposes due to its relative
inaccuracy. The aircraft does not have a backup system for determining dew point.

Sea-surface temperature is obtained fram the ERT-5 and is reported when the aircraft is at or
within 1750-feet absolute altitude of the sea surface. Sea-surface temperature 1is not reported it
the PRT-5 is inoperative or if the sea surface is obscured by meteorological phenomena (YwRw, 1975).

Radar data are reported using the aircraft AN/APN-59 Airborne kadar which has an operating wave
length of 3.2 an. Two plan-position indicator displays are available on scopes at the npavigator's
position and on the pilot's instrument pancl. An iso-echo capability is provided and usable ranges



for meteorological purposes extend to about 100 or 150 NM. Radar data are encoded by the ARNO and
reported when meteorological returns are present,

Subjective observer inputs to the horizontal observation include clouds, visibility at flight '
level, precipitation, turbuience, haze or fog, surface wind direction and speed, and aircraft :
icing. Subjective observer inputs can be divided into two categories: weather phenomena occurring ;
inside the 30-MM observation cylinder and weather phenomena occuring outside the cylinder (weather
off course) or along the flight path outside the cylinder (significant weather changes). Weather :
off-course data include visual phenamena such as cirrostratus or altostratus shields or banks, heavy
cumulus lines, cumulonimbus or thunderstorms, waterspouts, dust storms or sandstorms, fog or 1ce
fog, and the bearing fram the aircraft with respect to true north where these phenamena are
observed. Significant weather changes may include marked wind shifts, the beginning or ending of
marked turbulence, marked temperature changes at constant altitude, changes in cloud forms, the
beginning or ending of precipitation or a fog bank, and passage through cold fronts or warm fronts.
The distance to the point of occurrence of the significant weather change is also reported (Ynkw,
1975).

Clouds are reported in layers by type, amount of coverage in the layer, the altitude of bases {
and tops of the layer, and a flight-condition element in the coded observation which is designed to
augment and amplify the reported layered cloud groups. Specific cloud types include cirrus,
cirrostratus, cirrocumulus, altocurulus, altostratus, nimbostratus, stratocumulus, stratus or ‘
stratus fractus, cumulus or cumulus fractus, and cumulonimbus. Cloud amounts are reported in octas !
for each layer. The flight-condition element is the average cloud condition experienced by the
aircraft in the 3U-NM radius observation cylinder and is considerea to be the total amount of cloud
above the aircraft in a ratio to the total amount of sky visible above the aircraft and the total
amount of cloud below the aircraft in a ratio to the total amount of surface visible below the
aircraft. The summation principle does not apply in determining the flight-condition element of thc

observation (AWS, 1977b). 3
Visibility at flight level is somewhat difficult to determine due to the lack of established

reference points for visibility estimates. For this reason, flight-level visibility in horizontal

observations is reported in three coarse categories: visibility 1 NM or less; visibility 1 to 3 NM;

and visibility greater than 3 NM. These three categories have been found to be adequate for most 3

weather reconnaissance purposes (9WRW, 1975).

Precipitation is determined from its appearance (on the windshield, against a backgrouna such as
a cowling or wing, or at a distance), duration, and intensity. Precipitation is reported in types
ranging from drizzle to hail and intensities of light, moderate, or heavy (9WRW, 1975). Some
difficulty may be encountered in interpreting weather reconnaissance reports of precipitation until
the user recalls that the data are reported from a continuously moving platform rather than from a
fixed land station or a relatively stationary ship.

Turbulence is estimated and reported in four main categories as light, moderate, severe, or
extreme turbulence with subcategories of light chop and moderate chop. Turbulence is estimated using
criteria developed for standard reporting based on aircratt reaction to the turbulence and the
reactions of occupants and objects inside the aircraft (9wkw, 1975).

Haze and fog are reported when they occur in the 3U-NM observation cylinder in the same code
element in which precipitation is reported. Fog decks outside the observation cylinder may also be
reported as weather off course (9WRW, 1975).

Surface winds are estimated from the appearance of the ocean's surface and are required
reporting items when the aircraft is operating at the 700-mb level or lower and the surtace is
visible (YWRW, 1975). Surface winds may also be reported when the aircraft is operating at higher
altitudes at the ARWOs discretion. Surface wind estimates of both direction and speed have proved
to be quite accurate after some experience is gained by new ARWOs in interpreting the appearance of .
the ocean's surface. ’

Aircraft icing is reported by type, rate, altitude of occurrence, and point along the flight
path at which the icing begins or ends. Icing rates are subjectively determined as light, moderate,
or heavy with types ranging from rime ice in clouds and clear ice in precipitation to frost (icing
in clear air). The altitudes ot the top and base of the icing stratum or, if the icing occurred in
level flight, the altitude of the aircraft are also reported (9WRw, 1975). WC-130s have an anti-ice
capability only and are not designed to cope with rapid rates of ice accumulation for long periods
of time.




Subjective observer inputs to horizontal observations may be amplified by plain-language remarks
appended to the observations. Horizontal observations may be encoded in several diflerent forms
depending on the type and amount of data required by the individual customer. ‘the reporting
criteria mentioned in the preceding paragraphs apply to the format used most oftz=n in weathcr
reconnaissance operations: the RECCO code.

The RECCO code uses 5-digit numerical groups to encode horizontal observation data. The
symbolic form of the RECCO code is given in Table 4 along with a brief description of the
information coded in each group. The first eight groups of the RECCO observation are mandatory
groups and must be reported for every observation. Groups with indicators from 1 to 8 may be
omitted if the data are not available or may be repeated as necessary to completely describe weather
conditions. The group with an indicator of 9 is used to report visibility and sea-surtace
temperature data. Plain-lanquage remarks are appended after the 9—group.

Complete instructions for encoding weather phenomena in the RECCO code are far too lengthy to be
covered in their entirety here. Individuals interested in decoding RECCO observations from weather
reconnaissance aircraft should consult AWS Regulation 105-2° »r AWS Regulation 105-25 for complete

coding procedures.

TABLE 4. SYMBOLIC FORM OF THE RECCO CODE.
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Vertical Data Collection

Vertical atmospheric soundings are obtained below WC-13U aircraft by releasing special
radiosondes which transmit temperature, relative humidity, pressure, and reterence signal data by
radio back to the aircraft as the radiosonde falls to the surface ot the earth, ‘.ihrvriw released
fram the aircraft are referred to as "dropsondes" and the encoded sounding produced ftrom the raw
data is referred to as a "drop." The radiosonde used by WC-13U weather reconnaissance units 1< the
AN/AMT-13 kadio Dropsonde.

a. AN/AMT-13 Radio Dropsonde. The AN/AMT-13 is an expendable, cylindrical  radiosonds
(dropsonde) which is 18 inches long, 3.5 inches in diameter, amd weighs 4.7 pounas.  The ANSAMI-14
transmits temperature, relative humiagity, pressure, high reterence signals, and low retercnce
signals by radio as it falls through the atmosphere. Dropsondes are released fram the aircraft
using a dispenser located beside the dropsonde system operator's console near the right paratroop




er. As ;he_dropsonde leaves the aircraft, a small parachute is deployed which stablizes the
instrument in its !Eall and extends the antenna for the radio transmitter, Radio signals from the
gtopsonde are received and interpreted using the other camponents of the Vertical Meteorological
ystem.

_The dropsonde consists of a solid-state pulse generator and modulator, a vacuum tube type
radio~frequency (RF) oscillator and final amplifier, a parachute and antenna assembly, an aneroid
pressure sensor, a motor-driven commutator assembly, a humidity and temperature~sensor assembly, and ;
a r_ec}'nargeable l€-volt battery pack with associated circuitry (Bendix Corporation, 1968). The :
humidity element is installed in the dropsonde during the baseline calibration process.

The radio signal produced by the AN/AMT-13 is a pulse time-modulated signal with a variable
pulse~-repetition frequency (PRF) ranginyg from 2400 Hz (open space frequency between segments +50 Hz)
to 6050 Hz (high reference signal +130 Hz). The low reference signal has a PRF of 3100 +100 Hz.

PRFs for temperature, relative humidity, and pressure signals are variable and fall between the S
values for high and low reference signals. A "segment"” of signals is produced in the following {
sequence:

High reference
Temperature
Humidity
Pressure
Temperature
Humidity

Low reference 1
Temperature
Humidity
Pressure
Temperature
Humidity

Segments are separated by the open space-frequency of 2400 Hz (Bendix Corporation, 1968). The
signals from the dropsonde are converted by the AN/AMC-29 Dropsonde Data Recording System into "time
periods” for each signal received from the dropsonde and are printed out for use by the dropsonde
system operator. The dropsonde system operator converts the time period printout from the AN/AMQ-29
to the actual temperature, relative humidity, and pressure data in the atmospheric sounding (9WRW,
1975) .

In general, the operation of the AN/AMT-13 is represented by the block diagram in Figure 9
(Bendix Corporation, 1968). Power fram the battery pack is applied to the dropsonde just prior to
its release from the aircraft. Applying power activates the dropsonde components and starts the
commutator motor. As the commutator rotates, various resistors or resistive sensors are placed in
the Resistance-Capacitance (RC) circuit of a relaxation oscillator. As these resistances are rlaced
in the circuit, the time constant and frequency of the relaxation oscillator changes. Variation in
the resistances of the sensor elements also produces a time-constant change as the amblent
atmospher ic conditions change during the fall of the instrument. Two stable resistances are used to {
set the time constants for the reference freguencies. The signals from the resistance elements
(reference and sensor) are fed to relaxation and blocking oscillators to produce a pulse
time-modulated output signal in a 4U2.5-MHz band (Bendix Corporation, 1968).
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The cammutator of the dropsonde campletes one revolution every 6 seconds and produces 12 bits of
information per revolution in the sequence previously discussed. Temperature and relative humidity
information are obtained directly from resistance elements. Pressure data is obtained using an
aneroid cell mechanically connected to a wire-wound resistor element. The cam~controlled sensor arm
from the aneroid cell is raised and lowered to contact the resistor element twice during each
commutator revolution so that pressure is sampled twice while temperature and relative humidity are
sampled four times during each revolution (Bendix Corporation, 1968).

b. Atmospheric Soundings. Data produced by the AN/AMT-13 are reduced on board the aircraft by
the dropsonde system operator. The time required to produce the sounding varies depending upon the
experience and proficiency of the dropsonde system operator, the altitude from which the dropsonde
was released (and hence, the amount of data to be reduced), and whether or not the calculator is
used for data reduction. A sounding from 700 mb to the surface may take 30 minutes to compute and
encode for transmission if the calculator is used. Soundings from 300 mb with many significant
levels may take more than an hour to produce and encode even when the calculator is used.

Atmospheric data encoded in the campleted sounding include temperature, dew-point depression,
and pressure. The data are encoded in a World Meteorological Organization (WMO) TEMP SHIP code form
as modified for use in dropsonde sounding. Figure 10 i}llustrates the general form of the code.
More camplete information on encoding dropsonde data is given in AWS Regulation 105-25 (AWS, 1975).
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Chapter 4

THE DISSEMINATION OF WC-130 METEOROLOGICAL DATA,
ITS ACCURACY, AND QUALITY CONTROL

Customers using meteorological data fram WC-130 weather reconnaissance aircraft need to have
some understanding of the way the data are handled before transmission over teletype networks and
some idea of how accurate these data are in final form. Basic dissemination of the data takes
advantage of existing high-frequency radio facilities and ground weather organizations. Quality
control of WC-130 meteorological data occurs at many points in the data gathering and transmission
process and again in the post mission environment.

Data Dissemination

Dissemination of completed horizontal and vertical observations fram the aircraft is normally
made over high-frequency radio through a USAF Aeronautical Station phone patch to a "weather

monitor.” The weather monitor copies the observation, checks it, and transmits it over teletype
channels. Transmission of the data is made fram the aircraft by using plain-language voice contact
and is subject to the vagaries of high-frequency radio propagation conditions on the normal

operating frequencies of the aeronautical stations. Table 3 of Chapter 3 of this report lists AWS
Weather Monitors and the aeronautical stations normally used to contact them. Figure 1l is adapted
from AWSR 105-25 (AWS, 1975), and illustrates the worldwide distribution of the aeronautical
stations.

The USAF Aeronautical Stations provide the primary means of air/ground cammunications for
weather reconnaissance data transmission to the weather monitors. Under normal propagation
conditions, these stations have an operational range of less than 3000 miles for single-sideband
high-frequency cammunications. Diurnal variations and other variations in atmospheric propagation
conditions prevent designating any single station as the only contact point for specific
reconnaissance tracks or specific operations. Normally, the station closest to the departure base
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will be contacted along the first portion of the track and the station nearest the arrival base will
be contacted along the last portion of the track. On long reconnaissance tracks contact may be made
with several different aeronautical stations and data transmitted by phone patch to several weather
monitors.

kadio freguencies available at each USAF Aeronautical Station are listeu in the appropriate
USAF /USN Flight Information Publication, Enroute Supplement, with the common user high-frequency
radic frequencies talling within a 2.8- to 23-MHz range. Higher frequencies (from around 13 to 23
MHz) are used during the day and give ranges of from 30u or 500 miles to about 200U miles. The
| ranges assocliated with higher freguencies become erratic at night and lower frequencies (3 to Y MHz)
I are normally used and give ranges of 0 to 1000 miles (3 MHz) or 500 to 200u miles (Y MHz) (AWS,
1975). Frequencies from around 8 to 11 MHz are often used during both day and night depending on
the actual propagation conditions at the time.

USAF Aeronautical Stations provide many services to military aircraft ranging from relaying
position reports and requests for clearances to handling emergency traffic for aircraft in distress.
The communications traffic load is enormous at times and 1s particularly huge when propagation
conditions are poor on some of the allotted common user freguencies. Weather reconnaissance
observations form only a small part of the traffic handled by the aeronautical stations on any given
day. "Discrete frequencies" are sometimes obtained from aeronautical stations for high-priority
weather reconnaissance missions and permit transmission of weather data and other traffic without

much of the delay due to messaqe traffic from other aircraft., Discrete ‘rocjuencics are usually
necessary for the effective transmission of large volumes of data on tropical cyclonc reconnailsarice
missions.

Lirect phone patch between the weather reconnaissance aircraft and the weather monitor is the
primary method for relaying weather observations ama 1s generally an effective means of rapidly
collecting reconnaissance reports and placing them into the dedicated weather communications system.
If propagation conditions are poor or If the quality of the phone patch 1S poor then the alr/grourdd
radio operator at the aeronautical station is frequently asked to copy the observation and relay 1t
by telephone to the weather monitor.

Weather monitors are usually located at a weather facility in close proximity to an acrcnautical
station or at a weather facility with efficient telephone links to an aeronautical station. In most ﬂ
cases, weather monitor functions form only a small part of the overall responsibility of the wcather
facility. Freguently, in addition to their many other duties, weather monitor duties arc also
performed by behind-the-counter forecasters. Most weather monitors operate on a 24-hour tasis, Lut
reduced manning situations have resulted in less than 24-hour operation at sone locationz. 2

The timeliness of the data from weather reconnaissance aircraft is critical to ite eftective wse
by the reconnaissance customer. Many factors affect the timeliness of the deta but the erincipal 4
delays are thosc occurring aboard the aircraft, the delays associated wit!s cont ting  trne
aeronautical station, and the delays resulting from the handling of the data by, the woather monitor
and the gdedicated weather communications system. The combined effect of cxcenoive o laye at these
points 1is a seriously degraded weather reconnaissance groduct and may rosoltoan custoner
dissatisfaction with the results of the weather reconnalssance mission. 3

Delays aboard the aircraft are due to many different causes. Failure f the calculator nay

result in delays in preparing atmospheric soundings. Cropsonde failure day teggpaare moke up releases

and new computations by both the ARWO and the dropsonds systen  operator, Fncoading ReUTG

observations may take several minutes under the pressurc ot other atrctew 1o and alyo when

weather conditions along the track and within the observation cylimirt reulte e Cocing of pany

Jroups. Checking the observations also causes some minor dela, 1 troar a1 booreatiors,

Delays resulting from radio failure are rare although propagation coreiity o o ooy delss o servation

transmission. WwC-130s carry two high-freguency radios and norn.ily U e ot nal throughout

the ~ntire mission although in-flight failure ot both radios has occurn.« et bl il ciond,
Contacting the aeronautical station and setting up the phonc patct o prarab e T 0t Treaient

reason for delayed observation transmission. As mentlonad carlier, the ol Yoe Lo troatfae

handled by aeronautical stations can he very large and weather reconpal coras rew  froguently sre 4

third or fourth in line waiting for phone patches while other neccar trattc o hanoled ty the

station. Problems with phone vatch equipment at the acronautical otar vty sl sy e de o,

‘, Lelays occasionally occur when alr/ground operators st thle, actonautical ot ation ooy doorvat nons

tor relay and then become immersed in higher priority dutics betors o dayieg tre o000t ]
Data handling by the weather monitor amd the dedicatod weathor coamanio ot b Dyr e culn Cda, s

delays.,  Adverse atmospheric conditions can interfere with the Hiopor b og0 5 oyt weather
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monitor has ditticulty copying the observation 1n those cases. Further delay may lx encrounteres 1n

preparing the observation tor longline dissemination, and even then the naturc of the dedicates

weather cammunications system nav cause delays of several hours to days in providing teletyps

1 hardcopy to the reconnaissance ustomer. Garbling of the observations requires their retransmission ]
which also results in some jelay.

Current methods of data dissemination trom weather reconnalssance alrcratt are archale fron a
technological viewpoint but arc constrained by economic realities and the ability of weather
reconnaissance customers to accept some transmission delays and even partial loss while utilizing
weather reconnaissance data. The usc of newer communications methods or the utilization of olacr
but improved communications systems may became possible for weather reconnaissance torces a2 thc
requirerent for hich—density data in remote arcas gets larger. 4

broblems in Determining the Accuracy of weather Reco

alssance Data

Objective appraisals of the accuracy of metevrological data obtalnies using alrcratt systars ar
exceptionally hard to make because of the nature of operational weatner reconnaiszance.  weather
r2CONNALlssancs Operatlions are routinely conaucte into so—called "data-sparse areas” where most data
consist of satellite photographs, transient ship reports, and poscibly, one or more island weather
stations. Comparison of messured ano conputed awmospheric data fram wC-130s with corn
apper-ait data octained by radiosonde 1o difficult and usually 1nconclusive due to the imross
of matching the aircraft tlight profile with that of the radiosonde, the aiftersnt methocds used 1o
computing heiuht of :standarg pressure surface date, the use of different sensors ana troir aifferent
accuracles, and the economic constraints ot performing enough comparisons to produce o ctatisticaliy
cignificant result.

Because of the large volume of upper-alr data aenerated by radlozonde srations,
bevome the stamaard against wrnich much of the data in weather reconnairsance
comzared.  Many attempte have peen made to corpare data frior weather reconnois
radiosonds data in the operarionzl souadrons anc at othe: lovele within the Al Foroo. Most of suc
etforts have oroved 1nconcluclve aue cither to ¢ lack of enocah high—gaslity dats: 0 to te mor
Laste protlame in attarpting to compare the data fron two such widely cifrerent sourscz.
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bPart of the problem in corparing weather reconnaissance data wit) raaiosonde aata arises
Le 1naccuracles assoclated with the standard of comparison, the radiosonde. In AWS Th
Atkinson (l1971) presented some data relating to the accuracy of upper-alr obscrvatlons ir o
cnapter on analysis in the tropics (Chapter 1lu). The root-mean-squary- (rms) errcrs of radiosonae
sensors from various sources were Jiver in TR 240 as:

o

Terperature Uo5 to 1.00C
Fressure 2w (surface to SU-mb)

1 mb (above the SU-mk: level,

Hamicty 5t (temperaturc above UO()
10e te 20% (tenperature unde: U9 k

These values were considerod representative of observations taken under optimun conditions and werc
not expected to be obtained routinely in an operational radiosonde network, ¢specially not in the
remcte areas where reconnaissance operations arce routinely conaucted. Atkinson computed poobabic
rms thickness crrors and height errors resulting from ar rms temperature crror of 1,090 and an s

" a A
pressure ecror of 2.0 ab.  Lata extracted from Atkinson’s tables that apply to the normal weathoer
reconnaissance operating altitudes arc given in Table 5 (Atkirson, 1971). The methods te
compute these values are beyond the scope of this report but ars amply explained in Tk 240C.
Atkinson further considered the accuracy of humidity data and the accuracy of rawlnsonor wind !
direction ana speed,
AWSs Tk 240 (Atkinson, 1971) also indicates -~ome accuracics for weather roeconnaissance dsta and
glves estlmated rms accuracies for temperature, wind, and C~value observaticn:s as:
Temperature 19¢
wind 39 and 5 kt for spot
Doppler winds
D-value 25=30 5 at 3 kmoincreacing
to S0-bu m at 12 i
"y




FABLE 5.0 ERRURS 1R RADIOSONDE HETGHT MEASUREMENTS.
(Adapted from AWSTR 240, Chapter 10)

RM3 THICKNESS FRRORS (meters)
DU Lo OB Y
LAYPR TEMPERATIRE PRESSURE
(b)) ___ERROR _ERROR
1H0n-700 10 1
7092500 10 2
300=300 15 4
300-200 12 4
RMS HETGHT EKROKS (meters)
DUE To DUE Tu TOTAL RMS
TEMPERATURYE PRESSURE HETGHT
~ERKOR ‘JLRJ{O_R 7 _ FRROR
1000 0 0 0
700 10 1 10
500 20 ; 20 ;
300 35 7 16
KMS FRRORS TN TRUE HELGHT 0 THI RADLISONDE (meters)
PRESSTRE (mb) ERROR
700 s
500 37
300 59

Most of the SEEK CLOUD sensors were irn limited use around the time of Atkinson's analysis but it is
nct clear whether his values apply to aircraft eguipped with those systems. Atkinson indicated rms
temperature and pressure accuraclies for dropsondes to be 1.20C and 6.0 mb, respectively, at the time
his reoort was prepared.  Relative-humidity accuracies were more uncertain but were indicated to be
at least 10U percent at temperatures above UCC and 15 percent for temperatures between 0°C and -20°C.
At temperatures below -20°C Atkinson 1ndicated that dropsonde relative-humidity values were
virtually worthless., He 1ndicated, however, that instrument improvements should make temperature
znd presswe mere accurate for dropsondes but that relative humidity measurement would continue to
re a proclem. Again, it i3 not clear from TR 240 if the current dropsonde (the AN/AMT-13) was in
use or if the accuracies referred to the older AN/AMT-t,

More recent estimates of the accuracy of radiosonde sensors indicate that the accuracy of
pressure sensors 1s aruund 1.5 mb and temperature sensors around 0.20C, a significant increase in
the accuracies over these reported in TR 240. Estimates of height c¢f standard pressure surface
accuracy indicate that accuracies of around 3 to s meters are possible at lower levels (850 to 700
mby. It is important to note that the accuracies reported from various sources have been estimated
asing data from tiahtly-contrelled test situations and are not representative of the accuracies that
can e expocted trom owmerational radiosonde networks. Any comparison of weather reconnaissance data
~ith radiosonde data from an operational network in an effort to determine the relative accuracy of
wegthor reconnaissance data must, therefore, be regarded with a prudent measure of suspicion.

System Accutacy Determinations

As a result of concern over reported inconsistencies and apparent crrors in aircraft weather
reconnaissance data, a special group was established to study amd report on the neea for
standardizing, calibrating, and recalibrating weather reconnaissance instrumentation. 7o evaluate
the reconnalssance systems in use by nach weather reconnaissance service, a set of camparison
flights were conducted in which the data from the various aircraft could be compared against that
from cther sircraft and between the aircraft involved amnd radiosondes released at routine intervals
and at specisl release time:s. Comparison data were ccllected on 28 May 1971 with actual flight test
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data recorded between 12027 and 2125Z. Radiosonde data and station pressure corrected to seca level
at each of the launch times were used as the basis for adjusting the aircraft data to a common time
(all data) and common altitude (temperature and dew point only) for each set of observations.
Radiosonde data were obtained at frequent intervals from Cape Kennedy and at 14002, 1700Z, and 20002
from Miami, Tampa, and Key West (AWS, 1971).

Aircraft participating in the test included: an AWS WC-1358; three AWS WC-130Bs; a U.S. Nevy
wF-3A; a U.S. Navy WC-12lv; and a Research Flight tacility (RFF) DC-6. The performan e
characteristics of the aircraft were different (widely so in the case of the WC-1398) and
necessitated considerable coordination of airspace use near the comparison points., No attempt was
made te adjust individual aircraft locations to a common point for each set of observations since it
was assumed that each aircraft would be at some common intermediate location in the vicinity of the
radiosonde observation for each set of observations. 1This assumption was based on an expected
homogeneous atmosphere withir. the immediate vicinity ot the radiosonde observation. The resulting
data indicated that this assumption was reasonably valid for aircraft-to-aircraft comparisons rut
not quite as valid for comparing aircraft horizontal data to radiosonde data (AWS, 1471).

Aircraft flight-level data were collected in ascending and descending data collection patterns
between 25 NM and 75 NM northeast of Patrick AFB, Florida; within 30 MM northwest of St Petershburg,
Florida; within aporoximately 40 NM south of Ft Myers, Florida; within 20 NM north of Key west,
Florida; and within 1U NM south of Biscayne Bay, Florida. Dropsonde data were collected within 5SU
NV northeast of Cape Kennedy, Florida; within 30 NM northwest of St Petersburg; and within 20 NM
north of Key west. Horizontal data were obtained at altitudes ranging from 1llU-pressure feet to
28y mb and included the standard 1500-foot, 85U-mb, 700-mk, SUu-mb, and 30U-mt levels. The WE-3A
and DC-6 did not collect data above 500 mb, the WC-121N did not collect data above 700 mb, and two
of the WC-13UBs were running low on fuel toward the end of the mission and did not make as many
observations as the other W(-130B and the WC-135B. The WC-135B, the DC-6, and the three WC-13UBs
each collected three sets of vertical data while the WP-3A and WC-12IN collected two sets (AwS,
1971) .

Instrumentation aboard the aircraft, equipment calioration procedures, and computational
procedures were the stanaard in use by each service at the time of the test. 7The instrumentation on
the WC~130Bs was newer and the 13UlA was not used as a primary imeteorological pressure altimeter at
the time of the test.

A1l aircraft data in the 28 May 1971 test were adjusted to a common intermediate time
(aoproximately the mlo-time bhotween oorresponding obseor-ations reocorded by the Tirst aireraft and
the last alreraft) based unon varareter time gradients dotermined Tmor the nearcst radiosondc data.
lemperature and dew-point data were also adjusted to a common altitude based on the lapse rates
determined from the nearest corresponding radiosonde data. Interpolations were made between
successive sets of raciosonde data to determine comparison data for each set of adjusted aircraft
data.

The lower range values 1n the computed range of variations were determined by calculating the
smallest difference between parameters recorded at a particular observation location. The upper
range between the extreme values recoruaea by the various reconnaissance aircraft was determined by
calculating the arithmetic difference between the highest and lowest values of each parameter
recorded at a artiilar observation location. Variations of the rms ditferences between the cata
recorded by an inaividual aircraft and the average of all aircraft data recorded at corresponding
observation locations were calculated for all aircraft and for each aircraft individually.
Root-mean-square variations between the data recorded by each aircraft and the corresponding
radiosonde data were similarly calculated. Tabulated results for flight-level (horizontal) data arc
presented in Table 6 and results for vertical data in Table 7 (AWS, 1971).

Given the nature of the test, particularly the Impossibility of locating all the aircraft and
the radiosonde in the exact same point in the atmosphere at the exact same time, the flight-level
temperature data proved to be very consistent from aircraft to alrcraft and more consistent than
expected between aircraft and radiosonde data. Dew-point data indicated large variations at times
from aircraft to aircraft and between aircraft and radiosorde data. Explanations offered for the
variations in dew point include differential moisture content in the test areas (small patches ot
cumulus were present although the overall synoptic situation was relatively stable), observer lack
of tamiliarity with the instrument (the dew-point hygrometers were newly installed on WC-130Bs), and
instrument tailure which caused one WC-130B to produce faulty data for several observations.
Another wC-130B produwced obviously faulty data (dew point higher than anbient temperature) for
several observations before the dew-point hygrometer settled down to produce reasonably valid data
(AWS, 1971).
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All aircraft participating in the test demonstrated an inability to measure TAS any more
accurately than +5 knts and this inaccuracvy had a direct nfluence on wy apilitv to detennee
winds. The WC-135F inaccuracy was particularly marked (+8 knots) so that errors in TAS
determination, Doppler radar drift angle and ground-speed determinations, and the uncertainty 1n
determining aircraft heading could easily produce the variations observed in the resulting data
(AWS, 1971).

Variations in pressure-h-ight data were highest in the lower levels and smallest in the upper
levels. The opposite situation was expected since the accuracy of absolute and pressure altimeters
diminishes with altitude. Small-scale perturbations in the lower level air mass may have accounted
for part of the results, Wider variations in extrapolated sea-level pressures were experienced than
had been expected and some of the variations may have been due to gradients within the test areas
(AWS, 1971).

The PRT-5s installed on the WC-130Bs were new equipment during the test period and some observer
or instrument-induced error probably entered into the data. The variations in sea~surface
temperature data were still greater than coulc be attributed to actual differences in sea-surface
temperatures in the test areas.

Dropsonde data were also compared with radiosonde data and the results tended to show that
dropsonde temperature variations above 85U mb were within the specifications of the instruments used
(AN, AMT-13 by the Air Force, AN/AMT-6 by the Navy, and AN/AMT-3 by the RFF). Dropsonde aata at 85U
mb and below showed large variations and the last dropsonde temperature data fram the WC-135B were
obviocusly in error, indicating a malfunctioning temperature sensor. Without exception, temperatures
at the lower levels (850 mb and below) were significantly lower than the corresponding radiosonde
data. The most likely explanation is that the atmosphere above 850 mb was more homogeneous and that
radiosonde temperature sensors were affected by the heating and radiation of the landmass shortly
atter launch while the dropsonde sensed different temperatures at the lower levels due to different
heating and radiation effects on the low-level air mass over water (AWS, 1971).

Large variations were observed in dew-point data and were considered indicative of the same type
of inhomogeneities observed in flight-level data. The variations in the dropsonde data, however,
were greater than those observed for flight-level data.

The accuracy of dropsonde height of standard pressure surface and sea-level pressure 1is
dependent on "platform data" from the horizontal systems, dropsonde temperatures, and aropsonde dew
points, as well as the pressure data sensed by the instrument. Considering the variations 1in
aircraft pressure heights, the calculated variations in dropsonde pressure heights from aircratt to
aircraft were small. The erroneous temperature data from the last WC-135B dropsonde were evident 1n
the variations in all dropsonde pressure height and sea-level pressure determinations, fThe large
variations in WP-3A dropsonde data are reflected in the large variations of the dropsonde 70U-mb,
850~-mb, lU0U-mb, and sea-level pressure calculations for that dropsonde. The X-6 aropsondes werc
extremely old (calibrated in 1953 and 1954) and showed large variations in pressure heights at the
LWOu-mb level and in sea-level pressurc (AWS, 1971).

The results of the 28 May 1971 tests illustrate the difficulty of making objective comparisons
of aircraft reconnaissance data against radiosonde data. The sensors aboard the WC-13Us were new at
the time and same of the variations can be attributed to the normdl protlems associated with
learning to use new measuring equlpment in any operation. The teste put to rest some of the ola
guestions (althoush they cannot be regarded as conclusive ftor the WC-130 fleet cuc to mproved
sensors and sensor use since 1971), providea some tirst-order approximations to the accuracy ot
weather reconnaissance data, and raised some new guestlons about the accuracy of  weather
reconnaissance sensors and procedures for thelr usc.

The problem of testing WC-130 sensors has always been constrained by the economic cost of flying
missions dedicated to systems teste alone and the difficulty of establishing an oljective standard
to campare the weather reconnaissance data against. lest: of most sensor systems have had to rely
on data 1courmiatesi on operational missions whore the test conditions were not always as rigorous as
those normally expected in more scientific enviromments. Nevertheless, in 1971, tests of the WC-130U
dew-point hygrometer were conducted and used data obtaineda by all three WO-130 squadrons.  On
takeof f and landing roll ot each mission tlown over a $—month perioa (February, March, and Apral),

the AKWO obtained a dew-point readina for comparison with the Lase weather station dew point gt the
same time. Five hundred fourteen aircratt and base weather ctation cOompar 150005 welo 1ece Tved dul 1
the test period.  'The rarge of ditterences between atrcratt ano weather station aew proants was fron
-5,0 to +7.8°C. 1The distribution ot the ditference: 10 qiven an Tat le 8, o distratation that 1

better than normal althougl the rme ditference ot the 14 campar inon wan L7800,




TABLE 8.  DISTRIBUTION OF THE DIFFERENCES BRTWEER DEW POLINTS
FROM BASE WEATHER STATIONS AND FROM THE AN/AMQ-34.
PERCENT OF THE
COMPARI SUNS AMOUNT OF DIFFERENCE
237, 0
367 0.52¢ or less
627, 1.09C or less
707 1.5°C or less 1
837 2.0°C or less ;
867 2.59¢ or less
Dedicated wC-130 test runs were made in 1973 utilizing facilities of the Air Force Western Test 1

Range (AFWTR) at Vandenberg AFB, California, in an effort to confirm the accuracy of the primary
absolute altimcter, the AN/APN-42A. AN/APN~42A data were compared against absolute aircraft
altitude data obtained fram the AFWIR Askania ground camera stations. The results of the test were
considered as supporting the accuracy of the system as claimed by the manufacturer (+20 feet +0.025%
altitude). Further tests on operational missions of the AN/APN-42A and three possible replacement
absolute altimeters are being made aboard a 920 WRG aircraft utilizing a laser altimeter as the
standard for comparison. The results of the tests thus far appear to confirm the previously f
determined accuracy of the AN/APN-42A.

Tests of the other SEEK CLOUD sensors have been made on operational missions to confirm the k

: accuracy and repeatability of the systems. The results of these tests have been positive and
: indicate that properly maintained SEEK CLOUD sensors operated by qualified personnel produce data 3
that is at least comparable in accuracy to that produced by other upper-air sensor platforms. The !

difficulty of making objective tests of the accuracy of SEEK CLOUD sensors in their normal operating
environment is compounded by the lack of suitable standard of comparison to use in objectively ]

evaluating the weather reconnaissance data. &s indicated in the next section, comparisons with P
standard radiosonde data have often been less than satisfactory.

The Historical Calibration Program

The attention given to the accuracy of weather reconnaissance data has been largely focused in
recent years on height of standard pressure surtace data. As indicatea in the 28 May 1971 tests,
height of standard pressure surface computations vary widely from aircraft to aircraft and between
aircraft and radiosonde data, particularly at lower altitudes. The difficulty in evaluating height
of standard pressure surface computations is due in part to the use of two separate sensor systems
to provide base data for the computations.

Height of standard pressure surface data are computed using the absolute altitude of the
aircraft as determined by a radar or radio altimeter and pressure altitude obtained fram a standard
pressure altimeter or other pressure-sensing device such as the 13UlA Pressure Transducer. The
procedure used for computations involves computing a basic D-value (subtracting pressure altitude at
29.92 in. Hg, from absolute altitude), correcting the D-value for geopotential variation in absolute
altituge with latitude due to nonsphericity of the earth, correcting the D-value for the assumed
mean virtual temperature in the thickness layer represented by the difference between the aircraft
altitude and the altitude of the standard pressure surface, and extrapolating the resultant
corrected D-value to obtain the geopotential height of the standard pressurc surface. Sea-level
pressure computations are similar but do not require a geopotential correction.

Height of standard pressure surface computations are only made it the aircraft is within 4
1500-pressure feet of the standard pressure surface (within 1500-absolute feet for sca-level
pressure computations), due to the assumptions 1inherent in employing the virtual temperature
correction and the cumulative effects of system errors. The data are calculated by hand (or more
recently, by calculator) for each observation, recorded on a worksheet, and encoded 1n standard
obtservations.

Since the majority of operational meteorological upper-air data is obtained by ragiosondo,
weather reconnaissance units employ a historical calibration process in an attampt to makc weather
reconnaissance data compatible with the standard usea by the rest of the meteorological community.
The historical calibration process involves collecting aircraft data in close proximity to
radiosonde stations or, in a more recent modification of the process, in close proximity to selocted




calibration points for which AFGWC publishes calibration data based on their analyses of hcight
fields. Aircraft data are compared with radiosonde or AFGAC data and a correction i computed to,
account for any difference. When a statistically significant number of these corrections has been
determined, they are averaged to produce an overall "historical correction" for the absolute and
pressure altimeter pair. Published historical corrections arc then used in computiny height of
stanocard pressure surface and sea-level pressure data for individual aircratt on operational
missions.

At first inspection, it would appear that a camprehensive historical correction programn would
provide a bias correction which would eliminate most ot the differences between routine upper-ulr
data and weather reconnaissance data. Historical corrections do provide a gencral bias correction
that is useful in most applications of the weather reconnarssance systoms bttt
correction values are variable over short and long time periods. The variability ot the historical
corrections is considered to result from several cause: depending upon who does the consider 1mg ang
is subject to controversy in the weather reconnaissance community. The most likely explanatiorn ig
probably an amalgam resulting from the synthesis of some of the current explanations (nonc ot which
are pertinent to this discussion beyond noting the cxistino- of the problem).

Some meteorologists tend to regard upper-air data obtainea by radiosondc as sacrosanct ana
abandon a little of their objectivity 1n the shear joy of having quantity upper-alr data availabl.
on a reqular basis. While some improvement in radiosonde sensors has undoubtedly oCourrea s1nce
Atkinson's analysis, it is unlikely that such sensors have acnieved the kind of  accuracy that
justifies their use as the final arbitor of weather reconnalssance datus accuracy., Errors in
radiosonde sensors undoubtedly produce some (and possitly mast) of the varlations ohScrvesd 1n th
historical corrections of WC-130 altimeter systoms.

Height of standard pressure surtace ana sca-level pressure capputations depena heavily on 2l
accuracy of two measured parameters: absolute altitude and pressure altitude (or ambient preshate o,
Inaccuracies in the two measurements are compoundod in the resulting computatlon where they ot

used. Precision Measurement Equipment Laboratory (PMRL)  calibrations ot the  13ulh Presours
Transducer support the accuracy of properly maintaincd 1301A syatons, Moot ovaluations ot tin
AN/APN-42 support the accuracy of that  system  as installed o the  circratt, Alrctatt

system—produced variations ir historical corrections ottained in the hictorical callbration proces:
must then be due to operator error, errors auc to the pltot-static systan installation of  th
meteorological pressure altimeters, to the basic altimetry process was: to conpate bersh of @ tane-
ard pressure surface data, or to undetected sensor errors.  Ac in past years, the tocur of current
cfforts to explain the observed variations in historical correction valuer 1o orn the accuracto = of
the sensor systems.

Pending a final solution to the problem, the historical calibration procec: gppears to ofter the
best chance of making weather reconnaissance he .ght of standard pressure surface  ang oea-dewvi)
pressure data compatible with the much more aburidant radiosonde data.  Except tor eaurpuest tailor.
1n isolated cases, the variability of historical corrections remains unexplainea, joerticalarly th
variations experienced on operations 1n areas off the Uateda States coast that dare not nethe.d
operational areas for weather reconnaissance ailrcraft.

Soutces of trror in Weather keconnaissance bata and Data Quality Control

In broad terms, errors in weather reconnalssance data result fraom twe Scurce. @ huldah error one
system error. System error 1S also regarded ac inclikiing errors anaueed o the aata by the wo ot
data franm outside sources (such as radiosonde data) uced in the historical calibration proorar.
Human errogr encompasses «rrors resulting tron misreading instrumests, srscaleulation:, e crror:s 1
roilizima or employlng sensor systems.  The prumary focus of the ceaality control programs current
in eftect is the reduction of both huran ang systen errors wherever poosible

The WC-130 metcorological systenr 15 about ac basic an operational systens oo can be ot fective s
utilized on most Air Force weather roconnalssancs misslons., Trhe acotgn of the systen, with 1t
emphasis on operator manual roduction of primary diata (usimg qoncil oarvd pasgreer or o calculator), 1
well-suited to lonm missions with obscrvations ocourring at interval: of about 1956 NM. The oy ten
10 not well-suited for high—density data collection under advetse metecrolodical o0 opetat ionsd
conditions,

system errors include overything fror tarlure of cepsors whach St andrcate acoept b le valuaoe
to the more pasic errors inherent in the sensor systome thomselve,  Mechantcal prescouats altimetor:
(aneroid types such as the AIMS or MA-1) are subgect to qany typee of orrors sich oo thone resulting
from friction, hysteresis, temperaturs, readability, cero-scttine, amd static cysten loakage ., The
14014 1s subgect to hysteresis and temprerature—induced crrors falthouab rhey are smolls ana 1
sencitive te small tluctuations g tlhight level that are "intearatod out”™ by the mechanical Tinkoo
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of the aneroid altimeters. The 20uuU-3 Digital Voltmeter is also subject to a gradual failure in
readout capability which may remain unnoticed in its early stages but 15 evident in the rapid
fluctuations indicated in its later stages. The AN/AMQ-28 Total Temperature System measures
temperature resulting from atmospheric friction as well as the ambient atmospheric temperaturc. For
WC-130 airspeeds, the friction effect is negligible. The AN/AMQ-34 Dew-Point Hygrometer produces
errors resulting fram misaligned optical elements or contamination of the mirror surface and may
indicate a dry atmosphere when the aircraft is flying through a cloud. The AN/APN-42 may cxhibit
fluctations of up to 50 to 100 feet before complete loss ot reliable altitude indications. Errcre
in the final data can result from the use of instrunents under these conditions although most ot
these failures are readily observed and data from systems exdithiting Cwese farlure. ars ool tres-
mitted from the aircraft.

Human errors are the most detectabile errors in weather reconnalscance data. The WC-1350
meteorological system rouine: @ human operator to reduce the raw data to a forn that can te Coaed
and used by the meteorological community. The amount of recording and computing that 1S requires on
many reconnaissance missions can be large at times and requires highly trained am competent
personnel. ARWOs and dropsonde system operators receive extensive in-unit tralning to prepare then
for their duties and are evaluated and reevaluated as to their ability to perform those auties
throughout the time they are assigned to weather reconnaissance duty. Most ot the human crrors an
weather reconnaissance data result fram inexperience, a situation that 1s produced by high personnel
turnover rates among ARWOs and dropsonde system operators ana by a lack of 1n-aepth opscrationdi
training before beginning training in the operational units. Errors attributable to the hunan
element affect 5 to 7 percent of the observations in any given month and usually aftect iess than
1 percent of all the encoded groups in the observations for the month. High—uensity requirements on
tropical cyclone and special reconnaissance missions usually produce higher rates.

Quality control programs have been designed to identify errors both during ana after operational
missions. 1he primary responsibility for detecting errors during the missicn rests upon the mission
ARWO with the dropsonde system operator having the responsibility for detection of errors in the
reduction of dropsonde data. Every effort is made to check and evaluate reconnaissance data prior
to transmission fram the aircraft and still provide a timely product. The tume avallable tor
checking observations, however, is a function of the required data density and the amount of time
necessary to encode the observations as well as other operational considerations.

The weather monitor shares the responsibility for checking weather reconnaissance cata during
the mission. The effectiveness of the weather monitor's data checkimg is a direct function of the
monitor's familiarity with the data format and his knowledge of the reconnaissance operation. The
effectiveness of quality control by monitors that frequently handle weather m-commaisseia data 1o
normally very good.

The post-mission phase of guality controlling weather reconnaissance data tocuses primarily on
the detachment level program. Each unit maintains additional duty quality control officers and NCOs
to conduct post-mission evaluations of weather reconnaissance data. Errors are identified,
corrected on the mission forms, and brought to the attention of the ARWG or dropsonde  system
operator involved. The operational result of this phase of the quality control program is primarily
educational for the personnel involved so that future errors of the same type may be avoided.

lhe Impact of Data Accuracy and Reliability on Weather Reconnaissance Customers

Alr Force weather reconnaissance forces serve many different customers with widely varying aata
requirements. ‘The overall impact of data accuracy is difficult to assess in an objective tashion
because of the diversity of customer requirements and, quite often, the reluctunce of operational
uscrs to perform objective evaluations of missions flown 1n support of the customer's requirements.
Frequently, the reconnaissance customer merely identifies outstanding or poor mission pertormance
and does not attempt to provide evaluations of all the missions tlown or to obectively assess the.
impact of data accuracy and availability on the custumer's operation. Over the pust 2 or 3 years o
amall amount of effort has been generated in an attompt to objectively evaluate the contribution
made by the weather reconnaissance forces to the operations of various customer:. some of these
assessments have provided the bacis for planned systen improvements or proporals tor totally now
weather reconnaissance systems.
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The  "breat-ana-t sttor ™ mitslon ol the Weather  (eoonn U sarede nguadn o 1L tho) 1od. 0 cone
reconnalssance. e Unite< State 10 hietorlealls the orl, ration i the worde thot bl ot
~eathor reconnaissance M 1soion: to locgte ane Measure the aetoroity of tropacal cyclon oo Al bt
WwC-130 squadrons proviese the Lias  yuertion of that bacaritarian ¢ ttorte e mpact ot the s utan
cf weather reconndissance Jata o tropical cyclone Decolifalnsdce 0 n 10 ba pecelviod g ke gt
nount of attention an the pact yeats .

I August 1975 the Ulsne Departmest  of  Comerce (I8x ) patiiches ar evaluation ot
effectivenrss o9t weather reoonnat cance g carparas with otther clement . b the bult Loale walnirsg
Aystem (oo - s satellite sy teme (A, L)L Forecasts ot tropilal orclone aeveloprernt L 1
movement gepend heavil; onococ o etenninatlons f the antensity ot rhe cyclonc ane the location
ot the cyclone center. Te Ad boc oy onciawiend that e Dvorax technrque aila not aetine the
strength ot ctrong nuace toane. with o cattaorent recw b tion and that ther. was some doubt thaet the '
technique  coula dlentity capraly o congtnentng harercane o, The  report andicated that over 1y
percent ot the TIme thee patkiee 1o Steo ety estimator ol hurticancs made tran satellite photographs
wat greater than pires or e one curtent i tencity nander (Uole nunber) owhich, tor oa strumg
FULT L i, COLTosponds 1o droumg v o ol pressors, oU knoto ot wing, and s to lu feet  in o storr
A . Measutenment b the Strength ot 0 carcicarr by satellite alenc wes not consiaord accur ate
coougts o wart oy pa e s i, a9l

e report turther  onlude s that the positions of hurcicanes within 500 miles ot landfall as

SCLCET e by [eConnal . ancee i cratt o were ou te U peroent more accurate than thosoe intorpretea
from the then-corrent cate Llroe aetas Thee scasonal average position error for aircratt was boetween
1y arel 20 N whiil- *rhe osam 1aiurc tor tatelliten wa around 30 Nhi. The accuracy of satcllite
location:, howswor,  increasod  sigsiticantly for u o strong hurricane with a well-gefindd  eye.
Poracvant models are v, Tengitate oo gnitiai otien whict 1o g function of errors in the initial
position. Forecasts tased o omatlt oS dcte citen by weather reconnaissance alrcraft were expected to
e coherior to thooo Laved o o0 photoarann Doand the report cancluded that the net altterence
woLid resalt 1noa SO percent cecroas an toe extent ob coastal hurricane warnings with a potential
ANNUAL L aviIiney. L preseredne: o ot ot dbout She onallien per year. The nore accurate inputs from
on AWRS=tyie Sestem ow L furtier Dimaer o the cxtont ol coartar warning necessary to the point that
fre Coat ot ISt St wedther pes cnnal Lance tlect o wats o new syston couls concetvat Iy o
revovered i 1 ota 4o oar parear o decreaied peoperedne s conts alone (00, 1975) .

The lact conclusion cvsaclichod 1 the roepr e was that numerical hurricone nodels antlcijaton
tor thee tate liies will reguars AWRC -ty (ool bigh dencaty) aate for initialization., Currer?

Stikx Tl tenc g net capable o previaiog guality date In the guantities regulred for the 1
rewer nunericdl  forecastin: modelo. Tree report  recommeinded matntalntng  an alrcraft o weather 1
reConNnNaissancs  progrdn,  instrument i weather  roconnalrsance  alreraft  with o cysten that  has

cquivalent AkS capability, anc retining the irorak technigue tor use on stroncer hurricancs and

testing it on rapacly deepeniog Storme (L0, 1475500 D woreview of the Ad Hoe comittec report, the

Naticnal Acatomy of Sciencs cuppottad the conciusions and pecompendations of the final report.

In lecorbor 1976, AwS wstablione tor MAC o "hequilrea Gperational Capatality (X)) tor Lnproved
veather  keconnalssance”  document  which aelineated four  arcar an whict, the  carrent weather
reconnaasarce systen 10 conaderoa deficient:

A Dhatur cAk boabee Ve tlp sorcstirts e nod sudDrckent Iooaceurate b et i ot toreca e ]
reultoronts stated o anterades o gt oot and have even gredter sborttalls witeo respot to 1
neeting the reguairements tot driving the numetical nadels developed for typhoeon ana huareicane
forecasting.

L. the mands) data procecsing tronrigue cannot provie  the volume, timelness, and roliabality
ot data necded for current reguirements,

. The present navigation capab.ility does not provide the roquited accuracy tor location of oy i
conters, raximm wind bands, and other significant teatures of tropical cyclones,

G. Moteorological eauipment reliatality 10 not adequate. The MAC/AWD Obeorvation Pvaluat ton
reports from the 41 BB chow that annually 42 pereont of the observation fron contepporary WO-1 3o
are baxen with one or more of the major neteorologqical comporent: anoperat ive,
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CLIot s the Squate oot ot the cur ol the squares of the s errors aue to pressure altitude and
doolate altituwe masuranents, It the manutactater 's accuracles given in lable 9 0 the 1301A and
tre ANCAPN-J2A are asevi, then the rms-helsht errors due to sensor error at various levels are given

i Tar ke 1L

s Lret oxerclse aoes little tore than aive o rough approximation to the accuracy of height
o ntawdal! presours yartace determination. fram the arreratt,  ‘The process ot camputing height of
urtace data anvelves extrapelating D-valoe dats when the sireratt 1s not exactly on the stanaara
proccure surtace and alie boends or the mstorical correction process which attempts to make the
alrcratt data corputitle witl srtandar s upper-air data obtainea by radiosonde.  Current estimates of
tre accurac, b neart ot standat 1 pressure surface data frar weather reconnaissance aircraft
ndloate that accaracies ot within 3 meters can be expected at and below 700 mb and that accuracies
of witniin JU aeters can te caecton above the juu-mb level.,  D-value carputations can be expected to
Gave Lee accur acies.,

e aecCuracy o i t-leoedl wiier infotation 1€ aependent on poth the accuracy of the Doppler

taiar Y tem and ot Alil oot the naviesator or ARWC 1 using 1t to campute the wind.  The general
ena 0 chigre level winas roserteed teoar reconnatisance alrcratt 1o within 5 knots of speed ana
TSNS ST SRS A o TR TUIIN farorott g ltion intormation 15 depenaent on navigator skill and the
vall ity b naviastiona, sp1. Bosttion gocuracy over the open ocean ranges from around 3 NM to
uch o N e aves . toourtences ¢t position errors ao high as 60 NM have been
wooervedt an extreme cooen o owito newly gualitiesd naviiatore inoareas with poor navigational aids.
W, e st reper v 1n weather revonnaiosance operations are considered  accurate  to

atthin o o 09 NM oamd ate e rte 0 tre pear- st tenth of g degrec. New Omega navigatlon systems
Sl s =000 A oxj e et o ki L= b 4-NM posittion acouracles,

R VR N SV E tooaeathen pessoat nancse o ervations are vulnerablle to o variations
R Woouacy foee b cnb e ok ckEDD G it e ot the andividual ARWOS, In general, the
oy b e e s et b ats 1 corigered too b well withln the limits amposed ty the
AL 2 PINNE 5 T SRR SRR T N AT S X SR § (R
Drorseng 4 ' 1 ca wmral oy te connldored scurats teowithin Z ok of pressure at sca level and
Lot 1.7 0 cere e s S e ity ebesent har boauced the lnaccuracy ot acw-point data but
s b e tacy Litaowe o et e anial gt this wrltanss,

£ | I S ' crter g Lote Woten o accuractes: oremain witho the  woathet
[N . EREEE B . Mt et iV e ourac e peduines Campar iy alrcratt cdata with oy
T oWt ot e Ll ceewbe obatir, toe o urrent crandore, 10 casceptablle to constaerable errer an
Fia fa b tetoarooc o prone sebnnawes boroattempting too toree data conpatitality throoagt
I S B Y ot o g e R Yoaiwe Vad o rhe ddevgree of caccess den tred aue to the
FEONEY "I TR S [ERTE AT S P S PN IR £ FAN R A attrculty an assurine that the arr mare the
ttats e rat i e s e cwgte M pacte st ercon tered Ly the padloconde o More detarlog
Py Pty W, coomear ¢orhiry, A the cottroeney ot the cactorical correctnon
Lower P T Y S O L T T VS S S S TATR N CLLARE SRTITE G DR O




(hapter 5

TROPICAL CYCLONE RECONNAISSANCE AND RECCNNAISSANCLE FOR SEECIAL CUSTOMEKS

Weathet reconnaissance missions are flown for many different military and goverament agoerw oo
and are wldely varied in the requirements for data amd overall conduct of the migsion or set ot
rivsions.  Some misslons require very little acquisition of meteorulogical data anc are woyomd the
scope of this report. Sunilarly, some missions provide little data for highly specializisr ond
sometimes Classified support activities ana are also not considered here.  Typlcal routine westier
reconnaissance operations are probably best illustrated by considering the tropical cyclone miscion,
misslons flown in sugport of ArGEC, tactical support inissions, andd bast Coast winter-siors m1ooion:.

Tropical Cyclone keconnaissance

One of the Alr Force's largest continuing humanitarian miscions involves locating and tracking
tropical cyclones in suppoct of hurricane and typhoon warning centers. The Alr Force proviaes the
wajor oortion of the reconnaissance ettort in the Aclantic, Caribbean, Gulf of Fexico, and bastern
Paci1fic areas and all of the routine tropical cyclone reconnaissance effort in the Central anu
western Facitic areas. Historically, the Uniteu States is the only nation in the world to proviac
aircraft reconnalssance of tropical cyclones on a routine basis. Alrcraft reconnalssance  of
tropical cyclones 1s an expensive undertaking and one best assumed by a relatively atfluent nation.
with the cutback in weather reconnaissance strength 1n the western Pacific at least part of the
aircratt reconnaissance offort i expected to be assumed by other nations but the economier of most
of the smaller nations bordering the Caribbean and Gulf of Mexico areas would probatly support only
a token ana largely inadeguate reconnalssance eftort.  The Unitza States Is expectod to continue to
proviae as large an ailrcraft reconnaissance effort as is regquired to provide effective and tlaely
warning of the approach of destructive storms.

Abr torae tropical eyclone reoonnaissance missions are Tlown for the National Hurricane Gontios
¢l , coral nables, Florida in the Atlantic Ocvan, Caribboan sea, and Gul? of Mewioo arcas, Mps
sions are also flown for the Rastern and Central Pacific Hurricane Center  (EPHC), Redwoow ot
calisomia ad the Central pacific Hurricane Center (CPICY, Honolulu, fawalil. Westoermn Paciiic tros-
loal erelone nissions are flown for the Joint 'Iyhoon Warning Center (FIWC) which is colocate:
phe Uloet Weather Central, Nimitz Hill, Guam and is jointly manned by Alr Foroo and avy we
ersonnel  (Aws, 1977b). These agencies collect data from weather reconnal ssanoe missions
other sourdes in forecasting the intensity and movement of tropical cyclones.

a. Comments on Tropical Cyclone Classification and Structure. AwS Ix 24U (Atkinsorn, 1y71;
polnts  out  that the term "tropical cyclone™ 1is intermpreted 1In various ways and  that  the
classitication of tropical cyclones into categories Ly intensity is subject to  consider.l 1o
variation around the world. The U.S. Department of Commerce (1977), defines a trogical cyclone ¢ i
"nunfrontal low pressure systom of synoptic scale developing over tropical or subtropiceal watirs o
having definite organizod circulation.” The National Hurricane Operation Plan (NHOF) classifios
trapical cyclones into three intensity categories:

"(l) THOPICAL LEPRESSION. A tropical cyclone in which the maximum sustalnoed carface win:
(1-minute mean) is 33 knots or less.

"{<) 'TRCPICAL STORM. A warm-core tropical cyclone in which the maximum sustalne: sarlace wind
(l-iminute mean) ranges from 34 to 63 knots inclusive.

" HURRICANE/TYPHOON, A wam-core  trooical coyclone in which the maxiong soctodied oo T

wind (T=ninute mean) is 64 knots or areater.”  ((0C¢, 1977).

These ntensity categorlss are used by Alr Force weather reconnaissance Untb e civiipas o
military warning agencies in both the Atlantic and Pacitic amd in the Caribbean Soo ane Golt o
MeX 1O areas,

The  toom "warr—coro"™ an o the NHOP  intensities andicates  that  the more oes toact Lo 1oy 1 i
cyclones are warm—core lows with maximum windds near the surface and Jdecreazing cynton 1atensoity, wits,
Lerltght. As the torm unpl ey, wart-cors tropdcal cyclones have warier tenperaturer ot tte ooty !
the cyclone than in the outer vortion. The prunary enery, sourc for tropacal cyclones o0t
reboase of latent heat of condensation, sarnly an the wall cleod cno siaral ramnm-tand sty e .
The warntenanc: of warn temperaturor at the center of such syctoms depends on tne aittion of et
and morstare to the low-level air as 1t spirals inward so that the adiabat ico conling can g 1)
decredr 1 prensures 1 compensatod tor o ana witn the reoalt o that sea~level fonper gtares e o
nearly toothermal. whon warp-core tropical cyclones wove  over coalet  surfaces,  thee et o]
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Locatiun of the tropical oycione contir,
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Direction
of Motion

. RECCO Section 1 Obscrvations (Dropsonde observations
required once during vattern execution - soo Table 4.

‘ RECUCD Section 3 Observations {(Appended to the apnrooriate
Section 1 obscrvation). Vortex Peripheoral Data.

(] Vortex Profile Data for the Suonplementary Vortex Data
Messagoe at the indicated radii frorm the cvclone contor,

1. Abbreviated/Detailed Vortex Data is rogquired for cach
levied and intermediate wattern fix as indicated in
Table 4. Center data is also used in preparing the
Supplementary Vortex Data HMessagoe.

2. Dropsonde releases are rogquired at the ond of cach radial
leg in ecach guadrant once during pattern eoxecution (soe

Table 45,

.0 Alvha Pattern radial headin s shoald be raintained witinn
20 deqrees,

Fiepuare 13, SHOP Alpha Pattern.,
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Alrcraft reconnaissance requirements are normally tasked by the Tropical Cyclone Plan of the Lay
(1ICPOD) which specifies the times for vortex fixes, type of pattern, and altitudes for pattern
execution as well as anticipated tuture requirements. Wortex fixes are normally levied at 6-hourly
intervals but may be required at 3-hourly intervals if the cyclone is approaching land.
Occasionally, vortex fixes are requested and proviced at hourly intervals as the cyclone moves
onshore.

d. Special Data Reporting. Weather reconnaissance data regorting on tropical cyclone missions
involves modified RECCO observations ard special observations used to regort vortex fix data and
vortex profile data collected on the radial legs of the flight patterns. RECCO okservations
reported for flight pattern observation points consist of the mandatory groups, surface wind gJroup,
and 9-group (RECCC Section 1). The first four groups (with a 95559 indicator as the first Jroug),
Jroups b through ¥, the surface wind group, and the Y-group (RECCCO Section 3) are reported for the
intermediate observation points and are appended to RECCO Section 1 observations (DOC, 1977 and AWS,
1977b) .

Vortex fix data are reported in Detailed Vortex Data Messages which are numbered in seguence
with the other observations. Data reported in these observations include:

(1) Time of the vortex fix.
(2) Latitude and longitude of the fix.
(3) Minimun height of surface at standard level.

(4) Estimate of maximum observed surface wind and the bearing and range of that wind from
the center.

(5) Maximum flight-level wind near the center and the bearing and range of that wind from
the center.

(6) Minimun sea-level pressure.

(7) Maximunw tlight-level temperatures inside and outside the eye.

(8) Dew-polnt temperature and sea-surface temperature inside the eye.
(9) The "character" of the eye and its shape, orientation, and diameter.

(lu) Confirmation of the fix time and coordinates, information on how the flx was made, anda
st what level the fix was made.

(11) Navigational ana meteorologlcal tix accuracy estimates.
(12) Aol fFyine remarks.
Letalled Vortex Data Meucages are prepared and trangnitteo  1n an abbreviated form as soon as

wossible after penetration and are retransmitted later when all the required data are available
(AWS, 19/9c) .

Supp dementary Vortex Data Mes:sages are used to report vortex protile data accumulated on the
radial loags of the tlight patterns.  Supglementary Vortex Lata Messages are numbered 1n o seqguence
slth otier otgcrvations and include data on heiyht of standard pressure surface (or sca-lovel
Lressure), temperature?, amd dew oint at eacn of the required data points. Central sca-level
wressure, height of the wail cloud, tlight-level wind speea, anoe surface wina profiles are also
reported when avatlable.  Lropsonde dgata (vertical ohservations) are numbered in sequence with the
Ather observations on NHOP op rational flight patternc.  'This procodure i somewhat unusual ance
vertical observations normally chare the same number  assigned to the corresponding hoviontal
observation on otner types of nissions. The data requirements of the JIWC tlight patterns e leos
cur.rehensive than those requlred o the NHOE although the JTWC does require the e tatlea Jorteslat,
sessage for vortaex tixes,

e, Investlgative Micsions,  Investlgative missions are flown into saspected areas of tropical

cyclone Tormation to deternane whether ot not o closea cyclonic circulation exist: 1o the charps?
Areu. Tmprovexd satellite data over the wart fow years have sharply reduced tie tegaingent tor
investigative wlosions in the westorn bactt oo anad sibstantially reduced the nomber ot anve:s trgat e
sraciens [lown onaer the NHGE, Theso misorons are st regquited to prove of dlsprove the exybeges
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of closed cyclonic circulations when rapid development is possible or as necessary to support thc
forecast center's operations.

Investigative missions are almost always flown during daylight and may well be timed to arrive
in the suspect area at "first light" early in the morning or at "last light" in the evening. ‘The
procedure normally used on investigative missions is to take obscrvations within the suspect area
ard locate winds supporting a cyclonic circulation if they exist. Investigative missions are
usually flown in areas which experience flow from one predominant direction, in most cases, easterly
flow. As the mission is flown, windshifts are watcned for and, if found, are used to alter the
mission track to locate other winds which support cyclonic flow. "Closing® the cyclonic circulation
requires locating cyclonic winds which completely surround the cyclone center to prevent being
misled by a trough embedded in the predominant flow regime or by other phenomena such as winds
directly associated with the "enhanced convective activity" normally encountered in the suspect
area.

In the high-pressure enviroment of tropical cyclone reconnaissance, investigative mis: 1ong
frequently are among the most challenging to the skills of the ARWG and the rest of the aircrew.
weak pressure gradients, large caln areas, and light winds coupled with heavy convective activity
frequently make vortex fixes difficult to make on the weak tropical cyclones usually encountered on
investigative missions.

f. Weather Reconnaissance in Support of AFGWC (Volant Met). AFGAC treguently requirec
upper-air data in quantity in areas where such data are not normally available (so-called "data
sparse"” areas). eather reconnaissance missions are freguently flown during the winter months to
provide 400-mb and 30U-mb data in the Gulf of Mexico and off the Northwestern United States in
support of AFGWC forecasting operations.

A number of special reconnalssance tracks nave been developed ana published for use on AFGWC
support missions. Normal RECCU observation spacing and format arc used for most of these missions
with dropsonde data providea as required on the publishea tracks or the computer flight plans
produced for the inissions.

MOSt AFGAC support missions in the past 2 years have been flown irom McChord AFE, washington by
both active auty and Reserve aircrews. Occasional missions in the Gulf of Mexico are also flown by
crews from the sguadrons at Keeslor AFB.  Routine trailning missione flown in the Gulf of Mexico area
may also satisfy secondary AFGAC reguirements when "hard-tasked" missions are not levied.

g. Tactical Support Missions (volant Cross). Weather reconnaissance tactical sugport miscions
can normally be considered as falling into one of two basic categories: pathfinder or scout
mlS310ns and area reconnalssance missions. The customer for tactical support missions is normally
the weather support function at the highest level of command directly involvead 1n the supported
operation. For pathfinder or scout missions supporting tactical aircraft deployments, the mission
customer is the weather support unit at major comnana level.

Pathtinder or scout weather roconnalssance missions are flown along the planna: route for
tactical aircraft deployments to investigate flight-level winds along the route amd  weathet
conditions In any refueling or special operating arcas.  Standard KRECCU observations arc normally
taken on these missions and winn factor data are reported for track segments and for the entire
track 1n remarks  appended tu the RECCO observations. The vast majority of eacetime tactical
suport missions are of the pathfinder or scout type.

Arca reconnatlssance missions are flown to support speclal operations within a specified area of
tactical operations. Tho observation format usea may be standard RECCU or cpecralized reportin:
vendes.

In connection with tuctical operations 1t 1s worth conslacring that wC~136 aircraft are unarmed
modifications of slow turborrmp transport or rescue aircraft.  The curvivability ol such gircreft an

a fngh=threat enviromment is lipitea unless adeguate escort 1S proviaed or other protective neasat o
are taken. Also, the number of operational squadrons ant the number of  weather  recontialssanc
atrcraft have been reduead i this decalde to the point that operational  prioritles have to b
considerad 1n allotting WC-130 rosodrcen ajainst peacetime requirement s, The demant for weattao
CORNALESanCce Support during the tropical cyclone season and other peak operational  pvrioac
froguently 5o great that WCO-130 arrcraft and crews are not availatle for the  lower  jraorat,
WL,

The suarvivabality of the WO=130 anag thoe Tumlt o namder i the Inventory Sogaest Chat ther
commtient v bghimrisk nissions in oo combat environent beeodade only atter coaret gl e e ot e o




the risks involved versus the necessity ot obtalnlng weather reconnalssance data.  The capat 1ty of
performing covbat weather reconnaissance and other mssions in i limited=threat  envitowst
maintainad by all weather reconnaissance sguaarons.

h. East Coast Winter Storus Missions (Volant Coast).  Because of tier threat of cevere and
crippling winter storms aluny tre east coast of the Unlted states, speclal arranguicnto have b
made to provide weather observations for use in providing forecasts ant timely wartiings of  ther
onset. The National East Coast winter Storms Operations Plan has been developed afid Linploficrtoad
since 1969 to coordinate the use of surface platform, aircratt, and satelllte ovscrvation: oy
forecast and warning use and, 1t practical, to meet the data reguirements of research facilitivs,
The plan is specifically developal to cover the time of year having a high 1ocidence of  winter
storms along the East Coast, 1 November to 1s April, and generally constaers only Speclal
arrangements between various agenclies that are necessary in providing speclal weather of servation
{DOC, 1Y/v).

The 53 WRS and 815 wKkS fror Keeslor AFB fly special missions off the Dast (oaSt to provice af s
for forecasts ani analyses prouuced by the National Meteorological Center (N) ana tor age ot
military forecast facilitier. ‘lhe requirements for winter storas nlecions, the tracks reguestod,
control toints and times, Spectal observatlons or dropsonde release points, and other antoriat1on
are specitied In a Reconnatcsance winter Storm Plan of the Day (WSHUL) broducen By the btor,
Coordination Center (SCC) in washington C.C. Horizontal ooservatlions atre taken 1 Stancarad ke
tormat at leact every 3u minutes with alapoint datia reguirea  betwoeen Sdad erfive ohdervatlon .
Vertical observations are made as requested in the wWSPOD (DOC, 1477).
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Several reconnaissance tracks have been designed to support the weather reconnaissance winter
storms operation. All the reconnaissance tracks are designed to provide coverage in the near coast
region of the "area of concern" delineated in Figure 15 (DOC, 1977). A typical reconnaissance track
flown in support of winter storms forecasting is illustrated in Figure 16 (DOC, 1977). The
reconnalssance tracks are normally flown from Keesler AFB and may require 11 to 13 hours flying time
to camplete. Because of the adverse weather conditions and the reguirement for a relatively high
density of data, particularly dropsonde data, winter storms missions are frequently among the more
challenging missions flown during the winter season.

i. Specialized Reconnaissance Missions. Many different types of missions are flown by weather
reconnaissance crews for agencies that require specialized data and that require data in support of
special operations. Many missions have been flown in support of manned space flight and missile
testing activities and to provide "ground truth data" for evaluating satellite systems. Atmospheric
sampling and fog dispersal operations have been conducted by weather reconnalssance crews on
missions in various parts of the world.

Many of the missions flown by weather reconnaissance crews are of a sensitive nature and 1nvolve
special procedures, technigues, and observations. The range of activity is quite large ard involvec
considerable variation within the basic concept of aerial weather reccnnaissance. In the final
analysis, the utilization of weather reconnaissance forces is limited by the operational capability
of the airframe and crew and, more importantly, by the imagination and requirements of individual
custamers.
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Chapter 6

wEATHEK MODIFICATION

"Something ¢lse that appeared in Southeast Asia which no other combatant cver had in time of war
was the capability to aake it rain. The theory went that if the normal monsoon season could b
extended the result=nt jnud on tne main lines of communication from North Vietnam through laos anu
Cambodia into South Vietnam——in the general vicinity of the Ho Chi Minh trail--would measurably
reduce the tlow of men ana material to the enemy. According to the Pentagon Papers raimmaking wis a
course of action first proposed to President Johnson in February 1967 basad on successful teste
dur ing Operatlon Pop Eye in Laos the previous October. Wwhile the program came under f{ire fro
certain segments of longress, top secret Defense Department testimony made cunlic in May 1974
revealed that Alr fForce wC-1sus and kF-4Cs dropping silver lodide during cach southwest aonsoon fr g
1967 to 1972 increased rainfall by approximately 30 percent in certaln areas, according to sob
2stunates, ana slowed tne flow of enemy suoplies. 1he feeling was that, at a cost of 3.6 nmillion
annually, rainmaking was less costly than the traditional alr interdiction wmethods. #ore umgot tant,
it saved livec. It was more humane. Successes witii the original ralmnaking tests in Laocs loa one
American ambassador to observe that the United States shoula ‘aake nua, not warl' (heprogucad
without the footnotes from Fuller, ly74j.

The capakility to particelly moaify atmospheric phenomena has exiatea tor sevetal years In botr,
military and civilian organizations in this country amna elsewhere. Most of the weather moal! icat 1on
Cagability 18 aszsociated with enhancing convective activity to produce ralin or with aissloating fog
in order to produce increased visikility for aircraft or other operations. Alr Force Wo-130 weatieg
r2connalssance squadrons aaintailn a weather moalfication capaclilty for colu-ton aisslpetion, with
lirited involveament over the past fow years.

Fog Dispersal

A great many technigues have been rnvestijatea for the operational dissipation of boti "wara”
fag and stratus and supercooled or "cold” tog 1n various regilons of the world.  Most of thee Glrborne
techintaues for dissipating fog rely on "secoin;" e tog ck Wit by groscopls nacler or other
mater1als which increase condensation or the formation of ice ctystals ang produce clearing when the
resultung larger droplets or ice crystals tall an procinitaton.

In the case of supercooled fog, the use ot dry lce or silver-1ad1ac Sroke te anosipate 1o
depends on the ability of these ageats o anitiate the Beraeron=Finas ioon preciort stion proce::
The process repivves the coexistence of dce crystals and supercooled water aroplet. o the to;.
because the vapor o~ OVOr 10E 1T lower thali the vajor oressure over wWateor, tie Loe Sy tals
created by the sceding agents grow at tive expense ol the water droplets and eventuall, fall a0 snall

oo erystals or snow flake. . A odry-1ov oarticlen (el they proguee antense Tocal  cooding,
resulting an the activation ot Lar g nanbers ot toe nuclol whilch can §row it 1o cryctals 1t
Al lent  alr o tempetatare o delow treczito oana o sattrorent dorcture 1 avarlat 1. S1lver-=roon

Seviing produces pee cryctalt o an g gt torent aannet. Sliver—todide Syrobechnies Lrokdawte o Vot
Wb sdmequuently L oo j torr v O ! [ O A T L S L R A
Trayes ob o orner oot s, These ti orstals serve s o e len on which jor ot e e, e

A0 oriolent borneratures colber Chow et (AN, 1060y

ete ot g arrborne v eTe o Secdiies appat Gtan we e Colkia ctees e bl nn, e e e
Toact ol Arr omeare: L=lodk o cad e dmeoeattioa o =1as Voot by s b o st b b g
tor bwelow  aing Gefoines the g ratg o an the bt e dapes T By qroccoy Lo eI e Lo Wy
Brvcibogeer ty the Sawvad e it r ik Connk tes b D0 et b e G e et
e, atil oo e part s water o wel bt Seearrys patterns o wero 1ol Yot e Ul oowk ooyt

Howlnd Wb s tpanop b osanetor and gt Guo boot b ove Yie i adeel (et L, baed,
! P

Ao e Lar o b best per Texd ol aer s e Ireg ape oY o0 Wer o b, G st e aring da e,
I* w L R e L O I O S 1 I A S PRI S I A N S0 1 IR ST KL S SRR S R
Phwct st oo T el e b e et el pcaten that Carast g b e b b we L Sake g bty
t O S P V51 PR U1 e TE I N ¥ O T T T T S TR RN 1A RIS S BRI v

Moowrs D areat o saterpale Gbaty, 14/4r.

e tar ety ca e o tne irvorne chiopenrad ol ey mate sl for s apat
it troe rre ottt le s aerertanig Yow the Dt s vartab e Wi R R S T SIS
Pt Wl e e clorea e atter oo, [ R T U L S S B B I B N S RN R
et the wand t b abewe e bor deck o celecr o cer e b ey laner w0 1

b Yot e, Do DR S BT S 1A R A T TE S T P TO N S Y B T OO PR

Sasiitii.




Cotrlot Elie nder o AFE

Anvhorace City

(ﬂm Liwits

Figure 17. An Early Fog Seeding Pattemn.

vermit clearing as large an arca as required. The orientation of and spacing between cuccuestive
lunes must ke adjustud for the averaye resultant wing to assure that a wide clear arca 1. creatia
and drifts over the target arsa instead of manv clear lanes which mi1ss the target or do not provide
sutticient clearing in the target area. An example of an  carly airborne seeding tattern 12 g1ven
in Flgure 17 as adapted from AWS Tk 74-247 (Chary, 1974).

In contrast to the dissipation of warn fog, the airtorne dissipation of supercooled foo or
"cold" tog has achieved considerable operational success despite  1ts  expense  ang alroraty
avarlaiility problems due to maintenance Aifticulties in cold operating environnents.  Alrborne
sesdiing with dry-ice pellets had been shown to be etfective in creating holes In gupercocled cloudt:
@40 carly as 1940, In the early 1lv6U's the Alr torce Camiridge Research lLaboratorics  (ArUhklg
cxper Lrentod with a prototype dry-ice pellet dispenser. Contracted dry-ice sceding was used 1n the
wint. r of 1965-66 at talrchila AFB, washington, and resultod in nine launches and !ive tecoverdes
attrihutable to the seeding (Chary, 1974).

In Aujust 1907, AkS wac assigned the mission of cold-fog discipation at tlemenaort Abis, Alasra.
The andertaking becane known a3 kroject COLD COwl and, sincc 1t was the only reasonably proven gt
saltalle tor operational Jse, dry ice was selected tor secding activities. A dry-1ce cruther which
was Capable of producing dry-ice pellets up to 1oon in dlateter was nstallea on g wi-1su tor the
Oucratlon.  Alrporne scedirg patterns consistoed of flve varallel lanes cacn about & avles Tong ano
174 a1le apart and were flown tar enough upwind (around 30 to 45 minutes) to allos the clearing b
e tolly developed as 1t rassod over the runway. Ot the 37 missions flown, 29 suceesotulhy e
trw- target arec and pernittod Ish aireratt takeotts or landings (Chary, 19745,

Sowere run using var tougs operaticnal  technigues and procidares ang

b iitLonal ten

Soeading aterials. Lry wee and silver dodide (uispensad tran modifirea ATG bottlen attuctess oot
sLde of bt arroratt oanead of the paratroop doors) wers found toote the test el aent .
Sucoesaftul srlver-ioalde secding, however, required o temperatuce of =500 o colder Ghary, 1404, 4

In the winter of laho=p3 the sercing pattern was lengthe nod amt widenoad bat the darn - opet s 1
Cotadnedd thos Su. Gperatlonil airborne cold-foy dissipation act vty wan cxtended to barepe a e
Sl et loo uneber Brogect JULEL CRYSTALL e came ope ational sroccdures were dresi o e fert by
1LoEar s that roadd prewved cacoesstaloan Alacke. Although COLL JRYSTAL wa pan oo et by,
Cepor L e atr race roady e of rhe clear nge prexduded s Cperationad asd g cmaer beettopr et

cortineal ot thee winter st 1g/o=7], For the 1971-72 winter, brojects a5l oI o 0 L
KYS oAl wers canb areer ant broopect Ui e A whiich wa terhe b oo cont g ottt 1ot
oS0 w e aad o ot colo=tar dbgaer gl e A Foree baser 1 Adlaske e Baropees The Al
Gt aaw L qreate b o YL Wt someewh ot Bearrai et e g | R T

bl teoab s guer e tengaerat ares sl be Vo averande ol a=tog oecarcenes o bty VG




TABLE 12. SUMMARY OF WC-130 ATRBORNE COLD-FOG SEEDING
RESULTS. o

ATRCRAFT MOVEMENTS PERMITTED BY colD-iir,
_ DISSIPATION EFFOKTS

YEAR PROJECT/LOCATION LANDINGS FARLO G
Y68 COLD COWL/Elmendort AFB G4 vl
FY6H) COLD COWL/Elmendort AFB 180 )
FY70 COLD COWL/Elmendort AFB 120 o
COLD CRYSTAL/Germany 77 77
FY71 COLD COWL/FElmendort AFs 171 ST
COLD CRYSTAL/Germany 50 15
Y72 COLD CLEAR/Alaska 1.7 1.
COLD CLEAR/Europe 15 R
Y73 COLD CLEAR/Alaska 77 40

COLD SIGHT/Germany ) i

In the winter of 1472-73 yet another name change had been om0 1o v o0 . : t
to refer to the Alaskan effort and Project COLL SIGHT to contingenc, weatler mawxiiti g*, - Lt
turope . In Alaska the wWC-13U ailrcratt was used as o backap ¢ L B I R PO
aispenser  network. Alrborne foy seeding was used on S1X Separato ALyt owltlo e o tpe? cL
ot nearly centlnuous sceaing.  Much of the time the tug wae toc than wog .0t . ' e Kot
clearing but the airborne systan was credited with 45 launchws, 7 tewr vt o, oe. o
alverslons during alrkorne sceding operations. Six of the diversion wete ocb=doowh 1t ot poe
carlier than their estimated tine of arrival (ETA) and were unatle to nola tx U 0w e 0,

eroaly, 1973). Since the propane dispenser network installed gt Blee nmoaort we
excellent seeding support the airborne portion of the project was termaratoa 1, i
Furope, wC-1,0 suprort wa: deployeda for keforger 1V operations tat wio ot nes: f
cold (og ald not prove to be 3 significant problan during the exercise, doble Lo o wmaras - i
the results of wC-13U operativnal cold~fog seeding auring the prinary opcrational sears (., Do h
anda Chary, =t al., 1973).

Th. success of  the propane dispenser networks at some of  the daser wltn o ban pats ot
occurrence ot cold fog has el iminated the necessity of maintalining degloyra wWo=13u tor aroripaat oo
arrcraft at those bases.  WC-13u cold-foy discipgation suprort is staill avarlar beoom o contanans,
basis for operations where propanc systoms are not installed and hae boen ot ilizar tor st Teaot o
rajor operation since 1973,

ERLOTRE T A N s MOt oo,

Egqulpfent  regulrea  asoar ! toe alrcratt for cold-fog dizieraa

kesearch, Incorporated Lry Ice Crusher/Uispenser and several uary-ice chiect. to aovdc Cn=boati !
dry-ice storage  (AnS, 19uy). The  ice crusher/disyenser 18 attachea to U cat oo oot e the
Arovnonde systor operator's console.  with the dropsonde dispenscr romovess, the crasiees e, g o
i1spensed theouch the resulting owening in the undersiae of the tuselagpe or, cltornativel,, Ctroag
an open wvaratroop door.  The crucher/dlspenser 10 operated ar necessar, by the drogpsone oy ten
ouerator with "ice chunklng™ ascistance trom ather oeroonne] .,
testoprograns and operational miscions domonstrarved that aarvornse oecarney b e o lea o
could mat rially contriliute to a mors oven ana uranterrapte thow of grroeatt oty gttt oon
loendorf AFb; that dryoce can ot toctively dissipate cupctconled Tog ot b rotare 0wt 4
~6.279C ar tiw surtace, I deck fwner than TOOU=$ct thiack, gl an winn troenger o loowr
that silver-iodide acroseloare as etffective ao dry dee I Fog gt teaoeratare s oL thog = 0
Pt OmienGet 1] tor winaS wWhiich qovern the moveront of the cleal o s b o, e e i
the o cangle wost apeortant factor oan et fective cold-fog diosipet 1on, [ O ST O B R T O ST E R I
fancang troat cloar s too above arrfaeld minumums reguir o about by BINGte b achiens g 3 e o
abesat & carnates gt nght aned that lancs spaced 30u0 feet apart conpleted, ot B Tieng o whitie
oy o winns anoanctab beo Lo rate s i Germany recaltod o Tane Cpteadltin o tach e e
ety rate oot o Tore tharn o ounas e oaatical rtle ot the tog o were foand o st naate foa e ]
L tempserstar o blmernaort dmortly oelow —10P0) wha ke ot ol e sere i b o et
nataeal Tl gt temperat dre egqual to o below =20 and Baevaet e ot ol e o wae
Yormpaer Gt W0 gl In Getaarss {Andy, T90) .
1
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bProcipltation Augmentat 1on

A Great el ot mrr el srnat b rs o)L U e by e [
and elsevhers to exetolse control e owesther ety it ~ ! P o
tls Lnpr
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increasingly aware ot tho atmesphier oo alee 1 Wbt we gt R RN . e
ot osbellite hotogr (1O TSI TS S A AT 1]y IR ' ' [ ' . -
INCTe sl awdreness of the ot tect or Srver weatter o H— . Co
WoL b Creating o Cclbmate AN whoich cons Lot g e Y '
dtmospher 1o research, projects and other ettore-. 0l T W Ca o : b
Saggest o the anrlity o proaucr Jroudb o ext i ! )
othet cevere woather, and to praaae widkeoor e XD G “wnsj 10 e RO - R
weoather ol Leat 1on and "woother wartoare® pond beetoal [T R S U A
bopalar press with the vast cajority b these wiitin: R T S A S P R S
tolatlonshig to meteorolajical fact, ooy, o0 o e,

nost civilian  weather  modification  btort Lan o bee e e IR I

SOl AQUEIVEULYS whICh 1iave DFOoatKe sy v, 10 s : [ P P I .

Most Al torde weather nodification et lorts Loave ceet liectenn b owan L T Do ettt Ay
genetally 4 secomaary 1ot I precipitaticn adpient tgoc I o : ! N
reseatch ettorts, the matn Al FOrCe ehiphasis hon Toon o dowe D g 00, 5 a1 st s af cons 1t
voelatively wroven technigues,

Lt nust e arphacized st the outoot that th jpesct TR N R R A e Podaia

atlitary camuanity i not by any aeans advancarn to
troe a cloudloss sky. IE synobtlc cunalticrns cre SUCh that toe !
mnhiolted (a8 is normally thee case 1n vere Jroughite), then notnan
proedlpltation, Preciidtation onbancstent isoonly bt

[EER SR G Y

siiectyve 1oy
torntng but are not efficiently precipitating (Sax and Crews, luily.

For turposes of weataer wocitication activitleos rnvelving clowt covarms 10 1s o 1ent e
Conslder  Lwo batle types of oparLtion: warsmcloua seeding ane colu=cloar coearng. LOnvest
ciouds which farl to grow above tae 9OC-1sotherm level are clasiit bee al wara cloass. in Losign t st

tatituaes, such clouas seldai vroduce precipitation because they do not achiowve votticient Aeptin o

trovide tice for 3 Droadening of the drop-size spectrum amg thar 101513100 of o f 8 1C1ont Coaloncine .

In theory, placing properly sized hygroscopic Jaterials (such as urea of Soadiar onlor Lae)  1nte tre

auarctt region of the cloud should Wuoten coalescence and xrait preclpdtation. Although consioos -«

SONSBING, ENLA technigue 1s not used for operational applications within the Alr Foree  (Sux i
Creve, 1970,

Cota clouds ate convlacrea to e convective clouds witn to WOV Lo uT=1satte s level s e
approach to seeding cold clouds relics upon converting clowt water frar the metastal e cupercooloa
Liguld stat into the <table 1ce phage.  Ordlnarily, signiticant conversion of superooolod water
aroplets to o 1ce does not occur in the atmosphere at taperatures warier than around —20%C.  towover,
tac adartion of an efficient aucleating agent (such ao cllver loaide) into the clowd's apar aft
Coglon Causen lee—crystal tormation at tenpersturos ac warm oac -49C, becnuse the vapor  prevogrs
ver e 15 bes s than that over wator Gt toe 5aTe Sy cooling tomperatury, any 100 orystals ore
i a mixed-phase clowd will grow taster than the coexisting water droplete,  The recalting Jiowth
oxic to g broadening of  the particulate spectoarn,  inltiation of o the conleoscence orooeon, e
colluidal instability with the onset of  precipltation. This seoding to wroswee collonasd
Instabil ity hoo bteen referred to o as the "static" approach and only requires tho Introguetion «of

satficrent wee=forming nuclei to Initiate coalescence (Sax andg Jress, le7l),

In regrons where gacitime troprcal arr wrovides sufticient solsture tor the tornation of froad,

aeet, supercenolal convect ive clowis  (Cunalun congestus), o "Lynaric" atproach too soealng Nor beeen
toun ! £ te very eftective 1o augienting precibltation.  Proper apped Loaton of the JQynanie ogat o
sutstantially intluences the aynanic growth of the clowd oo well an gt foctang the ey el '
docCooes anside the cloud.  About sU calorics of Pastonal feat are relvadSoed G e onvir et oo '
cvery Jram ob water trozen in the water-to—Ioe CONVEersion Lrocen . vnce o ixed b watut=to— o
clowd Stac b, the direct aeposition of wite v o onto boe=crys tal cnrlaces o avhoes additponal
Herat 1hvg, A sassive  ingection of  1ee nucler may o recolt oan ot totael ancanrt o of bo ol e
fepositional ceat produeed an the conversion procest being lar e cnoutt to greatly ancreane e
Luoyancy  of  the clooa mass and thus prodace enbancos vertical e Dot od olopkient wit!
CroncUn il aove popAtent oocurt ing 1t s weak anversion ot de Loy rgy 1o capp ity noral s loud g owt .
The resalting larger clows macs will o dn theory have o longer Tutet e and b sore et tacnent
S L] prec st atlon troan avallab le morstare o that the resultang ratatall will b cymatieant |,
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O L U PR Aoconvect ve clouds were made at o altrtuaae:r bl s, Lie loet te Y000
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Jeneral urea gl deow and peecipitated inos o canilar wanner; 2 distinctive ditference between soaoed
it e chonag gl ot e redny snweerned trom o atreraft visual observations,

o Vategory Oy Lo showee poor response to seeding, olther displaying negligitle jrowth or
S PpdbP i gttt Soesjlng.
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Atation reconse of the secdad clouds relative to the anocesaeg
¢onot te determinea due to too small g sample o obwitractiat
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mlsslons, nine were category A, 10 were category B, six werc category C (all occurcing 1o toe tirst
wek Of operations), seven were cateqgory U, and three were dnscorea (flares were not oexpendod,  (Sax
and Jress, 1970,

Thee sl ationshiy tetween cloud sceding and actual rainfall was Lrpossibile to determlne gur ey the
CCLL rAIN operation although there is little doubt that the seedingy of suirtan Duparesulea
covective clouds had a protouna eof tect on subseguent cloud development in many car Anatyels of
oo Jull RALN vperation was hanpercad due te the short duration of the project fran o statictical
Cclntall analysis point of view and wo the lack of a2 uense rain-gauge network or 3 calibratea S-tand

rer radar for the operation.  However, of the 25 missions on which tlares were expenaog  and
roddos aerormined, 14 (Tot) gave ovidence ot enranced cloud growth.  Of the £ix nassions where
Lierle o one cloud growth followed sceding, all took place In the first week of operations when
SOVeCTION 1N the target arca was jencrally suppresced ana only gariinally cultasble clouds were
avatlatle tor seeding (Sax and Jress, 1971).

arn

PXpr tience 1n Alr borce cloud-seoding operations loea the Yth weather Keconnal@sance wing 1n lys4
to publish criterla which coula be wsea on vperational sceding missions. Desplte the many varianles

Involveu, 1t was expected that the majority of clouds would respona favoracly to €ccaing if ot
tollowlng criteria were iet:

o The cloud stoula e cunul ttorm with a top—to-bas e depeh of st 1o

st lu,udu e,

t. lThe cload should have grown to at least the —472C 1sothenr level, tre oot whore siiver
Lotwge becomes an eftective lece nucleus.  The cloud should not have jrown past tie =290 1sotiers
Lo , the point at which siluntficant conversion of water to lce begins to occur iy natural

T AN T,

c. The cloud shuula pousess a hard, caaliflower gppearance inaicating o "neacaral o™ filouid
water content ("ameasarable” implies the obscervation of water Impinging on thoe windascreen of o the
alrcratt atrer venetration) and be noa vouthful staeje of 1ts it cycle.

. The dianeter of cach cloua turret to b ceeded choala v ot loast one and o halt niles,

. he cloud tarret shoula wossess a well-dofinea wdratt vegron, a3 Jdeterrined oy airoralt
penetration,

hess critorla woul assure  the axioun posncible  success  in oneratioe ] cloki veding il sact
attompts wore nade,  They were not Intendal to ungly thaet clouds which awl not mect all e o
Criter1a o woula not reswond to seoding (YuwKe, 1u74) .

Froject STORMEURY

The aectroct ve otentlal oF vwen cedatively weak hurnlomees or tybroons 1o soo Parge that the
lovses (oo just one can oe lary: enosuan to determins the cosy or tatlure of o onall o nation':
soomaany and canse onorrous haman satterine. The aver ae »
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Jria trom the eftocts of wn IntonSe hare lcans Sich s s R S G T AP IS R TRY I 4 T3]
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L .on oserentifre ottort to find £ oohnloues for roociad the Inteniity ol cevere troploal oyclones ol
atlegating sact of the safferimg and 1oss they proaac «

ancal  ocortoot arrcane taladr to b

Project ST RDEY rext 1t fornal beganninis oo g joint Departrent of Jonmerce anc b partaent o
fatenie (hav,) project acsinal o toexplors the structure anag vnaiicn ob oty woal o storne ang to
Loreprie thear potentiol tor omodiiication.  FPron the formal ancoption of the progect oantil o 1ves,
S ‘,..lr'l"lfut‘!il 1o supmortive role oy osupplying 3 lumted nanter ot arrcratt tor o Gart icae

Foonn e and 1 tens by Teasaratent, Py septostbeer 1470, Adr borce we ther pecininal
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SOOI OL

Ther STURMFURY o0t hat teen developed tooexplam o process by owhiioh thee o
nurricane can e recdcad tor o oat least o ochort tuwe jarioc (boto la houre;. Thae Nyppotie-c1s Lol
didergone Tocitleations s Tore Gata on toe ettects of hurclcane secdiing ana oo <nowleosge ot ts
stracture of narricanes has Leen obtatnea.  In general, the moid=1970 STGEFLRY Laothe sl wal:

Cdead Tutwata Laws trog roe storn coenter) Lrom the extoonal oaus Of o marare

a Clouds are s
rarr weane eye wall.

oreleanian,

o the suparcecled wator in the seeaoa clowt treczes, latent heat of tusion o
cuoyancy of the upper portion of the clowl Increases, am Increasaos ascent results I increates
Somensotion rates ana cloud growtti,

e sciaded cloud reacr e the outtlow level, providiog o condart foc the éa)or vertl oal o
tranuport atos jaroer radlue.
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data  processing  subsyctem (ADFS)), and the Control-Indicator Grougp (mission controller
console/display subsystem (MCCDS)). A reasonably cauplete list of subsystean components i1: gilven in
Tat.le 13. A very sumplitied block diagram of the AwkS is given in Figure lo (UsAr, 1973).

Most of the system controls and indicating equipment are located at four points in the alrcraft:
on the tlight deck navigator's panel; at the flight deck auxiliary ARWO position; on a larje ARwu
console in the torward cargo compartment; and at a dropsonde system operator's console 1n the Cargo
corpartment near the right paratroop door. The flight deck navigator's panel containe tle
navijation control indicator which rrovides user access to the navigation computer ang the atility to
Tonitoc, insert, update, and display navigation datea froe the navigation subsystem. The wuxiliary
AWO position contains a few backup sensor indicators (such as the SCR-718 radio altimcter) and a
"aedicated" display panel which provides an alphenumeric display of time, pogition, heading, and
altitude information received fran the ADPS.  The cargo campartment AIWG conscle containg controls
tor activating AwRb subsystems, system components in an equimment rack, a kKeyhboara for enter ing
camrands and data, a mediunespeed printer for data output, a dedicated display, a "comrana" aigplay
o which selected alphanumeric data are displayed, a repeater rauar sCcope, an U-l- cancra for
recording radar gresentations, and auxiliary equipment. The dropsonde systan operator's console
contains controls for the vertical profile sensing subsystem, a keyboara for entering contunds and
data, the PRT-5 indicator and shutter controls, the radiosonde recciver, a high-freguenc, radio et
control pancl, other elements of the communication subsystem, and auxiliary cguipment.

The AwRS 1is capable of providing high—guality data at freguent intcrvalse along the aircrate
flight path and has a navigation cavapility that i3 superior to that of the reot of the w=1su
fleet. An inertial navigation systan and Umega navigation systen are usal to provide naviist lanal
accuracies on the order of 2 to 4 AM under jood conditions. ‘'This navigational accuracy 1. ot e
with the abllity to yenerate quality high—density meteorological data ana, 1t the recelving oite b
a radio teletyre capability, to tranasmit the data guickly ang accurately too g S122100 CUtl el .
Agalnst these qualities, the primary drawbacks to the AWKS include tie oxpanse of  procar iy an:
ralntalning  the syster, the awkwardness of an input-output Systesi uSIng o SeQLIT jaee L Cinted
twitlch ray use upwatds of three rolls of paper per migsion), the location of the Ao conecle 15t
Cargo  campartnect  with an inadequate view of the obscrvation arce, and the anctallation of e
ysten aboara a2 linited-range WC-130B. Of these drawbacks, the cost ot the oyrtws generall,
orecludes 1te inctal lation in its current form on the romainder of the WO=130 fliet,

£. ‘lhe Improved weather keconnaissanceﬂ;ysten (IWKS) . The newd  for o Wroving thc cutrent
woather reconnaissance system cepatllity has reen recocnized for many years and the SLortoon s ot
the current "inter im" systom becowe more evident ecach year. In Decoender 147 the Military arlate
Comrand  Lroducal a document which descrifed the weather reconnalssance Cdpat il ity expectod to 1
required in the near future, the shortcomings of the current syster, ang the Capaillltle: reaulr el
of any future system. The improveu system descried in the RUWC 13 gencrally referrea to
Inproved weather keconnaissance System (IWRS) within Alr Force weather reconnalssance activitles.

bhe
Ll

lako 15 =till largely a concent with hardwarc devcelopment and deployment awalting tunding.  fack
b bk fundding in @ viable system form may result in the adapting of new instrupentation to th
current wWC-1sy systom In an attempt to provide some of the capability of a corplete Thk&.  As un
inrication of  sowme of the features of a modular, integrated  IWKS  the  tollowing  list of
Characteristics of the desired systam 1s extracted from the ROC:
(1) /A improvea navigation system.

(2)  Improved win. aetermination.

(3)  Imprevea  flight=livel sencors  for  pore  aceurat: rearur ement  of  metoor oloxgie sl
parametoers,

(4)  The copaiality to detertine vertical wind profiles below t1iht level.,
(o) Autoratic data processing and display.

() [meroved teleconmanicat tons for transmission of o weather  doata.

(7)  Lieproved equipment gaintainability ana reliabality.

(3)  Growti capab.llity.




MAJOR SUBSYSTE

Meteorological Data Converter
Group OU-93/AMQO-32 (FLSS)

Meteoroltogical Data Converter
Group OU-94/AMO=-32 (VPSS)

Navioat ion Computer Set
ANZAYK=12 (NS)

Moteorological Transmitter
firoup OT-72/AMy-32

Data Analysis Central
ANSATE=1T (ADPS)

Control-Tndicator Group
OF=2H0/AMO= 32 (MCEDS)

TABLE 13. COMPONENTS OF THE AN/AMQ-32 ALRBORNE WEATHER RECONNAISSANCE SYSTEM (AWRS).

COMPONENT

Static Pressure sensor

Differential Pressure Sensor

Angle of Attack and Sideslip Scosors

Hyyrometer Control Unit

Hygrometer Sampl ing Pump

Hyprometer Filter Drain

Hygrometer Flow Control

Sipgnal Conditioner Ampliticr

AN/APN=42A Radar Altimcter

PRT-95 Precision Radiation Thermometoer

Linear actuator and Sca-Surtace Temperature Shutter
Control Panel

Probe Heater Controls

AN/AMT =19 Radiosondy

AT=-896/A Antenna

Radiosonde Keveiver

Radiosonde hecoder

MX-9133/AM0)-31 Radiosonde Dispenser
Radiosonde Dispenser Control Pancls

Navization Contrel Indicator
Revelver-Converter Group

CN-1319/A50N-103(V) Inertial Measure Unit
PP=6416/ASN-103 Control=-Power Supply

AN/AYK=6 General Purpase Computer Coavicat ion)
N-1 Compass System

AN/APN-147 Doppler Radar Svstoenm

Inertial Navigation Control Pancl
Antenna-voupler

Liafson Communiciation:s ot

Intercommunications Set

AN/TGC=-29(V) Teletypewriter sSet

'I'SQ—\)J(\') Distributor-Transmitter, Jeletvpesriter
CV=786/TRC-79 Converter-tscillator

ARWO Communications Control Pancl

WO Communications Control Poancl

HET Transfer Control I'mit

Interconnecting Group

Remote Analoc-To=biital Converter

AN/AVK =6 tencral Purposce Compiter

TT=9068/AGC-0 Teletvpewriter Kevhodard-Transuitter
Medium Speed Printer

Paper Storage 'nit

Mavnetic Dape Control Panel

Tape Anftotat fon Switeh Matrix anel

Status Panel

Tivht ing Control Pancl

Power Contral Panel '
Display Freeze Pancl

Display Control anel

Ainnunciator Panel

Command Display

Dedicated Display

AN/APN =598 Radar sSet

=10 Camera Svaton
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The improvement in WC-13U weather reconnalssance eftectiveness resulting from an IWwKS capabiality
would generally match that resulting fram a fleet-wide deployment of an AWKS,

c. Other Improvements. The use of the Hewlett-Packard HF-97 calculator has gyreatly speeded
data reduction aboard the WC-130. Special programs have been developed and have eliminated much of
the paper-ana-pencil effort previously involved in data reduction. As 4 result, more accurate and
timely information can be produced on tropical cyclone and other missions.

e e MCE el i — e

Installation of Q(mega navigation systems on WC-130 aircraft should provide an wmproved
navigational capability. This improveu capability is especially desirable on tropical cyclone
missions and in areas where coverage by other navigational alds is limited or nonexistant.

A wind-sounding capability is the subject of another RUC developed 1n May 1974 by the Military
Airlift Command. The reguirement for such a capatility was luentified as early as March 1952 and
was included in the sensor requirements for the AWRS. The feasibility of operational techniques in
producing wind soundings beneath aircraft has been demonstrated ana developed by scveral agencles in
recent years. The winu-sounding capability proposed in the May 1974 kOC also forms part of the
desired capability of the IWRS. !

Conclusion
A continuing eftort has been made to improve the quality and effectiveness of the Air Force !

weather reconnaissance effort. New concepts for improved systems have been proposed and, 1in the
case of the AWKS, developed to a point just short of installation on the entire WC-13U0 fleet. The

current SEEK CLOUD sensor systems are rapildly aging, no longer in production, and have, in some {
cases, begun to demonstrate unsatisfactory relability in the operational environment. i
Implementation of an advanced system is badly needed at a timc when the data requircments of weather
reconnaissance customers are becaming more stringent. ¥
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Appendix A

SYSTEM SPECIFICATIONS FOR SELECTED METEOROLOGICAL SENSOR SYSTEMS

Barnes Engineering Company PRT-5 Precision Radiation Thermometer

1. Temperature measurement range (QC):
~-30 to +1U (LO)
-10 to +40 (MED)..... (Normally onlty this scale is calibrated for operational use)
+20 to +80 (HI)
2. Accuracy (OCy: 0.5
3. Response (Time constant):
Bandwidth Time Constant
0.3 500 milliseconds
3.0 50 milliseconds
0 5 milliseconds

4. Reference temperature:

450C $1,20C

w

Ambient operating temperatures:
-209C to #40°C
6. Filter band:
9.5 to 11.5 microns
7. Field of view:
2 degrees (nominal)

AN/AMQ- 34 Dew-Point Hygrometer

l. Dew-point range:
-500C to +500C
(The lowest dew point which can be measured is dictated by the ambient temperature at which the
Sensor 1s operating. In general, the system has the capability to measure dew points
corresponding to 11U percent relative humidity at aircraft skin temperature. At an ambient
temperature of +20°C the lowest measurable dew point is approximately -20°C.)

2. Accuracy:
+ U.50C at ambient temperatures above or at 09C
+ 1.U9C at ambient temperatures below (°C

3. Restonse:
The sensor mirror typically cools or heats at a rate of 200C/second at nominal depressions

4. Depression capabillity:

360C at 279%C ambient temperature; depression capabillity drops 19C for each 39C reduction from
279C ambient temperature

5. Kepratability: + 0.5%
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b.

Ambient temperaturs limits:

Control Unit: -20°C to +6U°C
Sensor Unit: -oU0C to +7u°C

13J1A Pressure Transducer

l.

A

AN

The

Amblent temperature range:
-4UOt to +13uOF
Repeeatabinl ity

U.ox tull wale
xecolatron:

[rtanat,

NG e ar 1Y

Dot eale maxagan

- o el hseconas gt 1 psia

AMI=LS radie Lrop sonde

el ght e

4.7 pwnned s

ALNOUE T 10 Teanar ement range:
broveare: 10 to luby mb

Tomgeetatar s +550C ro =852C
kelat pve Hun wdity: 5¢ to luUe

wdd1o transmitter:

kelative Hupwdity Fregquency:  4u2.5 2 1.5 Mhz

Type of Siwanal:  Pulse time modulated

buls: kepetition Froguency: Variable 24Uu Hz to bubu Hz
Battery life:

Approximately 20 minuter

Rate of fall (stabilized) :

4600 feot-per-ninute (average)

mater1al in this appendix has been basod on manutacturer!
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ADPS
ARl
APCRL
AFGANC
At'KES
APV
ALMS
ARE
ARRS
ARWC
ATO
Awks
AWS
AnSPE
CPHC
CKI
X
DoC
EFPHC
[SRE2N
FLSS
FEM
HE

tyg
Iwko
JIwC
LOPs
ma
MAC
MCCLS
MPH

NI SA
NCO
NEC
NHop
O
NOAA
§R
QAT
PMEL
PRF
PicT-5
RrC
RECCG
KR
rms
KOO
233
/1
vk
SCC
Shiy
SILp
S1DE
I'h\S
™R
L
{ISAL
1SN
Vs
WMS;
WG
Wil
Ny
WYy,

GLUSSARY

automat ic data wrocessing subsystem

Air torce Base

Air Force Canbridge Research Laboratories

Air torce Global wWeather Central

Alr Force keserve

Alr torce Western Test kange

aneroid altimeter

atrospher ic research equi,ment

Aerospaca rRescue and Recovery Service

Aer ial Reconnaissance heather Ufficer

assisted take-off

Airborne weatner keconnalssance System

Air Weather Service

AwS Primitive bquation Model

Central Pacific Hurricane Center

cathode ray tube

Depar tment of Commerce

Department of Detense

Eastern Pacific Hurricane (enter

estimated time of arrival

flight-level data sensiny subsystem

feet per minute

high frequency

Mercury

Improved weather Reconnatssance System

Joint Typhoon warning Center

lines~of-position

milliampere

Military Airlite Command

mission controller console/display cubsystan
miles per hour

National Aeronautics and Space Administration
noncommnissioned of ficer

Nativnal Hurricane Center

National Hurricane Cperations Plan

National Meteorological Center

National Cceanic and Atnospheric Administration
navigational subsyston

outside air tomperature

Frocision Measuranent rquioment laloratory
pulse repetition frequency

preclsion radlation thernoneter

resistance capacitance

weather reconnalssanco coxie

Research Flight Facility

root-mean—Squaro

requiral opverational capatiility

rovolut ions par mindte

rece lver/transmitter

Rescue arnd heather keconnatssance Wing

Storm Coordination Cent-:t
Special tquipment i rator
sea-lovel preossare
standard deviation of vrror
true air sixeed

Tropircal Gyclone Flan of tt
Unitoa Btates

tnited States Ay Foroe
nrted Statens Havy
voertical profile sensing sub.oyoten
wor ld Meteorological Grganization
weather Keconnalssoance Groug
weathor Eeconnalasance guadron
WOAC T FOCONMA TGN Wl
Hecannatooanes wWinter Stora
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