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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 then. 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
attempt to introduce individuals newly-arrived in the weather reconnaissance units to some of the
aspects of their new duties, to provide background material for the "customers" of weather
reconnaissance operations, and, hopefully, to encourage interest in obtaining more detailed
information on Air Force weather reconnaissance among potential "customers" and among Air Weather
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 5, 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
of the requirements of a remote sensing meteorology course at Texas A&M University. Submission of
the final draft to HQ AWS and the subsequent reviews by HQ 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
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
the crew of Swan 38, 54th Weather Reconnaissance Squadron, Andersen AFB, Guam.

Capt R. S. Henderson L
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Chapter I

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
b00 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
storms 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-b
Texan t-kiner into the eye of a trooical 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 pioneeriLg efforts have
developed over the years into the tropical 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
worldwide 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 require the sort of detailed
information provided in many of the weather reconnaissance regulations 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.
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Chapter 2

THE WC-130 WEATHER RECONNAISSANCE SYSTEM

General Confiquration 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 VC-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 i-rcraft, 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-1301i and
the difference in their external appearances. Figure 2 shows the instrument layout at the Aerial
Reconnaissanoe 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 ARRO), 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 ccmpartment 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 Meteorologicel System or part of the Vertical Meteorological System. Generally, the
Horizontal Meteorological System consists of the instrumentation and support equipment utilized by
the A1MO 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 NC-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-2b 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 C-130's low operating airspeeds. The
total temperature resistance signal from 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

2
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Pigure 4. Sirrplified AN,/AX-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 muut be fully aspirated to provide reliatle tpeperature indications.
The AN/AWQ-23 is one of the simpler and more reliable meteorological systems aboard the aircraft.

b. AN/AMQ-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 AJO position. System components and their
location in the aircraft are given in Table 1. 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 LN/NkX-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
t~aperature. 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 light
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 ano the power
output circuit.

%ben 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 )n 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
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Figure 5. Simplified AN/AM4,?-34 Block Diagram.

cooling module resulting in a subsequent increase in mirror temperature. This operation is
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, a d 'flST Uid Ui
unmarked 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 'EST mode, it 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 in
Control Condition Meter reading in the upper portion of the scale. Reduction in cooling current
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results in a lower reading. 'liie final indication of the Control Condition Meter with the system In
the OPERATE mode will be in the 0.1- to 0.3-ma range for a small amount of cooling (high relativ
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 0.85 ma tot
a reliable dew-point indication.

The AN/AMQ-34 is a fairly sophisticated system compared to the other : ",w : :
aircraft. The system must be balanced and aspirated to obtain an accurate free-air oew point. The
sampling rate of the AN/AMQ-34 is a compromise between a high rate which results in a rapin response
and a low rate which reduces mirror thermal load and gives a low rate of contaminant buildup on the
mirror surface (EG&C, n.d.). Because of the compromise flow rate, the air sample in th hygrometer
chamber is not fully representative of the ambient conditions at the instantaneous aircraft position
but represents conditions at some point close behind the aircraft on the aircraft flight path. For
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 complexity, 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 13ULA Pressure Transducer System is currently the
primary meteorological altimeter on Air Force WC-13U aircraft. The system is ckgipsed of a
Rosemount 1301A Pressure Transducer and a Newport Labs 20UU-3 Digital Voltmeter with associated
wiring and plumbing to connect the voltmeter to the transducer andi the transducer to the pressur-
source. Controls consist of a switch to provide power to the transducer (H-model only, tnti
transducer is powered whenever the Main AC Bus is powered on L-model aircraft) and a switch which
provides 60 Hz electrical power to systems such as the 2Uuu-3 bigital Voltmeter which require.z bU Hi.
power for normal operation. The "Record Power" switch on the W:-3UL supplies bU Hz power to the-
2000-3 and other equipment on that aircraft.

The 1301A Pressure Transducer contains a capacitive pressure-sensing capsuh Cmpl,,yin a "fre,
edge" diaphragm and generating a variable capacitance value which is proportional to ,'
pressure. The capacitance change with pressure is converted to a high-level DC voltaiq -y siq, I
conditioning circuitry within the transducer. The 2u00-3 voltmeter displays thi, veltaq, in
direct readout of the pressure value in millibars and tenths.

The pressure source for the 1301A is the co-pilot's pitot-static system witS the jres!uur.
transducer tapped into the static port tubing on the aircraft. The flush-mounted stati parts- on
the WC-130 are located low of the fuselage ahead on the propeller warning strife ami are wll witilv.
the boundary layer airflow around the fuselage. The 1301A requires' per iotiic lahoratoty cal itrat i
and system drifts with time are not uncommon. Since the 1301A output is tinperatut. de),n ir.t,
resistive heaters are provided within the transducer to maintain close control of th, trii-atur. ,t
the capacitive capsule and critical circuit components. Insufficient warm-op priot I', la,
failure of the resistive heating elements may produce erroneous readin,:;. F, I th',f
considerable care is exercised during the preflight phase of a mission to issut, 1301A wal-.); .i
to evaluate 1301A readings. The aging, logistically unsupportatle IU0A wi I 1t, repl.i, o t
Garrett Airesearch Digital Pressure Encoder by the end of CY '78.

The drift observed in the readings from meteorological altimeter:i ati ltb ',np.r titiiity of
pressure-height data derived from these altimeters and the absolute altimtrr: I:; th, it p.., 4 a
later section in Chapter 3. Many of the inaccuracies inherent in the sy:ts:, th,(. ',at oW
environment, and the standard used for height data coipar iomn:; can tx, r duced tx et fet ic
historical calibration program as discussed later.

d. AN/APN-42A Radar Altimeter. Two basic quantitiesi are reui ted for hiiifit oi tn, 2

pressure surface and D-value computations over the open ocean: 'he pressu, hv ibht:; of th, !an.iq
platform (or ambient pressure at the sensor platforr altitude which can tm convertNi t- " !tandal i
day pressure height) and the absolute altitude of the sensor plat form abuve th,'a, : facf. In
operational weather reconnaissance, pressure heights are determineo using standaro prs;u,
altimeters set at 29.92 inches of Mercury or by converting the readirg.p frow the 3UIA to o pres:;ui,
height value. Absolute altitudes are obtained trom radar or radio altimtets. 1he prldnai
ntm)rrhlical absolute altimeter on W-13U aircraft is- the AN/AIN-42A Radar Altimete. 11)4
components of the AN/APN-42A and their location in the- aircraft are liven in TaLle I.

The radar altimeter rw,-i rr the dist, . !etwi th, i 'r,0 t anl th, train (or .;J iri f acr,)
below the aircraft by determining the time. delay between tran';mitted |. ilses of radar energy and

- % ' "' ' , ' - '.



their reflected omponents which return to the aircraft. All controls necessary for the operation
of the AN/APN-42A are located on the height indicator at the APAU 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 components are powered but the receiver/transnitter (R/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 height indicator has a circular scale graduated from 0 to I000 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 ao 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 200-feet altitude to preclude damaging the system.
Height indications fran 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
cerpletely rotated with a minor change in altitude, but this condition is not normally a problem
since _%wiputation checks tend to easily show the thousand-foot error in height of standard pressure
surface values.

AN/APN-42A failures tend to attract more attention than failures of other components of the
liorizontal Meteorological System since heights of standard pressure surfaces are key elements in
weather recomwaissance observation and these height values cannot be determined without an absolute
altimeter. WC-130H aircraft currently lack a backup (or secondary) absolute altimeter capability
(for meteorological purposes) above 1500 feet. WC-130E 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-71b 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. KC-13UE aircraft have a secondary absolv, e altimeter
installed at the i AI position on the flight deck. The secondary absolute altimeter is either an

SC-7l1 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 indicator unit at the A.1W 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). Zeroing the altimeter is performeo prior to flight by aligning he "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 50-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 30OU feet in the
"times one" mode may actually represent some value corresponding to a multiple of 500U feet plus
3uuu feet (such as 8000, 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 limits on its use in order to avoid
Lntrftr-rLnr with other radio facilities. The geographic limits are normally waived to a limited
extent for weather reconnaissance operations but may hamper operations within a -,, rta n raji (,!
Eglin AFB, Florida; Thule, Greenland; Clear Mews, Alaska; and within a certain distance from 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-71b.

The SCR-71d and AN/APN-1J3 are normally very reliable instruments but are not considered to be
as accurate as the AN/APN-42A and are more difficult 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



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 I (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 11.5-micron wavelength band with that emitted by an internal, temperature-controlled reference
environment within the optical unit. The electronics unit processes this comparison 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 blad xody 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 bolometer as the radiation detector. The bolameter and the optical elements are mounted
in the tightly controlled temperature-reference cavity within the optical unit.

Operation of the PRI-5 requires that the reference cavity reach and maintain its normal
operating temperature of 45PC. The cavity temperature rises at a rate of approximately lOC per
minute after the PRT-5 is turned on. Approximately 3 minutes are required for warm-up from 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 fuselage.
The shutter-actuating switch is mounted on the switch panel at the AIRO position. The PRT-5 can be
operated over three temperature ranges but normally only the medium range from -100C to +4U

0
C is

calibrated for operational use. A function switch is used to select the operating mode of the PKI-5
(ON, OFF, BATITERY 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 unit which alternately blocks 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 pLoportional to the difference between the
radiation received from the target and its own temperature-controlled environment. The output
signal from 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 postanplifier 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 is a very reliable instrument when properly maintained and calibrated. In operational
use, sea-surface temperatures from 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 solenoid failure or
inability of the solenoid to open the shutter at airspeeds greater than about 135 knots.

g. Secondary Pressure Altimeters. On all W2-130E and H airplanes, secondary pressure altitude
data are obtained from the ,j lot ';AIMS counterdrum-pointer aneroid pressure altimeter set at 29.92
in. Hg. On the specially modified W-13UB AWRS aircraft, a standard MA-l aneroid pressure altuneter
installed at the auxiliary ARKS3 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 ],: resulting trom
hysteresis and friction, temperature, readability, static system leakage, nul i w i I'V, ami the
installation of the altimeters. As with the 1301A, much of the ni.:;ilti, error in computations
using these altimeters cav be reduced by an effective historical correction program. Hysteresi,; and
friction errors in the AIMS altimeter are reduced by a built-in vibrator inside the instrument case
(9W[F, 1975).
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II

h. Hewlett-Packard HP-97 Programmable Calculator. A welcome addition to the Horizontal
Meteorological System 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 fki-lett-pakard 17500A Strip Chart
Recorders were installed at the ANO position during the SEEK CLOUD modification to record the
output of the 1301A, the AN/APN-42A, the dew-point hygrometer, the Total Temperature System, and the
PR'l-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. 1'.vo 611LAs are
located in the overhead equipment rack in the cargo compartment and two in the pedestal beside the
AIW position on the flight deck. The flight deck 6111As 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 611lAs provide DC inputs to the CV-1393/AMQ-19 Synchro Assembly.

The CV-1393/ANQ-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 from the synchro
assembly is offset as necessary by the appropriate flight deck 6111A power supply.

Toe equipment listed in this section thus far is related to the recordinq of various paraneters
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 oLuerational requirement makes it unlikely that many of the recoriers 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 AlIO 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 Meteorolixica1 System

The Vertical Meteorological System is designed to collect pressure, temperature, and relative
riumidity (dow-point depression when cooed in an observation) in a sounding between the aircraft and
the surface. The Vertical Meteorological System consists of the AN/AMQ-29 Dropsonde Data Recording
System, AN/AMT-13 ladio Dropsonde, MX-9133/AlQ-31 Radiosonde Dispenser (and control panel), HP-91U0B
Calculator (replaced by the HP-97 on 92U WRG aircraft), ano 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 report. The AN/AMT-13 Radio Dropsonde is released from the
aircraft and transmits sounding data hack to the aircraft as it falls through the atnxisphere.
Dropsondes are normally released over open ocean areas due to their mass and fall rate.

The Vertical Meteoroloical System installed on the W.-130 was pieced together from usable
components of the AN/AMQ-14 meteorological system. from the WB-47 ard the AN/N4Q-25A meteorological

y-tem from the W-13'YB alorv4 with new Hewlett-Packard systems. The k-1196 sonde receiver from the
AN/AM(.-19 was the departure fivnt from which the current system was pieced toteqether. The C-8804
Power Vertical Subsystem Control Pan-,l came from the AN/AM-2'A. Th result of the piecing together
of new and old components is the AN ANQ-29 Dropsonde Data Recordin System an] the other compnents
of the Vertical Meteorological System. Corrponemits of the Vrt ical Meteorological System and their
functions ar, Iistedi in latl, 2.

'Ifie (Jnitron Frequency onvept,,r i!s n,,t exclu!ively [ort of th, V, rtical Meteorolnqical System.
crmail aircraft power on the mi-I JU is l l,V, 40-Hz AC, and 28tX IX:. 'The Unitron takes normal

i rrcraft 40U-Hz power and converts it t) tt. 1 V, hu-hfz inwer wic irs roquired for the nornal
,)xr.lt lor, of :xnw ,f tho mrwtrnrolryjhral ,y;tvrm, on the aircraft.



TABLE 2. THE WC-130 VERTICAL METEOROLOGICAL SYSTEM.

SUBSYSTEMPOE
SUBSYSTEM COMPONE FUNCTION POWER

COMPONENTS REQUI REMENTS

AN/AMT-l3 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- Provides 115V, 60 Hz power to equip- 115V, 400 tlz
cy Converter ment requiring 60 Hz power for nor-

mal operation.

AT-896 Antenna A quarter-wave stub antenna designed N/A
for operation at a nominal frequency
of 403 M-z. Acts as a receiving sur-
face for the dropsonde signal.

R1196/AMQ-19 Receives the signals transmitted by 115V, 400 itz
Radiosonde the dropsonde. Supplies the signals
Receiver to the recording components and pro-

vides an audio signal for intercom
monitoring at the dropsonde system
operator's console.

C-8804/AMQ-25A Controls on this panel permit ener- 115V, 400 Hz

Power Vertical gizing the equipment, selecting the
Subsystem Con- operating mode, and tuning the 28 VDC

trol Panel receiver when the manual mode is
selected.

Hewlett-Packard Receives and counts electrical events 115V, 400 lHz
5332A Preset and provides output signals to the
Controller/Count- electronic counter when preset val-
er ues are reached.

Hewlett-Packard Makes the time period average meas- 115V, 400 liz
5216A Electronic uremeots and transmits them to the
Counter digital recorder (printer).

Hewlett-Packard Provides a printed record of digital 115V , (1I) liz
562ARCIO Digital input information received from the

Recorder electronic counter. The recorder also
(Printer) converts the digital input to an ana-

log voltagc and oat puts this voltalc
to the strip chart recorder.

Hewlett-Pack;3rd Provides a strip chart record of four I I'A', 6(I 1L'
7128A Strip parameters: pressure, temperatu re,
Chart Recorder relat ive humiditv, and low relrene'.

....



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

SBYTM SUBSYSTEM FUNTIO PoER
SUSSTM COM.PONENTS FUNTIN th) RF.MENTS

Hewlett-Packard Provides a calibration signal to the 11I5V, 400U Hz
3310A Function 7128A strip chart recorder.
Generator

Hewlett-Packard A programmable desk-top calculator 11 5V, 60 lHz
9100B Program- with a simple memory enabling
mable Calculator storage of instruct ions and data for
(See Note) repet it ive operations. Programs -isdr

to reduce data from the %_N/AmT-l3
are recorded oin magnetic cards and
read into the calculator using a
huilt-in magnetic card reader. Use
of the calculator eliminates manyv of
the steps required in manual data
reduction and speeds sounding prep-

aration considerably.

Manual P ressur- Provides a means of cont roll ing; the N /A
ization/Depres- pressurizat ion of the dispenser.
snr izat ion
Control Panel

Dropsonde Storage Provides storage for 15 dropsondes. N/A
B in

NOTE: The' IP-91I00B has been rep~laced by the lHP-97 on 920 WRG aircraft and is expected to
replace the 91lO0B on aircraft in the act ive duty squadron,; as well.



The 7128A Strip Chart Recorder can be used to provide a record of pressure, temperature,
relative humidity, and low reference signals received from 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 1-2 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 ca)n ssors, eacil i. 1
two individually-selected 900-cubic inch spheres; a control panel located on the ARE console; ui
engine bleed air source plumbing, filters, val\rs, and other hardware. The compressors and storage
spheres are mounted in a pressure platform secured to the cargo floor at the forward 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 compartment. Engine bleed air is cooled in the assembly before
being compressed and stored in the storage spheres (AWS, 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 designud to filter slipstream air
throuqh 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-13Ui aircraft are
configured to accept two removable U-1 Foil Assemblies with one mounted on either side of the
forward fuselage.

Each U-I 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. lhe 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 duct. Pressure-sealed panels are provided to cover the
fuselage openings when the U-1 foils are removed (AWS, 1973) (USAF, 19574).

e. 1-2 Foil System. The 1-2 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 SFO 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 valves 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 1-2 Foil System is
located next to the ARE console on the forward right side of the cargo compartment (AS, 1973)
(LISAF, 1974).
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f. Atmospheric Research Equipment (ARE) Console. The ARE console contains controls for the
operation of the sampling systems, the rate-meter systems, an interphone panel with cord, an oxygen
regulator 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 frame on the
console provides storage for 12 1-2 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 cargo compartment
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 Syster
designed to detect and display low intensity radiation levels. Data collected by the B-400A is
recorded on a Rustrak recorder assembly on the ARL console. Monitoring probes are located in the
U-1 and 1-2 foil assemblies.

General Performance Characteristics of the WC-130

The performance of an aircraft is a function of many variales and may even vary among
individual aircraft of the same type and model. Some of the variables which have to be consicierod
in determining aircraft performance include: ambient temperature; aircraft weIight; fuel type,
quantity, and distribution; atmospheric density; length of available runways; aircraft trim;
aircraft configuration (gear up, gear down, flaps, no flaps, etc.); atmosph<iic tur[ulenco;



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 W-130H fuselage fuel tank):

Maximun Cruising Speed 385 MPH (334K)

Normal Cruising Speed 340 MPH (295K)

Initial C-imb Rate (at 155,000 lbs.) 1880 FPM

Range (maximum payload): 2430 miles

Range (maximum fuel and 20,259 lb. payload) 4780 miles

The problemi 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-13u

operations are conducted over a wide range of altitudes from low levels (around 15UO feet and below)

to around 30,000 feet (approximately 300 rb). 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) 190-230

4,780 (850 mrb) 220-240

9,88U0 (700 mb) 200-250

18,290 (500 mb) 260-290

23,570 (400 mb) 270-300

30,070 (300 mb) 270-310

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,

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 spe2cially adapted version of its cargo-hauling
and rescue cousins. The meteorological systems on the WC-130 were installed in W-130B and WC-130L
aircraft after Hurricane Camille devastated the (ulf Coast and represented a reasonable interim
improvement in WC-130 capability while awaiting the development and deployment of an advanced
systen. 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 anco much earlier (the SCR-718 was
in use during World War II) is increasing the difficulty ot providing data of the density and
quality dmanded on many missions. Current systan performance peaked soa tine ago and it is;

uncertain how long that peak performance level can he maintained.
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Chapter 3

UTILIZATION OF THE WC-130 WEATHER RECONNAISSANCE SYSTEM

The central concept 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
government 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 Leconnaissance 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 Comrand
(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 (AWS). 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 41st Rescue and Weather Reconnaissance Wing (41 RWRK)
headquartered at McClellan AFB, California. The 41st has two primary missions: combat rescue and
aerial weather reconnaissance. The 41st also provides a wide range of services ranging frorr
logistic support to isolated sites to atmospheric sampling. The humanitarian goals of the 41st are
reflected in the organization's motto, "Serving Mankind."

Three active duty squadrons provide the weather reconnaissance capability within the 41 WW:
the 54th Weather Reconnaissance Squadron (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-130H aircraft on its primary mission of tropical
cyclone reconnaissance in the Western Pacific Ocean area. The "Typhoon Chasers" of the 54th also,
perform atmospheric sampling and specialized missions in supporting the manned space flight progra-,
atmospheric research programs, and missile research activities.

The 53 wRS operates Lockheed WC-130E and WC-130H aircraft and one specially-moonfied '"-l3uB
(the AWRS aircraft). The "Hurricane Hunters" provide tropical cyclone reconnaissance t,>r 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 government agencies. A limited weather reconnaissance
capability exists in the 55th when augmenting weather personnel from 41 RWRW headquarters or from
AS 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 orqanization
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 baso
organizations or by higher headquarters. Weather reconnaissance in the AFRES is the responsibility
of the 403d Rescue and Reconnaissance Wing (403 RWRW), Selfridge ANG Base, Michigan. The 4U3 I4WW,
which reports to the Fourth Air Force (AFRES), is a parallel organization to the 41 IiWW in the
ARRS.
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The 403 1WRW 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 command 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 AFGCI support missions. The 815th also flies winter storms missions off the U.S. east coast and
other special missions.

c. Air Weather Service (AVS) 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 AiS 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 1977, 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 ERFPi, 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 F&l&i 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
AWS, 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 Procedures

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-13U consists of
two pilots (an Aircraft Commander and a Copilot), a Navigator, an AIW, 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, commands 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 AIRO 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 AIMO for use in observations and works very closely with the A1;O on tropical cyclone and
specialized reconnaissance missions.

The flight engineer is a specially-trained noncommissioned 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-130 operation.

I-%



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 Cables, Florida

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

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

Mather Monitor Det 7, 24WS McClellan Airways

Mather AFB, California

Elmendorf Monitor Det 1, JIWS Elmendor[ Airways
Clmendorf AFB, Alaska

Letterman Det 4, IWW Hickam Airways
Hickam AFB, Hawaii

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

Clark Monitor Det 5, IWW 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 AIUO and the dropsonde system
operator. ARI'Cs are selected from qualified Air Force weather officers and must canplete special
qualification and survival training before assuming duties as a fully qualified AINO. 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 AkO 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 Affa'Cs knowledge of customer requirements, 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 AMC'3 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 tea in accomplishing the mission. Constant crew coordination is required in executing
back-to-back weather reconnaissance missions in a timely, efficient, and effective manner.

Each crew member has duties requiring his particular area of expertise in the ground phase of
the weather reconnaissance operation. AIAOs provide staff weather officer, training, quality
control, and altimetry services in addition to their flying duties. Dropsonde system operators

24



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. Predeoarture 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 customer
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 lDY is involveo, that 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 complex 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.

bien the squadrons 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 accomplished 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 complete 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 systens 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 completing their portion of the preflight, the pilots, navigator, and AMO 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 ad a watch is maintained for other aircraft traffic. Initial
contact is made with a High-Frequency (HF) Aeronautical Station for relaying weather observations
and 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, command 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 from a flight control agency. Obtaining clearances and changing flight plans to adapt the



fliqht profile to mission requirmacmts is accopl isne(d, by the oilots after ooorchnating as ner siar/
with the navigator, AFIWd, and flight engineer. Clearance constraints may make some desirable
aspects of a mission impossible to attain (a flight level or operating area may not be 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, catmiand 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-130Es
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 OMEGA, 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 comnanaer
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 is 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 performea by the AlO or the Al,00 and aircraft conmander.
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
aircraft 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, ar.3 contacting command and control facilities with arrival reports. In most
cases, the A[;'O 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 thf2 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 accomplishing or coordinating
maintenance of the aircraft.

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

II
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e. Variations. All sorts of variations 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 accommodate 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 (9WRM, 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 AlUO.

Elements of the horizontal observation provided by the nagivator include time (which may also be
determined by the AIEO), aircraft position, and most important meteorologically, flight-level wind.
Flight-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 compass system. Using ground speed, drift angle, heading, and TAS, it is possible to compute 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 standaro
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'y
variations due to wter-vapor content in the layer between the aircraft and the standard pressure
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 computing the height
of the standard pressure surface. The same basic process is used in computing sea-level pressur,
except that the geopotential correction is regarded as unnecessary within current accurac.
constraints.

Height of standard pressure surface data are reported when the aircraft meteorological ahsolut(
and pressure altimeter systems are operational and calibrated, the aircraft is over open ocan, 3nd
the aircraft is at or within 1500-pressure feet of a standard pressure surface. Similar ly,
sea-level pressure data are calculated and reported if the aircraft is at or within 150U-a salute
feet of the ocean surface. The 1500-foot limit is considered to be the limit of acceptabl a(caracy
for computational purposes. If the aircraft is not at or within the 1500-foot limit, E-value:; ar(.
computed and reported. Failure of the dew-point hygrometer system does not preclude h(ight of
standard pressure surface computations even though the failure prevents computation of a virtual
temperature. In this case and for the situation in which the air sample is too dry for 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 previou!;ly.
Measured frost points are converted to dew points using a special table before the dow point iF
encoded. Backup temperature information is available from the navigator's Outside Air lemperature
(OAT] gauge but this indicator is seldom used for observational purposes due to its rolative
inaccuracy. The aircraft does not have a backup system for determining dew point.

Sea-surface temperature is obtained from the IRT-5 and in reported when the aircraft i. at w
within 1750-feet absolute altitude of the sea surface. Sea-surface temperature is not te[orted it
the PPT-5 is inoperative or if the sea surface is obscured by meteorological phenomena (gWk, 1975).

Radar data are reported using the aircraft AN/APN-59 Airborne kadar which has an operating wav(
length of 3.2 an. Two plan-position indicator displays are available on scopes at the naviqator';
position and on the pilot's instrument panel. An iso-echo capability ir provided and usafhe ranqi
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for meteorological purposes extend to about 100 or 150 NW. Radar data are encoded by the ARWO and
reported when meteorological returns are present.

Subjective observer inputs to the horizontal observation include clouds, visibility at flight
level, precipitation, turbulence, 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-NM 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 phenomena such as cirrostratus or altostratus shields or banks, heavy
cumulus lines, cumulonimbus or thunderstorms, waterspouts, dust storms or sandstorms, fog or ice
fog, and the bearing from the aircraft with respect to true north where these phenomena 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 (961ov,
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, altocumulus, altostratus, nimbostratus, stratocturulus, stratus or
stratus fractus, cumulus or cumulus fractus, and cumulonirbus. Cloud amounts are reported in octas
for each layer. The flight-condition element is the average cloud condition experienced by the
aircraft in the 30-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 sunmation principle does not apply in determining the flight-condition element of the
observation (AiS, 1977b).

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 WM. These three categories have been found to be adequate for most
weather reconnaissance purposes (9WFM, 1975).

Precipitation is determined from its appearance (on the windshield, against a backgrouno such as
a cowling or wing, or at a distance), duration, and intensity. Precipitation is re[orted in tyjxes
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 turbulencewith subcategories of light chop and moderate chop. Turbulence is estimated using
criteria developed for standard reporting based on aircraft reaction to the turbulence and the
reactions of occupants and objects inside the aircraft (9Wl1, 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 (9WBW, 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 surface is
visible (9WI, 1975). Surface winds may also be reported when the aircraft is operating at higher
altitudes at the A4'Os discretion. Surface wind estimates of both direction and speed have proved
to be quite accurate after some experience is gained by new AIgOs 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 rue ice in clouds and clear ice in precipitation to frost (icing
in clear air). The altitudes of 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.
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Subjective observer inputs to horizontal observations may be amplified by plain-langUage renarks
appended to the observations. Horizontal observations may be encoded in several difl-erent forms
depending on the type and amount of data required by the individual customer. 'Ihe reporting
criteria mentioned in the preceding paragraphis apply to the format used most oft~n in weather
reconnaissance operations: the RECCX) code.

The ;*%2CO code uses 5-digit numerical groups to encode horizontal observation data. The
symbolic form of the REX2CO code is given in Table 4 along with a brief description of the
information coded in each group. The first eight groups of the RECO) observation are mandatory
groups and must be reported for every observation. Groups with indicators from 1 to d 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-surface
temperature data. Plain-language 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.

TIBLE 4. SYMBOLIC FORM 0OLTHE RECCO CODE.
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Vertical Data Collection

Vertical atmosph1eric soundings are obtained below Vk-13U aircraft by releat-inq upecial
radiosondes which transmit temperature, relative humidity, pressure, and reference siqnal diata by
radio back to the aircraft as the radiosonde falls to the surface of the earth. Iit 4 it' r II aued,(
from the aircraft are referred to as "dropsondes' and the encoded soundiryg protlaeo from~ the raw
data is referred to as a "drop." The radiosonde used by W-130 weather rconnaisnsanco linit; it; thO
AN/AM.T-13 hadio Dropsonde.

a. AN/AMT-13__Radio Dropsne The AN/AM~T-l S is an expendahle, ttyI indrical raliotsondt:
(dropsondel which is 18 inches long, 3.S inches in diameter, arvi weighn, 4., fx~no!ut. Thir' A.N 1-l I

transirits temperature, relative htumiity, pressure, high reference siqnals, -ino low relvrence
signals by radio as it falls through the atrmosphere. Dropsondes are releasea from the aircraft
using a dispenser located beside the dropsonde systerm operator's con!;olt' noar the rirqht puarat roop



door. As the dropsonde leaves the aircraft, a small parachute is deployed which stablizes the
instrument in its fall and extends the antenna for the radio transmitter. Radio signals from the
dropsonde are received and interpreted using the other components of the Vertical Meteorological
System.

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 rechargeable lE-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) ranging from 2400 Hz (open space frequency between segments +50 Hz)
to 6050 Hz (high reference signal +100 Hz). The low reference signal has a PRF of 3100 +00 Hz.
PRFs for temperature, relative humidity, and pressure signals are variable and fall between the
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
Temperature
Humidity
Pressure
Temperature
Humidity

Segments are separated by the open space-frequency of 24U0 Hz (Bendix Corporation, 1968). The
signals from the dropsonde are converted by the AN/AM-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 (9WIW,
1975).

In general, the operation of the AN/AM -13 is represented by the block diagram in Figure 9
(Bendix Corporation, 1968). Power from 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 placed
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 ambient

atmospheric conditions change during the fall of the instrument. Two stable resistances are used to

set the time constants for the reference frequencies. 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 402.5-MHz band (Bendix Corporation, 1968).
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The camutator of the dropsonde completes 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
comutator 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 completed 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 illustrates the general form of the code.
More complete information on encoding dropsonde data is given in AWS Regulation 105-25 (A;WS, 1975).
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(apter 4

THE DISSEM1INATION OF WC-130 METEOROLOGICAL DATA,
ITS ACCURACY, AND QUALITY CONTROL

Customers using meteorological data from 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 Disseirination

Dissemination of completed horizontal and vertical observations from the aircraft is normally
made over high-frequency radio through a USAF Aeronautical Station phone patch to a "weather
monitor." 7he weather monitor copies the observation, checks it, and transmits it over teletype
channels. Transmission of the data is made from 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 11 is adapted
from AWSR 105-25 (AWS, 1975), and illustrates the worldwide distribution of the aeronautical
stations.

The LEAF Aeronautical Stations provide the primary means of air/ground communications 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 communications. 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 arid the station nearest the arrival Lise will
be contacted along the last portion of the track. On long reconnaissance tracks contact may be madc-
with several different aeronautical stations and data transmitted by pnone patch to several w*eather
monitors.

radio frequencies available at each USAF Aeronautical Station are listeu in th_ appropriate
USAk/ U SN Flight Information Publication, Enroute Supplement, with the common user high-frequency
radio frequencies tailing within a 2.8- to 23-MHz range. Higher frequencies (from around 13 to 2j
M z) are used during the day and give ranges of from 30u or 50U miles to about 20UU miles. The
ranges associated with higher frequencies become erratic at night and lower frequencies (3 to 9 MlJz)
are normally used and give ranges of 0 to 1000 miles (3 Mlz) or 500 to 200U miles (9 MHz) (AS,
1975). Frequencies from around 8 to 11 MHz are often used during both day and night uependirn oI
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 is particularly huge when propagation
conditions are poor on some of the allotted common user frequencies. 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 message traffic from other aircraft. Discrete -ho.oici's- are usually
necessary for the effective transmission of large volumes of data on tropical cyclone reconnalsarce
missions.

Direct phone patch between the weather reconnaissance aircraft and the weather monitor is the
primary method for relaying weather observations and is 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 is poor then the air/ground
radio operator at the aeronautical station is frequently asked to copy the observation and relay it
by telephone to the weather monitor.

Weather monitors are usually located at a weather facility in close proximity to an aeronautical
station or at a weather facility with efficient telephone links to an aeronautical station. In most
cases, weather monitor functions form only a small part of the overall responsibility of the weatheri
facility. Frequently, in addition to their many other duties, weather monitor duties arc also
performed by behino-the-counter forecasters. Most weather monitors operate on a 24-hour _asis, Lot
reduced manning situations have resulted in less than 24-hour operation at so-e location-.

The timeliness of the data from weather reconnaissance aircraft is critical to it, etectiv(
by tne reconnaissance customer. Many factors affect the timeliness of the data out thu princi;-l
delays are those occurring aboard the aircraft, the delays associated wit, cfnt. t. n ti!

aeronautical station, and the delays resulting from the handling of the oat, L, th, w, .tr m)nitor
and the dedicated weather cormunications systen. The combined effect o -xce:5 i.: a. it thee
points is a seriously degraded weather reconnaissance product andy :'Ja, r- It 01: ut ocr
dissatisfaction with the results of the weather reconnaissance missin.

Delays aboard the aircraft are cue to many different causes'.. Failur, , f th, - 1iA c,,fo, ay
result in delays in preparing atmospheric soundings. Dropsonde lailut iy t -' i- :K 0 1V O , ,
and new computations by both the AlIG and the dropsonde _sytstai per t, . rnm kkt
observations may take several minutes under the pressure of ,ti, ,Irc, :, ;!! ],
weather conditions along the track and within the observation cylimd, t r ) u m , - ,:Ii A !,dny
groups. Checking the observations also causes some ninor d1 , i tr r i, 1!,' , :,.t)-
Delays resulting from radio failure are rare although propagaton ,u ri:t 'e 1; t
transmission. iC-130s carry two high-frequency radios ind non ,1 :. 'ui ,U
the e.ntire mission although in-flight failure of both radios h-:: • n i .i one.

Contactinq the aeronautical station and setting up the j.forn, i, :' -; ,, nt
reason for delayed observation transmission. As riention,i .,ar I i , t i, t 1, 1t t I,
handled by aeronautical stations can he very large ano w_,athe(r r' hr I , 1 , .1
third or fourth in line waiting for phone patches wil, other t; .I I 1 h ow ii 5l

stat ion. Problems with phone patch equipment at th, ac roneut ral , i : I :. " - ,

[AL[yn; occasionally Occur when air/groundy opprator- .,t th, a.,n~ikJt Soul i t I 1i :lI

for rel v? and then become imnrersed in higher priority doti , i 2Ju,'t t. .

uita handl ing by the, weather Txon itor anrr t K- wr ict 0 ,t her elin ir i y, ii,
deIayE. Adverse atmospheric cotdhion: can int,,rt(r' wits fh, hIi t , : 1 o; w ,,



munior has art ticulty copyingj the observation in those cases. Further delay ma~y h<e encoarterno ir
preparing the observation for loinline diss~mination, and even then the nature of the dodicateoi
weather ccimiunication6 systan may :ause delays of several hours to days in providing teletip-
hardcopy to the reconnaissance '. otoirter. Garbling of the! ohoe-rvatiarmo, requires their rutran.-nisur on
whiich also results in sk'am Jelay.

Current nwethods ot data dissemination troT weather reconnaissance aircraft dre ,rr,hjl, fror a
technological viewpoint but are, constrained by economic realities and the ability of weoth~r
reconnaissance cus-tomers to accept some transmission delays and even partial loss while utilizin,
weather reconnaissance data. '1tit, usi oft newr cormun icat ion s methocxbi or thto uti I i zatior Af older
but improved ccoiuiuicat ions systems may become pjssairIc for weather reconnaisasce- forcesf . tnr-
reqNuiremrent for hiubt-density :Ata it rem rote ar .as guts. largjer

roblems in Determniny~t-he Accuracy of 'eather keconnaissanc- Data

Wj~ective appraiSals ot the accuracy of rieteuroloical ciata obraire-c usiNg aircraft 5 ysta.§; ar.
exceptionally hard to raKe fecaust! cf the nature of ov-rationul weatror reconnaiz._ance_. Viea t fic
r "conral canoel operations are routinely concluctEci irto so-called "data-sparse; ares wi w' ere ris, caf-a
consist of s3Atellite phtscgraphs, transient ship reiKrt , and pusilly, on- or ffe-re island weathr
Stat ios. C01ar7 o o n*--aourrei anti couted intrOD Jiperi, ciata frcmTr ~VC-30'- witr corventio'nal
3iPj_ r-air data obtainedx b%- radiosuweO 1 difficult arni u aal , inconclusive Jue tk, tb' irsoss1 il t;,

of -rathin, -lie aircraft ft ight prifl 'r- with that of the~ radiosor, the njf ferr-nt <ithoeds intl n
.omputinq heiuht of .tand3LO pressurt our Ia * dit- th, use )f different scn.,;.,. tr. it iitfercrt

acru. ies, rv tfm_ ec(-oiri constra-ints, of 'pi foirm enoagh. comparisons to r . r itia
-iqnifi..ant result.

Because of the larue vo.Los-e of upper-air Oat- cenratee. byraozsu t

b-one t'-e - oani against wricf much. off the data in w-ather r-cornaisosanc ' urt
, vILcred Mair,_ attempt_- have sootadje to scxtpare data fra' w-.-th(I rewni"a *

r L~ ion, no,, dat., rf th operatino sauadron arc a-othe, l,-vr !s with.ir, th, P. ii M c't I_ . ,'
et for ts have rrovco. inconc u!niv uiar ei the r to lac.k of i-. t,, t!s- -i t mit

pro.'.l~ir- in arteiptinq It c~mparre the data trcxi twiao) widely cif tor-n

Pdrt ot the problem in) ,:oirpar inq wathur recooisFsano - datca wIts,)t aarta Ir z 1. t I fT
... c i,!accusas-ies associated with the standard of crssrison, th.. radliono~nd. In ArS Ib 4
Atkinson (1971) presented. some data relatinq to the, accuracy,' of uipper-air bevarosis .
cnaiter an. analysis in the tropics (Chapter loJ. The root-,lran-souar- (rirs) errors: of radiosono:-
sensors from various Sources WKere Jives, in TiR 240 as:

Temp erature (U.S to l.ooc

Pi esIsure 2 nms (sur facct to tb-nIb)

Iris (above the 50-mr. level,

harriit: 5 (temrperature al)ve 0O)

10ti to 26f (teiiperature unre: u' -

'IhuSt Val~ieS wOEresnj, ee representative. of observations takes under opt imari conditi)ns )ri were
not expected to be obtained routinely it. an opExrational raisoenctwert, F~ ili ot in the
resis~te areas where reconnaissance operations are routinely corisuctris. Atkirrsor. comrputeo, p ofratiL
rs thickness e~rrors and heiqft errors re:sulting from ar rrs teiperatuie errA, of l.uO'. aria an rn
pressure error oif 2.L, irib. Lara extracted from Atkinson's tablec- that appir, to the normal *weather
reconnaissance operating altitudes are (41ven in Taands S (Atkir-son, 1971). Ph: rnetiisds usc t(
cofnpute, toese valujes are- beyond the- s"cope (it this report but at i ampi;, explairnd in I1I. 24c.
Atkinson further considerec the accuracy of oumridity data and th( accuracy rawinosrgak winm;
direction anm speedI.

AWS ' 2401 (Atkinson, 1971) also indicates ome accuracies fo)r weaither r, couraisrcanco Imi(I
gives us-tirrated rips accuracies for temperature, wind, and 1--value observationr: aF-:

'lemprature o

Wind30) and 5 kt for spet
Dopplcr winds

D- va Le 25-30 P, at 3 km, rocr.as ino
to SObhi, at 12 or
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,"ost of the StERK CLOUD sensors were, in limited use around the time of Atkinson's analysis but it is
nct clear whether his values apply to aircraft equipped with those systems. Atkinson indicated rms
temperiture and pressure accuracies for dropsondes to be 1.20 C and 6.0 rb, respectively, at the time
his repsrt was prepared. Relative-humidity accuracies were more uncertain but were indicated to be
at least 16 percent at temperatures above 00C and 15 percent for temperatures between U°C and -200C.
At temperatures below -20°C Atkinson indicated that dropsonde relative-humidity values were
virtually worthtt:ss. fie inoicated, however, that instrument improvements should make temperature
.nd pressure mcre accurate for dropsondes but that relative humidity measurement would continue to
.-e a proulem. Again, it is nnt clear from TR 240 if the current dropsonde (the AN/AM!r-13) was in
use or it the cracies referred to the older AN/A14T-t.

More reo t estimat-5 ,:f the accuracy of radiosonde sensors indicate that the accuracy of
pressure sensor., is arcund 1.5 eb and temperature sensors around 0.20C, a significant increase in
the accuracies over thse r,_port&1 in TR 240. Estimates of height of standard pressure surface
accoracy indicate that accuracies of around 3 to n meters are possible at lower levels (85U to 700
,bi,. I 1-, irmprtant to note that the accuracies reported from various sources have been estimated
usirig dat from tiahtly-controlled test situations and are not representative of the accuracies that
c, tW exp cted from oxrAtional radiosonde networks. Any comparison of weather reconnaissance data
,ith radioonde data fro, an operational network in an effort to determine the relative accuracy of
w',j'her reconnaissance data must, therefore, be regarded with a prudent measure of suspicion.

System Accurc,-iy 1,eterminat ions

A.s a result of concern over reported inconsistencies and apparent errors in aircraft weather
roonnaissance data, a special group was establishod to study and report on the neeo for
S;t3ndardizinq, calibrating, and recalibrating weather reconnaissance instrumentation. lo evaluate
the r_-eonnal:ssnce systems in use ty each weather reconnaissance service, a set of comparison
fliqhts were conducted in which the data froir the various aircraft could be compared against that
from other .jrcraft and between the aircraft involved and radiosondes released at routine intervals
orid at speci-il release times. Comparison data were ccllected on 28 May 1911 with actual flight test
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data recorded between 1202Z and 2125Z. Radiosonde data and station pressure corrected to sea level
at each of the launch times were used as the basis for adjusting the aircraft data to a copon time
(all data) and common altitude (temperature and dew point only) for each set Uf observations.
Radiosonde data were obtained at frequent intervals from Cape Kennedy and at 1400Z, 1700Z, and 2060Z
from Miami, Tampa, and Key West (AWS, 1971).

Aircraft participating in the test included: an AWS WC-135B3; three AWS WC-130Bs; a U.S. t .vy
WF-3A; a U.S. Navy WC-121h; and a Research Fl ight Facility (RFF) Dt-6. The performan,-e
characteristics of the aircraft were different (widely so in the case of the WC-135B) and
necessitated considerable coordination of airspace use near the comparison points. No attempt was
made to 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. This assumption was based on an expected
homogeneous atmosphere withir, the immediate vicinity of the radiosonde observation. The resulting
data indicated that this assumption was reasonably valid for aircraft-to-aircraft comparisons tut
not quite as valid for comparing aircraft horizontal data to radiosonde data (AWS, 1971).

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 NM northwest of St Petersburg,
Florida; within approximately 40 NM south of Ft Myers, Florida; within 2u NM north of Key West,
Florida; and within IU NM south of Biscayne Bay, Florida. Dropsonde data were collected within 5u
tk northeast of Cape Kennedy, Florida; within 30 M northwest of St Petersburg; and within 20 NM
north of Key West. Horizontal data were obtained at altitudes ranging from 1110-pressure feet to
2b9 mb and included the standard 1500-foot, 850-mb, 7U0-nb, 50u-inb, and 300-mit levels. The WP-3A
and DC-6 did not collect data above 500 ib, the NC-121N did not collect data above 700 mb, and tho
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 Wk-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-121N collected two sets (ANS,
1971).

Instrumentation aboard the aircraft, equipment calioration procedures, and computational
procedures were the stanoard in use by each service at the time of the test. the instrumentation or
the WC-I30Bs was newer and the 1301A was not used as a primary meteorological pressure altimeter at
the time of the test.

All aircraft data in the 2b May 1971 test were adjusted to a common intermediate time
(iso ~z :the ic- ivem xtiA ii a_) responiv iim oscr.7t won.-;0 1 'rumr 1):s "61".v-st aj rcraft an,_

iis, list ao ro-r f 1)as ,d _I)n 0 X-t1 1rToftr ti qradi( ot.s 60tOI7led L-rn? t- :,s t riosonv Oat .
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 rauiosonde data to determine comparison data for each set of adjusted aircraft
data.

The lower ranqe values in the computed range of variations were determined by calculating the
smallest difference between parameters recordec at a particular observation location. The upper
ranqe between the extreme values recoroed by the various reconnaissance aircraft was determined by
calculating the arithmetic difference between the highest ard lowest values of each parameter
recorded at a -i: t observation location. Variations of the rms differences between the data
recorded by an individual 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 are
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 aircraft 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 radiosonde data. Explanations offered for the
vatiations in dew point include differential moisture content in the test areas (small patches of
cumulus were present although the overall synoptic situation was relatively stable), observer lack
of familiarity with the instrument (the dew-point hygrometers were newly installed on Wt-I3OBs), and
instrument failure vhich caused one WC-130B to produce faulty data for several observations.
Another vC-130B produced obviously faulty data (dew point higher than ambient temperature) for
several observations before the dew-point hygrometer settled down to produce reasonably valid dat,
(Al"S, 1971).
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All aircraft participating in the test demonstrated an inability to measure IAS any more
accuratel-' tlan -A tsnd this inaccuracy had a ire- LinFluencu on tI adAlit. to tefu'TUili:

winds. The WC-1356 inaccuracy was particularly marked (+8 knots) so that errors in TAS
determination, Doppler radar drift angle and ground-speed determinations, and the uncertainty in t
determining aircraft heading could easily produce the variations observed in the resulting data
(AWS, 1971).

Variations in pressure-hi.ght 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 could 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 tnat
dropsonde temperature variations above 850 mb were within the specifications of the instruments used
(ANAMT-13 by the Air Force, AN/AMT-6 by the Navy, and AN/AMT-3 by the RFF). Dropsonde data at 851
mb arid below showed large variations and the last dropsonde temperature data from the WC-135B were
obviously 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
after 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 is
dependent on "platform data" from the horizontal systems, dropsonde temperatures, and oropsonde dew
points, as well as the pressure data sensed by the instrument. Considering the variations in
aircraft pressure heights, the calculated variations in dropsonde pressure heights from aircraft to
aircraft were small. The erroneous temperature data from the last WC-135B dropsonde were evident in
the variations in all dropsonde pressure height and sea-level pressure determinations. The large
variations in WP-3A dropsonde data are reflected in the large variations of the dropsonde 7UU-mb,
850-mb, 100o-mb, and sea-level pressure calculations for that dropsonde. The DC-6 aropsondes were
extremely old (calibrated in 1953 and 1954) and showed large variations in pressure heights at the
[U00-nO level and in sea-level pressure (AS, 19/1).

The results of the 2b May 1971 tests illustrate the difficulty of making objective comparisons:
of aircraft reconnaissance data against radiosonde ciata. The sensors aboard the WC-lAs wet new at
the tine and some of the variations can he attributed to the normal protlems associate with
learning to use new measuring equipment in any operation. The tests put to rest some of th ol(
questions (althouqh they cannot he re(jarde j as conclusive for the WC-130 fleet suet to improved
sensors and sensor use since 1971), providno some tirst-order approximations to the accuracy )f
weather reconnaissance data, and raised some new questions about the accuracy of weather
reconnaissance sensors and procedures for their us(.

The problem of testing W-13U sensors has always. been constrained by the economic cost of flying
missions dedicated to system. testf- alone and the difficulty of estaflishinq an of I-ctive standarn
to compare the weather reconnaissance data aqainst. 'Ic-st. of most sensor systemr have hal to rely
on data ct a. on operational mis:;ions whit e th,' t,- 'st coentit ion;; wr(. not alway:; as rigorous as
those normally expected in more scientific environment.'.. Neeitfel 'os, in 1971, te.ts, of the ['-I130
dew-point hygrometer were conducted and useod data ottdinI ,s all three. W'-130 s;quadron:. M
takeoff and landing roll of each mission flown over a i-hru)ntf, per too (F,ruary, Mlarch, indt Apri1),
the AI4O obtained a dlew-point readino for cornpar i:An witf th, ,:;, wedfthr stat i,,''w [oint A th-
same tine. five hundredr tourteen aircraft andf t,a, w ,thr "tit IwV (lkil I : t I efe Ived ' ut i sn

the test period. 'lhe range of differenc,% b'tw'.r, alr:traft a111 w.either !;tall, l 1, I l: was! fr-,1
-',.0 to +7.80C. Ihe distribution of the diffr,'' ,: 1: livef. In 'if I, H, 1 41 1 1; tf, l
better than normal althouf- tht. rmv ,iflff,ron of Ith, 14 -- epi is.;.:. w.:



lA B I E 8 . D I S tR I IT IO N )F 1111C 1) N T I.lW I I I Io l

FROM BASE WEATH., STATIONS AND IRON III: AN/A'Q-34

PER(ENT oF ile

COMP'ARISPNS A >.lo[1NT 0)1: _l) 1I RI C!:l:

2 3'
.

62'/ 1.0°C or luss

707 1.5"C or h-s

86Y 2.50(5 or lcs

Dedicated KC-130 test runs were made in 1973 utilizing facilities of the Air Force Western Test
Range (AEWTR) at Vandenberg AFB, California, in an effort to confirm the accuracy of the primary
absolute altinter, the AN/APN-42A. AN/APN42A data were compared against absolute aircraft
altitude data obtained from the AEWTR 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 +U.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
determined accuracy of the AN/APN-42A.

Tests of the other SEEK CLOWD sensors have been made on operational missions to confirm the
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
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. As indicated in the next section, comparisons with
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 surface data. As indicateo in the 2b 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 rdio altimeter and pressure altitude obtained from a standard
pressure altimeter or other pressure-sensing device such as the 13ulA Pressure Transducer. The
procedure used for computations involves coruting a basic D-value (subtracting pressure altitude at
29.92 in. Hg, from absolute altitude), correcting the D-value for geopotential variation in absolute
altitude 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 pressure surface. Sea-level
pressure computations are similar but do not require a geopotential correction.

Height of standard pressure surface computations are only made if the aircraft is within
1500-pressure feet of the standard pressure surface (within 1500-absolute feet for sea-level
pressure computations), due to the assumptions inherent in employing the virtual temleratur(
correction and the cumulative effects of systen errors. The data are calculated by hand (or tur,
recently, by calculator) for each observation, recorded on a worksheet, and encoded in standaro
oLservat ions.

Since the majority of operational meteorological upper-air data is obtained by Lii"Snd,
weather reconnaissance units employ a historical calibration process in an attempt to make v,,dther
reconnaissance data compatible with the standard useo by the rest of the meteorolojical cofurnuty.
The historical calibration process involves collecting aircraft data in clonue proximity to,
radiosonde stations or, in a s)re recent modification of t.h( process, in close proximity t , !;,1,,ct,

J'



calibration points for which AFGXC publishes calibration data based on their analyses of height
fields. Aircraft data are compared with radiosonde or AFIG.C data and a correction is computd<J to,
account for any difference. When a statistically significant number of these corrections has bees
determined, they are averaged to produce an overall "historical correction" for tht. absolute anor
pressure altimeter pair. Published historical corrections are then used in conputir) height of
stanoard pressure surface and sea-level pressure data for individual aircraft on operational

missions.

At first inspection, it would appear that a comprehensive historical correction prrai. wold
provide a bias correction which would eliminate most of the differences between routine upper-air
data and weather reconnaissance data. fstorical corrections do provide a general bias correction
that is useful in most applications of the weather ic I, :ii.- : i; i, c :. , :' I , ,.

correction values are variable over short and long time periods. The variability of the historicjl
corrections is considered to result from several cause, depending upon who does the consider irja ,ni
is subject to controversy in the weather reconnaissance commtunity. 'The most likty ex).laratior i
probably an amalgam resulting from the synthesis of some of the current explanations (none, oft i(.
are pertinent to this discussion beyond noting the .:in' lid of the problem).

Some meteorologists tend to regard upper-air data obtaineo b} radio-ond as sacrosanct ass
abandon a little of their objectivity in the snear joy of having quantity uprxpr-air data availabl,
on a regular basis. While soe iprovement in radiosonde sensors has urdoubtc]di, (xc2,Ato irc,
Atkinson's analysis, it is unlikely that such sensors have acrileved the Kind of ,:cc'uacy tt.0 t
justifies their use as the final arbitor of weather reconnaissance sat, accura,. rr(,ti it]
radiosonde sensors undoubtedly produce some (and mofir y mst) of tt,. var1.it:loris- o'isrvII it, tI
historical corrections of W-13U altimeter systars.

Hfeight of standard pressure surface an sia-level pAs::;ur, can nstat ioo. ipeiio 0, av '.

accuracy of two measured parameters: absolute altitudi ariJ pressur, alt ItL]( (01 a.ilI.I'!it ([._:0 .
Inaccuracies in the two measurements are compounI.he ir, the r e -ul t i ni c,.a,,tat lo .O., 1h' ,
used. Precision Measurement Fquipment tIaborat)r (PIt,>L) cal iirat irs ot the- I ,)lAU Pr(::ur,
'ITansducer support the accuracy ef properly maintain( I i UIA st t.es. f!:t eva iot ion:- I th,
AN/APN-42 support the accuracy of that system ,d, inatall~i ,! thi irIat t . Airci !t
system-produced variations in historical correct ions orta in, in t S hi tot ia I ', lirat ,,T, pr-, ,
must then be due to operator error, errors out to thet pitot-stat i :.yst, installt ioi ,t
meteorological pressure altimeters, to the basic altimintry :r .. : , u:5,; to :, h i.if' f ' a'-
ard pressure surface data, or to undetected sensor errors. &, iri past yar::, t-he, hsu ,t current
efforts to explain the observed variations in historical correct ion value, i o. ti, ocirali
the sensor systrs.

[.ending a final solution to tih problem, the historical calilfration -tt,,,.lre, th,
bcst chance oI making weather reconnaissance he.ght of standard pr,,siur. 5urf ac, int , v i
pressure data compatitle with the, much wmre abunlant radiosonde data. Exce I t01 esifmie: foli
in isolated cases, the variability of historical corrections- rimain!- unit xl ,kin, ;,oIrt i'karlo th,
variations experienced on operations in areas off ts,- Unit(,( ;teo t, thit l , rl,)t 1I1 111-1
operational areas for weather reconnaissance aircraft.

Sources of Error in Weather kecorinaissance Data and Data Qualitv (ontrol

In broad terms, errors in we-athe reconnaissance data reSUIt frit tw, w. ore- : til-1n,)l ,rli
system error. System error is also rogarded at lm'liirii eror,; iniui(, d is sh,. ,lat., 1 , tP u:t
data fra outside sources (such as radiosornti data) us;] in th( hitot .'al -alil tat irn pre .0 .lfl
Huiman error encompasses errors resulting Iron nidireadino insttitlsts:, I',:nal --ulat ittn: , .,o-n ,1 1: Ii
,, ilizirli or employiryg sen:sor sys;teMs. 1he pr imar' f)cu; of the ,!-jility -,ntro: prjtair. k-sr r-rt
in f fect is the reduction of to)th hitzan an u s.,;t en wtriI iit . r v t ,.:.i , r

'he M:-130 meteorolnyidcal systat is atkut as has," .ir: pe'tat inr. ye;t em : ,.5: IJf'cti' .
util izod on most Air F.orce wather reconnais)arc, Jiiesir)n!. Tt,-' ql i t! \.: t ,,h, wilt. it'
mphasis: on operator manual rrouction ot primary 'idta (usiri; l.nAr ii 'u" f.x-r (It csalcil,t ) r) ,

w,.ll-suited to loni missions with ohs,'rvations occurrins it nt.rvl. of jfxut l',is Nt. ' t.,, : tn
i nrot wr'l I-suitot for htgh-ciensity data collection urder ilvt r:; aii t,-ro-li;i-W .'' ' ut i-t i .
o dlrhtions .

Sy;tm errors inclule ,vrrythln,; frol failure. f ,a ls w S '-L . iN ,il',t,.. ,t 1, v,,u-
to, the more, sasic -rror s inherent in the s;ensor ys'/,itAti th ris(,lv,-.. Meihan'iic I pr e:n. i. lit ]i tt I
(aneroid typA'n such is the AIM!; or MA-I) are, :'t to ,as1  typ.,: of itrI. -if t(is. t!' ;ifltc it
Item friction, hysteresis, teirperatlir, , readability, z,.ro-serttinr:, arOJ Ott i : yn tunl',tjt' .1T'h.
1 Olt I: suti,'ct to h st, re is .n: tin , il.ratur,-iiiiiu., ,,rrinr .,lth.r. rl i t - ' yo ur s4!i I am, I

'I; t acvs to I s t;/ ll l ix-tjatpina r , i gJht 1,v-l that ate "i nt ,rmt.i o' " tm, Im, h,alor-|,, I iik,j,



of the aneroid altimeters. The 20UU-3 Digital Voltmeter is also subject to a gradual failure in
readout capability which may remain unnoticed in its early stages but is 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 temperature. For
WC-130 airspeeds, the friction effect is negligible. The AN/AMQ-34 Dew-Point Hygrometer produces
errors resulting from misaligned optical elements or contamination of the rrirror surface and may
indicate a dry atmosphere when the aircraft is flying through a Cloud. The AN/APN-42 -y exhiLit
fluctations of up to 50 to 100 feet before complete loss of reliable altitude indications. frrcr:.
in the final data can result from the use of instrunents under these conditions although most if
theue failures are readilv observed afid Litai rum systevts exhbit, in,; t> s, !,I in Yao ti .L tL L,
iutted from the aircraft.

Human errors are the most detectable errors in weather reconnaisance data. 'I)t W-1 30
meteorological system ii+!uiam a human operator to reduce the raw data to a forn that can; t( coxi",i
and used by the meteorological community. The amount of recording and comrputing thiat is reaqulrei on
many reconnaissance missions can be large at times and requires highly trained arki Cu petnl
personnel. AlRAds and dropsonde system operators receive extensive in-unit training to prepar, tncnr
for their duties and are evaluated and reevaluated as to their aility to pertorm those lutie:
throughout the tlne they are assigned to weather reconnaissance duty. Most ot the hunran trors in
weather reconnaissance data result from inexperience, a situation that is produce( by hig personnel
turnover rates among AR Os and dropsonde system operators ano by a lack of in-oepth o[A-ratloni
training before beginning training in the operational units. Errors attributabe to the hujirr
element affect 5 to 7 percent of the observations in any given month and usually affect jeans% than
I percent of all the encoded groups in the observations for the month. Hiqh-censity regairrent:: 'a
tropical cyclone and special reconnaissance missions usually produce higher rates.

Quality control programs have been designed to identify errors both uring an after uperitional
missions. The primary responsibility for detecting errors duriry, the ,iAssi n rests upon th, mis-sn
A[MO with the dropsode 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 from the aircraft and still provide a timely product. The time available fur
checking observations, however, is a function of the required data density and the amount of tii v

necessary to encode the observations as well as other operational considerations.

The weather monitor shares the responsibilit for checking weather reconnaissance niata durinr
the mission. The effectiveness of the weather monitor's data checkirg is a direct function of the
monitor's familiarity with the data format and his knowledge of the reconnaissance operation. nle
effectiveness of quality control by monitors that frequently handle weather o snu;: mi data is
normally very good.

The post-mission phase of quality controlling weather reconnaissance data focusies, primarily on
the detachment level program. Each unit maintains additional duty quality control officers and tC0s:
to conduct post-mission evaluations of weather reconnaissance data. Errors are identified,
corrected on the mission forms, and brought to the attention of th( A14,iG or dropsond systen
operator involved. The operational result of this phase if the quality control prouram is primarily
educational for the personnel involved so that future errors of the sarme type may fK avoided.

The Imact of Data Accuracy and Reliability on Weather Reconnaissance Customers

Air Force weather reconnaissance forces serve many different customers with widely varyinL oata
requirements. The overall impact of data accuracy is difficult to asses. in an objective fashion
because of the diversity of customer requirements and, quite often, the reluctance_ of operational
users to perform objective evaluations of missions flown in supijxrt of the customer's; requirements.
Fiequently, the reconnaissance customer merely identifies outstandinq or por) mission performance
and does not attempt to provide evaluations of all the missions flown or to orletively asses; th-
impact of data accuracy and availability i the custonmer'a operation. Over the pxr;t 2 or 3 years a
small amount of effort has be2en generated in an attewpt to ot]ectively evaluate th c,,nti ituton
made by the weather reconnaissance force. to the operations o1 variou.: customer: . ,ome of the,
assessments have providrd the basin for planned systen improvement.' or ptox.:,,l, for totally ne%.
wather reconnaissance systemr.
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TkkPICAL CYCLWNL RECONNAISSAf2l. AND. xCGN'NAISSAt ', F-CAt Slit ClkL iUS'l\LkZS

4euthei reconnaissance itissioris are flown for many different military anoC i)OVEACInoer1t aon
ar-iA are widely varied in the requirements for data andA overall conduct of the aission tr St _i1

irisn. Sein missions r(ecu-ire very little acquisition of meteorological Iata anG arv __ or'
scope of this report. Similarly, SOi~le missions provide little data for hig3hly pilt/c -A
Sometime- classifiedj support activities ano are also rit considerec here. 'lypical routini _-,
reconnaissance operations are probably best illustrated by rnn'itth- tropical cyclor i' t

rdminins flown in sea port of AG C, t-act ical support amiss ions, an,' iLat Coas:t winter-st.r 11,1 i]

Tropical Cyclone Re-connaissance

one i)f the Air Force's larj3est continuinq humanitariarn missions involves loco tind, .15]taki~

tropcal cyclones in support of hurricane awi typhoon warning centers. T(he Air forceroii''t
major por tion of the reconnaissance etfort in the Atlantic, Caribbean, Gulf of V-exico , Arid K
Pacific areas ani all of the routine tropical cyclone reconnaissance effort in the- Le'atrl I rti-
v.ostern Pacific areas. fHistorically, the Unitp,; States is the only nation in treio wel to i.r, in
aircraft reconnaissance of tropical cyclones on a routine basis. Aircraft ofoni~o
tropical Cyclones is an expensive unujertakin9j andi one best assumsed by a relatively affluerit rutin.
Wit-h the cutback in weather reconnaissance stren~jth in the ;Western Pacific at least irt ., 0r.
aircratt rconnaissance ,ffort is exp.cte-d to be- asninrs'd by other nationsz hut the ecoroi_ it f J tort
of the smallpr nations borderinj the Caribbean and Gulf of Mexico areasi would probarly luipart or1;
a to,)keni ano l.3roely inadeuato reconnaissance efftort. lhe2 Unit_( States is xz c~ to) crinr t)
proviue as lurde an aircraft reconnaissance effort as is required to provide, offec7tivc tea'
4urning of the, app(.roach of destructive stor.%s.

,it- :10. toinical, cyclone111 n(c-na issanY: rissions I lcy"n1 fo in ational i!lr

(hi' Coalh-tle, lorida i-i the, Atlantic Oo(an, arbanSea, and ho l f of I.: e . '

ca i:rniLni thie Ce-ntral Paci fic flurricaie Cenrter (CIIKP) , lonoloilu I iwa i. iIlT
c 'lon misions ac, fclovji for the Joint '1ijohcn \Wairnmnq Cent. r (h-V1AqC wiiioi-- coo, 1 ,it:!

'1, I- beatlier Centrail, N-iitz Iill, C'utint and is joinitly rrunned U" it rci:,

.r't -Stitt~l(-\WS,1977b) Thoseoncies collect dlata fron weate eona-aat ~
t 'wora's in forucastino tile Tintesity and miavetnient of tropical c'cloncs.

iomcnts on Tropical Cyclone Classification and Structure. NS ',Is 24L, (Atkinson, liii
- rint.m3 ot that the term "tropical cyclone" is interpreted! in variouL way' ,l ttr h
Cs ii.,ItIon of tropical cyclones into catajories by intensity is subject t,) comi ,i 1',
tar tatiun aruuo tha2 world. The U.S. Departslent of Comnerce (197-/), defines a tropical cco
'ILnofr .nrA low pressure systcin of synoptic scale iievelopin3 over tropical or :ut-Ii.lwo~it- rstii
roviiij definite oryanizetd circ2ulation." 'The, National Hurricane Operation Plan (NHi) cinol3if i.-
t rop icalI cyclones into three intensity catetjories:

Il) TRPICAL_DEPRESSiON. A tropical cyclone in 4iich thu maximrum lrust sinc-u': -ic l%' 1i
(I-minute riaan) is 33 knots or less.

(.z) rhOPICAL S'I'Nt'. A wars--core_ tropical cyclone2 in 4iich the maximesaoraito I sw ir it-I

(l-tirinute -mean) raniges fromr 34 to 63 knurn; inclusive.

i) ftli-fUc-XNL /vil'i tyI. f'oamhcor(- tro )ira c'.,clone ill Which tie it~ I.i, 1.I '

siteI Il-:tsatte miD in; (A ki-ats or to'atey." (i)Ac, 1977).

The-c- intensity cateIi i s ar(- ur;nod Iy Air F'orco Weaftier rWinal -an' t, it-! ii I '

-military warnir)3 agqencie-s in boath the Ittlantic arm Paific aryA in tft t 0-I

Me xi I) or or

Th' t 'rtIr, " wartIT-cot - ) t in r Ne tI 1S- 11 it.-ct i n 7ItI" 1) 11t t f, t t ' o lIj1x , t I
cor bum are wairtr-coro I w.ith Tmax itiot win: i near thae rot fa-ce aind fe 'r, i,n I'l f
h"-I ht_ k; tI'- .- rn lIiswn-r tr 1pIJci l cyclin,>. !,vl wat (I- ftpI-i. I
th., cyclonio than in rho ouer ntrtn. Ilt ;,r 1T~ut7 otter f 1, 0 fr trt -Si 1'I"

I- )~f loft-nt hoot )f Clo~rtz;n.iti'o,at li th- wal Ilt ',a in] - i !
l1h-, . ' i of want., Is( rti' t ti, cao o f ntl nh-I--u- t Di n t il i: tilt-1 *'it

urol rii t ir- tL the2 lctw-level air -is it spfirS.- inward Si) f-hal t I' alIti t i co 0011 -It
-I-o i [r r:.:iur, . I c'Ar1[f1-jt-1f [Io int] wit:i th t'1 l , f 1v- li-i:

11 I i -t he -11 . ie1at'r warm-core, ti : o ic i :,clnn-. io- uvt' '1.to !-n jr fac I.I
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Aircraft reconnaissance requirements are normally tasked by the Iropical Cyclone Plan of the Lay
('ICPOD) which specifies the times for vortex fixes, type of pattern, and altitudes for pattern
execution as well as anticipated future requireients. Vortex 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 proviued at hourly intervals as the cyclone moves
onshore.

d. Special Data Reporting. weather reconnaissance data reporting on tropical cyclone missions
involves modified RECCO observations and special observations used to report vortex fix data ana
vortex profile data collected on the radial legs of the flight patterns. RECCO observations
rep orted for flight pattern observation points consist of the mandatory groups, surface wind group,
and 9-group (RECCO Section 1). The first four groups (with a 95s59 indicator as the first group),
groups 6 through b, the surface wind group, and the 9-group (RECCO 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 wtbich are numbered in sequence
with the other observations. Data reported in these observations include:

(1) Time of the vortex fix.

(2) Latitude and longitude of the fix.

(3) Minimum 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-lcvel wind near the center and the bearing and range of that wind from
the center.

(6) inin sea-level pressure.

(7) MaximumT flight-level temperatures inside and outside the eye.

(d) Dew-posit temperature and sea-surface temperature inside the eye.

(9) Tne "character" of the eye and its shape, orientation, and diameter.

(Iu) Csnfirmati,,n of the fix time and coordinates, information on now the fix was mane, ana
it what level the fix was made.

(11) Navigational ano meteoroloqical fix accuracy estimates.

(12) .r@,lihim rcrnrks.

ieta Led Vortx Data Mess ges are prepard and trans~mitte, in an abbreviated form as soon as
:x)ssitl after penetrat ion and are retransmitted later when all the requirea data art availabl
(AwYS, 1 ib

Supfim(-'htary Vortex Data Mess:aqes are used to report vortex profile data accumulated on thi
rudisl l._ of the I I ifht [ottern;. Supplementary Vortex Data Messages are numbered in sequence
,ith o t.,r sFcrvat ions and inc ld(- fata or height of standard pressurc surface (or soa-level
;,rosur ), tempvrat r, and dew imint at eacn of the required 1ata po int'. Contr al *5c, lv. I
p essr -., h ight of t ie wa cloud, t light- level wind ,spon, im, n t face. wi nu ro l,!-o I o1, -;,,
re,)rted wnen Dvailable. Lror.5omnd data (vertical ohservations) arc. numt)ered in sopuonce witt. th,
)tner )iserva t ions on Ni-tfP op, rtina] f r ight patt , ns. 'Ih is procedure i sOmhewhat annu iJal ITi-
ver tic l oI serva t ions. :- rmaly :lat, the sam: number assignedi to the cor resnx)r r I a 'i, TO il
o sF ivation on )t',,r '' p.. of i;i: on.:. hl( t data r qLu I r, ent:; of the ,J']tC f 1 i3fit ,t tr n ',-,mI

to? .rens than thoe;, r, (iurid : , th NOli a trgolil]# the JI'WC does; resu r thO L tal .1 ' .
,: fi9e For vortex f ixes.

e. Investijatlve NI5.r;ion
,  
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of closed cyclonic circulations when rapid development is possible or as necessary to support the
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. 'Iti,.
procedure normally used on investigative missions is to take observations within the suspect rea
and locate winds supporting a cyclonic circulation it 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 watched for and, if found, are used to alter the
rission track to locate other winds which support cyclonic flow. "Closing" tne 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 envirorinent of tropical cyclone reconnaissance, investigative mis ions
frequently are among the most challenging to the skills of the AfMO ad the rest of the aircrew.
Weak pressure gradients, large cal 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). AFG4C frequently requires
upper-air data in quantity in areas where such data are not normally available (so-called "data
sparse" areas) . oeather reconnaissance missions are frequently flown during toe winter months tf,
provide 40-mb and 3UU-mb data in the Gulf of Mexico ad off the Northwestern United States in
support of AFGWC forecasting operations.

A number of special reconnaissance tracks nave been developed ana published for use on AR;WC
support missions. Normal RECCU observation spacing and format are used for most of these missions
with dropsonde data providea as required on the publisheo tracks or thet computer flight plans
produced for the missions.

Most AFUWC support missions in the past 2 years have been flown from joChord AHi, 'ashington by
both active auty and Reserve aircrews. Occasional missions in the Gulf of Mexico arr- also flown by
crews frr, a the squadrons at Keesler AEB. Routine training missions flown in the Gulf of Mexico area
may also satisfy secondary AFHWC requirements wher "hard-tasked" missions art, not levied.

q. Tactical Support Missions (Volant Cross). Weather reconnaissance tactical support missions
can norxally be considered as fallig into one ot two basic categories: pathfinder or scout
cissions and area reconnaissance missions. The customer for tactical support srssions is normally
the weather support function at the highest level of command directly involved in the supported
operation. For pathfinder or scout missions supporting tactical aircraft deployments, the mission
customer is the weather support unit at rajor coMfaru level.

Patht iner or scout weather reconnaissance missions are flown along thn, 1lannea rout, for
tactical aircraft deployments to investigate flight-level winds along the route an weatht
corditions in any refueling or special opeirating areas. Standard RECC obse rvations arc nonmall,
token on these missions and wirn factor data are reported for track segments iyld fr the entire_
track in r3rarks appxended to the RECCU observations. The vast major ity of iAacetime tactical
support missions are of the pathfinder or scout type.

Area reconnalssance missiors ,re flown to support sAcial operations within a sicified at,-a ,I
tactical operations. iht observation format useG May be standard RECC, ot x al izevj req itsn

In connf' tion witO tactical op.*r t 1n05 it is wortf. contierinq that "WC-1A aircraft a undr:
todifiucations of slow t o.xm ,r'm transport or rescue aircraft. The arovfva] uci, ajrcjaft n.
A ,nl1h-tr at onvirorimert i: limriftl unlc.o:: ad ratc escort is pr)Vil(er oI oth(' pr otictiV,- 1Ua:"n ,-
ar1, taken. Also, the, numl)er )f oixrational squadron!- anmi the nulber f wather r ,,cici
airriaft iav,, hbeen rejuc'r ii; tru, :,cil ie, t., the' j)it that op:erational Ht r it ' ccvf t-
rons;idferd in a]l[ottirxj WC-l30 r,rc ,: aarn.;t peac'tino r'qair 'mont. he, (lierinj fi ati A

,c , Suif)[ t fur in; tht tropic ,l cyc Ion, s,,ni:x and oth t pak , )J at 1i1lji p I IXj! 1:

fr, ini. so .jroat that WC-l 3I air-raft ai crow atr not availja i,. ft th, 1 w,.iir .i er it;

T,"I, ; Irvivai il it', of the W(-l is .n i tci' I [r it ' x j nii ,, i in ti isv. ir t I t 5'
c,)rr it i,, .nt t,) hiAh-ri:;k iq li1.: ll A c .(nxA it envI ,rotre t , ;;oI. on l if t, - f I I , : I Ii

I
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thre risks involved versus the necessity (it obtaining wuutfleI reconnaissance data. Ih( -2JOil lil t' I

per tormiNg c(Abat weather reconnaissance ariA otte-l filissions in a ljritvitr-, biO!Jt2 i.,

maintainod by all weather reconnaissancc sjdorofs.

h. East Coast Winter Stctrmi Missions (Volant Coast). Because Ot tn,- tirvoi:t I Ir, it,;

crippliAf-u-nq strsjijtees os fteUnited S;tates, 5xcda-aro~~

maede to provide weather observations for use in providingj forecast-- arol time) 1 w aiin): .u,
onset. IThe National East Coast hinter- Storms Lj*-ration Plan has been developcd Jr tr(

since 1969 to coordinate the use of surface p latformr, aircraft, arY3 satellite utsirvmtlisrif

forecast and warning use and, it practical, to meet the data COOirernent:- of rcrua.: L1iAl iii .
The plan is specifically developedi to cover the time, of year havingj a hijh insidr-n. ,fnJ
storms along tile East Cjust, I 'JNwiber to) 1D April, andl generally conFniuer 1,, p.- ci -
arranem~ents between various agjencs that are necessary in )roviding rg!%cijl wtutl , r ivt*ir
(Doc, 19/b).

Ito 53 WRS and o[D i,,S t rxr Keoc~i -r AFB fly spjc ial lijo;insof othi t !- :3t CiS t ji I

for forecasts arki analyse-s prouucexi by the- National Meteorolog3ical C~it,'t.r (1'IQ-) 11L I')[ J I( f
mcil itary forecast tjc 11ilt ie 'Ihe r,%gui rarents for winter st-sr.. is: ion, o tr,,ik r, t-t1

control piints- iml t ort-s, sp i al otne(-rvat ions or drup&ondt2 reloase- iA int:,, iril utier rrmtIl
,ire speit It-d in al keonnJ iz ance Ivlnts2r Strmr Plan of thte Day (ksSP-'L) LzWci y th, Stir(

Coordinat ion Centr (SCC,) in .uishiflgton L.C. hlorizontal 005er-vat ion: at, tJ'(-il ir :tamik. r-St i

fjrmat at leact every 3o m~iute- wa tna msopom t not. requ irEx) iktw' -r, s-ac:: iv, rlo.r.t i ,i.

Vertic.l (ooservjt ions ar-c iede a ruque :ted in the V-SRAJ) (LXX, 197/).

Area of c.imrern

Areat of Sfc
respronsibility

1'."
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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 (DXC, 1977). A typical reconnaissance track
flown in support of winter storms forecasting is illustrated in Figure lb (DOC, 1977). The
reconnaissance tracks are normally flown from Keesler AFB and may require 11 to 13 hours flying tDTIe
to complete. Because of the adverse weather conditions and the requirement for a relatively hi,4h
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. Atmspheric
sampling and fog dispersal operations have been conducted by weather reconnaissance crews on
missions in various parts of the world.

Many of the missions flown by weather reconnaissance crews are of a sensitive nature and involve
special procedures, techniques, and observations. The range of activity is quite large and involves
considerable variation within the basic concept of aerial weather reconnaissance. 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
customers.

AIR FORCE TRACK GULL/TEAL GOLF 4S "

LOCATION COOR DINA FES ALT _, I/I , ;

CHS 32-54N 80 -02W 19000 Ft I
SMELT 31-59N 77-00W 19000 Ft I
PITMAN 34-15N 73-07W 19000 Ft
BERMAN 36-45N 71-27W 19000 Ft
TP 40-OON 68-00W 19000 Ft
HERIN 42-OON 67-48 W 19000 Ft , \ 'I
ACK 41-17N 70-02W 24000 Ft
H rO 40-55N 72-19W 31000 Ft
TP 39-55N 73-33W 31000 Ft . 400
SLE 39-06N 74-48W 31000 Ft
TP 38-15N 75-35W 31000 Ft
CCV 37-21N 76-00W 31000 Ft
ORF 36-54N 76-12W 31000 Ft
NCA 35-42N 77-26W 31000 Ft
ILM 34-21N 77-52W 31000 Ft
CRY 33-49N 78-43W 31000 Ft
CHS 32-54N 80-02W 31000 Ft

350

GOIF A 1A IF P\ I V
I.nCA JTr-: C ()i 1'. A I F" A I I
(o13(;p L- I 1) A(-K F. -%- 1 f )-I I 0 IF X" f Y I
SM1FI [ 31-r59N 77- 0W O/3f -6--_ -- F

P1IN 3,-IN 73 07W , (W, I 0 0 30"

'11' 4 -0l: * 8 ()W-' I

V ilillt,' if ',Yl. } l 'll ;[1 1 i' 1 t, 1 , r ,t. f I, 1 . l t, 'q , : . , .



Chapter 6

ovEATHEiR MODIF ICATON

"Somneting else teiat appeared in Southeast Asia which no other conbatant ever had in time of war
was the capability to riake it rain. The theory went that if the normal Ionsoon season coald IL0
extended the result~int mu on tne main lines of communication from North Vietnamf through Laos iru
Cambodia into South Vietnam-i-in the general vicinity of the l-b Chi l-linh trail--would measuraly
reduce the tiow of men ano material to the enery. According to the_ Pentagon Papers raintnaking was
course of action first propose] to President Johnson in February 1967 basedi on successfualtet
during 'Operation Pop Eye' in Laos the previous Octobcer. 1iile the procgraIm, came under I ire. t ro
certain segments of Congress, top secret Defense Departmient testimoany r,,ade tbun1 ic in :May 19i4
revealed that A\ir Force W:-laiL~ and kF-4Cs dropp)ing silver iodide during each southwest .omnon fr At

1967 to 1972 increased rainfall by approximately lii percent in certain areas, accurdingj tt in z.
o stroniates, and slowed tee flow of enemy suppl ies. IfiEc feel ing waS, that, at 3 cos t At ,3. bti 11111,T

annually, rainmaking was less costly than the traditional air interdiiction iie'thcws,. 'Are ivqXttn

iL saved lives. It waus maKre humane. Succ:esses witL the orig4inal rainrr~aKirq te t.S in Laois ilrl onei'
Anuerican ambassador to observe that the Uniited States shoulo 'saike_ nL, not war, iJ~tprsoLcod
without the footnotes from Fuller, lvi4).

The capatility to partially nociify atmospheric phenottena has ox i.-wr 1,;ree ~ e~r ii; IAt!.
military aryj civil ian organizations in this country aria elst-whetro. '19.~ )AOft I A- W',Ithe !tid TKIII It li1.
c'opabil ity is a sicalted witLh ennanco.j cunvec-(tive, act iv ity to pr-sct tlose A so ini>; .i ~t.
in order to produce- incroasei visit-ility, for airc:raft ot othe r opteration.>. Air flotce wC-i 3, ji
reconnaissance sjuadro-ns *rintair a weithner mltitinCdL, t111'1  tot cLaI--to ltlt i, ir
lifrted involvetent over the past few years-.

A qjrsoi man,, technrigoec_ havej fi: evl at r tho i-r,,tion.l .I uainn "wair."
fogj and ;t rai sari s-upercoolt c or 'Wol:)d' f co; In Itvr it) 1,- I 3 ins: A t!,( wor I~i fn I t 1;, I I II It

techn icc to r- dio;siio ing togjrA '-. 01"e-. n" o,; i,,,-k it! 31r i, iEI 4 thOr
matner ials wticri increase;(_ cornd;aion .)r tf. ftrirat ioni -) ick Wh; t o i n - js o 0 i I
rt-snilting u~rger droplets or ic,_ cty ,t.I 1% ill a>, -''lIi't 0.

In the, case At s-ujrcoolod f(x3, t, is5-t dr y ici. or Filver-i-tro ,1i t, ii~, ~
04enrs Ion the ability of the!-' agnt, t,) initiat- i hr re riYoi - t.~ 1 Al j r
Il- roco '-n-' i); the- cofxi t-ncrw .t ics crytAjl' am-I ~o~rolrWor lro.l i tv I) .

in tee va..,or ,.r if I: t' ,r tte 'aV(oi 1"-, 1, 1e tot , I!-

5 roW1tI. Odr; g'' ;ri)w ait thx jno I- fo ti o r~t 11<', i tll i O ;ii I
I, 5 r tjl or 'I, *Jk t I 1 1 111 try ' ;r11XIc, 111troj 11 l i -1 1 I
r-,i" ltimtj ti thi- act i''i i onri tS r e1, i r A i c nol-i vic '-Ij1 r irlt , I- t &- If t,

jz i -t ,1 r t~ i r ti, rI i w I I Ari 1''tri, r II t' L itd , I vt'-: I it V -

IIit1 I l ii i -i I 1' I I-i l I t n 1 -~ ' ' i '

-Si'~t 'WI, tI Y.T ~ r n

I , I t' ' ' h ' i it 1.'iil ['.i' I! st 1 t k
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liue17. An Earl',: FUl ik0ed1In Pattrnl.

.*rridt clearing3 as large an area as required. The orientation ,of and spacing~ between c'ouiv,
l ines -mu t bet a(just.W for the average resul tart wina to assure that v wide clear areoa 1- srt -_i
am]9 Jr L fts over the target area instead of many clear lanen, wh ich iss the target or dio rot crJIIId) 0
I5sAf tic I, -t -- lr irnj in the -arget area. An example of an early airborne see,(ding 1dt ter r 1100
in Ei~ur2 D7 as adapted from I\WS Th 74-247 (Chary, 1974).

In contraSt to the dissipation of warn fog, the airtorne djissipation -f s~r~J~
'1Cold" I ix has achieved considerable operational success deF pi te its Qxxpntk arta ir,:r: .I

ava IlI iji I Ity pr (bl ems due to na in tenance Ii f t i cuIt i (- i n :oId ope r ,it i ng eniv ir oi u-r ' t- Al r 1 ) i t
s -4irx; with dry-ice pellets had been shown to be elifective in creatirig holes in csrprcot.Ixi IUI

-1 .-rlIy so194t). In the early l~u 's the Air force Camrryidcge keseat ciLerts it: Pu.i,
e-xper ientmi with a prototype dry-ice pellet dispenser. Contracted dry-ice sueliri -s u i- In t 1.

wt of 19o')-66 at I-airchila AFI), vyashinjtor, and r esultesid in nine launches aso) I I( ,
oittr iIsutabl(e to the seeding (Chary, 1974).

In Au rjus 190, AN'S wa- As:igne oe iss i - n ot cold fo-g diirt a t Llpirtnuai I Af Al
ihfI int1 r ttKirij becatri known a3 I-ruect COLID CUNI. anil, mtc( it wa: thu o nly r r<_ )jd. r 1 ,,o
sritoi lo tar oF> r,,titna.I ue, drCY ice(! was- 3Qeleerd for~~3ii activities.. A r-h JIh I

WdI- Cdjut le of irm tLX~IN dr/-Ice pelle'ts u[, to I oin oI r 61Cttr wai irrstalicc1 ol a -Iv ' II tl
at. rdA or) AIrstij_ F,( sreug ,i trns orslsts oft I iv, a,,11 , Is (ra~n ihoot21Ct 1,I It ir

1 iapart Arxi wor, flo)wi tsi enu~i~h upwind (aroun ! 10 to 4'1 rinute , to ,l thi c, I ii
I rve~i mit 'Ls'i .'e U runway. 01 tl( 31 ii r lw,2) 1 _ I I

ti. tir J' t u , iril 1W.r tit larcrufi take Of ftI )r larklinit. (Chcir1, l'_f41

Ad II t 1 tl ;t,t- VkFi ruLn rcrni3 Val iou: a1 IXrat I, na) tlrl ei 10 1 4 ),' r- II 11t -1 1

.3- 1rig .uter i I . Lry w, ir ;i lvot texidl o rse x Ir(Ai rtr~if ios Nl' I. l it t 1 t -: I I h

it 4 s' ,rsift Ahre-k] 1;f rii,' ;kar-at ro Imr-j we~r, found t, , t .. i n-sr IIr .
buccro.-;fsl ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - !: vrixit r ih~erxurratr~rtr Y 'r ~ * ,1 4

in tI' -fi I Ip,n-wi tI. s-;i j*,tt-in wa!s I-oritlit,' ow n ~-'r' u . 'r

I'~J'Itto : iIe t4xr I, in al airlorneli :a)I-Io-! dIs-sifation act it,~r xr.Ii,] t 1ir '11 1 I ,
I. r r 1r) I- I i .I<,. it; r, , -arre.( Ir, J' I0 ut' 4 - I . 1' 1t :

r ir- ti ,jt 'iix ps. ~I-r';I in %I isk-.. Althfrr~jt ColII, ~5biI ~ rt I t- I
I u-i.1' :~ i-f, .. ' f':' . ri: xtuc,''. (I ? rs 'I itl at- I t .

it] 1111.1 t It vo fi wrnfr I ltr-l 1r iS' l I- i w rrr 110t- 1- 1,1 , 11 11,
Wir -I Wr Aitl P n1' t St 1,; /\r' 'wi I w,, itrit-1 t ItI

.r 1; ;1 1' rr7-1 T- r,,r I r- -I-, 1i j,r i1 [ki 1rr 1.i' 110 1 ;1 -1,~ r

it r a i ' . , .I . ' ~ . r : - . rI i

itIfC t [,;



TABLE 12. SU MRY OF W,- 130 Al RIORIF COLD-Fill;Hi
RESULTS.

Al RCRAFT MOVEMENTS PERM ITTED BY i(I-

_DI SS IPATION UEFFO0R IS

TEAR P' ROJECT_/ LOCATI ON LAS% IN S Al 1K 1

FY68 COLT) COWL/lEimendort I- ,1P"

FY 6) COLD COWL/ElImendo rf1 A!'B 18 1

vY70 COLD COWL/Elmendorf At-'[, 120 1
C;OLI ) C RYST 1A1,/ Ge Oi i Iv 77 7 1

F'Y7 1 COLD COWL/E.lllndlort Al' Il I1
CO 1, 1) CR Y STAL /IG, rmoaIn %,,

FY 72 (COLT) CL1,EA R/AlI As ka 1 7
CO~LD CL 1,Ali/F it op

F'Y 73 COLD C 1.EAK/ A I zi.,k, 771
COLDI) S IIl r/lkn:II

In the winter of l912-73 yet another name chAnget loaId J,.1 ,I
to refer to the Alaskan of tort and Project COLU SIGH)' to cont inqp nc w
lourope. In Alas ka toie "C-1 3D aircrj I t tuse j v; I as ,A akq
I is penser ne twork. Airborne fuay seedling Ias useei on six sa

of ne-arly cocnLnuou sc-eoirrj - Iach ot tke timne the, fig t"
clearirg Itot the airborne syst~m. was crediteo witrl 4 lol) i

s-iversions Jar Ing airiorne seeding opuurations. Six of tI.' 11(/ .141 M I
eirlier than their es~timnate-I time of arrival (FTA) Aal wers, L at I~ , ;0 t ;

't31., 19?3). Since the propane dispensor network intl.iit !I., , ,
excell1ent seedling support the airborne Portion of the project wa' ''I

REiroVe' , vC-I aDb sup or t va: deployed for kefor~jcr IV optjxr t IIofl: tau v:A ,

:old lo ild not prove to hc ai signilicant prolf.1 a. oar irj thi. lxi 1, 11 1 Z. A
t*l r'-1.11 F.. of iC-l JuoOpel at iona 1 cold- fog 1)Wing Or in~j the( pr irT i p" it I t- iS

ono Chary, ,t al ., 1973).

'-,. , J55<55 of theO propane, d isp~nLser networks it F7i: f)1 1 h i As c: I

occ arr ncIs it cold foj has el urinateo the necoe sit Of to intainin tJ, -iI p/i iu I (I 11oi I
oJl raft -it those las. VC-l Ic cold-fogj disi: ipation Fulmoort. '- -til I i ' l i
fCa s for ofer At ion.s where prfalaano- Fys tew:- are not instalI 1w anm hi 1,-nI I i., I/ Ii I t I 1
raier ')pcrat ionros lcf 17..

'xfu 1 Lx.Ce t re Ic A0()cit1 ti, Air -raft for cold-fog ii: 'fS Ni

k-eeArch, IncorVporatedJ L/y Ico Croonle r,'LiS xnsot and _evur al i Y . , I t I i1),):-11)

Jry-ic_ _tirn e (Ai1S, 19t,9) . Thu, ice Aft-I C/dc;hn.' t5 )t , 1I ! !
dir:Iosi~nde, systir oiY',rator's console. A it] toi I S01-0 i. hi~ '-, (I i , I

I .pi-~nf-cml tihrounsFI the rcsoll ,in(; (op n j I I firi t (of hr t I -I I r- , r~ it,t 1 v, V 'A ;

an osAen uaratrolip cloor . 'The ro .hrr l r ti . ~ I , I ,.'

'lra*rwi t- "ice7( chaiij g'a) 5 itlc(- tri AT I t% . n

,et rpratsaril lpe-rstlltftsion,3 ri-im di 11tnit of tht it lit' .''110*

c,)0 1,1 'a t r idl 11Y Ci ntrI-iioutt' F norn , S o 0 I) n] urt I t' t It II J I r ' I It) I I t II
iA,7Kr'K1orf_ AFPI; thit dry is.. canl ofU fet1, i lit sio 'o oe I) it 11 ril It "ri

-i2 C it t h, sir I i , 1,,fik Is, r toI, i j 'Ft t I I( ak , ' il'' p 'I ' I

I I ii F' - i i t, 1 t if i, Si It v; I' (' rii e s I i ii Alt i, ' I t III Ilt-!.'c'

I ry I)I 1TkA I n r t f, ct. )r i niflii f - I It 1 I, I ol 1 t 1 i 1 A ht Ii IT I' '

* r -I)a .t t u ' I[ f *s,- w 1 7 1r

ri i I , , t F, r it it q-I o I 4 - p . ! I I



iteci i~p1tat ion Auult ~ttlol

Ao t tden' of tt h'' I ' tu' 1 :1 1_ :; x':*'. I I

t- O ii to r'xx' t -t' to 11 r

A ,tlf U t' ;It- , 1ttL Tl to '/it i)1ity 4 I I , 'lt

1 11 At i tA

13 t ~ t ~ lct Itter vh t. WoItit-

I t I I a tilla 1/0 I' t It n a m I. A;'
jtilitayp , I,-. aity :I' nupt : it !f w M fl ;~'~ Incf I ' - . 1: 'oi/. I I

,It I tr' - I Veod '-oI t~ ,- JIt '<t(, j1 '1X WI ti t l' , Iti A i' I1-o'1
o-noi ito r I' rxtIr )nal t11, c we It t II ,a Ir I' '0 r. l- AcA

''-ti')ijt os w ti. i f I ill' ! 1h ,0 vi': p A Lr I I,

ft Iw It at.' n ,Iot o I I -I, 1u it, tiy t iX ..t I.' ,

Oi t v A ir . f'o , 1 wfJt' 'her I I Vi t) ln t 0 1 t'-a lv I ''I it it~ A.')i U .. ~
lttiI - , Lc '<lat .. 1do C t In JJ 1 nci' t t 1 a 1ci- t' (t o w f i tt

LI i tf~ 1  ta if tei t~ ioxf Ivf-,-ot Alt'ia ( For CI ripi 1'i -' ii ' ii t
I lat ive '-i'r uof th lu 'inlf' o oi , . -- 11111 ? ~ 'ii 'n'

,It '11, tar C()jLIn ty vhiqL not tt~ya, Un fu ojintittunu t~ ': i A to: ihit tt ti 'V ~

r, 0), a 1 1 . 1,s, lII .tad, ii ' ' Uto 'Ki L I. t ivrr i' , I u'i" t i t I afO' tn I. o'
aI jri t I t o i te i r o li i,, utdh t' -lIII tan k i~n 'tr-u j!, t 1-41 1), t fr 1t) 1i~~ 1!.'- U ,'t'i

I i' ' at n to tntci ittII. I ic. I:. ' 'un iii 'Fti ~ 00 inoit j i jtlt ,tt
atom t; !toit .are ~ not otfoi i rt 10 c t',,I t ii jt tt a ti. iat Ut ''l Iart I.n ii'' I I o1

iOO1) I 'D r a t-, ;, * it ft rc tt ii Ii ut i' r ac t Ivt 1 c - . ilvC111jo _ i1 .I, c'1) it tI 1 l i'1. Illtif

cniA aoe t ix' n-j " 4S - I tl wiil ~i a:t thoto ,r n 1r -t -) tox t -iett; wa) 'ter 'ft , 1 >'t 1 ii alt ti i)~~"t1V

C 1-G11 ;W) I I- 1 11 2 of, the )w :i-)( f on)tti'ul t '''Af It ( I , init 1t tO 1! I i '' I : 4_1 '', :.t''-i. tI
Itf -i It u_ 7l i I in.i thility it- the on e (1 , 1 e 1 i t i on 'Ihi Llim to I o ,IF,) ~ iI If I ,)t' , ti ill
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1111: tots;Mi, nine were catcxjury A, 10) were- catogIy E, six were cattsjary C (al txoccurti irrj 1,,I tto ft i
m-K a t 1tpYrattons) , seven vete cjct,44ory U, a.d three wre ano.cortai Ffaj.~2 -rot *~~r~.J
an: res, 1.971).

'' 1- It;.0I tEe cl oud rc ttO aiiM actual rainfall ;:ioguosLil ' to(,*r tiC's ll it oi
,I tv\IN ie.rat run al thouj the-re islittle dout that the seeW Hfl of tt'1.. ,

cl.J: v Aud.B: 1,, a p.rufoutx if t .in subseojert cloud iIV1ftet, tOIran rnt I y] I f
oI+_-,,L i-AIX cleratlun Wa- ,alnperck Jue to the short duration of the pro tij , fr r uo!o r t-Ittt 1 aCl

I : LI ti.l yLis i X)I tnt o)f vtc (Wa In td ie0i lac k o f aI jun00l ri n-jauij e IitAuarK k r j dl11 t t ., i t tanil
rt fur the uperatton. H tw(ovuf, of the 25 tristouns an w).ic). liar! wer, epXXnwo aI

1It .e tr In) l) (inb') jaV, <v wuen,:_ o nancral cloud jriowtf,. of th i ' tx lr 's ton" w'
titll tts c-l,,w gruti full swil exirj all took place: to toe first wM--K of op'leti'l whif

ini . t Ion to ttx- ta r~ A t2P t rai l~ly supprevouu ant il01 .,,rr;no 13 1',t' le litud': kr
11d:11 ,r ooe ItrKA (S x l; I rt- z;, 19 /I) .I I

tXr I00r t A ir heroc c I Wu-s 'a , tij op-ra t Ions 1 e._ tht tlt. tth Wa re korii t'oc, nl_ 1r! I uj,4
to it ri ter to ,i wh cf. c, -iii he u ,ext an uftrat ronsl seW ir'e miss ru: Ex-1it tj, ttan, a:a

IiA t tD *50 OXlMt r tr o" thlik 1jor ity of cloud:. vxeold r1xu I acoral1 e' t') !l ft
toll Iterij c-r iterita were, met:

Ito, Cloud ort)ultioo!,rtui CA1toi With, a txt)-tc 0 et t lor~ li,,toku I.:t

Thu., cloudl should have Jrownv to it least the. -41C isu)the2rir le-vel, too, x1)i~it: w'i r, IC r
U),101 t tao Q_ Ictt~ n -ffecttice ice riceu0. Th c1 ud ojtld 0 ot have ir ewn iact t h uC ute:
1,'-a the poitnt at v/hich stin if icanit conversiran of wateb-t to ice- 00.3 ncCeer oat aij

C The cud 't~IA elOvnts a hardJ, caul iflownri a'aan 'e to' I(it I l'': m~~ic0 ~-
'va t 'ontent ('%eias arahic e rrnAi ice the' uhuerca~tl tO f 1 ntt- r Iimpi 0n, { i th amse Ien o :fn f t ;e

irt' it t it rat, eun'-trat to.r) ano fe. toil a cutfil :3taqi: tr 1i 1t- y

'iAvt cact, claW s t urrcot to Us eeodti!-, ' t it Ino rI l 'it 1I1

I""1 ld t Irrtet ShOiJ1 Toes *a k II-d(cI to ma ui rt ft t 1 iojr, -iti r itr

'Lo- r it'r t~ M Aul isnar tl. rIaw ijt xtc;I c'ci sj.'t:: )2)5 cilO) if -oA
'II to erits wereY~ cd. Ihay were not in fended to isIMy t hitc 01owi WeC~ it' i Met all1 t, it

oit.t a M I noit ei o o t ot )9v14, ,11/4)

i roje ct z:l arI,&f'khY

I.r . a. a:i~ trouy "0f lart' t oatc t ' ~ s'y I i lt .I ;)n

IfT, -tti , tit (rt- I 4 I-l ii" a-ol wit tc nte 91" "

' i I fr 1' x I)rL i o i Ii tt l ' I t it !, r I i I. . . I' t I I )p1, c 1

ilk' (lie1') 10( feh .. t , I r, i 10.s t ffi1 1 t '" il i i C Ii 0 i J' I t

ilTi in; I-, If 1a i ,ite I1 tri a! s f* ht , rn.,Ie ,(_c ,:

'mn. a,)'i' t Inmi t . xb ie: ttoofot i*t ' "! ') tt 1j A 'i. % t

f'rw1. 1 rztt ml tht tu!iii" fw fi" '[ i IitIo of I :t, 1 r ,tit) 5I

' IT t I,'X: 1# j*' it t tiL) L 'mrl.f'fl i): if tU~ o t t )t.'.r

;fwn , )l f
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tud i lutet Litir .)f. tiix.ao tna r) 1,i.t , t h, ii h ! t x s. K'' - . i

Ii i tiijt LACw t~ (IIw c' ttoi ' _t ri unL L) Iio; i xt -f

t ics 'e4A rc Ir a t i t! 1  R' Ij~ ~i)U, Ifj Itt" , lt, t I( A ~ ii t. )f f je 1 1 <,
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data Processing subsystem (AI[S) ), and the Control-Indicator Group- (mi ss ion controllelrr
consoAle/display SUI)SYStUM (WKCDS) ) . A reasonably caiiplete list of SUbsystelP compojnents is' g iven in
Table 13. A very simplifiedi block diogram of the AINRS is given in igure lo (USAF, Pi-13f.

Most of the systuit controls arxl indicatinoi equiptment are located ait four paints, in the. aircraft:
cn the flight deck navigator's panel; at the flight decK auxiliary A1440 position; on large idf'A
console in the torward cargo ccinpartnnlent; arnd at a drolasorde systeri operator's console- in the cro
ctarPdrtm~rent near the right paratroop dooar. Th ( flight dock navigator'-- panel ontainss tie(
navijation control i-ndicator which provides user access to the navigation catputer 4ry the- ab-ilIity to
mTonito--r, insert, u7:Aate, and di-play na-vigation datoa froiT the navigation subsystem. The ,, I ~ui I Iar;
AIANO position contains a few backup sensor indicators (,such as thie SC[,-7lb radio altiisuter) Linda
"u edicateo" display panel which provides an ai1phan;rumer ic display oif tiine, position, IeWn~n(]
altitud3e information rtceived trar. the ADPS. The cargo cocpartment A14 0 con colt cents in- s:ontr,lc!turc activating AhvRa1 subsystems, systEvi components in an equiwnent rack, a keytoara fe-, -nt-,r iiig
c ,m-mans and data, a mediurr-speea printer for dato output, a dedicated disf-lay, . wTJTrioe ciplay

on, whtich selected alphanumeric data are disiplayes, a repeater rauar seop.- , ani 0-l-, cal-)'rr; fur
recording radar ~resentation.s, arid auxiliary equipment. The dropsorkie systelr ojxerstors cot;sot,,
conta ins controls for the vertical profile se-nsing3 s-ubsys--tem, a keybord for ,trnd Ss
data, rhe LNT-5 indicator and shutter controls, the radiosonde receiver, a high fr"- ciunc, rwrio it
conticol panelI, other elements of the csorun icit ion s ubsystem, and aux ilIiary rqipse~nt.

The AdNRS is capable of providing hiqh-quality data at frequent intervalc alori,- toh,- itc-t itt
fligot Lpath and has a navigation caaiIiythot is super io to that 4 tilr rt-t uA ri.hI 1
fleet. An inertial navigation system aind ulsega navigation s'ystemn are iSo to iOii siu a
accur ucie.c on the order of 2 to 4 N4M under joodi cors-lit ions. '1his naviqa t i,)njA1 cre t

with the ability to generate quality hign--density ;r~teoroloeqica! data mW, it ti,,-~ i i~ i .
a 1 ad io tom Ity' u capabiIi ty, to) transmiit the data quickly anoi acc:urdtol.' to A"C-I T-
Aga iinst thos. q uaIit ies, the pr rsary dra-wbacks, to the NNRS incluoy tie (x)n t i~t 0 i it I a
iLu irots in in j t t( :qy ste-r, the awksoir-lnessof an input--output eyer-l~ tu T"1i ru ti !,I I
,4iich is1 u k. up~wards ol three rollIs of f-upet poar mission) , the location of tht .Av , -i. :

c cgo car or r J ith an irimiequato, view of toe ob:se2rvation or c-,, aro i otf t A I t f
s'y~tt: jraroi a 1 jutee-ronge WC-13013. Gf these drawbacks, the- cost of thry t~ d
)retI Lode! irts inis tLI lot ion in i ts cur roo!t fo rml on thy r cmoinoier o f to' h- 'v - 1i f jtI

t' tIhe Im Lroe lNeather heconnoissance Stel(I AhS( ','he neecd f r it oprviiri,-i, t ii
wc,,ltr r r, conna issance systemi caail i ty has tee-,n recoin izod for toany ye~ - i, ati, - .r-: i ij I
the current "interin' systemfr nec.. -sre evident e2ach year. In txrcettnl-er 19io ti Yiilitur,,ii Iit,

', i roduc d a doc~umenCt 41ttich deUscrib-ed the weather reonun;soc t i r~
r- u ired in the near future, the sndrtcoiTiinys of the current syst--3, am tto cat piai
tf aliy foitr system. TIhe improvee system described in the- kiX is1-1 i rri no
ii t rovefd heNather kReconnaiss-ance- System (I1WRS) within Air Force2 VAather eoni it tI

IA1 i. :t it I I ar,,elIy a cttno,-t witrh hordwa re developmen t and J,,pl oyrrroi ust tit i, uno ilt k
41t~< f ioU I nj in a viable systur, form may resul t in the adopt nj of ne(w ins7t rujitnt at iou to ti
c'urirrt ',41"-l tit in an attempt to -r ovide some of tht caj-ebi I i t\ of A corp i-l l 1hO'. r, ; r

i %Iic~ tea ion of some, of t he feat ar es of a moular , intoqrat io IP t he t oll ,w i ta) I i t ,
eret-r i ,t is f toe dcci red s--yst-em is extracted trtom the kuCE

I ) oni imri ovet nov iqat ion syt em.

s mtprove! Will. oe t'r rinuttior.

.ti mr .v(,u fligjht-I vel -s ic ors for tiore AcUrdt e iii, sot t i 't I t~I

(4) the -- elt iI ity t o tert I n, vetLi cal wiri prof ile I n-I(,Iow fI iIltI leVt-tI

a)AUt etc tic: rfat- ,'ot-i i r-I di spt ax'.

(n) , tir -let t- tot1iuni-cit lot to: f)it fr n.;iicion otf h, r- i.

(i irtprov-ft eKui pttent to mi t, 10011, I i t y onri -e I ilI1ty.

(j)t ;rwtt cputiil ity.

-b"



TABLE 1 3. CII1MIONENTS OF THEi- AN /AMQ-32 AI RBORNE WEATHEDR RFW~NNA ISSANCV S'YSTEM (ARS)

MAJDOR S 111SY S-TI-EM.( COMIONENM1 s

M~torn og ialDat a Conivertor Static Pressure osr

Croup TW-93/,VMQ-32 ('1.55) DifIfOroitt ii P tos;nlrC ,-isot

Angle of At tac-k and S ides lip Sonisnnrs

IlyxgrOliueter C~onItrol li
Hyvgrmeter S amnp ins; Pump

llygrmetr IFil ter Dra in

Hlygrnioeter FlIow ConI t to I
Signal Cnnd it ioito Annplii io

AN/APIN-42A Radar Al t int-r

PDI -n Pir., is ion Rtad joit inn II n'nnntni

Linear Actuaitor amnd SniA-Sart a(c Io-;Ainrallo S~lut t, r
ContIrol l'ono

P robe Heater ControlI-;

'1nt noro'lo; h-al Mlti (:oIver to AN/AMI- L Ridiosmnnd,-

niron p nil-94 lARD-Q1 (Vi'sS) AT-PD bI.- AtI t onno

Rod 1 OSo!Indn S n- j vo ,r

JZaIl i 0 -0 1ILnn )CC t dn Ln-r
'lN-'l M3AMQn- iIlin-nnn !)I ;jnn-nsnr
Rid inn;nnIld Di Cnnnsnrinit-i Pnnm, I

-iel pat 0)11 -nnnn1 ,ntnt Sot Nav i-it inotn lnnittollinjt
A/E-d(NS) ( ccoiver-COncnO trI tot ou

CN -13 19 /.,SN- 13( V) Ih11t Iii I 5; A n 'i t

I'D-t4 I 6/A.-l 0(3 (nit I' I -Pow(-- t ,ypn~ I
GeAk nnenralIn Ptt-- nnnnL1 (';A (i lt i"11)

N-1 iii to- S Se
-XN/AI'\ 1-nd DOpI1Vr R1d.1ir 1 -;t ,-n-n
In-rt iil Nlvi h.itin cnitt rl 1mi-I

.'I't 0o)ro Lo-z i caI Frln-;nti t t eor ,iai ison (i Conmmn i teat Ijon ; Lt
ntiilin OF -72/A\ In,- 12 lIT tonnnnnnn icit in!; Svt

AN/ll;D-2nl(V) In-LtVjnnn-t I t n I t
lSil-3(V) li.st tilnntnnt-Il-n it t cni, %1 Ij
ik'-78(n/TRC-75 Coilifntc-tni; ill it or

AR\ Itt-In T j( A~nnnnnn n t in nl'- tUn Lni I n I L' In
(in olinnnn ini ;It inns- knoit tIno I III n-I

I lI V rim1, c- r Cnit roIl I'I in t

Dbit;. An'l yis nointin liti 11)tnrniillnnt iii. 1 I.

A'; ;w.\ ,- 1 1 m'Is, I'm-:nnnln A 11. 11 - 1n--ti i t;IlI Colnnic -t -
\t/AYnE-1 -:-nn--I Inn, I~- I1 in: 1 .1) V
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The improvement in W-13U weather reconnaissance eftectivenesi3 resultinq from an lBPk capaLility
would generally match that resulting fran a fleet-wide deployment of an AWHS.

c. Other Improvements. The use of the Hewlett-Packard h1-97 calculator has jreatly speeded
data reduction aboard the WC-130. Special program.; have been developer] and have eli minateo much of
the paper-and-pencil effort previously involved in data reduction. A a result, more accurate and
tLely information can be produced on tropical cyclone and other missions3.

Installation of (hega navigation systems un WC-13U aircraft should provide an improved
navigational capability. This improvec capability is especially desirable on tropical cyclone
fissions and in areas where coverage by other navigational aius is liriteeJ or nonexistant.

A wind-sounding capability is the subject of another RoC developei in May 1974 by the Military
Airlift Command. The requirement for such a capability was iuentitiee as early as March 192 and
was included in the sensor requirements for the AWRS. The feasibility of operational techniques in
producing wind soundings beneath aircraft has been demonstrated ant developed by several agencies in
recent years. The wina-sounding capability proposed in the May 1974 W(C also forms part of the
desired capability of the IWRS.

Conclusion

A continuing effort 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, in the
case of the AWRS, developed to a point just short of installation on the entire W-13U fleet. The
current SEEK CLOUD sensor systems are rapidly aging, no longer in production, and have, in some
cases, begun to demonstrate unsatisfactory relability in the operational environment.
implementation of an advanced system is badly needed at a time when the data requircents of weather
reconnaissance customers are becming more stringent.

6,8
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Appendix A

SYSTEM SPECIFICATIONS FOR SELECTED METEOROLOGICAL SENSOR SYSTEMS

Barnes Engineering Company PRT-5 Precision Radiation Thermometer

I. Temperature measurement range (GC :

-30 to +10 (LO)

-10 to +40 (MED) ..... (Normally only this scale is calibrated for operational use)

+20 to +80 (HI)

2. Accuracy (
0
c): 0.5

3. Response (Time constant):

Bandwidth Time Constant

0.3 500 milliseconds
3.0 50 milliseconds

30 5 milliseconds

4. Reference temperature:

45
0

C ±I/2 0 C

5. Ambient operating temperatures:

-2u
0
C to +40

0
C

6. Filter band:

9.5 to 11.5 microns

7. Field of view:

2 degrees (nominal)

AN/AMA,)-34 Dew-Point Hygrometer

1. Dew-point range:

-5_0C to +5uoC

(The lowest dew point which can be measured is dictated by the ambient temperature at which the,
sensor is operating. In general, the system has the capability to measure (Jew pointn
corresponding to I percent relative humidity at aircraft skin temperature. At an ambiont
temperature of +20

0
C the lowest measurable dew point is approximately -20

0
C.)

2. Accuracy:

+ 0.5oC at ambient temoeratures above or at 0oC

+ 1.U
0
C at ambient temperatures below 0°C

3. Resionse:

"lti sensr mirror typic'ally cxls or heat ; at a ratc of 2°C,/srcond at norma3al depr[e f!; i)rlf;

4. Dejpression capability:

3b
0
C at 27o

0
C ambient tenperature; depression capability di ape l(' tor eajch 3')(" ro(duct i ni lrm

27oC ambient temperature

5. kepeatatility: + U.5
0

t"
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b. Ambient teinjxrature2 limits:

Control Unit: -2u0C to +bu0C

Sensor Unit: -uU 0 C to +7UOC

1UlA Pressurt transducer

1. Pnbint tvrnjerotorc ranyce:

-4u0F to *13uD

:T I Ii I00010

A ,i i oh-~ 'roxuxoo

it-: 1IU1to J60 FItl' ii

Tpe tof it al til tai k moulte

Pi ketiv hut iio ty:ULtny to ia~c louli ot~-u 1

4. Battery life:

Apprniximat' 1i 20 miniute:,

5.Rate )f fill (stab iizrot :

460u fer-ja-pr-nainote (ajvern4qe)

The ot or not in this append ix has- Leer hor oI(n ranaL~icirr ' : et n;



A D ." autciriit ic data procerssirrj subsystemp
AH3 Air Fo-rcu Base:
Ai~id. Air Force, Camrritidde Research- Eabordtor Los
APG4C Air Force Global 4-atthr Centiil
AFElqS Air Force Reserve
At W11 Air Force lJeste-r n 'rest kortie
A IVS aneroid altimeter
AbC atoospber ic rese(arch equigient
AslIS6 Aerospac2 P4esc~xi and Recovery Service-
AiUG' Aerial Reconnaissanc,- e iatrer UffIicer
Ail) assisted take-of-f
AisRS Airborne NVeotner Reconnaissance* Sy:ctiCT
AMZ Air Weather Service
Ak6PE MS Primitive L -uation Nedel
C PFC Central Pacific Hurricane Center
CMI cathode ray tube2
LkJC Departmnent of Commierce
WkL Departmnent of tefense
r:Pl Eastern Pacific Hurricane (-enter
LIA estimated time of arrival
Ff55 fli eht-level data sensirtj sulbsysretn

FPM ~ feet pk-r -iinutc
HF hiqh frequency

Mercury
In-pro)ved, ;\eother Reconna r:Crance Systmn

J'1WJoint Typhoon Wamning Center
[C)Ps 1 ines-of-pos it ion
ma m i 1iairjxr e

MAC Military Airlift Cenirano
MCCUS ilission controller consolto,'dislay !.uisyEto

NtSA National Aer.-nautics arial S'pace Admini 'troit in
WOt noncormnissioned of f icer
NRCi( Nat jural Hlur ricane Center
Miil Ntional Hur ricane- p4erat ions Plan
tNMC Nation,:,l Metoorlolical Center-
titAA Nat inal ocoanic and Atj1;.r(rspe c Adiiiistrat ion

Nbnavigjational sLrtsysti.
CAT ojt',ide air temnuroture
PMEL Pr t ision FMearurmrient bju iATerit 1.01lr tory

1PRE pulse repetition frequency
Pk'F-5 proc ,ron rdu iati em therrowet c-

RC restanco capacitMnte
Rkl'U)w jth(r ret onna i.at a'n..'
kFF Rr tarur Fliqhlt I-ot irty

rms F ruot-e in-su
RLC requirol oper-it tonal caaki lity'
kPM revolut in~- p rr -idit-
R/'I re(ceivr /tran, Ifittr,

SCCStorm tonriirit ion Cent-t
S LU ~Special t-k]li ;Miort A'rt4

Slt IfS t -jn Iar, I dev i.,t i on of ir! o i
L'AS tr(x' air ,:: 'k

[A141 '1ripicalI t'ytlone 11 11 of rh Mv

w?~1r WorldI Mi-t-rr 1 inal irqani /itien

.~nWt- Neit hr Peconria i.ic Grotip
,Nk" ;-,jth*r R'r'hmnn~:7II cran: Sqiia~lr ri
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