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FOREWORD

This volume contains the reports of the Airborne
Severe Storm Surveillance Summer Study working panels.
These reports represent more detailed discussions in sup-
port of both their findings and their recommendations. The
panels were made up principally of full-time participants.
Three panels enjoyed the support of a part-time member,
The affiliations and full addresses of all panel members

can be found in Appendix I of Volume I, page 43.
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I. SUMMARY

A, Background

The Department of Commerce (DoC) holds the statutory responsibility for providing
warnings of severe weather to the general public of the United States. As used in this paper,
severe weather is defined as the results of (1) tropical hurricanes or storms, and (2) East
Coast winter snow storms, As an essential source of data for the preparation of these warn-
ings, the DoC has requested aircraft weather reconnaissance from the Air Force and Navy,
elements of the Department of Defense (DoD). This use of operational military and naval air-
craft began in the World War II period and is soundly rooted in economics and logic, It is ex-
tremely costly to purchase, maintain, and operate an extensive fleet of operational aircraft
dedicated solely to the reconnaissance role, and the necessary aircraft, crews, and facilities
are already in existence within the DoD,

As a corollary, however, it would also be illogical for DoD aircraft to be assigned to a
permanent research role, in which flight schedules vacillate with research requirements, air-
craft configurations are subject to modification as new instruments are installed to measure
various parameters, and where the civil (research) interest is dominant, Hence, the DoC
possesses a much smaller number of aircraft to meet the research requirements of the nation,

The years have thus seen the evolvement of a DoD capability for airborne operational
reconnaissance missions and a parallel but nonduplicatory emergence of a limited DoC fleet
intended for research purposes. Under certain situations, established by political considera-
tions, the DoC fleet can assume an operational role, e.g., when flights are required over
Cuba, In addition, this capability can be employed in those rare instances when military air-
craft are occupied with other tasks,

This example of DoC-DoD cooperation is far from new; for twenty-five years, annual
conferences attended by representatives of the agencies have been held in which explicit pro-
cedures for probing tropical cyclones, instrumentation, and communications have been outlined.
In the case of East Coast winter storms, cooperation is of more recent vintage; the DoC re-
quested (and received) DoD support initially in the winter of 1969-1970.

The early bilateral hurricane conferences and the more recent meetings on East Coast
winter storms have been expanded and formalized under the auspices of the Federal Coordinator
for Meteorological Services and Supporting Research, a position established in late 1963, Re-
porting to the Federal Committee, a group of agency representatives on the under-secretary
level, the Federal Coordinator has established a substructure where specifics of plans for
aerial weather reconnaissance are worked out annually for operations in hurricanes and East
Coast storms.

Figure I-1 shows this organization to and including the working group level responsible
for preparing draft plans in the specific areas under study in this report.

At this point in time, no DoC requirements for operational reconnaissance of severe
local storms (e. g., mid-west tornadoes) have been levied on the DoD.

As of August 1970, the membership on the various groups of interest is given as follows:

Table I-1: Federal Committee
Table I-2: ICSM
Table I-3: SC/BMS

Membe rship of the working groups is identical, viz:



FEOERAL COMMITTEE

FEOERAL COOROINATOR FOR
METEOROLOGICAL SERVICES
AND SUPPORTING RESEARCH

I

INTEROEPARTMENTAL
COMMITTEE FOR APPLIEO
METEOROLOGICAL RESEARCH
(ICAMR)

INTEROEPARTMENTAL
COMMITTEE FOR
METEOROLOGICAL SERVICES
(ICMS)

INTERAGENCY
COMMITTEE FOR
WORLD WEATHER PROGRAMS
{ICWWP)

SUBCOMMITTEE ON BASIC
METEOROLOGICAL SERVICES
{SC/BMS)

OTHER SUBCOMMITTEES

WORKING GROUP ON NATIONAL
HURRICANE OPERATIONS PLAN
(WG/NHOP}

WORKING GROUP ON NATIONAL
EAST COAST WINTER STORMS
OPERATIONS PLAN
(WG/NECWSOP)

WORKING GROUP ON NATIONAL
SEVERE LOCAL STORMS
OPERATIONS PLAN
{WG/NSLOP}

OTHER PANELS,
WORKING GROUPS,
ETC.

Fig. I-1. Committee and working group organization for coordination
of Federal efforts in meteorology.




TABLE I-1

FEDERAL COMMITTEE FOR METEOROLOGICAL SERVICES A'D

AGENCY

Atomic Energy Commission

Department of Agriculture

Department of Commerce

Department of Defense

Department of HEW

Department of Interior

Department of State

SUPPORTING RESEARCH
MEMBER

Dr. Rudolf Engelmann

Fallout Studies Branch

Div, of Biology &
Medicine

Atomic Energy Comm.

Washington, D.C. 20545

Mr, T. W. Edminster
Deputy Administrator, ARS
Agricultural Research
Service, Room 324A
Dept. of Agriculture
Washington, D, C, 20250

Dr. Myron Tribus, Chmn

Ass't Secretary for Science
& Technology

Dept. of Commerce

Washington, D. C. 20230

Col, C. E, Roache (Sec'y)
Deputy Ass't Administrator
for Environmental Sys,
Room 817, Building 5, NOAA

6010 Executive Blvd.
Rockville, Md. 20352

Dr, Donald M, MacArthur
Deputy Director, Research
& Technology
DDR&E, OSD, Rm, 3HI144
Dept. of Defense
Washington, D.C., 20301
Dr. J. A. Lieberman
Asst, Admin, for R&D,
Consumer Protection &
Environmental Health
Service
Dept. of HEW (Room 6113)
200 C Street, NW
Washington, D, C, 20204
Dr., Donald B. Dunlop
Science Advisor
Office of the Secretary
Dept. of the Interior
Washington, D, C, 20240

Mr, Herman Pollack, Dir,
International Scientific and
Technological Affairs

Dept. of State
Washington, D. C, 20520

~1

ALTERNATE

Mr. David M, Hershfield

Soil & Water Conservation
Research Div,

Dept., of Agriculture

Washington, D, C. 20250

Brig. Gen. R, F, Long, USAF

Special Assistant for En-
vironmental Services

Joint Chiefs of Staff

Dept. of Defense

Washington, D, C. 20301

Dr., John H, Ludwig

Assoc, Commissioner for
Control Tech.,R & D

Air Pollution Control Agency

Boston Center Tower, #2

801 N. Randolph Street

Arlington, Va, 22203

Dr, William Thurston
Asst. to Science Advisor
Room 5200

Dept. of the Interior
Washington, D, C, 20240

Dr. Robert T, Webber
Deputy Dir, Office of Space &
Environmental Science

Affairs
Dept. of State
Washington, D.C. 20520



Department of Transportation

National Aeronautics & Space
Administration

National Communications
System

National Science Foundation

Bureau of the Budget
(OBSERVER)

R. Adm. R. E. Hammond
Room 2224

Coast Guard Building
1300 E Street, NW
Washington, D, C.

Dr. Homer E. Newell.
Assoc. Admin, (AA)
NASA

Washington, D, C. 20546

Mr, Clifford D. May, Jr.

Deputy Manager

National Communications
Sy stem

Washington, D, C, 20305

Dr. Edward Todd, Exec.
Asst. to Deputy Asst.
Dir. for Research

Room 320

National Science Foundation

1800 G Street, NW

Washington, D, C. 20550

Mr. David Lawhead

Budget Examiner

Bureau of the Budget

Exec, Office Building

Room 463

Washington, D, C. 20503

Mr. Victor W. Kowalczyk
Chief, Weather Staff (AT-40)
Room 422A (FAA)

800 Independence Ave.,SW
Washington, D.C. 20553

Dr., Morris Tepper, Deputy Dir,

Space Applications Programs,
& Dir. of Meteorology

NASA

Washington, D, C. 20546

Mr., G. M. Blencoe, Asst, Mgr.

National Communications
System

Washington, D.C. 20305

Dr. Fred D. White, Head
Atmospheric Sciences

Div. of Environmental Sciences
National Science Foundation
Washington, D, C. 20550



TABLE I-2

INTERDEPARTMENTAL COMMITTEE FOR METEOROLOGICAL SERVICES

AGENCY

Department of Commerce
NOAA

Department of Agriculture

Department of Commerce

Department of Defense

Department of the Interior
(OBSERVER)

Department of State

Department of Transportation
(Coast Guard)

Bureau of the Budget
(OBSERVER)

MEMBER

Dr. C. E. Jensen, Chairman

Chief, Fed. Plans & Coord.
Div,

AEl, Room 818, Bldg. 5

6010 Executive Boulevard

Rockville, Md. 20852

Mr., Talcott W, Edminster

Deputy Administrator

Agricultural Research
Service

Dept. of Agriculture

Washington, D, C. 20250

Dr. George P, Cressman
Dir., Weather Bureau
Rm. 1401, Gramax Bldg.
8060 13th Street

Silver Spring, Md. 20910

Col. J.R. Anderson

DDO/E nvironmental
Services

Joint Chiefs of Staff

Pentagon, Rm, 1B671

Washington, D, C, 20301

Dr. Donald Dunlop
Science Adviser

Office of the Secretary
Dept. of the Interior
Washington, D. C. 20240

Dr., Robert T. Webber
Office of Space & Environ-
mental Science Affairs
New State Building
Room 7820, Code SCI:
Department of State
Washington, D. C. 20520

Capt. R.P. Dinsmore, Chf.
Marine Sciences Division
Room 7315

U, S, Coast Guard HQ

400 Seventh St, , SW
Washington, D. C. 20591

Mr., David Lawhead
Office of Management &
Budget, Room 463
Executive Office Building
Washington, D, C. 20503

ALTERNATE

Mr, David M. Hershfield

Soil & Water Conservation
Research Div,

Agricultural Research Service

Dept. of Agriculture

Rte 1, Plant Industry Station

Beltsville, Md. 20705

Dr, K, R, Johannessen
Assoc, Dir,, Meteorological
Ops.
Room 1410, Gramax Building
8060 13th Street
Silver Spring, Md. 20910
Lt.Col, E. V., Cooke, Jr.
DDO/Environmental Services
Joint Chiefs of Staff
Pentagon, Room 1B672
Washington, D, C. 20301

Mr. James L, Kerr

Div. of General Engineering

Code 211, Bureau of
Reclamation

Dept. of the Interior

Washington, D, C, 20240

Dr. E. G. Kovach

Office of International Scientific

& Technological Affairs
Room 4218, New State Bldg.
Department of State
Washington, D, C. 20520

Cdr. Richard Morse
Marine Sciences Division
Room 7311

U, S. Coast Guard HQ
400 Seventh St,, SW
Washington, D. C. 20591



Federal Aviation Administration

National Aeronautics & Space
Administration

Department of COMMERCE
(NOAA)

National Communications
System

Mr. William N,
Acting Dir., Air

Service (AT-1)Rm. 400E

Flenner
T raffic

Federal Aviation Admin,

800 Independence Ave, SW

Washington, D, C

Dr. Morris Tepper, Dir,
Meteorological Programs

Div.

< 20553

Office of Space Science &

Applications
NASA

400 Maryland Ave. , NW
Washington, D, C., 20546

Col. E. J. Cartwright, Secy

AEl,Rm. 818, B

1dg. 5

6010 Executive Blvd,

Rockville, Md.

20852

Mr. Paul J, Cahan
Defense Communications

Agency (NCS)

Navy Dept. Service Ctr,
8th & South Court House

Road
Arlington, Va,

10

22204

Mr, Victor Kowalczyk

Air Traffic Service, AT-40
Rm 413, Fed. Aviation Admin,
800 Independence Ave,, SW
Washington, D, C, 20553

Mr, Louis B, C, Fong, Asst,
Dir. , Space Applications
Programs

Office of Space Science &
Applications

NASA, FOB-6,Rm 5H062

W ashington, D. C. 20546

Mr. J, J. Caso

Defense Communications Agcy
(NCS)

Navy Dept. Service Ctr.

8th & South Court House Rd.

Arlington, Va. 22204



TABLE I-3

SUBCOMMITTEE ON BASIC METEOROLOGICAL SERVICES (SC/BMS)

Department of Commerce

Department of Agriculture

Department of Defense

Federal Aviation Administration

National Aeronautics & Space
Administration

Department of Commerce
NOAA

Department of Transportation
(Coast Guard)

Dr. K. R. Johannessen
Chairman

Weather Bureau

Room 1410, Gramax Bldg.
8060 13th Street

Silver Spring, Md. 20910

Mr. K, M, Kent, Chief
Hydrology Branch

Dept, of Agriculture
South Bldg, Rm. 5250
Washington, D, C. 20250

Lt. Col. E. V. Cooke

DDO/Environmental
Services

Joint Chiefs of Staff

Pentagon, Rm 1B672

Washington, D, C, 20301

Mr. Thomas Speakmon
AT-40, Room 413A
Federal Aviation Admin,
800 Independence Ave,, SW
Washington, D, C, 20553

Mr., Louis B.C, Fong

Office of Space Science &
Applications

Code SAA, Room 5H062

NASA

400 Maryland Ave, , SW

Washington, D. C. 20546

Mr, C., J. Callahan

Federal Plans & Co-
ordination Div,

AE1l, Room 818, Bldg. 5

6010 Executive Blvd.

Rockville, Md. 20852

Cdr. Richard M. Morse
Marine Sciences Div.
Coast Guard Hqtrs.
Room 7311

400 Seventh St., S. W.
Washington, D.C. 20591

11

Dr. Harry Foltz
Weather Bureau, Rm 1416
Gramax Building

8060 13th Street

Silver Spring, Md. 20910

Mr. David M. Hershfield

Soil & Water Conservation
Research Div,

Agricultural Research Service

Dept. of Agriculture

Rte 1, Plant Industry Station

Beltsville, Md. 20705

Cdr. F. J. Schatzle

DDO/Environmental
Services

Joint Chiefs of Staff

Pentagon, Rm, 1B672

Washington, D, C, 20301

Mr, Robert E, Turner
Aerospace Environment Div.
Marshall Space Flight Center
NASA (Attn: R-AERO-Y)
Huntsville, Ala. 35812



Mr. Samuel O. Grimm, Jr.,DoC Chairman

It. Col. Ernest V. Cooke, JCS, DoD

Mr. Thomas Speakmon, DoT

Mr, Cornelius J. Callahan, DoC, Exec. Secretary

Each working group has a dual responsibility:
1) To arrange for an annual meeting of representatives of the interested
agencies. A factual report of agency effort in the area of interest
during the past year is the first product; and
2)) To prepare a draft version of the plan for the coming year. This is a
second product,
The reports are forwarded to SC/BMS and ICMS, where they are noted. The draft plans are
sent to SC/BMS, where they are reviewed and forwarded to ICMS for approval, Publication
is arranged by the Federal Coordinator after the plans have been reviewed at his level, and
the substance of the plans is then directive on the agencies involved. Federal Committee
members are provided copies of the plans, and general distribution is then made by the work-
ing group chairman to a list provided by each agency.

B, The Organization of Contributing Agencies

The operational reconnaissance missions are flown by aircraft of the Air Force, the
Navy, and the National Oceanic Atmospheric Administration (NOAA), formerly the Environ-
mental Science Services Administration., The command and control structure varies, as do
the types of aircraft used; the coordination aspects, through which the organizations are tasked
for specific missions, are established through the National Plans, This section will outline
the organizational structure within each of the three services and list the numbers and types of
aircraft assigned.

In summary, the total resources in the current airborne reconnaissance fleet are given
in the table which follows.

TABLE I-4
AIRCRAFT RECONNAISSANCE RESOURCES
Type of
Service Aircraft Aircraft
Air Force WC-130A 3
WC-130B/E 22
WC-135B 10
RB-57C 6
RB-57F 19
AF Total 60
Navy WC-121 19
Navy Total 19
RFF* DC-6A/B 2
RB-57A 1
WC-130B 1
RFF Total 4

* Research Flight Facility.
*%* Replaced DC-4. Instrumentations being transferred from DC-4 to WC-130.
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1 Air Force

The organizational structure of the Air Force reconnaissance units is shown in Fig. I-2,

with the current complement of aircraft indicated.
2.  Navy

While the Air Force chain of command to its reconnaissance aircraft is relatively direct,
a more complex arrangement exists in the Navy because of its overall structure. The Navy
organization of its reconnaissance units is given in Fig, I-3,

‘In addition to the command structure given above, the Navy reconnaissance squadrons
fulfill requirements which can be diagrammed. Functions of each squadron in this respect
are given in Fig, I-4.

As a matter of information, the personnel strength of VW -4, based at the Naval Air
Station, Jacksonville, is 65 officers and 385 enlisted men. Each aircrew consists of 21
personnel,

3} NOAA Research Flight Facility (RFF)
The RFF is a component of the NOAA., Its organization can be diagrammed as shown in

Fig. I-5,

(&8 Aircraft Characteristics Tabulations
Performance data for the aircraft used in weather reconnaissance are tabulated below,

AF AF AF Navy NOAA NOAA
WC-130{ WC-135| RB-57F | WC-12) DC-6 RB-57A

Max, Alt. Ft. 30,000 [40,000 |60,000+(18,500 | 22,000 | 43,000
True Airspeed, KTS 294 411 410 210 240 420
Range, N, M. 3,500 6,500 2,050 2,750 2,600 1,900
Time (Hrs:Min) 12:25 16:30 5:00 14:30 12:00 4:50
No. Crew Members 6 7 2 17-22 7 2
D. Meteorological Sensors and Equipment Tabulations ;

s Altitude
There are two types of altitude-measuring equipment aboard the reconnaissance fleet,
Pressure altimeters and radar altimeters are both used. -There is little commonality, as
indicated in Table I-5,

2 Temperature Sensors

These sensors are used on the reconnaissance fleet to obtain temperatures at the flight
level, at the sea surface, and below the sea surface. Characteristics are given in Table I-6,

31 Humidity Sensors

Two types of humidity sensors are used in the reconnaissance fleet, as well as a par-
ticle size device, Details are given in Table I-7.

4, Wind Measuring Equipment

At present, flight-level winds are measured by four types of equipment, There is no
current capability for measuring winds below the aircraft other than by visual observation of
the state of the sea. Details are given in Table I-8.

5% Sondes
Dropsondes are used to obtain pressure, temperature, and humidity below the aircraft

at specified levels. Three types are used: the T-6, the Bendix T-13, and the Honeywell T-13.
Details are given in Table 1-9.

13



18-4-13482

DOO

HQS USAF

MILITARY AIRLIFT
COMMANO
AIR WEATHER AIR OPERATIONS
SERVICE (Staff Office)

9TH WEATHER RECON WING,
McCLELLAN AFB, CALIF

53RO WX RECON SQ
RAMEY, P.R.

AIRCRAFT

54TH WX RECON SQ
GUAM

9 WC-130B

3 WC-130B

S5TH WX RECON SQ
McCLELLAN

6 WC—130E

4 WC-1308

56 TH WX RECON SQ
YOKOTA

5 WC-135B

5 WC-135B

Fig.

SBTH WX RECON SQ
KIRTLAND

3 RB-57F

6 RB—-57C

16 RB-57F

I-2. Air Force reconnaissance organization,
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18-4-13183

CHIEF OF

NAVAL OPERATIONS
CINCPACFLT  frm e - COMNAVWEASERY {-—=—m———————f  CINCLANTFLT
/ \
COMNAVAIRPAC / 4 \\ COMNAVAIRLANT
v
\
COMFAIRWESTPAC // \\ COMFAIRJAX
_— ___/./ FLEWEAGEN FLEWEAFAC ;_\.X_.._ gy
VW-1 DET SOCAL* |— -— - — —— — FrENERsEN

= === NAVAL WEATHER SERVICE REQUIREMENTS

——==—-=— LIAISON
= = — TECHNICAL GUIDANCE

JACKSONVILLE ALAMEDA AGANA, GUAM
AIRCRAFT VW-1 VW-1 SOCAL vw-4
WC-121N 6 2 1

*SOCAL = SOUTHERN CALIFORNIA

Fig. I-3. Navy administrative chain of command, reconnaissance squadrons.
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Vw-1

T
|

INTERAGENCY
REOUIREMENTS

CINCPAC
REQUIREMENTS

NAVY
REQUIREMENTS

WEATHER AND

AIRBORNE

EARLY WARNING

EASTERN
NORTH PACIFIC TYPHOON RECON OCEANOGRAPHY

HURRICANE RECON RECON AND SPECIAL

= —

I I = B o s
A arelp Ml 2ol COMNAVWE ASERV CINCPAC FLT
ALAMEDA SUPPORT OF PACAF THRU FWC GUAM SEVENTH FLT
VW-4
INTERAGENCY NAVY
REQUIREMENTS REQUIREMENTS
SPECIAL HURRICANE WEATHER AND
(STORMFURY, URECON OCEANOGRAPHY SPECIAL
BOMEX, ETC.) RECON
) —
S

COMNAVWEASERV

L L AL | ) THRU CINCLANTFLT
CARCAH FLEWEACEN NORFOLK
FLEWEACEN JAX
DIRECT — — — INDIRECT

Fig. I-4. Navy reconnaissance squadron requirements.

16




18-4-13485
DEPARTMENT OF
COMMERCE

NOAA

ENVIRONMENTAL
RESEARCH
LABORATORIES

RESEARCH FLIGHT
FACILITY
(RFF)

DC-6 A/B

AIRCRAFT: 2
1 RB-57A
1
1

pc-4
wc-1308*

*WC-130B WILL REPLACE DC-4 IN OCTOBER 1970

Fig. I-5. RFF organizational structure.
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TABLE I-5
ALTITUDE MEASURING DEVICES

Air Force Navy NOAA
wC-130 wC-135 WC-121 DC-6
1. Pressure Type MA-1 MA-1 FA-112 555TI
Range 0-50K' 0-50K! 0-20K! 1050-50MB
Accuracy 50+ 0. 25halt. 50'+ 0. 25% alt. +0. 5MB +0. 5MB
Performance fair fair good good
(airspeed (airspeed
sensitive) sensitive)
SCR-718
2.  Radar Type APN-42A APN-42A APN-159 APN-159
Range 0-50K' 0-50K! 0-10K" 0-10K!
Accuracy 20'+,025% alt, 20'+.025% alt. 50'+.25% alt. 8t or 1%
Performance poor* poor* good good
Error at 10K’
(T.O., rms) +106' +106° +77! +77!

* Air Force has been notified that the APN-42A needs emergency remedial action.

NOTE: Strip recorders for pressure altitude and radar altitude will be installed on
the WC-130 fleet as a part of the Phase II modification.
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TABLE I-6
TEMPERATURE SENSORS

Air Force Navy NOAA
WC-130 WC-135 wWC-121 DC-6
1. Flight Level
Vortex
Type Rosemount 102% Rosemount ML-598 Vortex AMQ-8
Range -85°% to +50°C -85° to +50°C -40 to +50°C  -80 to +50°C
o o
Accuracy 11°c ol %G 20 21016
Performance good good good good
2, Sea Surface
Type ok PRT-4A IR
Accuracy +1°% +10 to +110°F
+ 2°F (est)
Performance fair to
1500
3. Subsurface
Type SSQ-36
Depth 1000
Accuracy e i
Performance Excellent
* The Rosemount ML-598 will replace the Rosemount 102 in Phase 1 of the WC-130
modification,
*% A Barnes Sea Surface Temperature Indicator (Model PRT-5) is scheduled for

installation in Phase 2 'of the WC-130 modification,

NOTE: A strip recorder for temperatures will be installed in the WC-130's
as a part of Phase 2 modifications,
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TABLE 1-7
HUMIDITY SENSORS

Air Force Navy NOAA
WC-130f WC-135 WC-121 DC-6
1. Humidity /Dewpoint Noile None
Type Cambridge Sys- IR Cambridge
tems 137-C3 Hygrometer| Systems
Range -54° to +50°C 0-20 gm/n> | -50°to +50°C
Accuracy i1°c +5%
Performance FAIR GOOD FAIR
Slow response,
saturates in rain
2. Liquid Water Content None None None Johnson-Williams
Range 0-6 gm/m3
Accuracy 4+30% cst
3. Particle Size None None None Two R&D samples
and nuclei counter
Range
Accuracy

* A Cambridge Systems Optical and Point Hygrometer (model 137-C3-SCT-MR) is
scheduled for installation in Phase 11 modification of the WC-130 fleet.

Note:

modification on the WC-130 fleet.
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TABLE I- 8

FLIGHT LEVEL WIND MEASUREMENTS

Air Force Navy NOAA
WC-130 WC-135 wWcC-121 DC-6
1. Compass-Type N-1 N-1 N-1
Accuracy iZO iZo iO.Zo
Performance Good Good Good
2. Airspeed-Type M-1A M-5 AX-606 A-2
Accuracy +5 kts +8 kts 45 kts
Performance Fair Fair Good
3. Doppler Radar-Type | APN-147 APN-147 APN-153 APN-82
Ground speed 70-700 kts
Range 70-1000 kts 70-1000 kts +2.1 kts
Accuracy +5 kts + 5 kts
4. DRIFT
Range +40° +40° +60° +45°
Accuracy +0.25° +0.25° 21 +0.15°
Performance Good, exgept
over moving
targets
T.0O. Wind Error 3° /kts 3°/7kts Unk 3 kts < 15 kts
(rms) 2% > 15 kts

Note: Strip recorders for wind direction and speed will be installed as part of the Phase II
modification of the WC-130 fleet.
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TABLE [-9

DROPSONDES
Bendix T-13 T-6 Honeywell T-13
1. Temperature Range -90° to +40°C -60° to +40°C -90°C to +40°C
Accuracy %1.2%C 21.27C Thinte
Sampling Interval 120 Continuous, every 120
k other 20 mb
Response speed Fair-slow recov- Good
ery at launch
Performance Fair Fair
2. Pressure Accuracy + 6.0 mb 4+ 6.0 mb 4+ 3.0 mb
Sampling Interval 240" 650" 240
Performance Pressure rever- Long extrapolation New sensor
sals and skips at sea level +2 mb

during drop

3. Humidity Accuracy 7% RH for 1 cycle
only. Then unde-
fined every other

Samnyling Inserval 1200 20 rplbtca i eE 120"

Response Speed 2 sec at 400% to
2 min at -40°C

Performance Poor — washes out
deteriorates in
atmosphere, very
slow response.

4, Sond Fall Rate (F/M) 5000’ 1500' (after 6 sec 5000'
free fall)

5. Cost $165 $71 $150

6. Failure Rate 14% 27%

7. Overall Performance Fair —Quality Fair

control problem

8. Future Potential Fair Poor

Note: In Phase I of the WC-130 modification program, a Hewlett-Packard dropsonde
system will be installed, with the capability to use the AN/AMT-13 instrument.
While the desired accuracy for the dropsonde is +2 mb, the present limits are
+6 mb.

In Phase II of the WC-130 modification program a Hewlett-Packard Desk Calculator

(Model 9100B) will be installed to expedite data reduction: this is particularly ap-
plicable to preparing the dropsonde message.
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6. Weather Radars

Weather radars on current aircraft are adaptations of ground-based equipment, Table

I-10 shows the current instrumentation,

TABLE 1-10
WEATHER RADARS

Scope Air Force Navy NOAA

PRI AN/APN-59B (3 cm) AN /APS-20E (10 cm) DC-6's
AN /APS-20E (10 cm)
Collins WP-101

(5-6 cm)

RHI None AN /APS-45 (3 cm) Bendix RDR-ID
(3.2 cm)

* PPl — Plan Position Indicator
#% RHI — Range /Height Indicator

E. Operating Costs

Operating costs are generally computed in dollars per hour. However, it is extremely
difficult to provide comparative costs because of the various accounting procedures. Further-
more, the Air Force uses four different methods to arrive at the value of aircraft.

L. Trade-In Value

This is the saving if the airframe is deleted from the inventory. Itincludes direct

savings such as total maintenance support, equipment, petroleum /oil /lubrication (POL),
spare parts, flight and supporting personnel pay, travel, and per diem. It also includes
savings in such indirect items as associated reductions in base exchanges, commissaries,
hospitals, recreation, and housing support, resulting from a decrease in operating personnel.

Trade-in values for Air Force reconnaissance aircraft are estimated to be:

WC-130 $1. 6 million
WC-135 2.6 million
RB-57F 1.0 million
RB-57C 1. 0 million

Similar data are not available on RFF and Navy WC-121 aircraft at this time.

2 Service Operating Cost

This is the cost per flying hour for each type of aircraft. 1t includes POL, mainten-
ance (squadron, field, and depot level) and spare parts. It does not include aircrew pay or

base support functions. This cost is tabulated as follows:

Service Aircraft Cost/Flying Hour Service Aircraft Cost /Flying Hour
AP WC-130 $639 Navy wcC-121 $110*
AR Wie-L5 31 RFF DC-6A /B 600
AF RB-57F 821
RFF WC-130 651

* Navy estimate. Includes only fuel, oil, and maintenance support equipment. Does not
include spares, parts, crew pay, travel costs, etc.
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3. Air Weather Service Unit Operating Cost

Using the entire budget of the 9th WRWg and assuming the total of $35 million was ex-
pended to produce the authorized flying hours, still another cost can be computed for the Air
Force aircraft. This now includes aircrew pay, operational overhead, POL, AWS purchases,
spares and equipment, and squadron maintenance. It does not include field or depot mainten-

ance. With this basis:

Type Aircraft Cost/Flying Hour
WC-130 $598
wWC-135 690
RB-57F 821
RB-57C 451

RFF (all aircraft)  550%
DoD Price
Another measure is the price the DoD would charge a non-DoD customer for each flying

hour. This is specified in AFM 76-28.

Type Aircraft Cost/Flying Hour
wWC-130 $929
WC-135 886
F. Measurements Summary

Measurements of meteorological parameters for operational purposes are made by
reconnaissance aircraft as specified in the National Plans cited previously. Details are
amplified in directives issued by the services involved. For research purposes, measure-
ments are made by the RFF as specified by the requesting agencies.

In general, an internationally approved code form (called "RECCO" for "Reconnais-
sance') is used to record and report the observations. This is a digital code, approved by
the World Meteorological Organization (WMO), which can be relayed as an input to computers
operated by the services.

In addition to this basic digital information, further amplifying data are provided on
tropical storms. This format is nationally approved. The basic RECCO code form is given
in Appendix A additional data on tropical storms are provided as indicated in Appendix B.

Since parameters measured for research purposes vary with the type of research, a
formalized procedure for recording and reporting these data is set up on an ad hoc basis.
For example, cloud physics data are collected by RFF crews and can consist of liquid water
content, icing information, nuclei count, and cloud descriptions.

G. System and Unit Improvements

s Air Force
a. Air Force WC-130B aircraft are undergoing a three-phase modification
and sensor update program (Project SEEK CLOUD) to improve total capability. Phasel is
expected to be complete on 16 aircraft by November 1970. This work is being accomplished
at Lockheed, Marietta, Georgia.
b. In this same period (ending in June 1970), the WC-135 fleet is scheduled

for update of sensors and the installation of a single-shot dropsonde dispenser. Two of the

* This assumes that all 1031 hours flown by the RFF in 1970 cost the total budget of
$566,983.
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ten aircraft involved under Project "SEEK STORM" (WC-130B's), with Phase I and II modifi-
cations complete, will receive new nose radars. ’i‘hese will be off-the-shelf RCA AVQ-30C,
C-band radars, which will replace the current APN-59B (X-band) now installed. One of
these two aircraft will be further modified by adding a side -looking antenna system at Sierra
Research Corporation, Buffalo, New York. Features include a 6-foot parabolic disc, flush-
mounted in the forward cargo door.

c. The major improvement program is called Airborne Weather Recon-
naissance System (AWRS) and is also referred to as Project 5222. The contract definition
phase has been completed by the Electronic Division of General Dynamics, San Diego, and
Kaman Corporation of Bloomfield, Conn. The Source Selection Board of the Electronic Sys-
tems Division, Air Force Systems Command, has completed its work and has submitted
recommendations to the office of the Secretary of Air Force for Research and Development.
The Secretary has authorized funds for one prototype. Identification of the contractor and
order for the prototype should be released by May of 1971. If the prototype proves itself,
the system will be installed on twenty-two AF and one RFF WC-130s and ten AF WC-135s.
As now envisioned, subsystems will be obtained for sensor, data processing, on-board dis-
play, and communications. The time frame to complete modification of the fleet is of the
order of several years.

2.  Navy
In 1969, the Naval Air Systems Command was directed to reconfigure a Lockheed P-3A
anti-submarine warfare aircraft for weather reconnaissance. Meteorological equipment was
obtained from a WC-12IN. The end result of the contract with Lockheed-Burbank (signed
June 30, 1970) will be an austere prototype WP-3A model, to be delivered to the Navy by
October 15, 1970. Features will include:

a. Installation of an APS-20 radar, set in a retractable pylon assembly
in the bomb bay area;

b. A reset of tilt limit switches for the forward APS-80 (X-band) radar
to provide a 30° look above aircraft level, to obtain cloud height
information;

c. Provision of a second radar altimeter;

d. Installation of meteorological sensors in the forward fuselage to
minimize propeller effect;

e. A flight meteorologist position at the port windows forward of the
propellers. Readouts and displays of meteorological and naviga-
tional instruments will be available, as well as a thirty-channel
recording system;

f. Installation of various oceanographic sensors, with recorder
and linkage to the thirty-channel system;

g. Dropsonde capability.
3. NOAA — RFF
The RFF will receive one of the Air Force WC-130B' s with Phase I and Phase II

modification completed.
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JuE DETAILS

A. Present Hurricane Warning Service (HWS)

1 Description

Detection of hurricanes and timely warning against them has been the task of the

Weather Bureau for nearly a century — since the Signal Corps issued a hurricane warning
for the coast between Cape May, N. J. and New London, Conn. in 1873. The success of
this operation is reflected in the steady decrease in hurricane deaths at a time when popu-
lation in hurricane-affected areas has doubled and tripled. The present hurricane warning
system, headquartered at NOAA's National Hurricane Center in Miami, Florida, is a
smoothly operating warning establishment, supported by the experience and dedication of

its personnel and the broad new technology that has become an integral feature in America's
weather service.

Until the emergency begins, the National Hurricane Center is the visible portion of the
Hurricane Warning Service. Then, the warning cycle illuminates the structure of the entire
system. The National Hurricane Center is still the focus of action and still controls the
total warning apparatus; it also acts as the National Hurricane Information Center, co-
ordinating the flow of bulletins and advisories to the public. Some measure of the evolution
of effectiveness in the hurricane warning system can be inferred from a comparison between
the loss of human life suffered in the 1900 Galveston, Texas storm resulting in 6000 deaths,
and the 255 deaths which resulted from the great Hurricane Camille of 1969. Emphasizing
this difference is the fact that Camille was one of the most fearsome storms ever to strike
the Continental United States. The increase in the timeliness and accuracy of hurricane
predictions and warnings is an outgrowth of improved data collection, communication, and
analysis.

2. Data Collection, Communication, and Analysis

NOAA's NWS, through the Director of the NHC, Miami, Fla (NHC-MIA);

Meteorologist-in-Charge, Eastern Pacific Hurricane Center, San Francisco (EPHC-SFO);

and Central Pacific Hurricane Center, Honolulu, Hawaii (CPHC-HNL) have the responsibility
for providing tropical cyclone forecasts and attendant advice for the general public, marine,
and aviation interests. These agencies also provide this information to the Armed Forces
within their regions of responsibility. In order to provide these services, an extensive data-
collection network has been established. Synoptic surface weather observations and upper
air soundings from military weather stations, ships, and reconnaissance aircraft are col-
lected by 100-word-per-minute teletype on the military COMET collecting and disseminating
system (Fig.I-6). Data from NWS and FAA stations are collected via services ""A' and ""B"
teletypewriter systems (Figs.I-7and 8). Radar data from NWS stations along the coast form-
ing the Radar Report and Warning Coordination (RAWARC) System are an additional source
of information (Fig.I-9). Also, a network of volunteer observers called CHURN (Cooperative
Hurricane Reporting Network) comprised of Coast Guard stations and private citizens, pro-
vides local information. Each CHURN station is linked to the nearest NWS for reporting
purposes. Tidal information, as well as supplemental meteorological data, is furnished by
NOAA' s Coast and Geodetic Survey Stations. In addition to routine reports collected and
analysed on a daily basis at NHC and other centers, when a tropical disturbance or suspect

area has been spotted from satellite data, aerial reconnaissance, ship report, or the synoptic
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Fig. I-6. COMET collecting and disseminating system.
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network, special reports are requested. These reports are of aircraft reconnaissance data
collected by flying into the suspected storm area along a special flight path specified by the
Director, NHC. This aerial surveillance continues until the storm dissipates or coasts in
over land, where its remnants are tracked by land-based reporting stations. Parameters
measured and reported by aerial reconnaissance include a horizontal observation, at flight
level, of the winds, temperature, weather conditions, turbulence, dewpoint, height of the
standard millibar level, and a summary of the cloud type, altitude, and coverage within the
surrounding observation circle. In addition to data collected at flight level, vertical sound-
ings of the atmosphere from the aircraft to the surface are made by dropsonde. Data tele-
metered back to the aircraft from the sonde includes temperature, humidity, and pressure
height. Some data reduction and processing are required aboard the aircraft before the raw
measurements can be transmitted in a usable format to NHC. Processing includes compres-
sional correction applied to the total temperature to derive a correct ambient temperature
value, installation and airspeed corrections applied to the pressure altimeter to compute
ambient pressure, manual reduction of raw digital dropsonde data to arrive at a usable, cor-
rect atmospheric sounding, and other minor corrections applied to current '"state-of-the-art"
instrumentation. The format used universally to transmit reconnaissance data is the RECCO
code, which consists of a series of five-digit numerical groups which can be transmitted
easily by voice or radio teletype. Since the data are in coded form, however, some time is
lost in data correction, manual reduction, and encoding aboard the aircraft prior to trans-
mission. This varies from five minutes for a horizontal observation to as much as one hour
for vertical dropsonde data from high altitudes. In addition to data in the RECCO code format,
special reports are transmitted to NHC on the hurricane eye, or center, the vortex, and se-
lected profiles from the center to the periphery of the storm. A systematic means of data
relay has been devised to expedite aerial reconnaissance observations from the aircraft to

the NHC. (See Communications. )

Because of its mobility, versatility, and response to centralized control and direction,
the manned reconnaissance aircraft has become one of the primary data collection sources
available to the hurricane forecaster. Due to differences in the instrumentation and capa-
bility of aircraft flown by each service, USAF, Navy, and RFF, altitudes flown and storm
penetration techniques differ somewhat. However, data reported by all reconnaissance
flights into tropical cyclones have been carefully standardized in the National Hurricane
Operations Plan. Rapid, direct communication of hurricane observations is stressed in the
Plan and should be made available immediately.

The coded data communicated to NHC receive a detailed analysis.

3. Prediction, Alerting, Warning, and Interpretation

The analysis used by NHC has been tailored to serve current prediction techniques. In
conjunction with hand-produced analysis such as the three-hourly surface synoptic charts and
the subjective techniques implied in its use, a more objective tool in the form of five numeri-
cal models is used, which is supplied with inputs from the observation network and run opera-
tionally to determine the path and intensity of the storm. These models are not sufficiently
developed as yet to provide unique and highly accurate results. At this time, three models
are run routinely (NHC-67, Dr. Sanders's, and HURRAN). The remaining two, of Navy ori-

gin, are run occasionally. The results of the model runs, together with subjective judgment
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of the forecaster, determine the prognosis. Use of these techniques has reduced the mean 24-
hour error to 110 nautical miles.

With mean prediction errors of this magnitude, it is essential to have both a good surveil-
lance system and a timely alerting and warning system. To localize hurricane alerts and warn-
ings .for specific coastal areas, responsibility is distributed over the Miami Center and four
other NWS offices, New Orleans, Washington, Boston, and San Juan. All offices are lined by
normal NWS communications and by a special hurricane teletypewriter circuit. This is com-
prised of the coastal portion of the Weather Bureau RAWARC system, which focuses on hurri-
cane warning activities from 1 June through 30 November, the nominal hurricane season.

These communication systems, plus those of the Office of Civil Defense, Federal Aviation
Administration, and the Armed Forces, tie the hurricane forecasters to local governments,
law enforcement agencies, and other emergency forces (e.g., Red Cross, Coast Guard) and to
the public through mass media such as radio, TV, and the newspapers. This information flow
is not one-way. Along the coastline from Brownsville, Texas to Portland, Maine, radar-
equipped NWS stations feed information back to the NHC, in addition to their routine reports,

The basic hurricane alert message is called an advisory, a verbal description issued
by teletype and other methods at six-hour intervals, describing the storm, its position and
anticipated movement, and its prospective threat. When a tropical depression is found to in-
clude winds from 34 to 63 knots, it is called a tropical storm and receives a name, Advisories
are numbered consecutively, and arrangements are made for intermediate messages when un-
expected developments arise. Routine advisories are issued at 0400, 1000, 1600, and 2200 GMT.

As a storm approaches the coast, a "hurricane watch'" announcement is included in the
advisory. This is a first alert for emergency forces and the general public in prospective
threatened areas. The watch is issued when the hurricane poses a significant but uncertain
threat to a coastal area, or when a tropical storm threatening that area may intensify into a
hurricane with winds over 64 knots.

A "hurricane warning' announcement is included in the advisory when a hurricane is ex-
pected to strike the coast within the next 24 hours, These warnings are transmitted to NWS
forecast offices, where they are interpreted for local effects, such as coastal peculiarities in
conjunction with tides or storm surges, and disseminated to the public served by that office.

In many instances, communities have prepared advanced plans for action to be taken when a
warning is received. Usually, these plans are formulated by a hurricane preparedness com-
mittee, consisting of civic leaders, the local civil defense director, law enforcement and
disaster relief personnel, representatives of city utilities and news media, and representatives
of State and Federal Governments, including a local NWS official.

The purpose of these plans is to minimize property damage and eliminate loss of life. Of
course, not all property can be protected, but it has been found that the existence of a plan will
materially aid in protecting human life,

4, Measurements
Aircraft measurements of meteorological elements for operational purposes are carried
out by the U, S, Air Force (USAF), Navy, and NOAA's Research Flight Facility (RFF), accord-
ing to service and data user needs, Procedures for making these measurements are formal-
ized in Operating Procedure Directives developed and published by the individual services.

A standardized format in the form of the World Meteorological Organizations (WMO)
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RECCO code has been adopted as the common vehicle for transmission and relay of in-flight
meteorological data. This code has proven to be an excellent tool as a wide variety of par-
ameters, under varying conditions, can be reported without changing the basic format of the
code.(See Appendix 4.) The code has lent itself well to computer processing and is accepted
and used in its present form by computers at the National Meteorological Center, the Global
Weather Central, and Fleet Weather Centrals.

In addition to RECCO-coded reports, reconnaissance aircraft collecting data in tropical
storms transmit special reports of additional parameters which do not fall within the frame-
work of the RECCO code., These reports carry detailed information on the eye or center
position of tropical cyclones, vortex data, wind, pressure, and temperature profile data
within the storm, and other vital information.

B. Severe Storm Types — Current Reconnaissance

1. Tropical Cyclones, Hurricanes, and Typhoons

For ease of analysis and internal consistency, the procedure for collecting and reporting
data in tropical cyclones has been formalized in the National Hurricane Operations Plan (NHOP).
This Plan is drafted by the Working Group (WG/NHOP) and published by the Federal Coordinator,
NOAA. This document represents a coordinated effort by all agencies participating in storm
reconnaissance and forecasting in the North Atlantic and Northeastern Pacific regions., Al-
though the special flight patterns and reporting procedures are adhered to by each agency,
differences exist between the services in storm penetration techniques and the details of the
data collected. These differences are generated by the use of different types of aircraft, such
as USAF's WC-130B and the Navy's WV-121, and the collection of additional weather elements
for specific inter-service use, such as the Navy's requirement for sea surface information as
observed from a low-level flight profile. The flight tracks are a special requirement levied
for the 1970 season by the Director, NHC, to provide a standardized technique for the system-
atic measuring of parameters in those quadrants of the storm deemed to be of significance to
the hurricane forecaster. The detailed, standardized procedures set forth in the NHOP repre-
sent a coordinated effort to systematically reconnoiter tropical cyclones, storms, and de-
pressions, to measure those parameters possible within the capability of existing hardware,
and to minimize differences introduced by variances in aircraft performance, aircrew ex-
perience, and instrumentation,

25, East Coast Winter Cyclones

On a somewhat lesser scale than in the tropical storms, airborne reconnaissance to
measure weather parameters is being flown against the East Coast winter cyclones. These
missions are flown during the winter and early spring along predetermined tracks off the
Eastern Coast of the U, S. 'to provide adequate weather observations for prediction and, thus,
provide timely warning of severe and crippling winter storms.

Specific tracks are required by the NWS through the NHC to the Chief, Aerial Recon-
naissance Coordination, Atlantic Hurricanes (CARCAH), who in turn levies the requirement
for a mission on the USAF or Navy. RFF aircraft are occasionally used as backup for DoD
aircraft involved in these operations.

Horizontal weather parameters measured and observed include all elements listed in the
RECCO Code (Appendix £A), Additional cloud physics data is collected by RFF aircrews, when
available, which consists of liquid-water content, total water content, icing detection, cloud

construction, and nuclei count.
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Vertical samplings of the atmosphere from the aircraft to the sea surface are obtained
by dropsonde at 300- to 500-n. mi intervals, or as determined by the requesting agency.
Parameters measured by dropsonde are temperature, humidity, and pressure profiles.

The details governing winter storm reconnaissance are contained in the National East
Coast Winter Storms Operations Plan (in press), prepared by the Ad Hoc Committee of the
Subcommittee on Basic Meteorological Services.

8k Tornadoes

Aerial reconnaissance on an operational basis is not being flown against tornadoes and
severe local storms at this time, as no requirement for these services has been levied by
severe local storm forecasting and warning agencies.

(&3 Research and Operational Measurements — (RFF)

The RFF originally was to be a research-oriented facility, but it can contribute opera-
tional measurements. Research programs supported by the RFF include the International
Indian Ocean Expedition, Project Stormfury, EQUALANT, ECCRO, BOMEX, and many more,

Recent research supported by the RFF is presented in an article by Friedman and
Callahan in Weatherwise (August 1970). Complete discussions on the measurement and record-
ing capabilities, cloud physics, seeding, and special instrumentation available to the researcher
with the RFF aircraft may be found in a technical report by Conrad, Connor, and Friedman
(in press) (1970).

1% RFF Instrumentation

The instrumentation systems (sensors and recording systems) used for airborne hurri-
cane research should represent the state of the art. Present systems in use, while providing
reasonable accuracy and precision, are in many cases obsolescent, if not obsolete. Problems
in obtaining replacement parts for maintaining such systems can and often do present acute
difficulties.

Current systems requiring updating are:

(1) AN/APN-82 Doppler radar system (which provides in-flight
navigational and wind data);

(2) Aircraft search and weather depiction radar systems;
(3) Temperature measuring systems;

(4) Moisture measuring systems;

(5) Ambient pressure;

(6) Absolute altitude measuring systems;

(7) Specialized cloud physics instrumentation;

(8) Vertical sounding instrumentation; and

(9) Data-recording systems.

2 Characteristics, Promise, and Problems, RFF Instrumentation

Navigational accuracy could be improved with better Doppler radar equipment, supple-
mented with an independent system, e.g., to provide position information in areas of poor
or nonexistent LORAN coverage, and/or other navigational facilities. A better Doppler system
would also improve in-flight Doppler '"spot winds, " perhaps to an accuracy and/or precision
on the order of one knot. To obtain this accuracy, the Doppler system should be coupled with
an inertial platform, In turbulent seas, a source of error with Doppler systems is the motion
of the reflecting surface or spray, resulting in errors as large as the net transport of water

below the aircraft. The inertial platform could correct the Doppler navigation and wind systems,
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and would be essential to the RFF turbulence-measuring system,

Another example of measurement requirements is the analysis of the in-flow in a hurri-
cane, If the wind direction is in error by only a few degrees, in-flow may be shown in an
area where out-flow is actually taking place.

Radar systems now in use are a compromise with regard to maximum range, wavelength,
weight, antenna size, and visual displays. RFF aircraft utilize 10-cm, 5, 6-cm, and 3. 2-cm
radar systems, The 10-cm wavelength (APS-20E) is not materially attenuated by precipitation,
and therefore, is a useful tool in hurricane work, The antenna used on the DC-6A/B aircraft,
however, is too small for best performance. A larger antenna cannot be installed because of
aircraft structural limitations. The system has poor resolution in both the horizontal and
vertical planes. The APS-20E system provides only qualitative PPI data.

The 5. 6-cm radar (WP-101) also provides only qualitative PPI data.

The 3.2-cm (RDR-1D) radar system is used on the DC-6A/B aircraft to provide data on
the vertical distribution of ''clouds' (RHI) in a plane perpendicular to the aircraft heading,
Both quantitative (limited to height and distribution) and qualitative data has been obtained with
this system.

The C-54 (DC-4) aircraft also has a 3-cm radar system with a standard PPI presentation,
Qualitative data is obtained with it.

Clearly, to improve the radar data, radar calibration is essential to getting quantitative
measurements,

All radar scopes are photographed on the RFF aircraft, and data documentation is satis-
factory for qualitative data. However, additional (preferably automated) data documentation
would be necessary for quantized data recording and analysis,

Temperature systems should have relatively fast response times, and should be accurate
to the order of +0. 5 c. Current temperature measurements are made with the AN/AMQ-8
(vortex) temperature-measuring system and the Rosemount total temperature-measuring sys-
tem. (Data from the Rosemount system must be corrected for dynamic heating to obtain the
ambient temperature. )

The vortex system may suffer from ''wet-bulbing' in heavy precipitation. Its response
time is 10 to 20 seconds, with an error of + Ic over the range -80c to + 50c.

The Rosemount system provides a faster response (20 msec to 1/e response) and an
error of + lc over the range -70c to +30c. Rosemount temperature data must be corrected
for compressional effects (i.e., the total, not the ambient temperature, is measured directly
by this system).

Clearly, it would be desirable to have a system that measures ambient temperature
directly with the Rosemount response time, but does not suffer from wet-bulbing in heavy
precipitation.

Moisture content information is gotten with an infrared hygrometer (IRH) — vapor density
measurements — and a dew (frost)-point hygrometer. The IRH operates in the range 0 to
20 gm_3 or more, within 5 to 10% error, responding to a 90% change in from 0 to 10 seconds.

The dew (frost)-point hygrometer provides dew (frost-point directly, has a response time
of approximately 10 seconds and is within + 2c of values derived from IRH system data. There
is an additional problem (heat sink). At very low humidities, a heat sink problem might in-

crease the response time to 2 minutes. This does not appear to be important in hurricane
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operations. Improvement of the IRH/dew (trost)-point systems and/or implementation of
""state -of -the -art'' systems for airborne use should be conside red.

Ambient pressure data is provided by a Giannini pressure transducer with an error of
+0.5 mb over the range of 1050 to 50 mb. A response rate of 10 mb/sec-1 is felt to be
satisfactory.

The absolute (radar) altimeter system utilized at present operates at altitudes from 200
to 50, 000 feet with an error of approximately +1%. The response time, 500 ft/sec—l, is ade-
quate for hurricane research. The major problems encountered with this system are lack of
systems support, test, and maintenance facilities.

Cloud physics instrumentation provides information on drop-size distribution in the
storm, liquid-water content, volume median drop size, number and distribution of cloud par-
ticles and nuclei, and other items. These highly specialized systems are not generally avail-
able commercially.

Cloud seeding can be done with RFF aircraft, but improved pyrotechnics and delivery
are needed.

Vertical sounding data, that is, the vertical distribution of pressure, temperature, and
humidity, is currently supplied with the AN/AMT-3 dropsonde system. This system should
be updated with state-of-the-art equipment as soon as practicable.

Recording systems: The variety of individual preferences and logistic support require -
ments necessary to record data simultaneously from a representative number of different
meteorological instruments makes it difficult to identify a ''best' type of recording system to
meet all research needs. Of the automatic devices currently available, the most widely used
are the digital, oscillographic, and photographic recording systems.

Digital data recording systems (magnetic tape) offer the advantage of high-speed record-
ing, in which the data are treated as numeric values and recorded at finite intervals of time
(normally for hurricane flights, the recording rate of one complete sample per second is uti-
lized). In this manner, the recorded information may be processed readily with compatible
ground-based electronic data-processing systems.

Preliminary evaluation of the recorded data from the computer-printed record is not
ordinarily feasible until manual or automatic plotting of the data is accomplished. Oscillo-
graph or analog recording devices are therefore preferred by many because initial evaluation
of the data may be performed directly. The oscillograph record provides one with a continu-
ous analog record of selected parameters. However, data reduction preparatory to computer
processing requires laborious and time-consuming conversion of the analog record to digital
form.

Photographic data-recording systems using analog indicators are relatively simple and
inexpensive. They are particularly adaptable to short-term projects for which the time and
funds available preclude establishing more elaborate systems, and where the volume of data
to be collected is small.

The RFF has established digital data-recording systems (magnetic tape) as its primary
recording medium. Analog recording systems, including FM magnetic tape, oscillograph
recorders, and photographic systems are also utilized. Therefore, the RFF is able to pro-
vide backup recording facilities for hurricane data, in addition to matching sensor reso lution

and response times to appropriate primary recording systems.
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Further utilization of the FM magnetic tape system (used primarily for sensors with
fast response times) is anticipated in the future. The capability for A- to -D conversion with
the aircraft digital systems is also contemplated. A recently acquired digital system, cur-
rently installed on the C-54 aircraft, is being evaluated by the. RFF. This concept will be the
basis for the development of future digital and A/D systems.

D. Meteorological Sensor Calibration Program (Current Methods)

1. General

In precise measurement of altitude, two of the major difficulties that arise are, first,
to sense the true static pressure from a rapidly moving aircraft, and second, to make an
instrument which is accurate enough to indicate the pressure that has been sensed. Errors
arising from the sensing problem are called 'installation errors', and those arising from the
indicating problem are called "instrument errors." Thus, the accuracy of the heights of
pressure surfaces reported by Air Weather Service (AWS) reconnaissance aircraft, both
flight-level and dropsonde, depends upon the accuracy of the radio altimeter and pressure
altimeter systems used by the meteorologist. Since a relatively large error may be present
in either system, the two systems have to be calibrated coincidentally. Any change in either
system necessitates a recalibration. The instrument errors affecting the accuracy of the
pressure altimeter are hysteresis, friction, zero-setting, readability, temperature, scale,
and static-system leakage. The installation error is commonly called ''the static source

error."

Each of these errors is explained and discussed in subsequent paragraphs. As
pressure is usually one of the meteorologist' s prime concerns, he must take a personal inter-
est in the calibration and maintenance of the entire static pressure system. The confidence of
ground weather personnel, in the validity of reconnaissance observations, is often won or lost
by the accuracy of the pressure reports. In practice, calibration corrections are obtained

for the total system, absolute altimeter and pressure altimeter combined, and applied to the
pressure altimeter readings to simplify computation procedures.

2. Altimeter Errors

a. Hysteresis and Friction Errors: These errors result from sluggish-

ness of the aneroid bellows and from friction in the transmission mechanism between the
aneroid and the pointers. These errors can be reduced but not completely eliminated by tap-
ping the altimeter before each reading. Maintaining constant cruising level for at least a
half-hour before and during the reading of the altimeter further reduces the hysteresis error.

b. Zero-Setting Errors: Since altimeter zero-setting errors are of small

magnitude, the setting in the barometric scale window may be changed to altimeter setting for
purposes of ground-checking the pressure altimeter.

c. Readability: The instrument is graduated for every 20 ft. During flight,
the altimeter is read to the nearest 10 ft. Care in reading will eliminate errors of parallax.

d. Ambient Temperature: The pressure instruments are normally checked

(calibrated) at a temperature of approximately 20”%¢, Any variation in the instrument tem-
perature during actual operation will introduce an error. Construction of the instrument com-
pensates partly for this error, but the compensation will decrease with increasing height.
During normal cruising with an operational cabin heating system, the temperature will seldom

deviate more than 5°C. The error introduced is approximately +10 ft.
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e. Scale or Instrument Error: The diaphragm deflection of the aneroids

on the ideal altimeter should have a linear relation to the pressure change. Due to material
imperfection and the construction itself, the diaphragm deflection is not the same at all
heights for the same given change in atmospheric pressure. The magnitude of this error

normally increases with height.

f. Static-System Leakage: Leaks in the pitot-static system lines will

cause erroneous readings of pressure heights and indicated airspeed readings. The mainten-
ance technical orders for each type of aircraft establish the frequency with which the checks
for leaks are performed. However, additional checks for leaks in the static lines may be
performed as required when leaks or water in the lines are suspected.

g. Installation Errors: The static pressure error is a defect of the

source of static pressure, not of the instrument; it arises purely from the aerodynamics of
the moving aircraft. For a given geometry of an aircraft, the error is a function of indicated
airspeed, altitude, pressure altitude, and gross weight of the aircraft. The static pressure
errors for many types of aircraft are determined during flight tests and recorded in the form
of a flight data correction graph in Tech Orders. Generally, this is not the true correction
for all individual aircraft, since the static pressure error of two apparently identical air-

craft may be different. Each aircraft must be separately calibrated by flight calibration

methods. Static pressure errors are especially prevalent in high-speed jet aircraft. A
boundary layer with a slight vacuum is produced over the flush mounted static ports, causing
a large-magnitude error in the pressure altimeter reading. This correction varies with air-
speed and altitude. The variability of the correction renders it extremely difficult to include
in single corrections, such as the historic correction, and is usually applied separately to
the pressure altimeter reading.

E. Historical Calibration Method

1% Altimeters
This method is the primary method for calibrating altimeter systems on all AWS
reconnaissance aircraft. Historical corrections are averages of the differences in standard

pressure surface heights measured by an aircraft, as compared to selected radiosonde sta-

tions. The radiosonde heights are assumed to be correct and aircraft heights are corrected
to agree with them. A minimum of three flights will be obtained before the averaged results
will be published as the historical correction data. This historical data on each aircraft is
averaged at least every two weeks and results published in linear feet. The primary instru-
ment will be located at the meteorological officer' s position, and the pilot' s altimeter will
be calibrated as a backup. To verify aircraft heights when the radiosonde station is more
than ten miles from the aircraft calibration point, the following procedure is used:

Using the geostrophic wind equation:

s 282 sin qlojn

where

= wind velocity in knots,

change in height in linear feet,

= distance in n.mi between the RAOB station and calibration point,

s 5 g <
[}

= mid-latitude between the two points.
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As g and & are constant, a K value can be found that is dependent only on the sin ¢ . This
value can be substituted into the equation for any given latitude.
Therefore:
D n
V. = K T or D = ? \%

In addition to flight calibrations just described, a ground calibration is performed on

each altimeter. With the current altimeter setting indicated on the instrument, the altimeter
should read the field elevation plus the height of the altimeter above the runway.

2% Temperature Calibration

Rosemount total temperature systems are calibrated historically much the same as the
altimeter systems. Temperature system at the navigator' s position is usually used as a
backup. Correction data is published along with the altimetry data.

B Baseline Calibration of Dropsonde Instruments

Although a detailed discussion of the baseline calibration procedures can be found in
operating manuals published by the various agencies using these instruments, the intent here
is to present a general synopsis of the numerous steps taken to insure those accuracies ob-
tainable with current sensors. In several cases, such as sea-level pressure and relative
humidity, the degree of accuracy desired by the National Hurricane Center cannot be con-
sistently attained by contemporary equipment.

Baselining includes calibrating the pressure, temperature, and relative humidity sen-
sors, computing correction factors for these elements, and checking the sonde for proper
operation. Preparation of data tapes to load correction and calibration data of the pressure
sensor into the computer, checking the sonde's analog voltage references and transmitting
frequency are also done during the baseline function.

To properly calibrate the sonde, a controlled atmosphere is required. This is supplied
by the baseline calibration set, described in detail in AF T.O. 12M42 AMT 13-2, and a Tenny
vacuum chamber. The test set is to check the temperature and humidity elements and re-
sistance values. The vacuum chamber serves two purposes: (l) to exercise the pressure
sensor under near actual atmospheric conditions, and (2) to calibrate resistance readings
after the sonde has been run up and down through at least 10, 000-ft pressure altitude. This
verifies the proper functioning of the pressure sensor with altitude change.

After charging and baseline calibration sondes are stored in a low humidity temperature
controlled area until used. Stocks are usually used within 15 days of baselining. Prior to
ejection from the aircraft, the sonde is placed in the drop chamber and checked again imme-
diately prior to the drop.

G. Other Flight Instruments

Standard flight instruments such as the Doppler Navigation System receive routine
maintenance and calibration in accordance with individual maintenance T.O. specifications
for each system.

EL. Communications

The meteorological data collected on Atlantic and Caribbean hurricanes is relayed from
the aircraft by HF voice transmission for immediate retransmission on the hurricane network,
as depicted in Appendix E for the Air Force and Navy. Also depicted is the data usually
transmitted by voice in the Eastern Pacific for the Air Force and the Navy. The WC-135's
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and WV-121' s have a 100-word-per-minute teletype capability that speeds transmissions when
the circuit is operational. Western Pacific data is voice-transmitted to the nearest air/
ground airways for retransmission to interested users, such as the Joint Typhoon Warning
Center (JTWC) on Guam. Only meteorological parameters and clear text analysis summaries
are sent, as there is no provision for sending real-time radar or camera coverage. VHF/
UHF is not feasible due to line-of-sight limitations. Even HF use is difficult in and near the
severe storms.

East Coast winter storm data is sent by HF voice via military air /ground stations to the
weather monitor at Charleston Air Force Base for retransmission into the automated weather
networks (civil and military).

(8 Accomplished or Planned Improvements

15, Air Force

Air Force AWS WC-130's are presently undergoing a two-phase modification and sen-
sor update program to improve total capability. Phase I (see below) will be completed on
the sixteen B models by November 1970. All twenty-two aircraft will have both Phase I and
Phase II (see below) complete by September 1971, with most of them ready for the storm
season. An Airborne Weather Reconnaissance System (AWRS), called Project 5222 (see
Appendix F )is now in the contract definition phase and is scheduled for implementation over
the next few years. Funding phase points of this project will permit continuous update com-
mensurate with the current state of the art. Two WC-130's are to receive a radar modifica-
tion, replacing the nose radar (APN-59B) with an off-the-shelf RCA AVQ-30C. Additionally,
Sierra Research will install a six-foot, flush-mounted, side-looking radar on one of the two
AVQ-30 aircraft. All three radars are scheduled for test and evaluation only (see p. 25 ).
The WC-135 fleet is scheduled for update of sensors and installation of a single-shot drop-

sonde dispenser and humidity sensor.

2. Navy

The two Navy weather reconnaissance squadrons have been equipped with WV -121 air-
craft since the mid-1950's. About 1967, support was becoming a problem and the Naval Air
Systems Command (NASC) was directed to recommend a replacement weather reconnaissance
aircraft. After comparative tests, the Lockheed P-3 was selected over the WC-130 and
WC-121N. Within the Navy, a worldwide support capability for P-3 aircraft already existed,
and this was an important factor in making the choice.

By 1969, funding was austere, and NASC was directed to proceed with the configuration
of one P-3 aircraft. An early P-3A antisubmarine warfare aircraft has been made
available, and meteorological equipment from a WC-121N is being relocated in the
P-3 (Cf. p. 25).

3. REF

Acquisition of a WC-130B and the implementation of a state-of-the art integrated
data-acquisition system for the aircraft is planned for 1970-1971, with a follow-on
program to take advantage of AWRS technology.

The updating of the present RFF aircraft complex and instrumentation systems,

further study and data validation, commonality and standardization of systems and
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techniques with other aviation facilities engaged in environmental research, are but a few

of RFF's goals for the near future.

IR

Air Force SEEK CLOUD Program

115 Phase 1

Phase I consists of:

(1
(2)
(3)

(4)

(5)

(6)

Installation of an APN-42A radar altimeter, in addition to the SCR-718;
Installation of a weather officer's work table and instrument console;
Installation of AN/AMQ-28 Rosemount total temperature measuring

system;

Installation of an AN/AMQ-29 Hewlett-Packard dropsonde data recording
system with the capability to use the AN/AMT-13 instrument. (Desired
dropsonde pressure accuracy is 2 mb; present limits are *6 mb).
Installation of MA-1 Pressure Altimeter at ARWO (Airborne Reconnaissance
Weather Office) position.

Installation of single-shot (AMT-13) dropsonde dispenser.

Most aircraft in the WC-130B fleet will have received Phase I and Phase II modifications

by the 1971 hurricane season—all by September 1971.

2 Phase 1I

Phase Il consists of:

(1)

(2)

(3)

(4)

Installation of a Cambridge Systems Optical Dew Point Hygrometer, Model
137-C3-SCT-MR;

Installation of a Barnes sea-surface temperature indicator, Model PRT-5,

91/2 to 11-1/2 micron range;

Installation of a Hewlett-Packard desk calculator, Model 9100B, to expedite
dropsondék data reduction;

Installation of strip-chart recorders for:

Wind direction and speed,

Dew Point,

Temperature,

Pressure altitude and radar altitude,
Sea-surface Temperature,

3% Phase IIT

Phase III will consist of:

n

Installation of a Rosemount Model 102 temperature probe (for temperature

reference for central air data computer);

* Provides recording capability as sensor signals become available. SEEK CLOUD

Phase II provides for recording total temperature, dew point, radar altitude, and sea-

surface temperature., SEEK CLOUD Phase III will provide signal outputs to record wind

parameters, pressure, altitude, and improved (expanded chart scale) resolutions of
radar altitude.
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(2) Installation of a CPU-43 central air data computer (provides true air-speed
reference for wind vector computer);

(3) Installation of CP-721 wind vector computer (N-S vector and E-W vector
output);

(4) Installation of Rosemount (830 B/C type) pressure transducer (provides
pressure altimeter signal for recording and as input to central air data
computer. )

K. Air Force Project SEEK STORM

Under Project SEEK STORM, two WC-130B aircraft are presently in modification at

Lockheed, Ga., receiving the AVQ-30 forward-looking C-band radar. This radar set will
replace the old X-band AN/APN-59 on aircraft #495 and #725. (The AVQ-30 should allow

the navigator adequate detail of the storm to aid safe navigation into the eye.) Aircraft #725

will also receive a side-looking antenna system at the Sierra Research Corp., Buffalo, New
York plant to aid in surveying a larger portion of the storm.

Sierra's system will have a 6-ft parabolic antenna mounted in the forward cargo door
of the WC-130, but will require no structural modifications for installation. This added
capability will provide the hurricane forecaster with a complete "iramework' depiction of
the hurricane and a better insight into forecasting intensity and movement of the storm.

L. Navy Improvement Program

The major cost item in reconfiguring a single PV-3 will be the installation of an APS-20
radar. This area was specified in a Request for Proposal (RFP) issued by the Navy in the
spring of 1970, intended to provide an austere prototype WP-3A model. A contract was
signed on 30 June 1970.

This single aircraft is scheduled for delivery to the Navy by 15 October 1970. Fea-
tures of the WP-3A configuration include:

(1) A retractable APS-20 radome-pylon assembly in the bomb bay area.

(2) A reset of tilt limit switches for the forward APS-80 X-band radar to provide

a 30° look ‘above the aircraft level to give cloud height information.

(3) Provision of a second radar altimeter, with indicators in the cockpit and

other new positions.

(4) Installation of meteorological sensors in the forward fuselage to minimize

effects of the propellers, which will be aft of these sensors.

(5) A flight meteorologist position will be installed at the port window forward

of the propellers. Instruments will include:
Radar display of APS-20 or APS-80 radar,
Ground and airspeed,
Radar and pressure altitude,
Barometer,
Dew point,
Heading,
Drift,
Flight lead wind direction and speed,
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(6)

(7)

(8)

(9)

(10)

Aircraft position,

Appropriate instrument lighting for night observations,

Polaroid camera for radar scope photography,

A thirty-channe!l data logging system.
A relocation of the radio operator to a position across from the flight
meteorologist, with a capability to extract data from the flight logging
system for transmission via HF radio.
Additional APS-20 radar controls have been installed for the radar
operator, and APS-80 or APS-20 display can be selected for the
APA-125 indicator.
Also, the second aerographer' s position includes an RO-308/SSQ-36
bathythermograph recorder, a Mosley 680 sea surface temperature
recorder, dropsonde control switch, MK 260 brush visual recorder
to display wind, temperature, dew point, and '""D" value. A five-channel
remote display readout, which can display any of the thirty channels in
the data logging system is positioned between the two aerographer
positions.
The first of these aerographer stations includes an AMQ-17 aerograph
set, an AMR-3 radiosonde receptor, a Cambridge Systems dew point
hygrometer, pressure and radar altitude, aircraft position, heading,
speed, drift, cabin and external barometric pressure, and time.
In the aft section, facilities are provided to eject the dropsonde and

install the ART -4 radiation thermometer system.

Sketches of the WP-3A are appended. (See Figs. I-10andl-11.)
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III. PROBLEMS AND RECOMMENDATIONS

The previously mentioned improvement programs and the recommendations of this
report should ensure more accurate instrumentation and near-complete collection of the
parameters now desired by the meteorological scientist. The present system of voice-~
relaying the data through weather monitors stationed at selected military air /ground HF

sites does not provide the timeliness or accuracy desired by the user.

A, Recommendations
I All reconnaissance aircraft should be equipped with high-speed teletype
equipment.
2 Dedicated weather reporting, HF frequencies should be assigned the

reconnaissance mission to eliminate congestion on normal airways frequencies.

B1 NHC should be equipped with a dual HF /SSB capability in order to receive
the data direct from the aircraft. This would also allow voice contact between the fore-
caster and the aircraft, so questionable data could be checked and suggested track changes
coordinated.

4. Transfer the weather monitors presently augmenting the Charleston Air
Force Base Weather Station to CARCAH. They would handle the hurricane work load as well
as the normal reconnaissance and East Coast storm data.

Bi Operational Requirements

In order to accomplish the researcher's scientific objectives, pre-operation planning
must be accomplished. Aircraft and crew capabilities are as important as instrument sys-
termn capabilities and should be considered prior to the establishment of the Operations Plan.

Reliable communications and aircraft control, air-to-air, ground-to-air, are indis-
pensable for both research and operational missions. Data collected by the aircraft are use-
less for operational requirements if this data cannot be transmitted to NHC. The establish-
ment of a reliable direct-communications complex between the aircraft and NHC should be
implemented as soon as practicable.

Crew training and experience is also an important consideration in order to success-
fully accomplish hurricane research/operational objectives.

Military crews are routinely rotated from weather assignments to other types of duty.
Therefore, they are not able to build up the level of experience presently found at the RFF,
whose crew members (professional meteorologists, aircraft operating and maintenance
crews, and instrument engineering staff) have been engaged in hurricane research/opera-
tions for an average of approximately nine years.

Ce Provision of Radar Scope Display to Forecasters in Real Time

Proceedings of this panel have pointed to a downstream development of sophisticated
reconnaissance subsystems, which may take years to test and provide for operational
purposes.

In the interim, valuable information is available to the airborne weather observer on
radar scopes in the aircraft. While the introduction of voice communications between the
forecaster and the aircraft would permit a literal description of the radar picture, it seems
well within the realm of modern technology to transmit the picture itself to the same

forecaster.
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Though the radars and the pictures may not represent the ultimate, it seems that for
the next few years an immediate improvement in data available to the forecaster could be
accomplished by relaying the current scope picture to the ground.

D. Aircraft Clearances

The problem of inserting reconnaissance aircraft into a medium already crowded with
commercial flights is difficult. This is particularly true in the East Coast winter storm
operations, which generally require flights in and off the megalopolitan area.

Due to the nature of the air traffic control system, clearances for reconnaissance air -
craft are sometimes difficult to obtain; safety of all aircraft is very rightly the primary con-
sideration. The situation becomes even more difficult when aircraft are handed off from one
air traffic control center to another.

In the case of an active hurricane threatening coastal areas, normal air traffic is con-
siderably less dense than usual, and the problem is not as critical. However, evaluation of
priorities in the case of an East Coast snow storm is much more difficult and the situation is
further complicated by the existence of warning and restricted areas.

In some instances, cases may arise where the comfort and convenience of passengers
on a routine commercial flight may have to be slightly affected to ensure adequate reconnais-
sance of a storm whose potential damage may run into millions of dollars. It is recognized
that this will be a difficult decision at best, and it is emphasized that flight safety is of para-
mount importance.

Nevertheless, it is strongly urged that DoT/FAA be tasked to provide priority handling
of reconnaissance aircraft in these congested areas when a damaging storm is in existence.

E. Sea Surface Temperature

The Phase II modification to the WC-130 fleet will provide sea surface temperatures;
however, thick cloud coverage below the aircraft will negate data collection. For this reason,
it is recommended that the AWS WC-130/WC-135 fleet be modified to use the Navy Bathythe rmo-
graph sonde. This will require a removable modification to the single-shot dispenser and in-
stallation of the appropriate recorder (RO-308/SSQ-36).

Routine dropsonde observations provide temperature, pressure, and humidity at a
series of elevations below the aircraft. At present, these data are manually reduced on-board,
though in Phase II of the Air Force SEEK CLOUD program, the process will be automated.
However, successful tests of a new capability to determine winds at these same sub-track
points have been made by Beukers Laboratories, Inc. Using LORAN-C or Omega, plus a
relatively inexpensive receiver aboard the aircraft, and a minor modification to the sonde it-
self, these winds would convert the present useful dropsonde data into an invaluable equivalent
of a rawin -sonde at discrete steps along the flight path. It seems highly desirable to authenti-
cate this technique in further tests and to install the necessary components as soon as the re-
sults indicate its true worth.

138 Comparison Flights

One of the major problems in the data utilization area concerns the comparability of
measurements. While Air Force, Navy, and RFF each calibrate instruments, the devices
are not obtained from the same manufacturer, and there is no assurance that a flight-level
temperature (or any other measurement) would be exactly duplicated from any other aircraft

at the same time and location.
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There are really two situations involved here. 1ln the first place, there are no standards
for sounding measurements, if the radiosonde is accepted as an instrument of variable accu-
racy, itself. Though this is the fundamental problem, it is not as readily attacked as attempt-
ing to establish comparability between the systems used in the different aircraft.

With the operational reconnaissance fleets and the RFF heavily committed to hurricane
and East Coast winter storm reconnaissance, it seems advisable to establish a comparison
run in an interval when aircraft are more readily available. Details can be worked out at a
later date, but in general, a few flights over three or four ground-based radiosonde stations,
extending on the order of 500 miles out and back from a mutually acceptable base, could es-
tablish the comparability of the airborne flight-level data from one aircraft in each facility,
and a check of the dropsonde capability. Aircraft would fly parallel and simultaneous routes,
with a separation of about a mile to ensure non-interference of radars and to collect data in
the routine RECCO and dropsonde formats.

G. Commonality, Standardization, and Single Manager

Historically, the aerial weather reconnaissance program has been plagued with a lack
of commonality of equipment used by the various service agencies. The Air Force, Navy,
and RFF each have different type air-frames and sensor equipment. The effect of these un-
like systems produces differences in capability, procedures, and data acquisition, dissemina-
tion, calibration, and accuracy. Only the Air Force and the RFF are completely dedicated to
providing the exact East Coast storm route and profiles desired by the NWS. The Navy meets
some of these requirements, but usually only where they are compatible with fleet require-
ments. Hurricane reconnaissance procedures have been standardized, but the Navy WV-121's
are not able to perform low-level maneuvers within eyes that are less than twenty miles in
diameter. The Air Force has embarked on a program to completely standardize its tropical
cyclone fleet and RFF is planning to configure their newly acquired WC-130 with the same
basic equipment. Navy has selected the PV-3 as their follow-on weather reconnaissance air-
frame and plans to use the same equipment that is presently on the WV-121's. Many of the
presentations given tq this panel stressed the need for commonality and standardization of the
operational equipment. The best method to provide this would be to establish a single manager
for operational reconnaissance, keeping the research and development in its proper place with
the RFF. Commonality, standardization, and cross-calibration would easily be accomplished
with centralized command and control.
1Vv. CONCLUSIONS

This review of contemporary operations was prepared to give the Study Group an overview
of how these vital functions are now being carried out, an indication of current and potential
problem areas, and a summary of improvement programs and plans. Currently, we spend
less than $500 million for this nation's entire program of meteorological services and support-
ing research. Moreover, it is clear that all aircraft used for weather reconnaissance are ad
hoc adaptations of air frames designed specifically for other purposes. In spite of handicaps
such as hand-me-down air frames and severe budgetary limitations, weather reconnaissance
aircraft have made and continue to make unique and key contributions to this nation's ability

to warn its citizens of the threat and approach of dangerously violent weather.
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APPENDIX A
The Reconnaissance ‘Code (WMO)

The RECCO Code format is depicted in a series of five-digit groups. Listed below is a
break-out by group of the coded parameters. For a discussion of the accuracy of the sensed

parameters. see Appendix B.

Group No.
1 (97779), lndicator group identifying code as a RECCO report with or without radar.

(GGggiu), Time group and humidity indicator. (ZULU)
(YOLaLaLa), Day of week, octant of globe, latitude in degrees and tenths.
(LoLoLoBfe), Longitude in degrees and tenths, turbulence, flight conditions.

[S L VU S

(hhhdtda), True altitude of aircraft in decameters above msl, type and reliability
of wind.

6 (ddfff), Wind direction at altitude in 10' s of degrees true, wind speed at altitude
in knots.

7 (TTTdTdWg), Temperature and dewpoint in whole degrees centigrade, present
weather.

8 (mjHHH), Remarks on present weather, index pertaining to HHH, height of
standard millibar level in meters (below 700 mb) or decameters {(above 700 mb).

9 (1KnNINZN3), Group indicator, total number of cloud layers coded, cloud amounts
in first, second, and third layers.

10 (ChhHH), Cloud type, altitude of base of cloud, altitude of top of cloud.

11 (chhHH), Same as above for each layer of cloud through the third layer; then the
9 group is repeated for all layers beyond the third.

12 (4ddff), Group indicator, direction of surface wind in tens of degrees true, wind
speed at surface.

13 (5DFSDk), Group indicator, direction of surface wind, force of surface wind,
state of sea, direction of swells.

14 (6WsSsWcDw), Group indicator, significant changes in weather, distance to the
change, weather off course, true bearing to weather off course.

15 (71rltSbSe), Group indicator, rate of icing, type of icing and contrails, distance
to beginning of icing, distance to ending of icing.

16 (7hiHiHi), Group indicator, altitude of base of icing, altitude of top of icing.

17 (8drdrSrOe), Group indicator, bearing of echo from aircraft in 10 degree true,
distance of echo center in 10's of n.mi., orientation of ellipse.

18 (8WeAeCei), Group indicator, ellipse width of echo diameter, length of major
axis in 10's of n.mi., character of echo, intensity of echo.
In addition to the coded groups indicated above, plain language remarks are used to
further describe any situation not covered within the framework of the code.
A more detailed discussion of the RECCO Code can be found in Air Weather Service
Manual 105-1.
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APPENDIX B

Atlantic and Eastern Pacific Joint Requirements for Aircraft RECCO Data
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APPENDIX C

Tropical Cyclone Report Forms

INITIAL TROPICAL CYCLONE EYE/CENTER REPORT

AIR FORCE GULL

UH NAVY EYE/CENTER LOCATED BY
* NOAA
AT DEGREES MINUTES NORTH DEGREES
MINUTES WEST AT ZULU

* NOAA participates only in the Atlantic area.

1. ‘The first center fix obtained on each flight will be dispatched as rapidly as possible
using Form 1.

2. This form is used in the Atlantic and Eastern Pacific areas.
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DETAILED EYE/CENTER DATA MESSAGE

ADDRESSEE(S)

MISSION NUMBER | DATE SCHEDULE FIX TIME
Z
ATRCRAFT COM- AIRCRAFT NUMBER | ARWO
MANDER
FIMULTANEOUS FIX| T RANSMISSION TIME | GROUND STATION
WITH OTHER A/C RECEIPT TIME PRECEDENCE,
I_1 Yes 1_| No Z Z IMMEDIATE

MESSAGE HEADING

SQUADRON CALL
A | SIGN

MISSION NUMBER

CYCLONE /STORM OBS NUMBER

NAME

DATE AND TIME OF FIX (Zulu)

DEG

Min N S

LATITUDE CENTER FIX (Degrees/Minutes)(Circle N or §

D DEG

Min E W

LONGITUDE CENTER FIX (Degrees/Minutes)(Circle E or W

Bo |o [w

CENTER DETERMINED BY: (Enter appropriate number)
l - Penetration; 2 - Radar (indicate aircraft position and
wall cloud data in Sec. S, REMARKS); 3 - Wind;

4 - Pressure; 5 - Other.

NM

NAVIGATION FIX ACCURACY (in nautical miles).

MB

2

MINIMUM SEA LEVEL PRESSURE (in millibars).
(Computed, unless otherwise stated.

[ =

MB

(millibars/

MINIMUM HEIGHT AT STANDARD LEVEL meters).

L]

(in knots).
ESTIMATE OF MAXIMUM SURFACE WIND OBSERVED-

=
o]
S

NM

(&

BEARING AND RANGE FROM CENTER OF MAXIMUM
SURFACE WINDS (Degrees, nautical miles).

MAXIMUM FLIGHT LEVEL WINDS NEAR CENTER
(degrees and knots).

NM

BEARING AND RANGE OF MAXIMUM OBSERVED FLIGHT
LEVEL WINDS FROM CENTER (Degrees, nautical miles).

MAXIMUM FLIGHT LEVEL TEMP INSIDE THE EYE
(degrees Centigrade)

MAXIMUM FLIGHT LEVEL TEMP OUTSIDE THE EYE
(degrees Centigrade)

M /

ABSOLUTE ALTITUDE OUTSIDE/INSIDE EYE (meters)

T 0 12 [ & X

/ Min N gy

°/ Min E W

R IS 2 - ({4

CONFIRMATION OF FIX. Position (Degrees/Minutes);
Date and Time (Zulu)

EYE SHAPE/ORIENTATION/DIAMETER. Code eye shape
as: C - Circular; CO - Concentric; E - Elliptical. Trans-
mit orientation of major axis in tens of degrees, i.e.,
01-010 to 190; 17-170 to 350. Transmit diameter in nauti-
cal miles. Examples: C8 - Circular eye 8 miles in diam.

E09/15/5 - Elliptical eye, major axis 090-270, length of

major axis 15NM, length of minor axis 5NM. CO8-14 -
Concentric eye, diameter inner eye 8 NM, outer eye 14 NM,
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DETAILED EYE/CENTER DATA MESSAGE (Continued)

R EYE CHARACTER: Closed Wall, Poorly Defined, Open SW
etc.
REMARKS.
S
T o/ Min N S AIRCRAFT POSITION IF RADAR FIX (Degrees/Minutes).
°/ Min E W

INSTRUCTIONS: Make every effort to eliminate ambiguous or misleading statements. Use
Transmit in flight only that portion beginning with '""Message Head-
ing." Significant clouds observed in the Eye/Center should be reported under "Remarks"

or be summarized in the written Post-Flight Report. Enter 'N/A" for items that are not
available.

authorized contractions.
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FORMAT TO BE USED WHEN REPORTING RADAR EYE
FROM OUTSIDE EYE APPENDED TO RECCO CODE

AIR FORCE GULL

UH NAVY 96669 11304 10189 68466 ----etc------ X
NOAA*
(RADAR EYE) (AT)

(RADAR EYE BY HOLE IN SEA RETURN) (Note 1) CNTRD (NEAR) (Note 2)

DEGREES MINUTES NORTH DEGREES MINUTES WEST X
(POSITIVE) (POSITIVE)

CNTR SELECTION (GOOD) (Note 3) X LOCATION (GOOD) (Note 4) X
(FAIR) (FAIR)

NAV (Note 5) ACCURATE WITHIN MI BY (LORAN)

(CELESTIAL) (RADAR) (TACAN#) (DOPPLER) (DEAD RECKONING)

(RADAR WEATHER REMARKS) (Note 6)

* NOAA participates only in the Atlantic.
# Tactical Air Navigation (Radio)

1. This form is used in the Atlantic and Eastern Pacific areas.
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SUPPLEMENTARY VORTEX DATA/MESSAGE

Date Time Z to
Acft Type Unit Observer
Message Heading
DTG
Mission ldentifier Ob. No.
VORTEX DATA PROFILE AZIMUTH
1 2 3 4 5

LEFT REAR QUAD IWALL

7 8 9 10

80 45 30 15 00
11 12 13 14 I5

8 4 3 1 0
16 17 18 19 20

MX 63 50 30
21 22 28 24 25

RIGHT FRONT QUAD IWALL
26 27 28 29 30

80 45 30 15 00
31 32 33 34 35

8 4 3 1 0
36 37 38 39 40

MX 63 50 30
41 42 43 44 45

LEFT FRONT QUAD IWALL
46 47 48 49 50

80 45 30 15 00
51 52 53 54 55

8 4 3 1 0
56 57 58 59 60

MX 63 50 30
61 62 63 64 65

RIGHT REAR QUAD IWALL
66 67 68 69 70

80 45 30 15 00
71 72 73 74 5

8 4 3 1 0
76 77 78 79 80

MX 63 50 30
REMARKS:
NOTES: Groups 5, 25, 45, and 65 are height of eyewall. Report to nearest 1000 ft. in a
give digit group. /////indicates hgt unk.
Groups 6-10, 26-30, 46-50, and 66-70 are "D" values. lndicator is distance from eye.
Report in tens of feet. Add 500 for negative values.
Groups 11-15, 31-35, 51-55, and 71-75 are temp and dew point. Distances from eye are the
same as '"D'" values. Report to nearest degree centigrade. Add 50 for negative values.
Groups 16-20, 36-40, 56-60, and 76-80 are wind data. lndicator MX will be followed by the
max wind. Report to the nearest knot in 3 digits. Next block is radial and distance of max
wind from the eye. Report as five digit group in degrees and nautical miles. Indicator 63,
50, and 30 will be followed by three digits representing the distance of the indicated wind
speed from the eye.
1f data unobtainable, slashes will be reported.
Monitor TOR
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APPENDIX D

Operational Flight Patterns

PLAN A 18 -4 -13148

Fn E o Eeu EtIl E"
3 RS -
g e—— B s

DIRECTION
OF MOTION

FLIGHT ALTITUDES
A B C D---10,000 FEET
D E F A----{,500 FEET

Fig. ID-1. Operational flight pattern A.
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OBSERVATION DETAILS FOR OPERATIONAL FLIGHT PATTERN "A"

penetration

ALPHABETIC OBSERVATION TRANSMIT ASAP
POINT DATA AFTER
A First 8 groups RECCO Code. A
Eye Eye /Center and Dropsonde. Eye (Initial Eye)
Dropsonde may be appended to Point B
Message.
B First 8 groups RECCO Code. B :
Detailed Eye /Center Message.
C First 8 groups RECCO Code. C
Eye Eye/Center and Dropsonde. Eye (Initial Eye)
Dropsonde may be appended to Point D
Message.
D First 8 groups RECCO Code. D
Add new Detailed Eye /Center Message,
if any significant changes.
E
D1 99999 GGggi ddfff Data for Point E transmitted first,
TTTQT qw mjHHH SST (see note 4). then data for D), D2, and D3 in
D, Same as D, except omit 99999. chronological order, followed by
D3 Same as D;. SST for E, Dj, DZ' and D3.
E First 8 groups RECCO Code and See example below.
SST (see note 4).
E, 99999 GGggi ddfff F
TTT3Tqw mjHHH SST (see note 4) Data for Point F transmitted first,
E, Same as E|, except omit 99999. then data for E, Ej, and Ej3in
Ej3 Same as Ej. chronological order, followed by
By First 8 groups RECCO Code and SST for F, E;, E,, and E3.
SST (see note 4). See example below.
Supplementary Vortex Data Message
VORGLE fAE TR transmitted between Points F and A.
A
F, 99999 GGggi ddfff Data for Point A transmitted first,
TTTgTqw mjHHH SST (see Note 4). then data for Fl' FZ, F., and Fyu in
FZ Same as Fl' except omit 99999. chronological order, foﬁowed by SST
B Same as F,. for A, F o E5h Fap and Fyu.
Fy Same as F,. See example below.
A First 8 groups RECCO Code and
SST (see Note 4).
Eye Eye /Center and Dropsonde. Eye (Initial Eye)
Dropsonde may be appended to Point B
Message.
B
B First 8 Groups RECCO Code Detailed Eye /Center Message.
VORTEX VORTEX Data for last B
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EXAMPLE OF RECON MESSAGE TRANSMITTED AT POINT E:

9xxx9 GGggi YQLaLala(l) LoLoLoBf(1l) hhhdtda ddfff
TTTdtdw mjHHH 99999 GGggi(2) ddfff TTT 4T yw mjHHH
GGggi(3) ddfff TTT4T ;w mjHHH GGggi(4) ddfft TTT 4T qw
mjHHH SST(5) 287 gé&l?O 280

(1) Latitude and longitude of Point E.

(2) Time at Point Dl'

(3) Time at Point DZ'

(4) Time at Point D3.

(5) Sea-Surface Temperature at: E D) DZ Dy

ISST 28.7C 26.5C 27.0C 28.0C

NOTES: (1) The track and altitude to observation Point A is unspecified as is
the track home from the last observation point.

(2) En route to and return from storm area, the first 8 groups of the
RECCO Code should be observed and transmitted every 30 minutes.

(3) The lengths of the vortex pattern legs (DE, EF, FA) may be ad-
justed to permit the aircraft to return to Point A in time for a fix 6 hours after
the first penetration. Because of this adjustment, the supplemental observation
points (Dl’ DZ’ D3, Eq, etc.) will be selected before departure on each leg.
The points should be equidistant (approximately 60 nautical miles apart) on each
leg.

(4) Sea-surface temperatures should be reported only when measured
at 1, 500 feet or lower. Otherwise, slants should be reported.

61



e e —— —— — ——— ——
.

Fig. ID-2. Operational flight pattern B.
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OBSERVATION DETAILS FOR OPERATIONAL FLIGHT PATTERN "B"

ALPHABETIC OBSERVATION TRANSMIT ASSAP
POINT DATA AFTER
A First 8 groups RECCO Code. A
; R Eye (Initial Eye)
Eye Eye/Center and Dropsonde. Dropsonde may be appended to
Point B Message.
B
B First 8 groups RECCO Code. Detailed Eye /Center Message.
Supplementary Vortex Data
VORTEX VORTEX DATA Message transmitted between
B and C.
C
B, 99999 GGggi ddfff Data for Point C transmitted
TTT wa mjHHH SST (See first then data for B, BZ’ Bs,
note cl). and B, in chronological order
B, Same as B, except omit 99999| followed by SST for C, B}, B;,
B3 Same as B;. B3, and B4. See example
By Same as B,. Appendix A, Attachment la.
C First 8 groups RECCO Code
and SST (see note 1).
NOTE: (1) Notes 1, 2, and 4 of Appendix ID, page 2. Observation Details

for Operational Flight Pattern "A'" are applicable to Pattern ''B."

(2)

Points—Bl, BZ’ B3, and B

4

63

Point C is 250 nautical miles from Point B. The four Intermediate
— are about 50 nautical miles apart.




PLAN C 18-4-13150

DIRECTION
OF MOTION

Fig. ID-3. Operational flight pattern C.
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OBSERVATION DETAILS FOR OPERATIONAL FLIGHT PATTERN ''C"

ALPHABETIC OBSERVATION TRANSMIT ASSAP
POINT DATA AFTER

A First 8 groups RECCO Code. A
Eye (Initial Eye)

Eye Eye/Center and Dropsonde. Dropsonde may be appended to
Point B Message.

B

B First 8 groups RECCO Code. Detailed Eye /Center Message.
C

C First 8 groups RECCO Code.

Eye (lnitial Eye)

Eye Eye/Center and Dropsonde. Dropsonde. New Detailed Eye/
Center Message, if any signifi-
cant changes.

99999 GGggi ddfff TTT 4T gw D
C, mjHHH and SST (see notes 1 Data for Point D transmitted
and 2). first, then data for C; and C,,
CZ Same as C,, except omit in chronological order followed
99999 (see note 3). by SST for D, Cy and C,. See
D First 8 groups RECCO Code example Appendix ID , page 2,
and SST (see note 1).
E
Dl 99999 GGggi ddfff Data for Point E transmitted
T T w mjHHH and SST (see first, then data for Dy, D,,
note dl) D3, and D4 in chronological

D, Same as D, except omit 99999 order, followed by SST for E,

Dy Same as D,. D;. D,, i and Dy. See

Dy Same as D,. example, ppendxx ID page 2.

E First 8 groups RECCO Code

and SST (see note 1).

VORTEX VORTEX DATA Supplementary Vortex Data
Message transmitted between
Point E and Eye.

Eye (Initial Eye)
E, 99999 GGggi ddfff Initial Eye/Center Message
LT R wa mj HHH and SST (see | transmitted first, then Data
noteq) for E,, EZ’ E,, and E

EZ Same as E; except omit 99999 chronological order, followed

Ej Same as E,. by SST for El' EZ’ E3, and E4.

Ey Same as E;. See example Appendix ID,

Eye Eye/Center and Dropsonde. page 2.

Detailed Eye /Center Message and
Dropsonde.
VORTEX VORTEX data for last Eye

penetration.
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NOTES: (1) Notes 1 through 4 of Appendix ID, page 2, Observation
Details for Operational Flight Pattern "A' are applicable to Fattern ""C".

(2) Intermediate Points Cl and C2 are between center and Point D.

(3) Flight altitude from C, for peripheral data is either 1500 feet
for sea-surface temperature or 27, 060 feet for equivalent potential tempera-
ture, but dependent upon flight safety and aircraft endurance. Because equiva-
lent potential temperature will not be computed onboard the aircraft, tempera-
ture, dew point, and pressure will be transmitted for each observation point.

(4) If the flight altitude for peripheral data is 27, 000 {ft., dropsonde
observations will be made at points D and E. Approval of dropsonde release
will be requested from the ARTCC concerned at least 10 minutes before the
drop point.

(5) Dropsonde releases in the Eye do not require prior coordination
with the ARTCC.
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Investigative 18-4—-1315{
e

{500 FEET

DIRECTION
OF MOTION

Fig. ID-4. Operational flight pattern D.
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OBSERVATION DETAILS FOR OPERATIONAL FLIGHT PATTERN "D"

ALPHABETIC OBSERVATION TRANSMIT ASSAP
POINT DATA AFTER |
First 8 groups RECCO Code A
A and SST.
B

Same as A.

Center (initial Center Message

Centeis Caftitbois when applicable).
C
B, 99999 GGggi ddfff Data for Point C transmitted
TTTdew mjHHH SST first, then data for Bl' B;, B3.
B, Same as B, except omit 99999 and By in chronological order,
By Same as B,. followed by SST for C, Bl’ BZ’
By Same as B,. B3, and B See exampole
C First 8 groups RECCO Code Appendix I‘b page 2.,
and SST
D
Cl 99999 GGggi ddfff Data for Point D transmitted
TTT4Tqw mjHHH SST first, then data for C; and C;
C, Same as C; except omit 99999 in chronological order, followed
D First 8 groups RECCO Code by SST for D, C}, and C,.
and SST. See example Appendix ID,
page 2.
Center or D5.
D1 99999 GGggi ddfff If Center Data Message applicable,
TTTdeW mjHHH SST send first, then data for the
D2 Same as Dj except omit 99999 intermediate points. 1lf no
D, Same as Dj. Center Data Message, send

D5 or Center

Same as Dj.

First 8 groups RECCO Code
and SST or Center Data, if
applicable.

Dg data ﬁrst then data for

Dy, and D in chrono-
loglcaf ord3er, followed by SST
for Dsg, D,, DZ’ D3, and Dy.

VORTEX VORTEX DATA (if applicable) Supplementary Vortex Data
Message transmitted ASSAP
after last observation.

NOTES: (1) Notes 1l through 4 of Appendix ID, page 2, Observation Details

for Operational Flight Pattern "A'" are applicable to Pattern "D.

(2) No dropsondes because entire flight pattern will be flown at 1, 500 feet.

(3) 1f Leg B to C is along or parallel to an easterly wave, this leg should

be flown parallel to the wave on either side.

reported in Remarks.
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APPENDIX E

Communications and Transmission of Meteorological Data

ALT
CARCAH

ANDREWS
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APPENDIX F

Extract from Request for Proposal F19628-70-R-0012, Airborne Weather
Reconnaissance Systems (AWRS), Project 5222, Vol. II, Sec. VII

The AWR System is intended to significantly upgrade the capability of the present Air
Weather Service weather reconnaissance aircraft fleet to meet global meteorological data
requirements. This goal shall be accomplished by (a) the replacement of existing obsolete
sensors by new ones now within the current technology, (b) the use of new sensors capable
of collecting meteorological data never obtained before from reconnaissance aircraft, and
(c) the integration of data processing and transmission equipment for the most effective
handling and display of the data aboard the aircraft and the transmittal of the meteorologi-
cal data from the aircraft to ground stations. In addition, AWRS will be designed with suf-
ficient growth capability to accommodate additional sensors now under exploratory develop-
ment to meet advanced meteorological data requirements.

Performance. The performance requirements outlined in the following paragraphs specify
system performance in terms of system characteristics and operability, and define the sys-
tem in terms of functional requirements and the interrelationships of system equipments
and facilities.

Performance Characteristics. The performance requirements specified below are
necessary to provide the Air Weather Service reconnaissance aircraft with a capability
to meet mission requirements for meteorological data collection, processing, and trans-
mission. The accuracies specified are system accuracies, which are defined as the ac-
curacy of parameters measured at the output of the data transmission antenna on the air-
craft. Performance accuracies shall be within three standard deviations, assuming a
normal distribution.

Meteorological Requirements. The AWR System shall have the ability to collect the
following information to the accuracy specified when deployed within the operating envelope
of both the AWRS modified WC-130B/E, and WC-135B aircraft.

(1) Flight Level Measurements. The following measurements shall be made with
sensors located on the aircraft to provide meteorological information representative of con-
ditions encountered by the aircraft at flight level.

The AWR System shall be capable of measuring the stated parameters in all conditions
of flight, with no effect due to aircraft altitude, attitude, air speed, winds, turbulence, icing,
rain or sea state. The measurements shall be continuous to provide for data samples as
required.

All response rates and /or time constants for flight level measurements that are to be
determined by the contractor must meet the objectives of the mission and satisfy all other
requirements. Further, the response rates /time constants must be approved by the pro-
gram office.

(a) Temperature. The AWR System shall be capable of measuring the free
air temperature to a resolution of 0.1°C with an accuracy of + 0. 5°C and a response rate
of 10° per second over a temperature range of 50°C to -90°CT If temperature measure-
ment is accomplished with a total temperature or stagnation temperature sensor, free air
static temperature is calculated by the equation:

2T
T, = L
s Z
24+ (y-1)KM
Where: TS = Static free air temperature, °k
TI = Indicated Temperature, °k
Y = Ratio of Specific heats, Cp/Cv = 1.4
K = Sensor recovery factor
M = Mach number

If another equation is used, approval must be obtained from the SPO.

73



(b) Pressure. The AWR System shall be capable of measuring flight level
atmospheric pressure to a resolution of 0. 1 millibar (mb). The measurements shall be
accurate to +0.3 mb for pressures between 1060 and 500 mb, and accurate to +0. 1 mb for
pressures between 500 and 150 mb. (The response rate/time constant for this sensor(s)
shall be specified herein by the contractor.)

(c) Dew Point/Relative Humidity Measurement. The AWR System shall be
capable of measuring relative humidity (RH) at flight level, over the range of 10% to 100%
relative humidity, under all conditions of temperature and airspeed, with resolution to
0.5% RH. The required accuracy is a function of temperature and relative humidity, and
is stated in the following chart.

Temperature Accuracy
10% - 70% RH 70% - 100% RH
+40°C to 0°C + 5% RH +2% RH
0°E 1o =20°C +6% RH + 3% RH
- 20P€ to -20°€ +10% RH + 5% RH
- 40°C to -85°C + 15% RH +10% RH

(The response rate of this sensor shall be determined by the contractor during definition
phase and specified herein. If the contractor elects to measure Dew Point, the contractor
shall provide charts, graphs, and conversion factors to demonstrate range, accuracy and
response rates in terms of relative humidity. )

(d) Airspeed. The AWR System shall measure true airspeed to obtain accu-
rate temperature correction factors and flight level winds. True airspeed shall be mea-
sured to an accuracy of + 2Kts, with resolution to 1. 0 Kt. (The response rate and/or time
constant shall be specified herein by the contractor. )

(e) Winds. The AWR System shall be capable of measuring absolute (true)
wind velocity at flight level, independent of aircraft speed, direction or attitude, to an
accuracy of 45 knots in magnitude and 15" in direction. Resolution shall be one knot and
one degree, respectively. The range of wind velocity to be measured extends from 3 Kts
to 350 Kts in magnitude and 0 to 360 degrees in direction. (The response rate(s)/time
constant(s) shall be specified herein by the contractor, and shall be such as to provide a
representative gradient of wind velocity.) Both short-term fluctuation(s) (as might be found
in the periphery of a tropical storm, but not turbulence as such) and long-term trends
(necessary to define areas of maximum winds) must be reported. To insure correct re-
ports, the response of the wind measuring subsystem must be cognizant of the period of
wind velocity fluctuations encountered in the various missions. (The contractor shall
determine and specify herein such response rate.)

(f) Density. A requirement exists for the preparation of atmospheric density
information at flight level. The parameters necessary to calculate the density will be ob-
tained from the sensors specified in (1) (a) through (e). The AWR System shall be capable
of computing density to an accuracy consistent with the collected data. Density shall be
calculated by the following formula:

Density = g Where M is the mean molecular weight, R¥ is the
R TV universal gas constant, P is pressure and Tv is
the virtual temperature, defined by
i

e = T-0.5790e /D)

T_, the Virtual Temperature, is the temperature which dry air must have at the given
pressure P in order to have the same density as a water vapor-air mixture at the same
pressure P, temperature T, and vapor pressure e.

The contractor' s method for calculation of computed density accuracy is subject to the
approval of the program office. (The system performance requirement for density mea-
surement shall be incorporated herein during Contract Definition Phase. )
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(g) Absolute Flight Altitude. The AWR System shall measure absolute flight
altitude to a resolution of 5.0 feet. This measurement shall maintain an accuracy of +10
feet +0. 025% of the altitude. The minimum altitude to be measured shall be 500 feet. To
the extent possible and practicable, this measurement shall be independent of sea state.
(The response rate and/or time constant of this sensor shall be determined by the con-
tractor and specified herein. )

(2) Vertical Profile Measurements. Atmospheric parameter measurements are
required from flight level to the earth's surface. For purposes of specifying these require-
ments, flight level is defined as being between 900 and 45, 000 feet above the surface of the
earth. One complete cycle of temperature, pressure and humidity data shall be required
at a constant time interval, which shall not exceed the time necessary for the sensor(s) to
fall 15 feet when at sea level and has achieved the terminal velocity of the sensor.

1f expendable sensor packages are used, the response rates of the various sensors so
employed shall be consistent with the fall and sampling rates. (The contractor shall specify
herein response and fall rates of the sensor packages as an output of definition phase.)

The Government desires that expendable sensor packages, if they are used, weigh less
than four pounds and have a maximum fall time of 20 minutes when dropped from 30, 000
feet. Data from dropped expendable sensor packages must be received by the aircraft
while the aircraft is flying away from the sensor package drop point at maximum speed.

In the event that on-board sensors are employed to measure vertical profile data re-
mote from the aircraft, the measurements shall be made at 15-foot intervals. The com-
plete vertical profile data, from sea level to 30, 000 feet, shall be measured in less than
20 minutes.

(a) Temperature. Measurements of the free air temperature are required
from flight level to the earth's surface with a resolution of 0. 1"C, and an accuracy of
+0. 5°C over the range +50°C to - 85°C. (The time constant or response rate will be
specified herein by the contractor. )

(b) Pressure. Measurements of the pressure of the atmosphere are required
from flight level to the earth' s surface with a resolution of 0. 1 mb, and an accuracy of
42.0 mb over the range of 150 to 1060 mb.

(c) Density. Determination of the density of the atmosphere is required be-
tween flight level and the earth's surface. (This measurement shall be a computer program
function as specified in (1)f and will be reported at intervals to be specified herein by the
contractor based upon his computer selection and program office approval. ) Accuracy will
be +0.5%.

(d) Atmospheric Moisture. Measurements of atmospheric Relative Humidity
(RH) from flight level to the earth' s surface over the range of 10% to 100% relative humidity,
with a resolution of 0.5% RH. The accuracy required is a function of temperature and RH
and is specified in the following chart.

Accuracy (% RH)

Temperature 10% - 70% RH 70% - 100% RH

+40°C to 0°C +5% RH +2% RH
0" Citin 20”3 +6% RH +3% RH

~20PC o w20°C +10% RH +5% RH

- 40°C to -85°C +15% RH +10% RH

(If the contractor elects to measure Dew Point, the contractor shall provide charts/graphs,
conversion factors and response rates to demonstrate the performance in terms of relative

humidity. )
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(e) Winds. Measurements of wind speed and direction, from flight level to
the earth' s surface, over a range in speed of zero to 300 Kts and in direction of 0° to 360°
Accuracies shall be +10° and +5.0 Kts in direction and speed, respectively. The wind di-
rection shall be reported with a resolution of 1. 0°. Wind speed data shall maintain a reso-
lution of at least 1.0 Kt for wind speeds up to 100 Kts, at least 2.0 Kts for wind speeds
from 100 to 200 Kts, and at least 5.0 Kts for wind speeds between 200 and 300 Kts. The
wind data sampling rate may be either a fixed time interval, a fixed fall interval, or pres-
sure dependent. In no case may the interval between measurements exceed 1000 feet of
fall.

The government would prefer that the measurements listed in la, b, d, and e above
be made, if on-board sensors are not employed, in a single expendable unit. However, if
due to cost, size or weight limitations, this is not feasible, wind velocity may be measured
with a separate expendable. In this case, the contractor shall provide some method to allow
wind profile data to be presented as a function of altitude.

(3) Other Measurements. Other measurements of atmospheric parameters (tur-
bulence, upper air parameters and ionosonic parameters) may be incorporated into the
AWR System. At the discretion of the Government, such sensors may be required as part
of the AWRS modification.

(a) Turbulence. This subsystem shall be capable of objectively measuring
atmospheric turbulence encountered by the aircraft at flight level. The output of this sub-
system must be in relative values of turbulence intensity, independent of aircraft type and
speed. (The contractor shall specify during the Definition Phase the overall accuracy of
the turbulence measuring sensor and the standard to be used for the determination of the
accuracy.)

(b) Upper Air Measurements. The measurement of upper air atmospheric
parameters (air density and free air temperature) from flight level to 400, 000 feet, shall
be accomplished, either by on-board instrumentation for remote measurements, or by a
rocket propelled sonde. The desired accuracies, resolutions and sampling intervals are
stated below. The response rates for on-board sensors, if they are used, shall be con-
sistent with the specifications below.

(i) Temperature. Measurements of free air temperature from flight
level to 200, 000 feet are required. A resolution of 0. 1°C and an accuracy of +1. 0°C shall
be maintained over the range of -90°C to +50°C. The maximum sampling interval shall be
the equivalent of 1000 feet vertically, with response rates consistent with the fall /rise rate
of the sensor. (If gn-board sensors are used for remote measurements, the contractor
shall specify herein the time required to complete measurements of the vertical profile. )

(ii) Density. The measurement of atmospheric density from flight level
to 400, 000 feet. The maximum sampling interval shall be 1000 feet vertically, with re-
sponse rates consistent with the fall/rise rate of the sensor employed. The accuracies
required are a function of the altitude of the measurement, and are given in the table below.

Altitude of the Measurement Accuracy
Flight level to 100, 000 feet 4+0.5%
100, 000 feet to 200, 000 feet +1.0%
200, 000 feet to 300, 000 feet +1.5%
300, 000 feet to 400, 000 feet 12.0%

(c) lonospheric Sounding Requirements. An ionospheric sounding capability
will be incorporated into the AWR System to measure the following parameters to the accu-
racy specified.

f F, - Ordinary wave critical frequency for the F, layer. Identifies

the peak electron density in the upper ionospheric region
called F. An accuracy of +0.3 MHz is required.
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f E - Highest frequency at which a mainly continuous ordinary wave

Sl trace is observed from the sporadic E layer. An accuracy of
+0.5 MHz is required.
f . - The lowest frequency observed on the vertical sounding. The
min : A
accuracy of +0.2 MHz is required.
fOE - Ordinary wave critical frequency for the E layer. Identifies

the peak electron density in the lower ionospheric region
called E, except for an occasional sporadic E layer. An
accuracy of + 0.1 MHz is required.

Maximum usable frequency (MUF) for a path of 3000 Km for
transmission by the F, layer. This frequency is obtained by
applying the standard transmission curve for 3000 Km to the
ordinary branch of the F, trace. An accuracy of +1.0 MHz

is required.

MUF (3000)1"‘2

Additionally, the system should be capable of receiving and processing signals from ground-
based oblique sounders to measure the following parameters to the accuracy specified.

MOF - The highest frequency on which the ground-based sounder trans-
mitter signals are observed on the ionogram. An accuracy of
+0.5 MHZ is required.

LOF - The lowest frequency on which the ground-based sounder trans-
mitter signals are observed on the ionogram. An accuracy of
40.5 MHz is required.

It is anticipated that the above lonospheric Sounding information will be required at 400-
nautical-mile intervals throughout a weather reconnaissance mission. Near real-time
transfer of the ionospheric data from the aircraft to ground stations will be possible by
employing a digital ionosonde sensor and a data processing link consisting of the airborne
computer and an interface unit. This data loop will be required to take a complete ionogram,
extract the necessary parameters, and transmit the required information in a separate re-
porting transmission.

Near continuous oblique sounder data shall be made available in the aircraft to assist in
determining data transmission frequencies.

Navigation Requirements. The mission of the aircraft navigation subsystem shall be
to provide precise positional data to enable computation of flight level wind vectors to the
accuracies specified in section (1) e and the location of hurricane features to +5 nm accu-
racy. (The contractor shall update this specification to include the navigation performance
requirements including the + three standard deviation positional accuracy of the navigational
subsystem capable of meeting the wind measuring requirements world-wide operational
capability specified, and the accuracy required for the location of hurricane features. )

Weather Radar Requirements. The following are the requirements for the weather
radar. (The contractor shall determine, as an output of analyses and trade study task
3.1.4.1.4 of Annex 3 of the Contract Definition Statement of Work, the degree to which he
will meet these requirements and still be consistent with the AWRS time frame and state-
of -the-art limitations. The requirements so determined will be incorporated herein and
shall replace the requirements as listed below. )

(1) The radar shall have the capability to search for and locate precipitation
areas (from light to heavy intensity). Resolution must be sufficient to identify significant
meteorological features (hurricane eyes, hook echoes, and echo-free vaults in thunderstorm,
etc. ) up to a range of 200 nautical miles from the aircraft.
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(2)- The radar shall have the isoecho capability to contour the strength of storms
(hurricanes, squall lines, etc.) by displaying (at a fixed gain setting) the intensity of the
precipitation echoes in five distinct values (shades of gray). A specific range of signal
intensity shall be immediately assignable to each shade of gray, using the knowledge of the
basic radar settings. The radar must be equally capable of displaying long and short dis-~
tance views, whether exterior for intensity mapping the entire extent of a storm under
reconnaissance or interior to such storms for locating maximum precipitation intensity
areas for mapping and aircraft avoidance. Attenuation shall be sufficiently small to pre-
serve the capability to observe the entire extent of the storm.

(3) The radar must have a range of at least 200 nautical miles, with PPI range
presentations of 30, 100, and 200 nautical miles. Range inaccuracy must be less than 1.0%.
In azimuth the radar must have an accuracy of 1.0 degree. The entire system, in size and
weight, must be compatible with the WC-130 and WC-135 aircraft. The radar must be
capable of displaying storm eyes as small as 5 NM at 200 NM.

(4) The heights of both cloud tops and bases, relative to the sea level, must be
discernible under all environmental conditions including heavy precipitation or icing. The
heights should be measured with an accuracy of + 1000 feet with a resolution of 500 feet.
Altitude of tops and bases at horizontal ranges up to 50 NM shall be measured.

Data Transmission Requirements. The Data Transmission Subsystem employed by
the AWRS shall interface with existing ground stations. High Frequency (HF) Single-Side-
Band (SSB) 100 WPM teletype in Reconnaissance Code (RECCO) format is now employed.
The basic design of the data transmission subsystem employed by AWRS shall provide
growth capability to interface with the results of Statement of Work Task 3.1.4.1.3, Annex
3, in which either a HF aircraft to ground or an aircraft-satellite-ground datatransmission
technique shall be selected for future incorporation into the AWRS.

In the satellite technique, a central weather facility, such as Air Force Global
Weather Central, at Offutt AFB, Nebraska, will be the prime data receiver. In addition,
several remote satellite ground stations may be equipped to receive the data as required.

Of prime importance in data transmission in AWRS shall be reliable and accurate
data relay. The extent of data degradation and loss shall be held to an absolute minimum.
(The contractor shall incorporate herein the system level data transmission requirements
as a result of definition phase trade studies and analysis.)

Data Reception Requirements. The data receiving equipment in the AWR System shall
have the capability to receive the telemetry signals from any sensor released from the air-
craft. To provide for multiple sensor package operation, the system(s) shall have the capa-
bility to receive at least two separate signals simultaneously. All receiving and transmit-
ting functions between the aircraft and a released sensor package shall be conducted only at
the two standard assigned meteorological frequencies of 1670 - 1690 MHz and 400 - 406
MHz. (The contractor shall incorporate herein the system level performance requirements
for data reception, developed during definition phase, including data quality requirements
for receiving sensor-transmitted data.)

Airborne Computer Requirements. The computer required in the AWR System shall
be used for four principal functions: monitoring data, computation of transfer functions
for selected sensor outputs, processing/formatting of data for transmission, and system
diagnostic tests. Software programming and language shall consider use of in-house
government personnel and facilities. The specific requirements for each of these functions
are as follows:

(1) Monitoring. The computer shall be required to monitor the data output from
selected sensors to accumulate (select/compute) the significant data points as a function of
position (latitude, longitude and altitude) for later printed display and transmission to the
ground. The Weather System Operator shall have the capability to set the initial value
(calibration value, if required) into the computer. The computer must then monitor the
required incoming data and accumulate the significant points (locations where values of
specified parameters change by the set amount) in accordance with the set criterion.
Examples of particular data outputs to be monitored in this manner are:
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Temperature
Pressure
Wind Direction

Wind Speed

Dew Point or Relative Humidity
Altitude

Location (Latitude, Longitude)
Density

(2) Computation. The computer shall be required to:
(a) Convert the telemetered information received in the aircraft from the
released sensor packages to actual parameter values through the associated transfer

functions.

(b) Compute values of atmospheric density (vertical profile and flight level)
at selected locations on a reconnaissance mission.

(c) Compute geopotential height from given values of latitude, longitude
and altitude.

(d} Compute thicknesses of layers of atmosphere between standard pressure
surfaces.

(e) Compute and use c{rrection factors for the sensors /transducers em-
ployed by the system.

(f) Compare computed (extrapolated) atmospheric parameter values with
standard parameters, outputting significant differences.

(g) Compute equivalent potential temperatures.

(3) Processing /formatting: The computer shall be required to process and format
the sensor data in accordance with the following requirements:

Upon command, the computer shall place the flight level measurement data at a given
specific location into the standard weather reconnaissance coding format for transmission
to the ground. The significant data points encountered between this specific location and
the specific location previous to this will also be coded and added to the standard report as
""remarks."

For the transmission to ground, the computer will place the vertical profile measure-
ment data into the appropriate coding format required by the standard weather coding regu-
lations. The computer shall scan the complete profile data and select significant levels in
accordance with criteria established by the Weather System Operator. These significant
levels must then be coded and added to the report in accordance with coding regulations.

(4) System Diagnostic. The computer shall be required to perform system diag-
nostic tests for ground and airborne determination/detection and isolation of malfunctions.
The level to which the system diagnostic tests shall be performed shall be a result of the
evaluation performed in definition phase.

(5) Control. The AWRS operator shall have the capability to instruct the computer
as to which subroutines/subprograms are to be used. Examples are: Trace, dump, pro-
gramming de-bugging routines, system self-test routines; and, if they exist, specialized
subroutines /subprograms for particular mission requirements (e.g. storm penetration,
storm reconnaissance, special mission, etc. ).

The computer shall control all displays outlined in Section --Data Display Requirements.
Data Display Requirements. The AWR System shall have the capability to display the

following meteorological parameters to the Weather System Operator for his continuous
evaluation of the mission progress:
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(1) Flight Level Measurements. The data shown below shall be displayed at the
Weather System Operators console on command, in electronic display digital form (e.g.
Nixie tubes, or other display). The Weather System Operator shall have the capability of
selecting any two parameters to be displayed at the same time upon his command. Each
display shall reflect a measurement resolution of its respective parameter consistent with
the resolution of the sensor being monitored. The data for each display shall be updated
one every 2 seconds. The parameters selectable for display shall be:

Temperature

Pressure

Dew Point or Relative Humidity
Winds (Speed and Direction)
True Airspeed

D-Values

In addition, a readout of the current values of all parameters shall be available in
printed form at any time upon the Weather System Operator' s Command.

(2) Vertical Profile Measurements. The data shown below shall be available to
the Weather System Operator at his command, on paper in digital printout form. The
parameters to be displayed are:

{a) All measurements taken by the sensor packages released from the air-
craft after initial processing to convert the raw data to actual parameter values (pre-
""Final Code" or '"'Significant Values'). Data shall be B,l-"inted out as a function of sensor
altitude. o3

(b} Measurements taken by any. vertical prof11e sensor requiring computa-
tional support and located on the aircraft. CEe ey e
(3) Formatted Data. That data which ie¢ formatted for transmission to ground
(both that required by the coding regulation - "final code' - as well as the significant points
selected) will be available in printout form at the Weather System Operator's console, on
command.

(4) Weather Radar Display. A cathode ray tube (1 or more CRT's, as required)
display of the weather radar shall be included at the Weather System Operator's console.
A radar scope photograph capability is required.

(5) Location Display. The Weather System Operator' s console shall include a
location display which will present aircraft location in latitude, longitude and altitude to
a resolution of one minute of latitude and longitude, and 5 feet for altitude.

(6) Time of Day. A continuous display of time in GMT.

Recording /Reading Requirements. The recording/reading subsystem in the AWR
System shall have the following capabilities:

(1) Store all computer programs required to perform all necessary Computer
Operations. Read-in provisions for both punched and magnetic tape shall be incorporated.

(2) Ability to record all meteorological data (vertical profile and flight level,
except radar display) available at the display console. The capability to change magnetic
tape in flight is required.

(The contractor shall incorporate quantitative recording subsystem performance
requirements, at the system level, herein as a result of definition phase analyses).

Aircraft Modification. As the AWR System is intended for operation aboard weather
reconnaissance aircraft, the contractor shall be responsible for performing all the aircraft
modification necessary to install all elements of the AWR System. It is anticipated that a
First Article AWR Systems will be installed and tested aboard a C-130-type aircraft.

(The contractor shall update performance requirements at the system level herein as
a result of definition phase analyses and study.)
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(The contractor shall update performance requirements at the system level herein
as a result of specific definition phase tasks, in addition to other definition phase analyses.)

Growth Capability Requirements. The AWR System shall have a designed growth
capability to minimize future modifications when advanced sensors, now under development,
are incorporated. However, initial concern must be directed towards improving the accu-
racy of sensor packages released from the aircraft. The particular sensors involved and
the needed accuracies are as follows:

Pressure (31 Km to ground) +0.1 mb
Humidity (31 Km to ground) +2 %
Temperature (61 Km to ground) +0. 5°¢c

The following is a list of sensors now under consideration for eventual integration
into the AWR System.

(1) Remote Detection of Clear Air Turbulence {CAT)

(2) Remote Measurements of Temperature and Humidity

(3) Remote Measurements of Storm Winds

(4) Aerosol Detection and Evaluation System

(5) Remote Measurement of Surface Temperature and Sea State

As a design goal, the AWR System shall possess sufficient growth capability to facili-
tate integration of the above sensors. Additional information on advanced sensors will be
found elsewhere.

The contractor shall update this section as a result of definition tasks:
System Growth Capability
Transmission of data to ground - HF /Satellite Relay
Coding Formats for Sensor Measurements
Computer Requirements

(The basic system design shall allow for the growth to incorporate the above study results.

Weather System Operator' s Console. The Weather System Operator shall:

(1) Have monitoring and positive control of all on-board Prime Mission Electronic
and Meteorological Equipment (PMEME).

(2) Have the capability to communicate with ground installations and with the air-
craft commander without interfering with normal flight crew operations.

(3) Have information display as delineated in Display Requirements.

(4) Have the capability to insert information into the data transmission subsystem,
such as visual observations.

(5) Have visual observation capability, to permit the observation of a 120° cone of
vision to each side of the aircraft. This visual capability shall be obtainable to at least one
side of the aircraft while the Weather Officer is strapped in his seat.

(6) Have a work table, which includes: Oxygen outlets; aircraft interphone and
HF radio controls; the teletypewriter keyboard; a paper tape reperforator /reader; the radar
scope repeater; a light; an ashtray and coffee cup holder.

Timing. Generation and recording of time codes and repetition rates shall be

provided as specified in IRIG Document 103-59 (Revised 1968), Instrumentation Timing
Systems Brochure.

81



Operational. The Operational Airborne Weather Reconnaissance System shall
consist of a fleet of WC-135B and WC-130 B/E aircraft modified and instrumented to pro-
vide significantly improved meteorological data over that presently available in areas not
covered by ground weather stations. The System shall provide the Air Weather Service
data required for making global forecasts and monitoring weather on a global scale. The
System shall measure, process, record, display, and transmit meteorological data as
specified in the performance characteristics in Section - Performance Characteristics.

The system shall provide all parameters referenced to time and geographical locations.
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I SYNOPTIC INFORMATION ON TROPICAL CYCLONES AND THEIR ENVIRONMENTS

NEEDED BY OPERATIONAL HURRICANE ANALYSTS AND FORECASTERS

The success of a Hurricane Warning Service obviously depends on meteorological obser-
vations for the analysis and prognosis of tropical cyclones. For forecasting the entire life cycle
of each hurricane, it would be helpful to have data showing where conditions are favorable for
the storm's formation and intensification, When a tropical cyclone forms, it must be detected
and its size and strength measured. The speed and direction of its translation must be found by
a time sequence of the positions of its center. Finally, predictions should be made of the weather
conditions along its path, particularly where it crosses a coastline from the ocean to land. The
information required for these operations by hurricane analysts and forecasters will now be
considered.

A. Environmental Conditions Favorable for Tropical Cyclone Formation or Intensification

Since the potential energy of a hurricane is primarily the latent heat of vaporization of
water, the increase of its kinetic energy requires the condensation of a large amount of water
vapor by wet adiabatic cooling with lifting of a large volume of air from the surface, This air
must have a high absolute humidity, which is characteristic only of moist air at a high tempera-
ture, since the saturation absolute humidity is nearly an exponential function of absolute tem-
perature., A necessary condition for hurricane formation is that the surface air temperature
should exceed about 23°C in a tropical maritime air mass, whose heat and moisture are derived
primarily by conduction and evaporation, respectively, from a sea surface having a surface
water temperature greater than about 2¢%,

The voluminous updraft requires a large horizontal inflow of surface air, The only force
available to accelerate the air inward is the horizontal pressure gradient force. Hence, every
hurricane development is preceded by a weak low-pressure area, called a tropical depression.
This depression may appear on a surface weather map in any one of a number of possible
pressure troughs, such as the inter-tropical convergence zone, an easterly wave, or an inverted
trough ahead of or along the tropical extension of an extra-tropical cold front, But only seldom
does such a tropical depression undergo a full development into a hurricane.

Aside from the two basic dynamic and thermodynamic requirements of an updraft and
moisture for hurricane development, there is no general agreement among meteorologists as
to what the other requirements are, since there are many theories and models of how a hurri-
cane gets started. From the statistics of meteorological parameters associated with hurricane
formation, the following environmental features should be noted as synoptic indicators of pos-
sible tropical cyclone inception,

In an active convergence zone, the ascent of the air is accelerated if the environment is
moist and conditionally unstable up to the base of the dry inversion at a height of 3 or 4 kim. If
the latitude is at least 4°, the Coriolis force may deflect the inflow into a cyclonic spiral. The
upward extension of the cyclonic flow is achieved most easily if the vertical shear of the environ-
mental wind is a minimum,

There are a number of cases on record in which tropical cyclogenesis occurred after a
middle-latitude circulation system extended equator-ward of latitude 30° and made itself felt at
some level in the troposphere. At the surface, when the polar front moves into the tropics as a
cold front, it introduces an increase in horizontal temperature gradient and cyclonic shear into

the tropical environment. At 700 mb (3 km), a trough or cut-off low-pressure center at low
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latitudes is attended by an advection of a cyclonic vorticity maximum. The vorticity-divergence
relation requires a horizontally convergent wind field at the same level and favors convergence
from the surface up to that level. At 200 mb (12 km) in the upper troposphere, a warm high-
pressure area supplies a compensating horizontal divergence, keeping the pressure low at sca
level by removing mass from the vertical air column, assumed to be hydrostatic. The polar
intrusion at the 12-km level is indicated by an equatorward displacement of the jet stream. At
the maximum wind speed along its axis, the jet stream also curves anticyclonically because its
Coriolis force exceeds the horizontal pressure gradient force. The significance of the jet stream
is that it augments updrafts and anticyclonic divergence by the chimney effect of drawing air up-
wards and carrying it away. These factors related to a polar air intrusion favor the inception
of a tropical cyclone.
When a tropical convection system has formed, it can be maintained or strengthened by
a '"feeder band, " which is a low-level wind belt bringing in warm moist air from a lower latitude.
For the identification of all of the above environmental features, one needs weather maps,
upper air charts and satellite pictures to supply data on sea-surface and atmospheric tempera-
ture, humidity, pressure, wind, and clouds.

B. Presence and Intensity of a Tropical Cyclone

Once a tropical cyclone is formed, it is identifiable by its features. A search for these
features must be made routinely if every tropical cyclone is to be detected at low latitudes near
its source region.

What is sought is an organized convection system coincident with a low-pressure system
tens of miles in diameter. In particular, there should be a cyclonic circulation of surface
winds around the sea-level pressure area. The convection is indicated by large cumulonimbus
clouds producing showers or thundershowers.

Of great importance is the intensity of the tropical cyclone. On the basis of its maximum
steady wind speed, it is called a '"tropical storm' if its maximum wind is between 34 and 63 knots.
A lesser disturbance is called a ''tropical depression, ' and a more powerful storm, a "hurricane'!
If the maximum wind speeds are not measured, they can be estimated by their statistical re-
lationship to the storm's minimum sea-level pressure, according to NHC. The regression
equation, which calls for stronger maximum winds for lower central pressure, gives a good
approximation when the intensity of the tropical cyclone is fairly steady. The relationship is
independent of the size of the storm, which is theoretically true of a cyclostrophic vortex.

Nevertheless, the size of a tropical cyclone needs to be known because it determines the
area for which a hurricane warning is to be issued. There are several linear dimensions of a
tropical vortex. If storms differ more in scale than in shape, then any one dimension might be
sufficient to determine the other dimensions by fixed proportions. In order of decreasing value,
the following radii can be defined on the basis of the storm's surface winds: outer limit of
cyclonic flow, of gale winds, and of hurricane winds; and the circle of maximum winds. The
circumference of the hurricane eye could be defined as the circle of discontinuity between the
innermost hurricane winds and the light variable winds in the central region. However, in
operation, the diameter of the eye (about 10 miles) is measured by the distance between the
eye-wall clouds on opposite sides of the center, even though these clouds are entirely in the
main vortex wind field outside the eye.

For the detection and measurement of tropical cyclones, aircraft reconnaissance and
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radar play a larger part than in the mapping of the larger-scale environmental factors. The
primary data needs include pressure, wind, clouds and rainfall. Sferics could be added for
thunderstorm identification.

(G Internal Conditions Favorable for Intensification of a Tropical Cyclone

The continued existence and development of a tropical cyclone can be related to internal
factors as well as external environmental factors. Internal conditions include the moisture
supply, the flow pattern, and the pressure distribution in three dimensions,

The moisture needed by a tropical cyclone is derived from the tropical maritime air
mass in which it is embedded. Since there are large variations of humidity within this air
mass, there are correspondingly large variations in latent heat energy entering the tropical
cyclone at low levels. Some of this variability relates to the thermal stability of the surface
air just outside the storm. A conditionally unstable lower atmosphere carries moisture up to
greater heights by convection, thus increasing the depth of the moist layer. This can be recog-
nized by large areas of convective clouds with high tops, and extensive shower activity with
precipitation at high levels as well as at the surface. An important internal addition to the
moisture supply is the evaporation of water from the wind-driven waves and spray within the
storm,

The flow pattern which affects the intensity of a tropical cyclone is that of the air ex-
change across its boundaries. The deepening of a storm is represented by a decrease in its
sea-level pressure. Hydrostatically, this corresponds to a loss in weight of the vertical air
column constituting the cylinder of the entire storm. Hence, for a storm to intensify, there
must be a net horizontal divergence which is recognizable as a large radial outflow in the upper
troposphere. For the cyclone's sea-level pressure to remain relatively constant, its radial
outflow aloft must be balanced by a radial surface inflow, leaving no net horizontal divergence
of the entire air column, Later, when the cyclone is filling up, there is a net convergence,
the low-level inflow exceeding the high-level outflow.

Corresponding to these horizontal motions, there is always a considerable upward trans-
port of air in the hurricane vortex, outside the eye, by the equation of continuity. The updraft
is not uniform, but is strong in the eye wall, as indicated by the heavy precipitation there,
Similar conditions exist in the spiral rain bands outside the eye-wall radius. Within the eye
itself, there is an adiabatically warming downdraft to account for the development of the warm
core, which indicates the cyclone is deepening. A weak downdraft in the eye continues through-
out the life of the storm to make up for losses of air from out of the eye into the eye wall,

A vortex will get stronger when it contracts if it is in dynamically stable equilibrium. In
such a vortex, if a parcel of air were removed to a different radial distance from the center,
the difference between the centrifugal force and horizontal pressure gradient force would carry
it back to its original radial distance. The observed radial profile of the surface wind speed
outside the radius of maximum winds in a typical hurricane reveals that the wind speed varies

nearly inversely as the square root of the radial distance:

n
v =cr where the exponent n = - % 3

v = surface wind speed, ¢ = constant, and r = radial distance. The criterion for dynamic
stability is that n = - %4, which means that the radial profile of wind speed is flatter than that
of a typical hurricane., (If there were no surface friction, the criterion for n would have been

o P . . . :
-17, which is equivalent to an irrotational vortex, or the conservation of angular momentum. )
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When an outer ring of this stable vortex contracts, its increase of wind speed with decreasing
radial distance exceeds the initially existing radial increase. Hence, there is a local increase
of wind speed with time, the inward advection of angular momentum leading to a local increase
of kinetic energy in spite of some frictional dissipation at the surface. Therefore, a flat-
profiled vortex will intensify if it contracts.

A decrease of minimum sea-level pressure indicates an intensification of the maximum
winds. The deepening creates a greater radial pressure gradient. The resulting excess of the
pressure gradient force over the initial centrifugal force would produce the contraction of the
radius of maximum wind required for acceleration. Also, it would maintain the ring of maxi-
mum wind at a new reduced radial distance without allowing it to expand back to its original
radial distance, because the increased radial pressure gradient force would not be exceeded by
the increased centrifugal force.

The pressure distribution at the tropopause level favoring a deepening tropical cyclone is
a high-pressure area. It has the role of helping the horizontal divergence of mass. Even with-
out the high-pressure area, there would be some divergence because the centrifugal force of
the strong winds rising from below would exceed the weak horizontal pressure gradient force
at that high level,

The internal conditions discussed in this section involve the measuring of humidity,
pressure, wind and vertical motion, clouds, and precipitation.

D, Location and Translation of a Tropical Cyclone

Suppose that sufficient information were on hand to completely describe and forecast the
size and intensity of a particular tropical cyclone. Forecasters would still be faced with the
serious problem of its location and future path, which is vital for determining where hurricane
watches and warnings will have to be posted. Tracking of a storm is done most easily by follow-
ing its center.

A tropical cyclone has a variety of centers, each with a unique definition. If the storm is
strong enough to have an eye, each of the following centers will probably be inside the eye: the
point of lowest sea-level pressure, the center of the circle of maximum winds, the center of
cyclone circulation in the eye, and the geometric center of the eye.

The low-pressure center has traditionally been used to define the location of a tropical
cyclone, It tends to be situated on the side of the eye closest to the highest part of the eye wall,
which may vary from one quadrant of the eye to another. Instead of this, the center of the ring
of greatest wind is now being used because it traces out a smoother path as the storm advances.
The center of circulation in the eye is hard to define because the winds are so weak and variable,
and often there are two or more such centers in one or more eyes, The geometric center of the
eye can be measured relatively easily as the center of the eye wall, which may be a complete
circle, a long circular arc, or even an oval.

There are many ways of forecasting the translation of a tropical cyclone center, The
similarity of projected positions by different techniques gives a measure of confidence in the
forecast.

The simplest procedure is an extrapolation, or persistence of the present translation at
constant speed and constant direction, In spite of its simplicity, this method often works as
well as sophisticated methods. Climatological translation based on a mean path of all pre-
vious tropical cyclones is useful for storms not subject to unusual environmental pressure

patterns, such as blocking highs. Good forecasts are often made by use of a steering current,
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based on what the 500-mb wind would be if the storm were absent. This views the vortex as an
eddy drifting in an environment without modifying it. However, an intense hurricane of large
size does alter the larger-scale environment wind pattern. With the aid of computers, trans-
lation can be based on analogs of earlier storms with similar characteristics of position, motion,
and date of occurrence. Finally, the path of a tropical cyclone can be projected on the basis of
computerized dynamic models, such as Sanders' model, now being used operationally by NHC.

Parameters for location and tracking of a tropical cyclone must include navigational fixes
as well as the meteorological parameters of pressure, wind, and clouds, with emphasis on air-
craft reconnaissance.

E. Hurricane Landfall — Coastal Conditions

The watch and warning service goes into full swing as a hurricane approaches a coast.
Problems that forecasters must consider include hurricane-force winds, the storm surge,
floods, and smaller-scale phenomena such as thunderstorms, tornadoes, and severe gusts.

The maximum surface winds on land will normally occur on the coast because the storm
weakens rapidly as it moves inland. Over flat land, the area of hurricane winds is theoretically
a triangle with its base along the coast and its apex inland, where the width of the hurricane
wind area decreases to zero. This triangle is located mostly to the right (left in the S-
hemisphere) of the track of the hurricane center because that is where the rotation is augmented
by the current translating the hurricane. The greatest prevailing wind at the shore is expected
to the right (left in S-hemisphere) of the hurricane landfall by a distance equal to the radius of
maximum winds. The length of coast subject to hurricane winds or gale winds depends on the
velocity profit of the hurricane. If the coast has rugged topography, there may be small areas
of very high speeds due to orographic channeling.

The most dangerous aspect of a hurricane on the coast is the storm surge driven onshore
by the hurricane winds. The greatest danger is to the right (left on S-hemisphere) of hurricane
landfall, The water level starts rising slowly before the outermost part of the hurricane arrives.
Later, as the wind increases to a maximumn locally within the storm, the water rises rapidly to
levels as much as 10 feet or even 20 feet above the normal astronomical tide. On the left
(right on S-hemisphere) of the hurricane center, the water may drop 5 feet below normal due to
the strong winds blowing from off the land. Once the center moves inland and the wind direction
changes locally, there is danger of a sudden inundation from the sea.

The responsibility for forecasting the local heights of water with a storm surge rests with
local forecasters who are familiar with the peculiarities of their particular coast. The height
of a storm surge is greater under the following conditions. A stronger wind blowing from sea
to land, a longer fetch of water subject to one wind direction, a longer duration of hurricane
winds along the fetch, and a flatter slope of the sea bottom near the coast.

The area of flooding includes coastal land at elevations less than the storm surge height.
But water damage extends even higher on the shore due to pounding surf. Torrential rainfall,
sometimes over 20 inches, attending the hurricane, raises the water levels higher still and pro-
duces flooding inland. The heaviest rains occur usually to the right (left on S-hemisphere) of
landfall and particularly if the hurricane's translation speed is slow. Disastrous flash floods
can occur where rainfall is greatly augmented orographically, such as where land rises steeply
in hills and mountains. Major floods continuing as long as a week after the hurricane may occur

ir river valleys draining areas of heavy rain,
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The precipitation is by no means uniform, even over flat country. Thunderstorms are
concentrated in the relatively slow-moving outer rainbands of the hurricane in its right (left in
S-hemisphere) quadrant. It is not uncommon for small tornadoes to occur locally in these same
rainbands. Nearer to the hurricane center, the rainbands are closer together and the showers
are more numerous, The heaviest sustained rains occur where the rainbands merge into the
eye wall., Within the maximum wind belt, the wind drives the rain nearly horizontally in sheets.
Severe wind gusts may cause parallel streaks of damage.

There are many variations from the average hurricane rainfall distribution. When a tropi-
cal storm becomes stationary, its rainfall and winds tend to be more symmetrically distributed
about the center, In some cases, such as in the New England hurricane of September 1938 and
the Miami hurricane of October 1941, the rainfall is almost entirely on the left side instead of
the right side of the path.

Parameters for hurricane landfall include surface parameters of water height and
surface friction between the wind and the surface, navigation fixes, wind, rainfall, and thunder-

storm electricity.
IL METEOROLOGICAL MEASUREMENT DATA

A. Observational Data Requirements

The observational data requirements quantify the characteristics of the input data for data-
use techniques of a particular user. The atmosphere has natural variability on a broad range of
scales. The scales at which significant natural variability occurs range from (< 10°% < f < 108
cycles per year (period of greater than one year to less than one second) and 10° < k < (x 108)
cycles per earth circumference (wavelength of 4 X 104 km to less than 1 meter). The data-use
techniques in meteorology usually focus on a much narrower range of scales than that mentioned
above. In prediction, a match is sought between the scales of significance to the ultimate user
and the scales by the data-use techniques to predict information in the desired scales. Since
energy in the atmosphere is transferred between scales, in both directions, the data-use
techniques should take this interaction into account,

Figure II-1 contains the scales of selected atmospheric phenomena which are related to or
interact with hurricanes and tropical disturbances., The natural variability of a parameter, e.g.,
wind, temperature, is dependent upon the scale of the natural phenomena which influence the
parameter, i, e.,, a wave number (k) in the horizontal, a wave number (n) in the vertical, and a
frequency (f) in time. The variability of a parameter also is a function of space (i.e., x, y, and
z locations on the earth) as well as time of the year or season. Of particular importance to ob-
servational system design is the fact that natural phenomena occur over very broad ranges of
scale, and due to cost limitations, the natural variability in all scales cannot be observed
routinely, The designer must, therefore, select observing system characteristics that measure
information only as it is relevant to the data requirements and the intended data-use techniques.
Unwanted scales should be filtered to the extent feasible in a prescribed manner.

Before one can specify the data requirements, one must consider the meaning of a '"repre-
sentative' observation. This will be discussed with reference to Fig. II-2, Observation charac-
teristics such as time between observation (fN), grid interval (kN), observation representative
pe riod (fcl), instrument response time (fCZ), path length (kcl)' and instrument characteristic
length (kCZ) delineate "windows' in the frequency wave-number space within which the natural

variability may be fully resolved (i.e., in time and space) by the observing system. For certain
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bands of scales, the natural variability is only partly resolved (i. e, , in time only or in space
only). The significance of partly resolved information is dependent upon: (1) the intended data-
use techniques; (2) the variability amplitude in relation to the amplitude of the variability in the
resolved scales; and (3) the accuracy of requirements for data use. Likewise, the variability
may be aliased from some wavebands which are only partially resolved.
The data requirements are visualized to satisfy the needs (i.e., data-use techniques) of

various users, Requirements sets are visualized for the following types of uses:

Operational — Hurricane Warning Services

National Hurricane Center — 1970-1975
Research

Hurricane warning forecast improvement (various numerical
weather prediction researchers)

Understanding — (energetics of hurricanes/TROMEX)

Hurricane Modification — National Hurricane Research Laboratory
The data-use techniques and therefore the data requirements of each data user will differ, It is
visualized that the above classification of data users will generate a degree of homogeneity,

B. National Hurricane Center (NHC) Data Requirements

The NHC has responsibility for the hurricane warning forecasts for the United States,
Hurricanes occur climatically primarily in the summer and fall seasons of the year (June to
November), While different weather regions of the National Weather Service have responsibility
for issuing the official bulletins when the storm comes within their jurisdiction, the NHC main-
tains cognizance of hurricanes (and tropical disturbances) and has data requirements over a
large geographical area. This area covers some 22 million square miles and is contained by
latitudes 20°S to 40°N, longitudes 0° to 120°W.

There are three major hazards from hurricanes:

I Water — The high tide along the coastal region related to the astronomical
tide, the storm tide, wind-waves, swell, br_eakers. and surf, This is related to the topographical
terrain both above and below mean sea level. In a hurricane, water is a major natural hazard to
both life and property in the lower elevations along the coast.

2, Wind — The maximum sustained wind,as well as peak gusts,is a major cause
of property damage within 200 miles of the coast along the path of the hurricane. The wind is
also the energy source for the generation of waves and swell, which can cause damage to ship-
ping and to coastal regions well removed from the path of the hurricane.

33 Floods — Heavy precipitation is frequently associated with hurricanes, occur-
ring with the greatest intensity in the eye wall and in the major cumulonimbus clouds (hot towers)
at the inner ring of the spiral rain bands, Floods come about from intense areal precipitation.
The resulting runoff can cause streams and rivers to overflow their banks, The danger of floods
persists even after the storm is in the dissipation stage and the surface winds have decreased to
less than hurricane force (74 mph).

The data requirements listed in Table II-1 are based on available documents, interaction
with NHC, and our interpretation of the NHC operations and data-use techniques to provide warn-
ings of hazardous water, wind, and flood.

C. Numerical Weather Prediction or Numerical Forecasting

NHC utilizes several objective data-use techniques and procedures. Included are the

following methods of numerical weather prediction (NWP):

95



L Objective Methods
NHC-67: This is a statistical method to predict the 12-, 24-, 36-, and 48-hour trans-
lation and intensification of a hurricane, This is a regression method, The dependent variables
are the displacement (in latitude and longitude) and intensity (central pressure). Independent
variables represent hurricane location and intensity as well as synoptic scale circulation (500-mb
height) parameters.

The Sanders model: This is an equivalent barotropic model of the synoptic scale flow

field in the subtropics, which utilizes a measure of the vertically integrated wind field (in terms
of a stream function) as the dependent variable. The hurricane represents a minimum in the
stream function, This model predicts the hurricane translation over a 48-hour forecast interval.

Navy models: These models are based upon the barotropic model which predicts the flow
field. The hurricane is subtracted from the flow field. The vortex is translated by the forecast
flow for a prognostic interval of 72 hours. Empirical corrections are added to the barotropic
prognosis,

Hurricane Analog (HURAN): This is an analog technique. A history of hurricanes over

the last 100 years is stored in a data base. Descriptions include latitude, longitude, heading,
speed, and circulation parameters. The current storm is matched to the data base to find the
storms which it most resembles. Probable ellipses are derived for 24, 48-, and 72-hour trans-
lation prognoses.

In addition to the objective NWP methods mentioned above, the NHC forecasters use sub-
jective methods to diagnose the expected changes in intensity of hurricanes. These subjective
methods involve analysis of present and past history of hurricane parameters such as maximum
wind, central pressure, maximum pressure gradient, radius of maximum wind, eye diameter,
height of eye wall, eye geometry, and sea-surface temperature.

Flood forecasts are prepared by the River Forecast Offices of the NWS, using runoff
models, Forecasts of hurricane-induced high water are prepared by computer models which
incorporate the effects of tide and wind effects.

D, Data Requirement in Tabular Form

The NHC operational data requirements for the valid period 1970-75 are contained in
Table II-1, The columns identify the data requirements for eighteen parameters, properties,
profiles, or fields. The Roman numerals on the columns identify a subjectively assessed pre-
cedence associated with each parameter. There is little significance to the relative ranking of
parameters close to one another in the table.

The rows of this table identify the parameters and the requirement characteristics, A
description of the requirement characteristics follows, Table entries are referenced for the
first column to make the description explicit,

Ly Observation Accuracy — This specifies the desired and maximum

allowable (3 x RMSE) error in the units that the parameter will
be measured or reported. The parameter location of center is
desired with an accuracy of 5 n. mi. The maximum allowable
error is specified as 10 miles.

2 Time between Observations — This is the temporal sampling

intensity (fN on Fig, II-2), For hurricanes greater than 36
hours from landfall, an observation of center location should

be made at least every 6 hours. Within 36 hours of hurricane
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landfall on the U. S, Coast, a more frequent observation (every
2 hours) is specified.

3k Transmission LLag — The desired transmission of the location

of center is in real time (R. T. ), the maximum allowable trans-
mission time is one-half hour.

4, Format — The location involves coordinates of latitude and
longitude. Voice communication is desired between the meteor-
ologist on the reconnaissance aircraft and the forecaster at NHC,
A reconnaissance code (RECCO) message is also necessary.

5k Range — The range is the minimum and maximum value of the
parameter that may occur climatologically, The range of
central pressure (at sea level) in hurricanes and tropical dis-
turbances is listed as 900 to 1 050 mb,

6. Absolution Location Accuracy — The absolute location accuracy

(3 x RMSE) of the central pressure observation is desired as
5 n, mi; a maximum location error is listed as 10 n. mi.

T4 Vertical Location — The central pressure of the hurricane is

required at sea level.

8. Observation Representative Period — This defines the frequency
cutoff or filter for the natural variability in the parameter (fCl on
Fig. II-2) . For the maximum wind, no frequencies less than

0.5 min, are desired in the wind data, All natural frequencies
greater than 2 min. are desiréd in the wind observation.

9% Relative Location Accuracy — Relative to the location of the

hurricane center, the maximum wind observation should be
located within 1 n, mi.

10. r-Sampling Interval — Paths or profiles across the hurricane

will be specified. Along the wind profile, a sampling interval

of 5 n., mi is specified (kN on Fig, II-2), with additional obser-
vations, as required, to identify the maximum and other significant
points,

1189 X-Y Sampling Interval — This refers to a field of data in the

horizontal., The precipitation intensity in the eye will be observed
on a l- to 2-mile grid interval in the north-south and east-west
(kN on Fig. II-2).

12, Characteristic Length Scale — This refers to a wavelength cut-

off (or filter) in the north-south, east-west, or vertical direction.
For tornadoes, gustiness, and turbulence, the requirement calls
for measurements of the maximum value of wind eddies ( |V- \_/ |)
within the range of length scales of 1 to 200 meters (kCZ to kcl on
Fig. II-2).

I A Description of Parameters

Since there is some ambiguity on the meaning of the parameters listed in the NHC

data requirements, a description follows.

il



Location of Center (I) — The center of the hurricane is defined as the point of minimum

pressure (or geopotential) in the horizontal at levels 10, 000 feet or below. A wind center de-
rived as the geometric center of the ring of maximum wind may be a suitable alternative. The
location of the center involves inaccuracies due to both meteorological identification and navigation,

Central Pressure (II) — This refers to the sea-level pressure at the center of the hurricane.

Wind-Area Grid (III) — This refers to the synoptic scale wind field (representative period

of one hour) covering the large area (22 x 106 sq. mi) 20°S to 40°N latitude, 0° to 120° W longi-
tude, Measurements are desired at several elevations in the vertical, specified as 1000, 900,
600, and 200 mb. The latitudinal shear of the east-west wind component (3n/3y) will be re-
solvable north of the hurricane center.

Maximum Wind (IV-A) — This represents the maximum horizontal wind at a level at or

below 10, 000 feet along a profile through the center of the hurricane, Maxima of different mag-
nitude may occur in each quadrant,
Eye Diameter (IV-B) — This represents the distance across the center to the cloud at the

eye wall, Elliptical eyes will have diameters representing the major and minor axes.

Radius of Maximum Wind (V) — This represents the radial distance from the center to

the maximum wind as measured for the right front and left rear quadrants,

Wind Profile (VI) — This represents the wind speed and direction along profiles through

the center of the hurricane between left rear and right front, and right rear and left front. The
profile is specified in the vertical at one elevation between 1500 and 10, 000 feet, The observa-
tion representative period of 0. 5 minutes to 2 minutes specifies that natural variability with
periods less than 0. 5 minute should be filtered from the observation. Observations at significant
points (the wind maxima) will be necessary to supplement the 5-n. mi grid interval specified.

D-Profile (VII) — This represents a profile of the geopotential departure from standard
atmosphere at an elevation between 1500 and 10, 000 feet along crossing profiles which pass
through the hurricane center. A maximum D gradient will be derivable for comparison with the
maximum wind,

Temperature Profile (VIII-A) — This represents profiles of temperature in the free atmos-

phere at an elevation bétween 1500 to 10, 000 feet along paths through the center of the hurricane.

Mixing Ratio Profile (VIII-B) — This represents profiles of the moisture parameter in the

free atmosphere at an elevation between 1500 to 10, 000 feet along paths through the center of
the hurricane. Other moisture parameters (e. g., dewpoint) would be acceptable.

Sea-Surface Temperature Grid (IX) — This represents the sea-surface temperature over

an area covered by and in advance of the hurricane. A path length (kcl on Fig, II-2) of 1 n.mi
is specified to filter smaller-scale horizontal fluctuations. Ideally, the sea surface refers to
the depth of the upper mixed layer,

Precipitation Intensity - Eye (X-A) — This refers to the average precipitation intensity in

the eye wall,
Precipitation Intensity, Radar Reflectivity (X-B) — This refers to the precipitation inten-

sity over an area which includes the total hurricane., A 1- to 2-mile x-y grid interval is speci-
fied, Natural variability with periods less than 15 minutes should be filtered, When the hurri-
cane is located over water, this measurement will be used primarily to diagnose the intensity

and change of intensity. As the hurricane approaches landfall and after passing over land, this

measurement is a major input to the flood forecast.
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Height of Eye Wall (X-C) — The average and maximum height of the eye wall should be

reported for the four quadrants of the hurricane.

Tide Anomalies (X1) — This parameter represents the height of the sea surface at stations

along the shoreline; a grid interval of 1 n, mi is indicated. @ The storm tide is one of the three
major hurricane hazards which cause destruction and loss o life. This observation will be used
as guidance to direct survival operations of the civil agencies (Office of Emergency Preparedness,
Civil Defense, etc.),and a data base is necessary to develop improved prediction methods.
Swell (XII}) — This parameter is desired on a grid with a 3° jatitude grid interval in the
deep ocean near hurricanes, The waves and swell generated by hurricane winds cause seas
which are dangerous to shipping and small boats. Iln addition, the swells are the energy sources
for breakers and surf which can cause significant danger to life and property at considerable dis-
tance from the hurricane path, Waves with periods less than 5 seconds should be filtered.
Gustiness, Tornadoes, Turbulence [V - Y | (XII1) — This parameter is a measure of the

maximum wind gusts (W . V |) with characteristic length scales of 1 to 200 meters (see Fig,

1I-2), This is the space scale which must be resolved to measure the desired scales. The ob-
servation representative period will filter frequencies less than 5 seconds. The average wind
(V) should have an observation representative period of 2 minutes, a path length (kCl on Fig.
11-2) of 3 n. mi. This parameter will be most useful 0 - 24 hours prior to landfall to estimate
the destructive maximum gusts which may characterize the hurricane.

Bright-Band Height Profile (X1V) — This parameter will yield profiles of the height of the

zero degree isotherm in a hurricane and will be useful in combination with the temperature pro-
file sea-surface temperature (parameter IX) and mixing ratio (parameter V1II-A), parameter

V1II-B) in deriving profiles of convective instability.
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TABLE II-1

NHC OPERATIONAL DATA REQUIREMENTS
VALID PERIOD 1970 - 1975

100

I I III IV-A Iv-B
Location Central Wind-

Parameter of Center Pressure Area Grid Max., Wind Eye Diam.
Obs. accuracy (de-
sired/max, allowable) 5/10 mi 2/6 mb 3 KT 5 KT 3 n.mi
Time between obs. (de-
sired/max, allowable) 1/6* hrs, 2/6% hrs, 6 hrs. 2/6% hrs. 2/6% hrs.
Transmission lag (de-
sired/max, allowable) RT/0.5 hrs, RT/0.5 hrs. RT/0.5 hrs. RT/Q.5 hrs, RT/0.5 hrs.
Format Voice/Recco Voice/recco A, N, Voice/Recco Voice/Recco

. 0.360° :
Range (min, -max, ) 900-1050 mb 1-80 KT 200 KT 3-30 n, mi
Abs. location accuracy
(desired/max, allowable) 5-10 n.mi  5-10 mi, 5-10 mi, NA
Ve#tical location Sea level 1000 200 mb 1.5-10 kft NA
900, 699
Obs, repres, period 1 hr, 0.5/2 min, Inst,
Relative loc, accuracy NA 1 n,mi 1 n. mi.
r Sampling interval NA I n.mi 1 n. mi
X-Y grid interval 3° lat.
* A function of distance from landfall,
(continued)



TABLE II-1 (continued)

v VI VI VIII- A VIII-B
Radius Wind Mixing Ratio
Parameter Max. Wind Profile D Profile T Profile Profile
Obs, accuracy (de- " -
sired/max. allowable) 1 n.mi 5 KT 20-60 m .5/1°C 1.0/1.5 gmkg
Time between obs, (de-
sired/max. allowable) 2/6% hrs. 2/6% hrs, 2/6* hrs, 2/6% hrs. 2/6% hrs,
Transmission lag (de-
sired/max. allowable) RT/0.5 hrs. RT/0.5 hrs, RT/0.5 hrs. RT/0.5 hrs. RT/0.5 hrs,

Format Voice/Recco Recco or Equ, Recco or Equ. Recco or Equ. Recco or Equ.
Range 5-50 n. mi g:gggoKT 10m-1km 0-30°C 1-30 gm kg-l
Abs, location accuracy
(desired/max. allowable) NA NA NA NA NA
Vertical location 1.5-10 kft 1.5-10 kft 1.5-10 kft 1.5-10 kit 1.5-10 kft
Obs. repres. period 0.5/2 min, 0.5/2 min, 0.5/2 min, 0.5/2 min, 0.5/2 min,
Relative loc. accuracy 1 n.mi I n, mi 1 n.mi 1 n.mi 1 n.pmi
r-Sampling interval 5 mi‘r 5 mi" 5 mi 5 mi
IX X-A X-B X-C XI
Precip. Int,
Sea Surface Precip. Radar Refl. Height of Tide

Parameter Temp., Grid Inten. (Eve) Area Grid Eye Wall Anomalies
Obs, accuracy (de- o -1 -1
sired/max, allowable) ,5/10°C 3 in. day 0.5/1in.day = 2-4 kft, 14t
Time between obs, (de-
sired/max. allowable) 2/6% hrs. 2/6* hrs. 2/6% hrs, 2/6% hrs, 1 hr,
Transmission lag (de-
sired/max, allowable) RT/0.5 hrs. RT/0.5 hrs. RT/0.5 hrs. RT/0,5 hrs, RT/0.5 hrs.
Format Recco Video/AN Video/AN Vocode/voice A, N,
Range 15-35°C 5-50 in.day-l 0.5-30in.day'1 25-60 kit -10/430 ft
Abs. location accuracy 5-10n, mi over
(desired/max. allowable) NA NA water, 1-2 mi NA 0.1 n. mi

over land
Vertical location Sea surface NA NA NA NA
Obs. repres. period 0.5/2 min, 0.5/2 min, 15 min, inst. 1 min,
Relative loc. accuracy 1 n.mi 1 n.mi 1 n.mi 1 n.mi NA
r-Sampling interval NA NA NA NA
X-Y Grid interval 5 mi. 1-2 mi, 1-2 mi. NA 1 n . mi
Path length 1 n.mi
* A function of distance from landfall,
t Plus significant points, :
(continued)
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TABLE II-1 (continued)

XII XIII X1V
Gustiness, Bright Band
Parameter Swell Tornados, Turbulence Height Profile
Obs. accuracy {desired
maximum allowable) 0.5-1 ft < 20 Kts 40-80 Kts 1 kft
20-40 Kts > 80 Kts
Time between obs, (desired/
maximum allowable) 1 hr. 15 min/2 hrs. 2/6* hrs.
Transmission lab (de-
sired/maximum allowable) RT/0.5 hrs. RT/0.5 hrs, RT/0.5 hrs.
Format AN Voice/AN Recco/AN
Range 1-30 ft 0.125 Kts 15-20 kit
Abs, location accuracy 0.1 mi, 5-10 mi. over water, NA
.5-1 mi. nr. landfall
Vertical location NA Sfc to 1 kit NA
Obs. representative period 5 sec 5 sec Inst,
Relative loc., accuracy NA NA 1 n.mi
r-Sampling interval NA NA 5 n. mi
X-Y grid interval 3° 1at. NA NA
Char. length scale NA 1-200 m NA

* Significant observation close to landfall.

Abbreviations Used

NA Not applicable

RT Real time

Recco Reconnaissance code
Inst. Instantaneous

Equ. Equivalent

AN Alpha numeric code
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APPENDIX A
A CRITIQUE OF CONTEMPORARY
AIRBORNE METEOROLOGICAL INSTRUMENTATION
A. H. Miller

i, INTRODUCTION

Since the inauguration of a weather service over one hundred years ago, certain basic
meteorological parameters or anomalies in sets of these parameters have been continuously
monitored in a successful effort to determine what predictor values are required to foresee a
p articular weather phenomenon. Man's understanding of the atmosphere in three dimensions has
increased many fold since the inception of the weather service. As mankind uses and abuses
more of the atmosphere, he must attempt to better understand it in all its manifestations, To
accomplish this, he has made good use of all the facilities at hand. Obviously, the scale of
weather which was previously understood was a function of the area from which accurate weather
observations were available. Because approximately seventy percent of the earth's surface is
comprised of ocean, little on the global or even hemispheric scale was known until the advent of
weather observations from ocean vessels and even more recently, from aircraft and satellites.

In the pre-World War II years, historical records of occurrence were about the only data
kept on severe storms and, in particular, tropical Atlantic hurricanes and Pacific typhoons. In
the post-war years, since the second ""age of enlightenment'' with our increased knowledge of the
characteristics of incipient storms and the availability of platforms that could withstand the
severe stresses encountered in reconnoitering these severe storms, man has been able to attempt
to further understand the cause of, the driving and steering forces of, and the dissipating of
hurricanes. Real-time analysis of certain standard meteorological parameters has recently
been automated and computer models, both symmetric and asymmetric, of hurricanes have come
into being. The pertinent question of '"does the model even closely approximate what is really
happening?' arises. The answer can only come from empirically monitoring those parameters

which the model predicts and also those required as inputs to the model.
II. A NON-RIGOROUS THEORY OF METEOROLOGICAL MEASUREMENTS

In general, instrumentation state of the art has advanced many fold in this post-war era.
Specifically, however, meteorological and/or cloud physi¢s measuring instruments would appear
to lag appreciably and commonly are the inadvertent result of research in an unassociated field.
The foremost airborne temperature sensor system presently available is the result of the needs
of a rapidly advancing aircraft industry, Several other instruments of comparable notoriety are
the result of this country's space or defense effort. Now that the atmospheric sciences have been
given the incentive to develop sensors, a feedback problem between the empiricists and theo-
reticians has evidenced itself, How much time and money should be expended in developing the
absolute instrument in a field so sorely lacking when the theoretical models are insensitive to
factor of two or more changes? Somewhat the reverse of this problem is that of measurement
accuracies presently quoted by the empiricist., A complete understanding of instruments does
not commonly exist.

Any given measurement is made by a system rather than an instrument, Such a system is

made up of the following:
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1) A housing or probe which is usually intended to 'isokinetically' convert
a dynamic condition to a quasi-static condition while simultaneously
separating all phases of water other than vapor, if present from the
sample volume;

2) The sensor which is meant to couple to the variable in question in a
prescribed manner;

3) The transducer which translates the sensor's variations into a function
which has an electrical equivalent that is easily converted to a voltage;

4) Conditioning electronics to facilitate convenient recording or trans-
mission of the data. These would include bridges, amplifiers, dis-
criminators, resolvers, and if further required, analog-to-digital
converters.

In determining the system accuracy for a particular parameter, one must take into
account instrument accuracy as given by the manufacturer, convert that to an electrical
equivalent, and systematically add and in the case of an amplifier with gain, multiply the com-
ponent errors, nonlinearities (assuming a linear function), and both short- and long-term drift
characteristics as well as error induced by first-order smoothing of data. In the case where
analog-to-digital conversion is involved, another factor, the least significant bit, plays an im-
portant part in final accuracy and resolution.

The subject of parametric resolution is frequently misunderstood. The resolution of any
instrument must necessarily be well within the accuracy of the instrument as the o wvalue of the
accuracy must be added to the resolution to determine the absolute limits of instrument accuracy,
The greater the resolution error, the greater the total error. Spatial and temporal resolution
of airborne instruments are usually synonymous. They are strictly a function of the time con-
stant, T , of the instrument or the degree of intentional smoothing or integration of the signal,
In designing an instrument, however, one is obliged to design in a T large enéugh to make the

measurement statistically representative of the parameter.
1II. CONTEMPORARY METEOROLOGICAL INSTRUMENTATION

The measurement of any particular meteorological parameter can commonly be accomp-
lished with any one of a number of types of instruments. To attempt a complete list for all
parameters would prove too voluminous for this report. However, a broad spectrum treatment
is at least warranted, The parameters to be considered are temperature, pressure, altitude,
humidity, wind direction and speed, liquid water content, cloud particle and hydrometeor spectra,
ice/water ratios, vertical and lateral velocities,and turbulence.

To attempt to accurately measure free air temperature aboard an aircraft, the researcher
must be provided with such information as the recovery factor of a total temperature sensor (the
percentage of the total temperature recovered), the function of the sensor with respect to tem-
perature, the response time and accuracy of the device. For many years, the aviation industry
relied on what is known as a flush bulb temperature sensor. This sensor was a total tempera-
ture device with a dubious recovery factor and a variable time constant dependent on many
things, such as angle of incidence of incoming solar radiation, icing condition, position in which

mounted, etc. By even today's standards, accuracies were unquotable.
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The military replacement for the flush bulb, which still finds itself in limited use, is the
AN/AMQ-8 vortex thermometer developed at the Naval Research Laboratory. The basic con-
cept was to slow down the air to be sensed with counteracting adiabatic compression and ex-
pansion. An added benefit was the centrifuging effect of the vortex, which would minimally
eliminate the larger cloud particles. Air speed compensation was fixed, but could be tuned for
a specific air speed by reducing the size of the inlet orifice. Two effects that evidence them-
selves in cloud penetrations are an apparent temperature increase upon entry due to condensa-
tion of water onto the sensor, and a subsequent temperature deficit at cloud exit due to evapo-
ration of water from the sensor. Originally, the actual sensor was a coil of fine wire with a
near-linear temperature coefficient., To give the sensor structural integrity, the wire was
buried in a ceramic matrix which served to effectively integrate the temperature over a period
of several seconds, The AN/AMQ-8, neglecting its frailties, was a true free-air temperature
monitor.

Though still in use by a few groups, the unavailability of replacement sensors is responsible
for the waning number of vortex temperature sensors. A few groups are attempting to modify
the housing to accept thermocouples or more recently, micromin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>