General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



NASA Tm-X. 69359

620N
seToup

En/E9

UMU( »LUM\
a Yol

00°L$ JH
(¢S¥N) LNaW0D0d NOILAIEOSEd Widdudd

Hindd GANLBOEH D-SJad (6St09-X-wd-iSUN)

GEOS-C

GROUND TRUTH PROGRAM

DESCRIPTION DOCUMENT

MARCH 1975



E P oy

P

GECS-C GROUND TRUIH

PROGRAM DESCRIPTION

NASA WALLOPS FLIGHT CENTER

WALLOPS ISLAND, VA 23337

March 1975




FOREWORD

This document consolidates into a single publication, a description
of the extensive efforts put forth by NASA, inecluding inputs from both
NOAA and DOD, to develop the various models and plans for in-situ measurements
required to calibrate and evaluate the'aluitﬁde'and sea state measurement

capabilities of the GEOS~C Radar Altimeter.

The stated objective of this document is to provide a broad, in-depth
description of the planned GEQS-C Ground Truth Program Plan developed for

the purpose of calibration and evalvation of the Radar Altimeter.

It is readily apparent upon examination of the document that coverage
in some areas is much more extensive and detailed than in other areas. The
merits of the publication, however, should ke judged on a qualitative basis,
rather than on the sheer bulk of material found in some sections as opposed

to the limited amount of information in other sections.
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1.0 INTRODUCTION

The term “ground truth” originated in the field of aerial photography, and
if applied strictly, means direct "Ju situ" data taken for verification of re-
mote measurements. For satellite applications, the definition has been extended
to encompass all reference data (including remote sensing by aircraft and, in
some cases, even other statellites). With regard to Geodynamics Experimental
Ocean Satellite (GEOS-C) ground truth, this will include all ocean surface fea-
tures and atmospheric parameters which must be addressed to both calibrate the
altitude measurements-and to verify the sea state measurement capability of the
Radar Altimeter. These features include the marine geoid, pelagic tides, solid
earch tides, geostrophic heights of ocean currents, atmospheric loading, sea
water density variatiom, tropospheric refraction, combined sea state, and syn-
optic weather. Some of these features can be mathematically modeled in advance,
while others require measurements to be taken at the same time and the same geo-

graphic position as the satellite altimeter measurements.

1.1 DPHILOSOPHY OF EFFORT. ,
The Ground Truth Effort for GEOS-C is directed towards: (a) providing the

Altimeter Experiment Manager with a Ground Truth Calibratinn Data Package (CDP);
and (b) providing the various Principal Investigators with a Ground Truth Inves-
tigator Package (IDP). It is also the intent of this e=ffort to provide a Data
Source Catalog (DSC) to describe, and serve as a contact point for, other ground
truth data not necessarily contained in the CDP and/or IDP which may be of in-
terest to GEOS~C Principal Investigators.

The primary purpose of the Calibration Data Package (CDP) is to compile
all Ground Truth data considered to be necessary for the calibration of the
Radar Altimeter. The basiec intent, therefore, is to comsolidate, into a single
comprehensive data package, all of the information te be used in calibrating
the sea state measuring capability of the altimeter as well as measuring poten-—
tial range bias caused by sea state. More detailed information regarding the

CDP is contained in Section 4 of this document.



The IDP makes available to the Principal Investigators all Ground Truth
data collected and processed during the Phase B calibration effort as well as
any secondary information of possible interest which may have been gathered
during the course of these operations or that has been received from other
data sources. It is emphasized that the GEOS~C project is not obligated
to process all collected data nor is it committed te making further inves—
tigative efforts on behalf of the Principal Investigators to obtain data not
pregsently available, or which may still not be available after the completion

of the calibration efforts.

The Data Source Catalog (DSC) is intended to give a description of the vari-
ous data sources for other ground truth information, not necessarily included in
the CDP or IDP, which may be of interest to GEOS-C Principal Investigators. Since
the GEOS~C project itself cannot adequately judge all scientific fields associ-~
ated with GE0S-C, it was decided that the inclusion of a Data Source Catalog would
perhaps at least give an investigator a head start in researching allied and ve-
lated information germane to the Ground Truth effort or his own particular area

of concern.

The ground truth effort will consist of both initial calibration and con-
tinuing spot check calibration. The initial calibration will be accomplished
within the scheduled Phase B operational period foliowing stabilization. During
this time period a concentrated effort will be made to obtain the complete spec—
trum of se2 states up to 30 feet (H1/3}. The spot check calibration is presently
planned to be once per month for the following nine mcnths and will be supported

with ground truth missions,.

The overall ground truth effort is being directed towards two broad cate-—
gories of sea surface topography ~ short wavelength featur=s and long wavelength
features. The leng wavelength features include the geoid, pelagic tides, solid
earth tides, atmospheric loading effects, sea water density -rariations, -and geo-
strophic heights associated with ocean currvents. The short wavelength features

include sea and swell and are usually referred to as combined sea state.
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Real~time ground truth for GEOS-C will concentrate on short wave length fea-
tures and synoptic weather data since most of the long wave length features in-

volve mathematical modeling efforts and thus do not require real-time monitoring.

Figure 1-1 presents a top-level flow diagram of the entire Ground Truth

Data Handling system used at NASA's Wallops Flight Center facilities.

1.2 SCOPE.

This document consolidates, under one cover, the various plamning informa-
tion, including inputé from both DOD and NOAA, needed to verify the altitude
and sea state measurements taken by the GEOS-C pragram radar altimeter. Methods,
procedures, and forms for gathering and evaluating the wvariocus types of required
ground truth data acquired from diverse sources such as aircraft, environmental
buoys, Coast Guard stations, Ocean station vessels, etc. are provided in this
document. Voluminous descriptive material, thoroughly supported by back-~up data
supplied by tabular material, charts, dliagrams, maps, overlays, cemputer print-
outs, etc., has been provided for this purpose in Sections 2 through 8, Appen-

dices A through D, and the remainder of this section.

In addition to the introductory statements and the Ground Truth data flow
diagram presented in Figure 1-1, Section 1 gives a complete description and top-
level breakdown of tie project organization as well as the responsibilities of
key personnel within the project; organizatiomal structure is broken down both

by agency and by personnel positions.

Section 2.] introduces the GEOS-C program and provides the reader with a
brief synopsis of its structure and planned functions. The GEOS-C Mission Pro-
file is deseribed in some detail, including each of its four operational phases
(for the purposes of this document, primary emphasis is placed on Phase B).*® '
Section 2.2 furnishes detaills on the scheduling effort entailed fer the GEOS-C
altimeter calibration mission. This section also briefly delineates the sets

of data (e.g., altimeter, SSE, C-band radar, laser, doppler, ground

% Experimental Systems Calibration and Evaluation.
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truth, cte.) to be collected during the 10-revolution calibration effort, and
the procedures to be followed after collection of these data. Much of the in~

formation contained in this section was extracted from the GEQS-C Mission Plan,

prepared by the GE0S~C project group at Wallops Flight Center in May 1974; it
is suggested, therefore, that the reader familiarize himself with that do. ument
since it provides a much more detailed and comprehensive description of the

overall program,

Ground truth parameters applicable to GEOS-C altimetry are presented in
Section 3. TFor purposes of this document, the parameters were divided into the

following major categories:

a. Long Wavelength Features (e.g., geoid, pelagic tides, solid earth
tides, atmospheric pressure loading, ocean current geostrophile

heights, etec.)
b. Short Wavelength Features (combined sea state)

¢. Synoptic Weather Data Applicable to Tropospheric Refraction Cor-.

rections fatmospheric pressure, temperature, relative humidity)
d. Other Weather Data (cloud cover, wind fields, precipitation, ete.).

A brief description of each parameter is provided (e.g., parameter definition,

progran use, applicable mathematical models, etc.).

Section 4 supplies detailed information pertaining to the Cglibration Data
Package (CDP), which is a compilation of Ground Truth Data considered necessary
for the calibration of the Radar Altimeter. Other supporting and miscellaneous
data provided inelude: several mathematical models used in caleulating certain
long wavelength data parameters (e.g., geoid, palagic tides, ete.)j an explana-
tion of Satellite Meteorological Group (SMG) calibration products; samples of
a typical SMG ground truth data set (e.g., related meteorological charts and
analyses, satellite photographs, etc.); and descriptive material describing the
contents and purpose of the CDP. St
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Section 5 contains general information pertaining to the Investigator Data
Package (IDP) including its purpose and its contents. A listing is provided of
the various types of information (e.g., unprocessed Nanosecond Radar and laser
Profilometer data and elements of the Calibration Data Package) available to
the Principal Investigators within the package.

Ground truth operations are covered principally in Section 6, which includes
discussions on the various operations involved in gathering and measuring observ-
able data for the calibration effort. Prime emphasis 1ls placed on aircraft oper-
ations since aircraft are considered to be the most feasible means for collecting
Ground Truth date for the calibration effort. A brief description of three gen-
eral flight profiles is includzd plus a top level delineation of speecific in-
flight instrumentation requirements (e.g., Nanosecond Radar, Laser Profilometer

Inertial Navigation System).

Section 7 provides short functional briefs, supported by functional diagrams,
of C-54 instrumentation to be used in Ground Truth data acquisition for “he
GE0S-C Radar Altimeter calibration program. The discussion covers the prime sen~
sors (i.e., Nanosecond Radar and Laser Profilometer) plus other assorted instru-
mentation such as the Inertial Navigation System, radiometers, refractometer,
and the like.

Section 8 contains the Data Source Catalog which desecribes the various data
sources for Ground Truth information not necessarily included in either the CDP

or IDP. Included in this section are the following:

« A comprehensive list of data sources for various data products which

may be of benefit to Principal Investigators.

+ A description of the content and availability of specific data prod-

ucts included in the Data Source List.

» A bibliography which lists all reference material used in the com-
pilation of this document or which is related to the subject matter

pregented herein.



This section aleo presents samples of various satellite products (e.g., satellite
photographs) as w21l as examples of analogous activities/experiments (e.g., NOAA
Fleet Sailing Schedules and major oceanographic experiments conducted on a world-
wide basis).

Appendices A through D contain supporting and supplemental data necessary
to gain a complete understanding of the material contained In Sections 2 through
8 plus any other documentaticn deemed to be of interest to the reader and which
may not be included in the basic document. Following is a brref highlight of
each appendix.

Appendix A - Appendix A is a "personal correspondence" technical note pre-
pared by Dr. Davidson Chen which explains the theory and equations involved in
geostrophic height calculations as well as typical expected heights caleculated

from nominal Gulf Stream data.

Appendix B - Appendix B contains excerpts from the refraction studies per-
formed at Wallops Flight Center. Included are comparisons of various mathemat-
ical refraction correction models as well as an analysis of the magnitude of the
errors which can be introduced by utilizing monthly surface meteorclogical data

as 1lnputs.

Appendix C - Operxational and performance data pertaining to the G-54G air-
craft assigned to Wallops are contained in this appendix. While not all of this
information may be completely relevant (except as general background material),
certain portions are of very much interest to the data gatherer - in particular
the endurance of the aireraft, its speed and cruising range (e.g., coverage
area radius), location and type of instrumentation carried, amount of available

working space, etc.

Appendix D - 4ppendixz D presents samples and coding requirements for the
following synoptic weather observation forms: (a) NOAA Form 72-1, Ship's
Weather Obszervations; (k) NOAA Form 72-5a, Marine Coastal Weather Log ~ Ship
Station; and (c) NOAA Form 72-5b, Marine Coastal Weather Log - Coastal Statiom.
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1.3 ORGANIZATION AND RESPONSIBILITY.

1.3.1 GENERAL. The GEOS-C spacecraft is intended to service principal investi-

gators and scientific observers around the world. To accomplish this the organi-

zation of participants must form a cooperative balance between observers,

investigators, and the operational, functional servicing of the spacecraft.

Management responsibilities and procedures are in accordance with NMI 7120.1

dated 4 May 1970, entitled "Approval and Implementation of Office of Space

Science and Applications Research and Development Projects'.

1.3.2 ORGANIZATION RESPONSIBILITIES.

Cs.

NASA Headquarters - The Associate Administrator of the 0ffice of

Applications is responsible for the overall direction and evalua-
tion of the GEOS-C Program. The Special Programs Directorate is
responsible for fulfilling this obligation.

Wallops Flight Center — Wallops Flight Center is responsible for

directly managing the GEOS-C Project. Additionally, Wallops Flight
Center has systems responsibility for the spacecraft and subsystems

responsibility for the Radar Altimeter and C-Band experiments.

Goddard Space Flight Center — GSFC is responsible for the systems

management of the Mission Operations and Launch Vehicle System and
subsystem management of the S-Band and Laser experiments. Addi-
tionally, GSTC is responsible for supplying technical consultation
for the Laser Retroreflectors and provision of the S-Band

Transponder,

The Applied Physics Laboratory (APL), Johns Hopkins University -

The APL is responsible for: spacecraft design, fabrication, and

assembly; provision of the Doppler, Laser Retroreflector, and
Altimeter experiment subsystems, integration of all experiments
and spacecraft instrumentation; testing on spacecraft/launch

vehicle interfaces; preparation of the spacecraft for launch;



systems functional evaluation during the launch and engineering
evaluation phase; and for consultation services during the re-

mainder of the mission.

e. The Naval Weapons Laboratory (NWL)} - The NWL 1s responsible for the

subsystem management of the Doppler System.

1.3.3 PROJECT PERSONNEL AND RESPONSIBILITIES.

Program Manager - My, Dick S. Diller of the Office of Applications Spgcial

Programs Directorate, NASA Headquarters, is responsible for the overall direction

to Wallops Flight Center as it pertains to GEOS-C.

Program Scientist ~ Mr. James P. Murphy of the Office of Applications Spe-

cial Programs Directorate, NASA Headquarters, is responsible to the Program Man-
ager for all scientific aspects of the mission. This responsibility includes '
(a) overseeing the definition and accomplishment of project science objectives
and mission requirements, (b) evaluating proposals for data amalysis, (c) devel-
oping data management plans, (d) the overall coordinmation between the GE0S-C
program and the scientific community, and (e) assisting in the assembly and pub-

lication of scientifiec results in the project report.

Project Manager - Mr. Laurence C. Rossi of the Operatioms Directorate,

Wallops Flight Center, is responsible for ensuring that the project is properly
planned and executed so as to meet mission objectives with proper regard to cost
and schedule. He is the focal point of all activity in supﬁort of the project
and is responsible for its organization and direction. He reviews actlons which
interface with other centers and organizations. His specific duties are to en-
sure adequate project planning and evaluation for the systems engineering, sys-
tems integration, and scheduling efforts; to establish adequate budget and fiscal

planning; and to ensure adequate project reporting.

Project Scientist - Mr. H. Ray Stanley of the Applied Science Directorate,

Wallops Flight Center, is responsible for assuring coordination between and sat-
isfactory accomplishment of the secientific objectives of the mission and its in-



dividual experiments. He reviews experiment operations plans and data acquisition
and processing requirements to ensure that the total mission plan is consistent
with the overall scientific objectives., He provides leadership in assuring that
experiment data are effectively collected, distributed, and utilized and that
sclentific results of the mission are expeditiously produced. He evaluates all
scientific requirements placed on the project and provides sclentific guidance to

the Project Manager and other project participants.

Remote Sensing Aircraft Manager - Mr. Roger L. Navarro of the Operations

Directorate, Wallops Flight Center, is responsible for implementing the GEUS-C
Project Radar Altimeter calibration area aircraft ground truth requirements as
defined in the Aircraft Flight Support Plan for this effort.

Ground Truth Support Manager — LCDR Lowell R. Goodman of the NOAA

Corps, on loan to Wallops Flight Center, is responsible for coordination
of all GEOS-C ground truth project efforts, He will coordinate the
ground truth efforts of NASA, DOD, and NOAA to produce the data required
by the Project Scientist for Radar Altimeger calibration/evaluation.

GECS-C Project Engineer — Mr. Dempsey B. Bruton, Jr., is responsible,

for implementing the aircraft support necessary for the ground truth
activities descyibed, He will also be responsible for disseminating

raw and preprocessed ground truth data acquired by the WFC aircraft in
response to direction from the‘Ground Truth Support Mamager as defined in

the GEOS-C Project Range Operations Directive,

GEOS-C Ground Truth Aircraft Instrumentation Manager -~ Mr. Robert A. Mennella

of the Advanced Space Sensing Applications Branch, Naval Research laboratory, is
responsible for the installation and calibration of all Ground Truth Aircraft
Instrumentation. He is also responsible for coordinating the operation of the

instrumentation during the various flight profiles.

. Experiment Managers - The activity associated with each of the experiments

flown aboard the GEOS-C spacecraft is under the responsiblity of Experiment
Managers from NASA, Wallops Flight Center; NASA, Goddard Space Flight Center;
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and the DOD, Naval Weapons Laboratory. These individuals are actively involved
in the day-to-day activities necessary to support the hardware and software as-
pects of the GEOS-C experiments, both prior to launch and throughout the GEOS-C
Mission lifetime. 1In this regard, therefore, they are responsible for assuring
that their respective experiment hardware meets the performance parameters neces-
sary to support mission objectives: waintaining a compatible interface with the
spacecraft bus during the design, development, and test phases; scheduling ex-—
periment conduct during the mission; and collecting, preprocessing, and distrib-
uting data to the approved investigators. Each Experiment Manager will be
assisted by the anecessary technical and analytical persomnel required in order

for him to accomplish the above responsibilities.

NASA/WFC has Project responsibility for both the Radar Altimeter and C-Band
experiment aboard the GEO0S-C spacecraft. Cognizant personnel are identified

below.

Radar Altimeter Experiment Manager - Mr, Craig L. Purdy of the Engineering

Directorate, Wallops Flight Center, is responsible for all activities assoclated
with the GEO0S-C Radar Altimeter Experiment. This will include: (a) the devel-
opment of the altimeter hardware specifications; (b) technical direction of the
Applied Physics Laboratory in their efforts to comtractually obtain the Radar
Altimeter; (c) the development of operational experiment schedules in accordance
with approved principal investigator data needs; (d) data collection; (e) data
preprocessing; (£f) Radar Altimeter calibration; (g) data distribution; and

(h) status reporting.

Assisting Mr, Purdy in accomplishing the above tasks will be the following

individuals:

Altimeter Hardware Technical Consultant - Mr. W. F. Townsend of the Applied

Science Directorate, Wallops Flight Center.

Altimeter Data Manager - Mr., C. D. Leitao of the Information Processing and
Analysis Branch, Wallops Flight Center.
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C-Band Experiment Manager - Mr. E. B, Jackson of the Operations Directorate,

Wallops Flight Center; he is responsible for the overall direction of the C-Band

S~
~

Experiment.
Assisting Mr. Jackson will be the following individuals:

C-Band Hardware Technical Consultant - Mr. A. R. Selser of the Engineering

Directorate, Wallops Flight Center.

C~Band Data Manéger ~ Mr. W. B. Krabill of the Applied Science Directorate,
Wallops Flight Center,

v

Others - All of the other GEOS-C project personnel, including the principal
investigators, are identified ir the GEO0S-C Mission Plan, Section II, entitled,

"Organization and Directory".
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2.0 GEODYNAMICS EXPERIMENTAL OCEAN SATELLITE (GE0S~C)

2.1 GEOS-C MISSION PROFILE.

The GEOS-C Mission is divided into two distinct phases: Phase I, covering
all activities from launch through one year of Experiment data collection; and
Phase II, covering those activities after Phase I through the remainder of the
Mission lifetime. Phase II activities cannot be detailed at this time and will

not be described further.

The GEOS-C Mission - Phase I can be subdivided into several sub-phases
according to the extent of experiment data collection, the type of data being
collected, and various other operational and physical constraints. These sub-

phases along with the dominant activity are as follows:

SUB-PHASES TIME PERICD DOMINANT ACTIVITY
(Days after Launch)

Phase A 0~15 Launch and Operational
Assessment

Phase B 16-71 Expeiiment Systems
Calibration and
Evaluation

Phase C 72-112 Global Activities

Phase D 113~ # Unique Experiments and
Localized Grid Act-
ivity

Many activities associated with the overall GEOS-C Mission cannot be divided

into these distinet time periods; i.e. they extend over the entire Phase I time

% Presently under study. Planned mission lifetime is one year minimum. However,
considerations such as the rephasing of activities and extended DOD require-
ments may necessitate extending the mission lifetime as much as three to four
months. '

PRECEDING PAGE BLANK NOT FILMED|
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.period. However, the extent of intensity of many activities will be modulated
acecording to the various sub-phases and many dominant activities can be identified.
Therefore, the following sections will attempt to discuss in detail all of the
activities associated with each of the sub~phases as well as provide some estimate
of the level of these activities and describe the criteria controlling the

transition between phases.

2,1.1 PHASE A - LAUNCH AND COPERATIONS ASSESSMENT. This sub-phase begins with

launch and extends over a period of approximately 15 days in which the following

activities occur:

a. Launch

b. Orbit injection

c. Early orbit determination and refinement

d. Gravity gradient capture and damping

e. Momentum wheel turn on

£. Yaw capture and stabilization damping

g. Spacecrazt functional and electrical checkout

h. Operational Assess.ent of experiment systems

It is not planned to distribute any radar altimeter data collected during

Phase A to Principal Investigators.

2.1,2 PHASE B — EXPERIMENT SYSTEMS CALIBRATION AND EVALUATTON. It is expected
that Phase B will begin about 15 days after launch and continue for about two

months. It is expected that the bulk of the data collected during this period
will be useful for investigation purposes. However, data distribution during
this period will be slowey than normal due to the more detailed analyses required

to calibrate all experiment systems and to validate all data processes.
Major activities associated with this phase inriude the following:
a. Altimeter Experiment Systems Calibratiou activities (including ground
truth) in the North Atlantic falibration area on a schedule of 3 days

on, 2 days off, 3 days on, one day off for a total of 40 attempts
during Phase B.

22



C.

d.

Satellite~to-satellite experiment (SSE) systems calibration activities
in the North Atlantic Calibration area on the same schedule as
for the altimeter cali kration activity for a total of 26 attempts.

Altimeter experiment systems operation globally (within the real-
time ground telemetering (TM) station coverage areas) on those

days not utilized for altimeter calibration activities.

Ground tracking system (laser, C-Band, and doppler) data collection
activities on a global basis to the maximum extent possible com-
mensurate with power budget, other systems calibration activities,

and investigator needs.

Further details concerning the calibration activities are given below.

The area of calibration operation will be primarily in the North Atlantic

with emphasis on the area bounded by the quadrangle of tracking station location

at Wallops Island, Bermuda, Grand Turk, and Merritt Island. Each of these

reference stations (except Merritt Island which will have no laser) will have

ground station tracking capability consisting of at least one C-Band radar, a

laser and a geocelver doppler instrumentation. A typical day of calibration

data acquisition will consist of the following:

Altimetry Data. Altimetry data will be scheduled over those portions

of ten consecutive oxbits that cross the North Atlantic Ocean. The
key orbits are the third and ninth. The ten orbit set will be
selected in which the third orbit intersects the Wallops Island to
Bermuda baseline in a north-south going direction (see Figure 2-1).
Orbit 9, then, will cross orbit 3 within or near the quadrangle of

stations.

SSE Data. SSE data will typically be scheduled on orbits 3 and 2

or 4 and orbits 9 and 8 or 10 of the ten orbits described above.
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SSE data will be scheduled not only over the North Atlantic but for
the entire duration of mutual visibility between the ATS-F and

GEOS-C satellites for the Ffour orbits selected.

¢. C-Band, Doppler, Laser Data. These data will be scheduled on a

global basis to provide precise orbit determination capability for
the aforementioned ten orbits. Data spans over the North Atlantic
will be emphasized with particular emphasis on tracking at the four

stations of the quadrangle.

d. Ground Truth Data., Ground truth data will be collected to support

definition of sea conditions primarily within the area bounded by
the four-station quadrangle. Data, supplied from a Spaceflight
Meteorology Group (SMG) overlay, are collected from sources such
as aircraft (Nanosecond Radar, Laser Profilometer, etc.), environ-
mental buoys, ocean station vessels, lighthouses, etc. Sea condi-
tion measurements are made (e.g., wave and swell height and period)
by coastal stations, ocean station vessels, etc., within the prime

calibration area and its periphery.

2.1.3 PHASE C - GLOBAL ACTIVITIES. Phase C activities will be conducted during
the time in which the ATS-F is being maneuvered from the Western to the Eastern

Hemisphere, and will require only very limited Ground Truth support.

2.1.4 PHASE D — UNIQUE EXPERIMENTS AND LOCALIZED GRID ACTIVITIES. Phase D
activities will begin at the time when activities associated with the ATS-F have

been completed, and will continue through the remainder of the Mission lifetime.
During the latter part of this phase, the S-Band ground tracking network stations
should all be modified compatible with GE0S~C instrumentation and will assume a

more active role. A typical day during this time period will consist of:

a. Ground Tracking Systems {laser, C-Band and doppler) data collection
activities to the maximum extent possible on a global basis com~
mensurate with power budget, altimeter experiment operations, and

Principal Investigator needs.



b. Altimeter experiment data collection activities commensurate with
power budget, investigator needs, and within the constraints of the

Ground TM Station coverage areas.

In addition to Phase D activities, intermittent calibration and evaluation
activities will be conducted at # nominal rate of once per month; i.e., the
"typical day of calibration data acquisition' described in Phase B will be

conducted at the rate of one day per month.

2.9 RADAR ALTIMETER CALIBRATION.

2.2.1 CALIBRATION SCHEDULE. The schedule for performance of GE0S-C altimeter

calibration missions is based upon the expected need for calibration, and avail-~

able opportunities for calibration. Broadly, an opportunity for calibration may
be considered as a satellite pass with the ground track over any portion of the
calibration area. Based on the planned orbital elements, such passes may normally
be expected to occur for three successive days, followed by 1 or 2 days of no
passes, During the three days, passes such as those shown in Figure 2-2 will
occur. This network of passes will repeat during other three-~day periods, with

some shifting of the network in longitude.

1t can be noted, in Figure 2~2, that there are a number of crossing points
among the arcs. In particular, each North-South pass is crossed approximately
10 hours later by a South-North pass at a latitude of approximately 32.5°N. Each
South-North pass is also crossed approximately 14 hours later by a North-South
pass at approximately 29°N latitude. Other crossings occur at other latitudes
and at different separations in time. If geoid height errors in the calibration
area are considered to be significant at the time of the altimeter calibration,

these crossing points can be used as a part of altimeter stability verificatiom.

In addition to crossing arcs, Figure 2-2 also shows one pass which should
meet the criteria for a high elevation pass for both Bermuda and Grand Turk.

There is only one such pass in the three-day set and, in general, no more than
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one high elevation pass per three days ls expected for an island station.
However, any high elevation North-South pass over Bermuda will also be a high
elevation pass over Grand Turk and, depenﬂing upon the exact orbital perilod
achieved, any South-North high elevation pass over Bermuda mav be preceded two

days earlier by a high elevation pass over Grand Turk.

Based on the expected need for calibration, the altimeter calibration will
be divided into two phases. There are the intensive calibration phase (Phase B)
at the beginning of the mission, and the célibration/verification phase (Phase D)
which will be needed to identify long period changes in altimeter characteristics.
Both the intensive calibration efforts and the calibration/verification efforts
require extensive Ground Truth support. These calibration activities are dis-

cussed further in the following rnaragraphs.

2.2.1.1 Intensive Altimeter Calibration (Phase B). The calibrations performed

during this sub-phase will begin approximately 15 days after launch, and will be
a part of the overall GE0S-C system's calibration and evaluation. Initially, an
altimeter calibration is planned for each passage of the satellite through the
calibration area. This means at least six calibrations each 5 days.u Depending
upon the pass geometry, three different modes of data reduction are planned.

These are as follows:

a. Multl-Station Calibration - For a general pass through (for example,

the middle of the calibration area), tracking data from the foutr
primary calibration sites will be processed, along with the alti-
meter data during this period, to determine a best value of the

altimeter range bias for this pass.

b. High Elevation Pass Calibration - For those passes which have a high

maximum elevation (»80°) for one (or more) of the island stations,
data from this single tracking station will be reduced using the
same data reduction and bias e§timation procedure as for the Multi-

Station calibration. Assuming a well calibrated tracking instrument



(such as a C-Band radar calibrated by a cetrlocated laser) on the
island, this procedure should produce an accuracy slose to that of
the altimeter range accuracy, and should be superior to the Multi-
Station calibration due to the reduced effects of geoid height

errorxr.

c. Stsbility Verification - As noted above, there are crossing arcs

during a three-day calibration period at latitudes of approximately
32,5°N and 29°N, separated in time by approximately 10 hours and

14 hours, respectively. Very short arc bias estimations using the
two segments of data around a crossing arc point should produce
bias estimates which are affected almost exactly the same by various
systematic errors, including geoid height error, statlon position
errors, and ground tracker biases. Comparison of altimeter bias
estimates obtained in this way should be a more sensitive test of
altimeter stability than comparisons of absolute bias as estimated
by Methods a and b above. This sensitivity is, of course, strongly
dependent on the stability of systematic errors in the ground
trackers used. At the beginning of the calibration period,
stability verifications for the 32.5°N crossing arc points are
planned for each set within the calibration area, with selected
verifications also for the 29°N crossing points. This set of
stability tests will continue throughout the entire Phase B period,

and intermittently for as long thereafter as the results warrant.

2.2.1.2 Operaticnal Altimeter Calibration (Phase D). Plans are to continue the

intensive altimeter callbration portion of Phase D until the operational charac-
teristies of the altimeter have been determined. It is expected that the in-
strument will prove sufficiently accurate and stable such that the use of the
pre- and post-~miasion on-board c: 1. -ation data, along with the absolute calibra-
tions from the Phase B calibrations, will result in the altimeter height meas~
urement accuracy at least as good as a new calibration using any of the above
methods. That is,; assuming altimeter performance as expected, the best calibra-
tion of the altimeter height measurement is obtaimned from the set of calibration

missions previously performed.



After the Phase B calibrations, and with expected altimeter performance, the

number of calibrations will be rapidly reduced to a level of approximetely two

(one crossing arc pair) per month in order to monitor any long pericd changes in

the altimeter characteristics.

2.2.2 CALIBRATION/EVALUATION DATA SET. The set of data to be collected during

the ten-revolution calibration operations should be as follows:

2-10

Altimeter data during the Atlantic Ocean portion of all ten

revolutions as shown in Figure 2-3.

SSE data on the Atlantic Ocean por*icon of Revolutions 2-3 and 8-9
as shown in Figure 2-3. (The SSE data will be especially useful
during Revolutions 3 and 9 which pass through the calibration area.
Revolutions 2 and 8 are included to strengthen the orbital solu-
tion since successive tracks for the SSE appear to produce maximum
results.)

C-Band radar data on each revolution visible from all supporting
stations in the calibration region as well as (for certain periods
of time) C-Band radar data from the VANGUARD ship stationed at the

crossing point of Revolutions 3 and 9.

Laser data on each revolution visible from zl)l stations in the

calibration region.

Doppler, USB, C-Band radar, and laser data to the maximum extent pos-—
sible during all portions of all revolutions (1 through 10 as shown in
Figure 2-3).

Extensive Ground Truth information (primarily for the Calibration Data
Package) taken by the NASA WFC C-54 aircraft as well as information
from ships and other aircraft of opportunity anywhere within the
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altimeter data area with firxst priority being the crossing point of
Revolutions 3 and 9, second prilority being any of the other 3 crossing

points, and third priority being anywhere within the general area.

Data from sources listed in items a, ¢, d, and £ of the preceding paragraph
will be required at Wallops in near real time in oxrder to evaluate progress,
check spacecraft health, and to enable quick turnaround. Quick turnaround is
required to allow termination of the 12-hour effort if minimum conditions are
not met and to allow early relaxation of the extensive effort planned during the
initial months of the GEOS-C Mission. (Normal data retrieval methods will be by
mailing magnetic tapes to a central processing facility which requires several
months for preprocessing, quality control analysis, reformatting, and distribu-
tion to users which would preclude accomplishment of the altimeter calibration.)
As new data arrives at Wallops through normal channels, it will be used to check

and refine prior results.

For further details on the GEOS-C program, refer to the GE0S-C Mission Plan,
TK 6340-001.
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3.0 GROUND TRUTH PARAMETERS APPLICABLE TO GEOS~C ALTIMETIRY

3.1 GENERAL.
All ground truth parameters considered applicable to the calibration/
evaluation of the GEOS-C Radar Altimeter are presented in this section. These

parameters are divided into the following mzjor categories:

a. Long Wavelength Features - The geoid, pelagic tides, solid earth tides,

ocean current geostrophic heights, atmospheric pressure loading, sea

water density effects, ete.

b. Short Wavelength Features - Combined sea state (sea and swell)

c. Synoptic Weather Data Applicable to Tropospheric Refraction Corrections —

Atmospheric pressure, temperature, and relative humidity

d. Other Weather Data - Cloud cover, wind fields, precipitation, etc.

3.2 LONG WAVELENGTH FEATURES.

3.2.1 GEOID. The geoid is defined to be that equipotential of attraction and
rotation which most nearly corresponds to mean sea level. Mean sea level will
differ from the geoid by a few meters due to dynamic ocean effects related to
currents, ete. Additionally, instantaneous sea level will differ from mean
sea level due to time variable factors such as tides, barometric pressure
variations, etc. Information exists, as indicated elsewhere in this document,
to provide first order estimates of the effects of currents, tides, pressure
variations, etc. Thus, in the calibration area, a geoid, as modified by the
oceanographic effects, gives an estimate of the instantaneous sea level geometry
for comparison with the altimeter output. This comparison will provide a means
of evaluating the accuracy of the altimeter in measuring the geometry of the

ocean surface.

At present, the ocean geoid can only be derived by computations using ob-

served gravity data. The best available gravity geoids are, at present,
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computed by combining available surface gravity data to define the shorter wave-—
length (0.1° to 10° wavelength) geoid undulation variations and satellite gravity
data in order to define the longer wavelength geoid variations. Im principle,
gravimetric geoids can be absolute geoids; i.e., the gedid heights in conjunction
with the geometyy of the reference ellipsoid &an provide true values of geocen-
tric radial distance to the geoid, However, at presént, some parameters are
uncertain so that, in addition to random errors, gravimetric geoids can contain

a constant error. In order to identify and remove this constant error, geo-

centric station positions derived from satellite tracking are used.

The geoids to be provided in the ground truth package will be computed using
the best available surface and satellite gravity data and will be adjusted to
remove constant error using high accuracy geocentric tracking station positions

computed in the cglibration area.

3.2.2 PELAGIC TIDES. Deep Ocean Tides are being handled with mathematical
models for altimeter purposes. The Hendershott model is being used in A/OMEGA IT

(the global altimeter data reduction program). The NOAA/Mofjeld model is incor-
porated in the data reduction program for the calibration zome. (Detailed de-
scriptions of both models follow in Section 4.)

3.2.3 SOLID EARTH TIDES. Calculations indicate that earth tides could also be

and error source for the range measurements. Due to their relatively small con~
tributions in relation to other potential errors, no model has been developed for
the altimeter data veduction programs. However, space is provided in the programs

for a height'correction for earth tides.

3.2.4 OCEAN CURRENTS. The only major current system within the prime calibra-

tion zone is the Gulf Stream. It is planned, tbkerefore, to calibrate the radar
altimeter using data collected outside the area affected by the Stream in order

to avoid potential errors caused by geostrophic heights associated with current
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flow.* The Stream will be avoided for calibration by utilizing routinely
available data on Gulf Stream meanderings such as the NOAA publication "Gulf
Strream” 16872-GS and the U.S. Coast Guard Oceanographic Unit Airborne Radia-

tion Thermometer Analysis.¥%

This should not be construed to mean that altimeter data will not be
taken over the Stream - but simply that it is considered an error source and

is being avoided for calibratiom.

3.2.5 ATMOSPLERIC PRESSURE LOADING EFFECTS. Residuals from the reduction of
recent deep sea tide gape data have indicated that the effect of atmospheric

pressurz loading could be on the order of 10 centimeters. Since this phenomena
has not been adequately modeled to date, no corrections for these effects will
be applied to the altimeter data. However, space has been provided in the data
reduction program format for a height correction for atmospheric loading in the

event of more data becoming availahle.

3.2.6 SEAWATER DENSTTY VARIATIONS. Variations in sea water density, caused by

changes in water temperature and salinity, will cause a change in the equilib-
rium sea surface height proportional to the integral of the density variation
over the water column. Estimates indicate that a seasonal variation of up to
20 centimeters is plausible. 8ince the rate of change is considered to be slow
(seasonal), no effort will be made to correct for these effects during calibra-
tion. Again, however, space is provided in the program for potential future

corractions.

3.3 SHORT WAVE LENGTH FEATURES.

The effects of ocean surface roughness in altimeter measurement capabillity

are to: (a) spread the leading edge of the returnm signal; (b) alter the

* Tncluded as Appendix A is a personal correspondence technical note by
Dr, Davidson Chen which explains the theory and equations involved in
geostrophic height calculations as well as typical expected heights
caleculated from nominal Gulf Stream data.

%% See Section 8.0, Figure 3-1.
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automated gain control (AGC); (c¢) introduce systematic errors, or biases, into
the measurement process; and (d) increase tracking time-jitter due to concomi-

tant changes in signal level and effective lengths of the received pulse.

Altimetric bias errcrs, which are a function of ocean surface roughness,
may be grouped into two categories. In the fivst category, a wave height-
dependent bias error occurs even if the radar-sensed wave height probability
density function (PDF) is strictly Gaussian. This bias arises due to the small
changes of the plateau gate signal level with variations in surface roughness
and antenna pointing. This effect is considered to be quite small; calculated
values are shown in Figure 3~1 for the tracking gate configuration used in the
GE0S~C system. In order to develop models for these effects, it will be neces-
sary to collect detailed information on ocean surface conditions. Thus, a fam—
ily of sea state calibration curves must be created for calibration of the
Intensive Mode sea state measuring capability as well as for calibration of any

potential range bias resulting form sea state.

3.3.1 DATA COLLECTION. Initially, the data for these curves were to be de-

rived only from aircraft (nanosecond radar and laser profilometer) data. How-

ever, considering the range of sea states to be calibrated (up to 10 meters
Hl/S)’ the limited aircraft time available (approximately 300 hours), and the
probabilities of obtaining the high sea states within range of the aircraft,
it was decided to add to the sea state calibration data set by incorporating
gsea state information derived from metecrological analysis of data from buoys,
ship reports, and wind field structure (hereafter referred to as hindcast sea

state data).

Ail available sea state data, therefore, wiil be combined statistically
(based on their relative accuracies) to obtain the family of curves necessary
to evaluate the sea state measuring performance of the altimeter as well as

any potential range bias resulting from sea state.

As an example of this procedure for a 10-foot sea, assume the hindcast

data to be accurate to within 25 percent. Given that the aircraft (laser
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profilometer or nanosecond radar) data has a standard deviation of one foot,
the 25 percent figure for hindeast data would yield a 2.5-foot standard devia-
tion for that measurement. Statistically, this means that roughly seven data
points from hindcast data for 10-foot seas would be equivalent to one data

point from the aireraft instrumentation.

3.4 SYNOPTIC WEATHER DATA APPLICABLE TO REFRACTION CORRECTIONS.

Tropospheric refraction errors affect the calibration/evaluation of GE0S-C

both in terms of tracking data for orbit determination and the actual altimeter

measurements themselves.

The results of a refraction study completed at Wallops® has indicated, how-
ever, that refraction corrections can bes handled by using a mathematical model
with inputs of surface data only. These surface parameters are atmospheric
pressure, temperature, and relative humidity. Consequently, tropospheric re-
fraction corrections for the altimeter will be derived using those surface data
incorporated in a mathematical model (see Section 4 for details). When actual
surface data are not available, mean monthly pressure, temperature, and rela-
tive humidity for the latitude in question will be used as inputs for the model.
In all cases the actual refraction correction applied will be printed on the

data tape.

3.5 OTHER SYNOPTIC WEATHER DATA.

Other synoptic weather data besides the pressure, temperature, and rela-
tive humidity required for tropospheric refraction corrections are applicable
to the calibration effort. The following is a list of these other weather

parameters and thelr potential contributions.

* Atmospheric pressure - Atmospherie loading and refraction
+ Cloud cover - Signal attenuation

+ Precipitation - Signal attenuation

* Wind field - Sea state

* Refer to Contractor Report No. 008-74, Effects of Tropospheric and Iono-
spheric Refraction Errors in the Utilization of GEQS-C Altimeter Data, dated
October 1974.
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4.0 CALIBRATION DATA PACKAGE (CDP)

4.1 PURPOSE.

The Calibration Data Package is a compilation of processed ground truth
data considered necessary for the calibration of the Radar Altimeter. It
includes all processed data to calibrate the sea state measuring capability
as well as potential range bias caused by sea state. Information on both long
wavelength features and short wavelength features is available for the prime
calibration area for use in range measurement verification. The Calibration
Data Package (CDP) also includes a description of the various mathematical

models used in calculating long wavelength features, e.g., geoid, tides, etc.

Procesged data on short wavelength features will include those measure-
ments taken by the aircraft - e.g., nanosecond radar, laser profilometer ete. -
and the Satellite Meteoroclogical Group (SMG) data set. The SMG Ground Truth Data
Set provides a sea state evaluation derived from an analysis of both wind fields
and ship reports of observed heights and periods. This data set will also
provide related meteorcloglical charts and analyses, satellite photographs, and
supporting data. Processed data from aircraft instrumentation and the SMG
Ground Truth Data Set will be used to build a family of curves to calibrate the

sea state measuring capability of the altimeter.

4.2 GEQID MODELS.

Several gecld models will be utilized for evaluation of the altimeter

data. TFor evaluations outside of the calibration area, a combination geoid
computed by J. Marsh of NASA/GSFC and S. Vincent of Wolf Research Corporation
will bhe utilized. TFor evaluations within the calibration area. several high
precision regional geoid models will be used. All the geoid models are
described below.

4.2.1 GLOBAL GEQID MODEL. The Marsh/Vincent global geoid model is a gravi-

metric geoid computed using the GEM6 set of satellite-derived spherical har-

monic coefricients in conjunction with a set of 1°x1° mean free air gravity
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anomalies. The computational procedure is well deseribed in Strange, et al,
1972. Because the quantity and quality of available surface gravity data is
highly variable, the accuracy of the derived geoid is variable. The Marsh/
Vincent geoid is most accurate in areas of best surface data such as the north-
west Atlantic and is least accurate in areas of little or no surface gravity
such as the southern Pacific Ocean. The derived geoid heights are considered
as referred to an ellipscid with a semi-major axis of 6378.142'km and a flat-
tening of 1/298.255. Because of uncertainties in the wvarious input parameters,
a possible systematic bias of about %5 to 10 meters ecnuld exist in these geoid

heights.

The Marsh/Vincent geoid heights wexre computed at intervals of one degree
in latitude and one degree in longitude. This 1°x1° grid of values is available
on magnetic tape and in the form of a plotted contour map. The magnetic tape is
a compllation of latitude, longitude, and geoid height at 1°x)° intervals. The
Marsh/Vincent geoid model has been incorporated into the ARC data reduction
program discussed elsewhere in this section. A copy of the plotted contour map

and/or the magnetic tape are available as part of the CDF.

4.2.2 CALIBRATION AREA GECID MODELS. For the altimeter area, a more detailgd
geoid model was felt to be required. Methods of computation for this detailed

geoid will not differ substantially from that used to compute the global geoid
model. However, geoid heights will be computed on a 10'x10' grid rather than

a 1°x1° grid using surface gravity in the form of 10'x10' mean free air
aromalies rather than 1°x1° mean free air anomalies. Several calibration area
geoids are being computed using diffe:#'v‘ing estimates of the surface free air
gravity anomalies introduced into the;computatiOns. Prior to launch, a calibra-
tion area geoid model will be selected based on comparison of the gravimetric
geoids with the geoid heights derived from high accuracy geocentric positions
computed for C-band radar, laser, aﬁd Doppler tracking stations in the calibra-
tion area. The selected detailed calibration area geoid will be made available
on magnetic tape as a set of latitudes, longitudes, and geoid heights at
10'x10' intervals and in the form of a detailed contour map. It will be
incorporated into the A/OMEGA II computer program.
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In support of the readjustment of the North American horizontal datum, the
National Geodetic Survey (NGS) is in the process of computing a detailed geoid
for the United States and adjacent areas. In undertaking this computation a
critical evaluation is being made of surface gravity data within, and adjacent
to, the North American continent. The detailed geoid to be computed by NGS,
which is scheduled for completion soon after the launch of GE0S-C, will extend
over a substantial portion of the altimeter calibration area. The NGS results
for the calibration will be made available to the project in the form of a
magnetic tape containing latitude, longitude, and geoid height at approximately
10'x10" intervals and in the form of a set of coefficients of a power series
polynomial expansion in latitude and longitude. When available, this geoid

height data will be made available to investigators upomn request.

4.3 TIDE MODELS.
The Mofjeld/NOAA tide model will be used for all evaluations within the
calibration area. The Hendershott tide model will be used for all eviiluations

outside the area. Both models are described in subsequent paragraphs.

4.3.1 MOFJELD/NOAA TIDE MODEL. The Mofjeld tide model was developed under
NASA Contract No. 369-07-01-17-53 and is designed to provide sea surface dis-

placement information for tides in the GE0S-C calibration area.

The model descrnipiion presented herein 48 prophietary
indoration and has been incorporated into this docwment
with 2he pemission of the author. The presentation
format has been altered sLightly Lo make AL consistent
with Lhe foamat of this document. The technical content
45 unchanged fhom its original foam.

4.3.1.1 General Description. The model is a set of computer subroutines that

compute the tidal displacement from mean sea level, given the coordinates of
the desired location and the desired date and time. It can be used to generate
a time series at a given location, the geographical distribution of tidal height
at a given instant, and/or the tidal height under the GE0OS-C satellite as it

passes over the calibration area.



The tidal displacement is computed from a set of harmonic constants, which
have been obtained by interpolation of harmonic constants at three reference
stations. The latter constants were found through analysis of actual pressure
or sea level observations., Figure 4~1 shows the calibration area in the Western
Atlantic, the reference and test stations, and a cross-hatched area indicating
where the model is applicable, Table 4-1 lists the locations of the reference
stations, the periods over which the observations were made, the analysis method,

literature references, and harmonic constants.

The accuracy of the model depends on several factors: (a) how accurately
the harmonic constants have been determined at the reference stations; and
(b) how well the interpolation scheme follows the actual distribution of

harmonic constants used in the model adequately describe the tides.

The goal of the model is to provide tidal displacements above mean sea
level within #5 cm in the area shown in Figure 4-1. Eight harmonic constants
have been selected for the model: four daily constituents, Kl, 01, Pl’ Ql,
and four semi-daily constituents - M, NZ’ SZ’ Kz. These eight constituents
contain almost all the energy in the daily and semi-daily tidal frequency
bands. Lower frequency, minor daily, and semi-daily, and higher frequency
constiltuents are not included in the model. A discussion of the excluded con-
stituents and their behavior in the Western Atlantic can be found in Zetler
et al. (1975) and Brown et al. (1975).

The observations of the reference stations are measurements of the thick-
ness of the water column from the bottom to the sea surface. Such measure-
ments do not include displacements of the sea surface due to the vertiecal

motion of the bottom; the model, therefore, does not contain earth tides.

A comparison of tidal heights as obtained from observations at the MODE/
AOML-1 station with predictions of the model is shown in Figure 4-2. The
standard deviation of model from the observations for the period shown is
3.4 centimeters. The observations have been filtered to remove fluctuations

at lower frequencies than the tidal bands.
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Location

Gage Type
Observation

Period

Type of
Analysis

Reference

Constituents

TABLE 4~1.

Bernuda
32°24N, -~
64°42E
Shore Gage

1950-1951,
1953-1954,
1956-1957
Response Method
Zetler et al.

(1975)

Mmplitude Phase
(m) (°6)

0.356 358.3

0.082 337.7
0.081 24.2
0.021 22,7
0.066 187.0
0.053 192.1
0.020 187.8
2.011 186.6

REFERENCE STATTONS

MODE/AOML~1
28°08N, ~
69°45E

Bottom
Pressure Gage
11Mar73~
29Jun73

Response Method
Zetler et al.

(1975)

Amplitrude Phase

(m) ("G)

0. 345 0.6
0.080 339.8
0.071 30.8
0.019 29,9
0.077 194.7
0.061 197.6
0.024 195.2
0.013 193.3

SCOPE

30°26N, -
76°25E
Bottom
Pressure Gage
18Sept73-
20Mar74

Response Method

Pearson

(1975)
Amplitude Phase
(m) (°G)
0.434 -357.6
0.011 335.7
0.082 23.1
0.018 (21.6)
0.096 189.8
0.073 194.3
0,032 189.8
0.014 »83.8
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The area within which the model should meet the £5 centimeters accuracy
criterion was obtained through a study of the tidal distributions for the
Atlantic Ocean as given by Dietrich (1967}, and through a comparison of har-
monlc stations at tide stations other than the reference stations. Further
checks on the model will be made as data become available from additional

stations.

A comparison of cbserved harmonic constants with results of the model is
given in Table 4-2. There is good agreement at the NC (North Carolina) station;
the model should be accurate as far north as 35°N, near the continental shelf.
The discrepancy at the San Juan, Puerto Rico, station is due to the tidal
regime in the Equatorial Atlantic differing from the reference stations, and
to a more localized influence of the passes between the islands of the Antilles
and of the tidal regime in the Caribbean Sea. The southern limit of the model
lies northward of these effects.

Through studies such as Redfield (1958), it is clear that on the conti-
nental shelves, tidal amplitudes and phases change over distances which are
short compared with the distances over which amplitudes and phases Gary in the
open ocean., The GEQS~C tide model is based on harmonic constants from the
open ocean and is applicable only where the tidal amplitude and phase varia-
tions have oceanie rather than shelf spatial scales. The model should be used
seaward of the 2000-meter depth contour. If extrapolated into shallower water,
the model will underestimatsz the tidal amplitudes. The discrepancy increases
rapldly shoreward of the 200-meter depth contovr.

While it is traditional in tidal predietion caleculations to fix the node
factors at a single set of values for time series up to 1 yesr in durationm,
the model computes the instantaneous node factors for each time. The more
accurate procedure is used for two reasons: first, the operational period of
the GEOS-C satellite coincides with a period in which the node factors are
changing rapidly, and hence the fixed factors are likely to differ significantly
from the correct values} second, variable node factors allow direct comparisons
between results of the model and observations obtained several years before the
launch date of the satellite. The additional computer time required to compute
the node factors is not signifilcant.
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TABLE 4-2. COMPARISON OF MODEL WITH TEST STATIONS

North Carolina Station 1 San Juan, Puerto Rico Station
Location 32°41.5N, ~75°37.5E 18°29N, -66°07E
Gage Type Bottom Pressure Gage Shore Gage
Observation 9 July 72 ~ 6 Aug 72 1899;
Period 191 - 1/2 days

duration
Type of Harmonic Analysis Model Harmonic Analysis Model
Analysis
Reference Mofjeld, 1972 C&GS Tidal Harmonic
Constants, TH-1, 1942

Amplitude Phase Amplitude Phase Amplitude Phase Amplitude Phase
Constituents (m) (°G) (m) (°G) (m) (°G) {m) (°G)
M, .481 356 4574 356 149 18 .2021 16
N2 .093 338 .1123 334 .034 4 ,0409 2
52 072 27  .0891 20 .021 39 .0518 65
K2 (.020) ( 27) .0193 17 (.006) (38) .0187 54
Kl .101 185 .0955 186 .082 228  .0680 216
0, 077 192 .0721 192 .073 227  .0551 211
P1 (.033) (185) .0320 187 027 228 .01%91 220
Ql (.015) (185) .0135 179 .015 227 .0i54 213




Because of assumptions used in establishing the time base of the model
4nd because of assumptions made about the functional dependence of the node
factors on time, the model is attuned for predictions for the time period 1973-
1978. Extending this period will require modification of the model.

In the open ocean, the sea surface is fluctuating about a time-independent
mean because of several processes of which ocean tides produce some of the
largest displacements. In the GE0S-C calibration area, tidal displacements
amount to about to about *0.5 meter. Other processes such as time-dependent
currents (atmospherically induced), low frequency waves, and earth tides way
produce displacements of perhaps #0.l1 meter. If the altimeter of the GE0S-C
is found to have sufficient resolution, these processes must be included in any
analysis scheme to remove and/or study time-dependent sea surface fluctuations
in the altimetry data. The region of the Gulf Stream in the calibration area is
subject to meanders of the current which can produce sea surface fluctuations
as large as 1 meter. The Gulf Stream is an important feature in the calibra-
tlon area and must be treated carefully in order to obtain a complete picture
of the sea surface's behavior in the calibratiorp area; other investigators

are considering this problem.

4,3,1.2 Fundamental Formulas. The sea surface displacement at a given time

location is computed using the expression

8

h =£§& fi Ai cos(o1 t - ci) s (1)

where fi’ Ai, o L, are the node factor, amplitude, frequency, and phase lag
of the ithtidal constituent and t is the time relative to 0000GMT 1 Marchk 75.
The frequencies of the eight prineipal constituents are obtained f£rom Schureman

(1941); all other quantities are computed by the model.

4-~10



The node factors fi are computed from cubiec polynom als derived from
Stirling's interpolation formula applied to values for the middle of each
year 1973-1977, as found in Schureman (1941)

3

2
£ + bi ute;u + di u (2)

i° 9

where ai, b 12 and di are coefficients and u = t—to,

i ©
t, being the same lag in hours from the start time of the model to

0000GMT 1 July 75.

The amplitudes A,i and phase lags ci are computed from the complex

"
harmonic constants Hi = (Hi’ Hi)

, 1/2
Ay = [(H;)Z + (H{)z] (3)
and g; = arctan (H; / Hi) . (&)

The complex harmonic constants are computed at a given location by the

linear polynomial
Hi = (Hi,l) X +(Hi’2)y + Hi,S s (5)

where Hi 1* Hi 99 and Hi g are coefficients and x and y are the zonal and
H 3 ?
meridianal Mercator coordinates corresponding to the latitude 8§ and east

longitude A of the location, i.e.,

X=7 A {6)
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and

e
_ o l-¢ sin e] 2|,
y = 1ln [tan (45° + 6/2) [Eﬁ%??;ﬁf—g 3 (N
e(= 9.08181949) is the earth's eccentricity as given by the SA0 II
spheroid.
The coefficients Hi j are found by fitting equation (5) to complex har-
]
monic constants (Greenwich phases adjusted to O000GMT 1 March 73) at three

reference stations, using their Mercator coordinates.

4.3,1.3 Computer Subroutines and Functions. Following are descriptions of the

subroutines and functions that comprise the GEOS-C tide model.

4.3.1.3.1 Subroutine Time (Year, Month, Day, Hour, Minute, Second, T). Given
the date in YEAR, MONTH (floating point variable), and DAY and the time in
HOUR, MINUTE (floating point variable), and SECOND in Greenwich Mean Time,
TIME computes the time elapsed in hours, T, since 0000GMT 1 March 753. This

subroutine accounts only for one leap year, 1976, and is valid only for the
period 1 March 1972~29 February 1980, Example: CALL TIME (1975.0, 3.0, 1.0,
0.0, 0.0, 0.000, T)

4.3.1.3.2 Subroutine Tide (Theta, Lambda, T, Height). As input data, the user
provides TIDE with the latitude THETA and east longitude LAMBDA (floating point
variable)}, both in degrees, and the elapsed time T in hours since 0000GMT

1 March 75 as obtained from TIME. TIDE then returns the sea surface displace-
ment from the time mean in meters at that location and time.
Example: CALL TIDE (28.00, -69.40, T, HEIGHT)

4.3,1.3.3 Intry Tide 1 (T, Height). This entry point in TIDE is used to pro-

duce time series at a given location whose harmonic constants need not be re-

computed at each time step., TIDE must be called at least once to establish the

harmonic constants after which TIDE 1 may be used.

412



Example: CALL TIDE 1 (TO+FL@AT (IT), HEIGHT)
where IT is the index of a L$ loop and TO is the initial start time of the

series.

4.3.1.3.4 Subroutine Cdnst (). CONST contains the harmonic constants at the

reference stations and equilibrium phase information relative to 0000GMT

1 March 75. When called by TIDE, C#NET _eturns a complex array H(I, J) of a
linear polynomial which is used in subroutine AMPL to compute the harmonic
constants at a given location. C@NST need be called only once.

Example: CALL C@NST (H)

4,3.1.3.5 Subroutine lLg¢cate (Theta, Lambda, X, ¥). Using the latitude THETA
in degrees and the east longitude LaMBDA (fleoating point) in degrees, LPCATE

returns the zonal and meridianal Mercator coordinates ¥ and Y, respectively,
where the origin is assumed to be 0°N 0°E. This subroutine uses the earth's
eccentricity as obtained from the SA0 II spheroid in the computations of Y.
Example: CALL L@CATE (28.00, ~69.40, X, ¥)

4.3.1.3.6 Subroutine Ampl (X, ¥, H, A, Z). From the Mercator coordinates X

and Y, obtained from L@CATE, and the coefficient array H, obtained from
CPNST, AMPL uses a linear interpolation scheme to compute the amplitudes (A)
and phases {2) relative to Q000GMT 1 Marel: 75, of the eight tidal constit~
uents MZ’ NZ’ 52’ K2, Kl’ 01, Pl’ and Ql.

Example: CALL AMPL (X, ¥, H, A, Z)

4.3.1.3.7 Subroutine Node (T, F). Given the time T, N@DE returns an array F (1)

of node factors which adjust the amplitudes of the harmonic conmstants for
their 8.7 and 19 year cycles.
Example: CALL N@DE (~2000.0, F)

4.3.1.3.8 Function Sum (F, A, Z, T). Using the node factors F, the ampli-

tudes A and phases Z of the eight principal tidal constituents, and the time T,
SiM computes the sea surface displacements due to water tides in meters.
Example: HEIGHT = SUM (F, A, Z, T)
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4.3,1.4 Use of the Model. A straightforward application of the model would

be to first call TIME to obtain the time T from the date and time in Greenwich
Mean Time, and then call TIDE with T and the latitude THETA and longitude
LAMBDA to obtain the sea surface displacement at that time and place. By re-
peating the TIDE call at different locations but using the same time T, the
spatial distribution of the sea surface displacement at that instant can be
obtained for the calibration area. For a satellite passing over the calibra-
tion area in a time period which is short compared with the tidal period,

the displacement under the satellite may be obtained by fixing T and computing
the displacements at a series of locations under the trajectory. Time series
can be obtained using the entry point TIDE 1 in subroutine TIDE. TIDE must be
called once to establish the harmonic constants at the desired location afterx

which TIDE 1 may be called in a DP loop to generate the time series.

4,3.2 WALLOPS INPUT CARD FORMAT FOR MOFJELD NOAA TIDE MODEL. The Mofjeld/NOAA
tide model program, as implemented on the Wallops Honeywell 625 computer,

accepts card input in the following format:

CARD COLUMN DESCRIYTION
1-6 YYMMDD (Date~—~year, month, day)
7-16 HHMMSS.585 (Time—-hours, minutes
seconds) GMT
21-30 +DD,DDDDDD (Latitude in Degrees)
35-44 DDD,.DDDDDD (East Longitude in Degrees)

For each card input, the Program prints out all the input variables (with the
appropriate titles) and the computed sea surface displacement, in meters, for
that time and geographic location. The Modified/NOAA tide model is incorpo-
rated in the A/OMEGA II computer program.

4.3.3 UENDERSHOTT TIDE MODEL. The Hendershott ocean tide model will be used

in the ARC program for global ocean tide calculations outside of the calibra-

tion area.
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4.3.3.1 General Deseription. The Hendershott tide model represents the

astronomical tide generating potentlal by the dominant second order term, Uz,
in the sphericel harmonic expansion. The effects of yielding of the solid
earth te the astronomical tidal force are included, but the ocean self-
attraction and the ocean loading effect is neglected (Hendershott, 1973). The
solution only represents the dominant lunar semi-diurnal tide..(Mz) with lunar
declination terms neglected. Table 4-3 presents the spherical harmonic co-
efficients of the M2 global tide.

4.3.3.2 Hendershott Tide Model Subroutine. Table 4-4 is the Hendershott tide

model subroutine ¢»rived from the above information at the Wallops Island sta-

tion, and is included in the ARC program.

4.4 REFRACTION CORRECTION MODEL.

Studies indicate that refraction corrections for both the altimeter and
tracking data can be handled as a mathematical model. (See Appendix B.) It
is planned to use the modified Hopfield model in the data reduction program.
Inputs to this model are surface pressure, temperature, and relative humidity.
Arrangements are being made with the NOAA Space Flight Meteorological Group to
obtain these surface meteorological parameters for a major portion of the
Northern Hemisphere. The parameters will be derived from the NWS computer-

ized Spectral Global Analysis Program.

haere actual data are not available, the data reduction program will use
mean monthly values tabulated as a function of latitude for both the Northern
and Southern Hemisphere, Table 4-5. Values in Table 4-5 are in 5° increments
from 65°S to 65°N at a longitude of 50°W.

4.5 SEA STATE DATA ACQUISITION/PROCESSING.

As stated in Ground Truth Parameters, Section 3, sea state processing data
inputs will include magnetic tapes from the Nanosecond Radar and Laser Profilom—

eter NASA C-54 aircraft observations. The data package from the alrcraft will
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TABLE 4-3. SPHERICAL HARMONIC COEFFICIENTS OF THE M2 GLOBAL TIDE

n m L -

0 0 -5.26 -12.52

1 0 ~0.36 6.81

1 1 10.71 3.89 10.97 35.80
2 1} 4.47 1.65 0.00 0.00
2 1 -14.35 5.20 ~13.04 ~27.18
2 2 -32.69 44.86 11.38 23.68
3 0 2.93 ~11.30 0.00 0.00
3 1 =-5.25 -30,30 9.02 -9.5%
3 2 16,37 -21.01 -20.87 25.82
3 3 30.62 38.45 30.81 -0.75
4 0 -3.33 ~0.49 . 0.00 0.00
4 1 6.90 -15.36 7.63 18.49
4 2 11.85 ~4.60 -15.92 -39.37
4 3 -30.74 ~34.54 -11.94 -29.16
4 b =13.04 -8.03 16.10 29.84
5 o -4.43 4,18 ’ 0.00 0.00
5 1 15,58 32.22 -12.35 -24.71
5 2 -22062 3-85 27-26 —26-93
5 3 -0.59 3.78 ~-1.66 20.90
5 4 13.85 22.57 1.00 -28.94
5 5 ~-1.16 -3.28 14,59 16,91
6 0 6.10 1.61 0.00 0.c0
6 1 ~0.66 9.79 -5.91 ~2.65
6 2 -1.78 12.04 12,75 9.94
6 3 -3.68 19.94 3.21 12,08
6 4 3.98 9.32 0.35 -11.65
6 5 -2.78 18.76 ~17.50 19.23
6 6 0.91 22.92 -5.82 -34,50
7 o 5.31 6.606 0.00 0.00
7 1 ~10.45 -1.95 9.69 11.96
7 2 10.92 -8.19 -3.00 19.13
7 3 -9.72 1.06 2.22 2.13
7 4 3.86 -0.82 8.54 -5.37
7 5 0.50 -15.31 2.82 ~18.55
7 6 2.85 0.92 0.44 -3.42
7 7 12.37 11.25 -12.86 -18.77
8 0 -3.49 2.26 0.00 0.00
8 1 -7.70 6.81 4.30 8.12
8 2 0.03 ~11.78 -5.16 10.23
8 3 7.85 -5.03 5.93 -1.56
8 4 -7.62 6.90 5.59 -1C.60
8 5 -6.21 -7.68 -3.30 -10.16
8 6 -5.87 ~-6.59 1.30 0.00
8 7 -14.70 -6.11 -4.94 14.78
8 8 4.81 -2.03 -1.70 9.10
9 0 -5.06 -3.65 0.00 0.00
g 1 -5.90 -5.94 -3.35 3.53
9 2 -0.59 1.29 -6.27 -5.04
9 3 3.08 0.48 2.26 4.37
9 4 2.67 3.61 7.71 -3.84
9 3 1.45 -2.31 . 7.15 0.64
9 6 8.05 2.45 4.30 -7.89
9 7 2.48 -i. 74 -1.62 -1.19
g 8 -4.59 -7.0% -5.32 3.03
9 9 4.15 7.99 7.08 6.92
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TABLE 4-4. HENDERSHOTT TIDE HEIGHT MODEL SUBROUTINE

54812 0t 02-15-73 23,405 THE HENDERSHATT TIDE HEIIHWT "IDEL LAREL TINE
1 =v1DE THR 4ENDERgAdT+ TIDE HEISH4T MIDEL GEDD295
2 SUBROUTINE TIDE (TMJD,¥MINS.MLAT,DLON, 4ELGAT) TiD0ONS
e, PROGAAMMED BY JIM MaMTLLAN - WOLF 3ESEARCH AND DEyELIPMENT CNRP, 7103015
3' e...PUR3ISE- TO AMPYTz THE TIDE NEIGHT, Tipoo29
5 €., MET45D- THE HENREQSA,TT TIDFE MgDEL, T1D2023
6 Cy.. I1NPUT VARIABLES- : ‘ 1109039
7 - T™JD THE “ORIFIED JiL1aAN DATE T1p0035%
N ] K%, XMINS THE vuABER OF FLLAPSED “IVUTES SINCE MIONIARHT TID004d
— - ——- DAY 748 3ESCENTRIC LATITUDE IN JESREES TID0043
o DLON TH@ 3EACENTRIC LONGITUDE IN DEGREES T1D0059
—5% €y,:0UTPUT VARIABLESe T1DJ055
12 c HEIGHT THO TIRE WEIGHT IN METERS T1p00AD
13 INTEGER ZERD T1D207)
14 DIMENS IOV pcto.9) 7100079
%% - -~ - -DOUBLE PRECISION TMJD, T,7000 T, 974 T1D00%9
lo COMMON ;guffn2y Akt 1) *10-10). gf10+19). TipaogRs
17 1 (10.10). (10,9, LL T1D0n99
't 3 - COMMON s JUNK ; 1 Je la T1D9093
o o 19 pe i N AT, : RLON, TiD01n9
- = 20 2 cosMLa(10), SivmLA(L10), SINLAMy TID010$§
) e e emn COSLAM, SINPHI, COSPHI» 1102140
§ %a ;z i 'A'fi- EP!H. DELYp 7!0011’
23 5 HETNS,. Tl T2, 100129
® B - 24 5 SRes, RAMOON, JMEGATy 100123
O v 2% ’ SINOMT, COS0MT, FNL, 7100139
| dE 26 3 : F2N1. F2NiCS, oP112) 1100135
| 7 EQUIVALENGE (PB(~5)1,P(1:1)) TID0149
) %8 ATA 2630 207 Iy /57.2957795/ T190159
!a 29 c'..anvuoa;.L COEFFIEIEN+g FOo MEAN 08L1Gy 1y (QEF= AMESICAN EPMEME Ig 100163
30 €...AND NAUTICAL AILMARAE, §97t- PAGE 490) B!vlnEB BY 34525eeN, 100165
DATA EPQ+EP1_/4.09389789E~0"1+6.21795%45E-09/ TiDo170
3’_ ! Egavaezgoeo Iqig'ﬁﬁugpoﬂ!l , 11974 712048.0p+00/ Y=801a§
- - -9——tvogfy Minapy CONgrNpes 1100209
" ; RL:Q;. anvhg RAD" by T1D0203%
3 RLON = DLON 7 RKD T1p0249
3 SINLAM = SINCRLON) T1D021 g4
3 COSLAM = COS¢RLON) Tip0229
o SINPH] = SIN(RLAT) ¥l 0223
e . CISPH] . COS(RLAT) 100239
40 i COSMLA(1) = COSLAv TID0Z33
41 SINMLA(1) = SINLAW Tluﬂiaa
42 D9 2 I=1.12 1100259
3 Po(1) = 0.0 7100255
" 7 2 CONTINGE 1100249
| & 5 D2 5 12110 TID0243
‘ .: 46 D) 5 Je109 Ti2027Y
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TABLE 4-4. HENDERSHOTT TIDE HEIGHT MODEL SUBROUTINE {Cont 'd)

Pel,Jdy = n.0
5 ConTiNVE
P(7E30,2ER0) * 1.9
Pt JZERY) = SlyPdl
- Pt1  +1 ) = Bogedl

HE‘O"‘Y s 0.0 . _

£...CONPULE. THE yUBER F DAYS SI .CE THE RETERENCE DAY (1992 JAy 9D 12H)
DAYy ® SNGL(THJUB-T1339)
DAYL s TMJD « T1990

Cv.:COMPUTE THE MEAN 0B 18uUlTY.

58 - e..:COMPyTE E G g‘"l!: WO g ANSRLE,
ras - THETOQ 5 ¢99.2745%541 gneL-rnJB-11974,-a.90504734
—— 8 - , b o« xXmingdg.28068448) RAD : _
s -0! €...CUMPUTE THE ELLAPsga JUL.TaN ce~4unlss SINGE 1900 JaN ID 12,
— 82 Ty = DAY1 7 %6525.0
———— =T *T]
- A:IT @, +COMPUTE THE LONGITUSE OF THE MOON.
- - CRES w 270.4343%8 « 13-97639465268eDAY1 - 1.133E-03e72
d",;j —_— CRES = AMOD(CRES,3,0.0) 7 RAD —
3 @, ,COMPUTE Ty RIGHT ASCENSTON Op Tyg MOON.
—-g———— -~~~ RANOON -EnTaS'cos3lK:na a STQ(S‘ESiICOS(GRES))
g ———— OMEGAT ; 270 * (THEYOG & RAMOOND
e . - CHSOMT = COStOMESAT? ’
. SINOMT « SIN{OMEA,T)
72 DO 10 m=2,NRAZ _
R COSMLA(M) = COSLAMOROSNLA(MEY) = SINLAMOSINMLA(M-1)
— e —— SINMLACMY = SINLAVOROSMLA(MEL) ¢ COSLAN®SINMLA(M-1)
—-""7‘"“‘—’—— 19 ConTingE— - ' T
o i FN1 = 0,0
- 7 F281 = 1.0
7 D2 30 N=2,NMAX
7 FNL & FPNL 4 1,0
F2N1 & F2N1 o 2,0
————::—-—w———-——-PthZEQO) = (F2R1e8 INPETOP (N<1,2gR0) = FNLOP(N-2,2gRD)) / FLOAT(N)
—— g —FENICS = F2NT o COSANI
—8F -~ D9 30 Mel.N _
- - PIN,M) = R(N=2,R) o FINICSeO(N-1,M=1)
(1] 30 CONTINUE
8¢ €:..COMPUTE THE TINE WEIGAY,
8y D9 5N N=ZSRO,NYAX
88 MEIGHT = HEIGHT + (§(N,/ZERD #CASOMT o CN,ZERD)®SINIMT)@P (Ny7ERN)
89 pd 50 M=1,N
90 HEIGHT = HEIRHT « (fl(g:1)053§9"TOCQNl‘)03l~0nT).CosnLl(H)
o1 1 . 59(u;nsoegsnnr°n‘~.4)-51Mo TreSINULA M) 8P NygM)
92 Sn CINTIVUE ,
93 HEIGHY = -HEIGHT

53

RETYAN
END

7190215
T100249
T1D0029Y
T1D0295
TiDO3n)
T140305
T1003¢5
T1D0329
T120325
T10033
Tin034¢
v1D03%2
TIDO3HY
TiDg3s
110837
TiD037S
T1D03R9
T100392
TID0O39S
T1004ny
T1D044n
;100415
100425
TI1D0439
Tipo4ass
TyD04453
TiD0D4s9
TID04SS
T1D04,40
T 04?0
Tiboa7y
TI004RS
TID049)
T1D049
T1DOSo
TiDO5nS
T10051%
Tloﬂgﬂﬁ
T1D0525
Ti1DOS5139
TiD054n
Ti100
rxgoiég
TIDOSSS
TiD0569
TID05s5
TIDOS?)
1109573
Tipo5Sng
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65°N
60°N
S5°N
SO°N
45°N
40°N
35°N
30°N
25°%
20°N
15°N
10°N

0°N
- 5°N
-10°N
~18°N
-20N
-25°N
-30°N
~35°N
-40°N
-45°N
-50°N
-55%N
-60°N
-B5°N

TABLE 4-5.
Jan. Feb.
1974.0 1004.0
997.5 $98.0
1002.0 1004.0
1007.0 1009.0
1012.0 1011.5
+016.0 1015.¢
1019.0 1018.0
1022.0 1021.0
1022, 9 1022.0
1021.0 1019.5
107.5 1017.0
1015.0 1015.0
1012.0 1013,0
1010.3 1011.2
1010.7 1011.4
1012.2 1012.3
1013.3 1013,3
1914.1 1614.2
1015.0 1014.6
1£15.6 1015.0
18151 1015.3
1012.1 1013.4
1006.3 1008.3
998.7 100t.2
992.2 994.1
988.5 988.1
087.5 984.9

REFRACTION CORRECTION MEAN MONTHLY SURFACE METEOROLOGICAL T iTA
PRESSURE (millibars)

Mar.

1008.0
1002.9
1001.0
1003.0
1007.0
1013.0
1017.5
1021.0
1022.0

1020.0
10.7.0
1013.5
1016.0
1010.4
1010.9
i012.1
1313.2
10314.1
1015.0
1015.6
1015.3
1013.1
1008.6
1002.2

995.1
989.0

985.3

Apr.

1012.0
1607.0
1008.0
1011.0
1014.0
1017.5
1@22.0
1023.0
1022.0

1019.0
1015.5
1013.0
1010,0
1010.7
1011.3
1012.7
1014.2
1015.8
1017,1
1017.8
1016,9
1014.1
1009.2
1002.2

994.6
987.9

9384.0

iy

1015.0
1013.0
1013.0
1014,0
1016.0
1921.0
10220
1023.0
1022.0
1019.0
1016.0
1013.0
1010.0
1011.3
1012,1
1n3.8
1316.0
1018,1
1019.2
1018.9
107.2
1014.2
1009.0
1062.1

9935,3
- 990,11

987.5

Jume

1011.0
1010.0
1011.0
1015.0
1018.0
1p22.0
1025.0
1026.0
1024.0
1021.0
1018.0
1015.0
1013.0
1013.1
10141
1016.0
1017.8
1018.6
1020.6
1020.7
1018.4
1016.0
1010,2
1003.2

936.9
992.0

939.0

July

1009.0
1011.0
1014.0
1018.0
1022.0
1025.0
1027.0
1025.0
1022.0
1019.0
1017.0
1014.0
1013.0
1013.3
1014.6
1016.8
1019.1
1020.7
1021.4
121.1
1019.0
1014.7
1009.0
1003.1

597.5
952.7

989.2

Aug.

1005.0
1010,0
1012,0
1015.0
1018.0
1022.0
1026.0
1023.0
1020.0
1017.5
1014.0
1014.0
1013.0
1013.5
1014.8
1016.9
1018.9
1020.6
1021.4
1020.9
1018.7
1015.2
1010.2
1004.1

997.5
992.0

988.3

Sept.

1007.0
1006.0
1010.0
1014.0
1018.0
1020.0
1023.0
1021.6
1019.8
1017.0
1015.0
1013.3
1013.0
1012.9
1013.9

5.8
1017.6
1018.9
1019.6
1018.1
1017.9
1016.2
1012.6
1006.4

593.0
891.5

985.1

Oct.

1002.0
998.0
1006.0
1012.0
1016.0
1019.0
1021.0
1022.0
1020.0
1019.0
1015.5
1013.0
10135,0
1012.2
1012,6
1013.9
1015, 5
1016.6
1017,1
1017.2
1016.8
1015.3
1012.0
1006.2

999.0
$91.5

984.0

Nov.

1002.0
1001.0
1006, 5
1011.¢0
1016.5
1019.0
1022.0
1022.0
1022.0
1015.0
1017.0
1013.0
1011.0
1me.9
1011.3
1012,5
1013.6
1014.5
1015.0
1015.0
1014.4
1012.2
1007.1
1800.0

992.6
985.8

981.3

Dec.

1000.0

§98.0
1002.0
1009.0
1014.0
1018.0
1021.0
1021.0
1021,0
1020.0
1017.0
1014,0
1011.5
1011.1
1011.5
i012.3
1013.0
1013,5
1013.9
1014.2
1014.1
1012.5
1008.6
1000.7

893.3
988.5

985.9
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65°N
60N
55°N
S0°N
45°N
40°N
35°N
30°N
25°N
20°N
15°N
10°N

TABLE 4-5.

Jan,

- 4.0
2,5
5.0
8.0

11.0
14.9
16.0
18,5

21.0

22,0

23.0

24.5

26.0
26,7

21,6
27.2
26.6
26.4
25.5
23.5
20.1
16.1
12.0

7.5

3.5

0,2
- 1.2

REFRACTION CORRECTION MEAN MONTHLY SURFACE METEOROLOGICAL DATA (Cont'd)

Feb.

- 4.0
2.0
5.0
7.0

11.0
13.5
16.0
18.0
20.5
21,5
23,0
23.0

26.0
26.5

27.7
27.7
27.6
26.6
26.0
24.6
21.2
16.5
12.5

8.2

3.8

0.8
- L3

Mar,

0.0
4.0
6.0
8.0

12.0

14.0

17.0

18,5

20.5

21.5

23.0

25.0

26.0
26.5

27.4
27.1
27.2
26.8
26.1
24.0
20.4
16.0
12.0

7.9

3.2
- 0.1

- 5.1

Apr.

- 1,0
3.0
6.0
9.5

13.0
14.5
17,0
19.8
21.0
2.0
23.0
25.0

26.0
25.8

27.2
6.7
26.6
26,2
24.8
22.6
18.8
14.8
n.e

5.9

1.3
- 31

- 9.0

TEMPERATURE (°C)

Yay

- 0.1
- 5.3
-12.0

June

6.0

8.0
10.0
13.5
17.0
19.0
21.0
22.0
23.0
24,4
25.0
26.9

27.0
26.5

25.6
24.9
25.0
24,0
22,2
19,3
16,0
i2.3

8.6

3.9
- 1.7
- 8.0
-12.9%

July

6.0

9.0
11,0
15.0
19.0
21.0
23.0
24,2
24.5
25.0
26.0
26.0

27.0
26.0

25.5
4.4
24.3
23.0
21.0
18,3
14.¢
11.z
7.5
3.3
- 2.0
-10.0¢
-15.0

Aug.

7.0
10.0
13.0
16.0
20.0
23.0
24,7
25.0
25,6
25.6
26,0
25.6

26.0
25,9

25.2
24.6
241
2.7
20.0
18.0
14.6
10.7
T
31

- 2.4
- 4.0

-16.3

Sept.

6.0
8.0
12.0
15.0
18.0
21.5
24,0
25.0
25,3
25.6
26.1
27.2
21.2
26.4
20.9
25.1
24,7
2.9
20.7
18.2
14.3
10.7
7.3
3.2
- LB
- 6.6

-13,0

Oct,

2.0

6.0

8.0
13.0
17.0
19.0
2.3
23.0
25.0
25.6
26.7
26,9
26.7

20.6
25.9
25.2
23.5
1.4
i8.7
15.0
11,5

B.5

4.4

0.0

- 8.8

0.0

5.0

7.0
11.0
14.0
17,5
20.0
21.5
23.0
25,0

25.6
26.1

26.1
5.5

26.8%
26.5
26.0
24.4
22,3
20.3
16.6
13.0

9.5

5.4

1.1
- 1.8
- 47

- 2.0
5.0
6.0
9.0
13.0
15.0
18.0

19.0

22,0

23.0

25.0

25.6

26.1

26.5

27.3
26.8
20.9
25.3
25.0
21.8
18.4
14.6
0.7

6.3

2.5

- 0.4
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65°N
60°N
85°N
S0°N
45°N
40°N
35°N
0°N
25°N
207N
15°N
10°N
5°N
0°N

- 59N
- 1N
-15°N
-20°N
-25%
-30°N
-35°N
-40°N
-45°Y
- 50°N
-55°N
-GO°N
-G5°N

TABLE 4-5.

Jan.

73
78
82
82
a8

8l

79

79
82
84
g2
3
75
81
81
9
73
76
78
79
81
85
89
8

REFRACTION CORRECTION MEAN MONTHLY SURFACE METEOROLOGICAL DATA (Cont'd)

Feb.

73
87
82
88
77
78
79
76
72
74
75
79
79
83
76
74

81
80
75
b
85
B0
84
87
9
69

Mar,

54
76
4
77
73
73
74
76
78
79
77
77
79
81
7
78
ki
79
&n
B4
82
84
78
77
83
87

Apr.

80
81
82
1]
78
81
g1
79
79
81
82
79
79
85
80
82
81

77
74
76
77

82
85
87
€n

RELATIVE HUMIDITY (%)

Hay

76
82
&8
82
78
76
76
79
81
82
a3
79
79
83
82

83
78
"
78
77
77
76
80
78
79
g6

June

82
79
a3
g0
79
79
79
79
82
82

B4
80
81
82
88

79
78
78
77
76
74
74
74
82
86

July

82
88
8B
a3
79
81
B4
80
80
73
78
8
B0
79
76
80
79
7
77
75
79
76
74
72
69
85
80

Aug.

76
g8
80
83
80
75
72
79
79
81
-4
86
84
a1
73
77
81
87
81
76
78
BG
77

76

87
89

Sept.

82
B0
78

81

7
75
79

86
84
79
79
76
72
75
77
77
78
75
8D
B2
82
82
8"
8%
92

Oct.

23
88
82
78
79
84
79
79
79
81
70
80
81
80
75
81
79
79
76
76
80
8D
76
76
82
86

Nov.

74
82
82
75
8
76
79
79
79
19
81
84
a4
84
76
79
79
80
79
73
77
80
80
80
85

B3

Dec.

74
61
76
80

78
79

79
79
79
79
79
BO
73
76

85
77
75
80
81
81
81
8

s



include all pertinent f£light information - e.g., logs, plots, ete., - and data

from supporting instrumentation. After being processed, the data will be merged
with the SMG Ground Truth Data Set to produce a family of curves for calibrating
the sea state measuring capability of the radar altimeter. Subsequent paragraphs

describe NASA C-54 aircraft observed input and data processing products.

4.5.1 NANOSECOND RADAR. The CDP will contain processed data derived through
the aircraft ground truth operations delineated in Section 6.

4.5.1.1 Nanosecond Radar Data Processing. Nanosecond radar data will be

processed to provide for the following:

a, Significant Wave Height (H1/3) estimate, 4 times the surface
height standard deviation.

b. Aircraft Vertical Motion

c. VYormalized'Radar Return Power

d. Derivative of Radar Received Power

in the process of summing a number of pulse returns to reduce the Rayleigh
fluctuations and obtain the average pulse return shape, it is necessary to align
the pulse returns, removing any changes in range which occurred among them due
to aircraft vertical motion. This aligmment process is performed with a thres-
hold tracker. Assuming that the aircraft vertical motion effects a range change
of less than the 0.625 ns range quantization in the 0.18 second it takes to ze-
cord 16 pulses (aircraft vertical rate less than 0.528 m/s); then is is not pos-
sible to obtain any better alignment of the pulse returns than already exists
within that group. The standard deviation on the C-54 aircraft vertical motion
has been measured to be 0.26 m/s so that 1lé-pulse groups can be averaged and
aligned as units without any degradation. The threshold crossings are recorded
for each of 100 comsecutive l6-pulse groups. A 17-point walking quadratic filter
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is applied to the thresholds to determine the aircraft vertical motion which is
then quantized and the 100 l6-pulse groups are aligned accordingly.

4.5,1.2 Output Products. Figure 43, Alrcraft Vertical Motion, depicts this

information graphically and is an example of a data product that will be in the
package. The horizontal scale is time and the vertical scale is radar range in
meters. The Xs indicate the positions of the thresholds for the 16-pulse
averages, and the solld line 1s the aircraft vertical motion as obtained from
the 17-point quadratic filter. TIf the range change exceeds l.4m in one step,
then that 16-pulse group is excluded as being questionable. That group does

not count in the tally and, instead of an‘X,_a D appears on the plot to indicate
that the data was deleted.

The 1600 aligned pulse returns are divided into two groups and maximum
1ikelihood estimates of SWH and the plateau decay coefficient are made for the
800-pulse averages., Figure 4-4, Nanosecond Radar Received Power and Derivative
of the Received Power, presents an example of the radar data points (squares)
the maximum likelihood fit to the data (s0lid line) for the average return,
and the derivative of the average return for 800 pulse ﬁeturns. Two CALCOMP
plots, such as in Figure 4-4, will be in the data package, one for each 800-pulse

average.

4,5.2 LASER PROFILOMETER. The CDP will contain processed Laser Profilometer

data products derived from aircraft ground truth operations (see Section 6).

These products are:

a. Significant Wave Height (Hl/3j
b. Wave Height Spectrum

c. Wave Height Probability Density Function

The pulse rate, spot size, etec. of the laser is such that it (the Laser

Profilometer) simply profiles the ocean surface roughness under the airecraft.
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Figure 4-3. Aircraft Vertical Motion
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In order to perform spectral analysis on this data, the data must be pre~
processed to remove both the laser phase shift and the aircraft vertical motion.
{See Figure 4-5.)

The top trace is raw data; the middle trace has the phase shift removed.
(Phase shift is removed by simply taking out the step functions.) The bottom
trace is the result obtained by running the data through a lew pass filter
which removes the aircraft vertical motion. Spectral analysis is then per-

formed on this pre-processed data (bottom trace, Figure 4-5).

Note that, at this time, the LP data processing program does not take into
account the relative directions of the aircraft and the sea itself; in other
words, it assumes a unidirectional wave field with infinitely long crests. This
correction can be applied if the relative directions of the aireraft and the
sea are known. This information is difficult to cobtain, but proper corrections
can be made within the LP data processing program with the help of the wind-wave

interaction theory.

The laser probability function (Figure 4-6) and the Laser Profilometer
wave height spectrum (Figure 4-7) are output products of the Laser Profilometer

data reduction program.

4.5.3 SUPPORTING AIRCRAFT DATA. The fsllowing supporting data will be furnished
by the C-54:

a. Dead Reckoning (D.R. plot of entire flight)

b. Smooth plot of flight path during data acquisition periods
(from LORAN~A, INS, ete.)

¢. Time log of all pertinent event such as turns, altitude changes,

ete.
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4.6 SPACEFLIGHT METEOROLOGLCAL GROUP (SMG) CALTBRATION PRODUCIS.
The Washington Section of the Spaceflight Meteorological Group (SMG)
of the National Weather Service (NWS) has joined the GEOS-C project funded

by NASA to provide meteorological support for the radar altimeter experi-
ment with emphasis being placed on hindcast sea state. The SMG will provide
the project with a Ground Truth Data Set, and has participated in the
development of the Data Source Catalog.

4.6.1 SCOPE, SMG calibration products include the SMG Ground Truth Data Set,
which is directed primarily towards providing hindcast sea state ground truth
for the CDP, and other meteorological and related products required for the
calibration effort.

The following topics are presented in this section:

a. Sample of a typical SMG Ground Truth Data Set

b. Description of SMG Ground Truth Data Set

¢. Sample of other meteorological calibration products

d. Description of other SMG calibraticn products.

e. Sea state analysis

f. Problems of sea state cbservations

g. Glossary of applicable definitions; i.e. definition of basic sea

state terms

4.6.2 SAMPLE SMG GROUND TRUTH DATA SET. A typical SMG Ground Truth Data Set
will include the following information, presented in graphical form:

« Figure 4-8 Ground Track Meteorological Anaiysis and Overlay
+ Figure 4-9 Surface Weather Analysis (with ground track amnotated)
+ Figure 4-10 8MS-1, Infrared 4 nm Resolution‘(Satellite Photograph)
+ Figure 4-11 NOAA-4, Northern Hemisphere, Visual and Infrared

2 nm Resolution (Sateliite Photograph)
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Figure 4-8. Ground Track Meteorological Analysis and Overlay
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4.6.3 DESCRIPTION OF SMG GROUND TRUTH DATA SET. Subsequent paragraphs present
a description of the SMG Ground Truth Data Set.

4.6.3.1 Ground Track Meteorological Analvsis and Overlay. An analvsis (see

example, Figure 4-8) of sub-satellite sea state data for the calibration area
will be provided for the North Atlantic. The sea state information, contained
in the overlay, will be derived from all available meteorological data such as
sea state (and/or wind) reports from ships and wind fields derived from the
surface atmospheric pressure gradients. Sea and swell estimates, surface wind,
cloud cover, and areas of precipitation along the track will be annotated.
Frontal systems affecting the track will be also depicted on the overlay (shown
in Figure 4-8).

4.6.3.2 Surface Weather Analysis. The surface weather analysis will be pro-

vided for use with the ground track meteorological analysis and overlay.

This chart, a 1:2,000,000 polar sterographic projection, will include a plot
of all applicable synoptic weather reports (ships, land stations, and buoys)
and a meteorological analysis of the area. Surface wind field patterns are
delineated in the analysis by isobaric contours. Figure 4~12 is an example of
a plotted ship's weather report as found on the surface weather map with the
information included. TFigure 4-13 gives examples and an explanation of other

symbology generally appearing on the surface weather analysis chart.

Appendix D contains the information contained on the ship code card showing
the weather code in symbolic form with the tables used to encode the various
parts of the report. Surface weather analysis charts are produced by the
National Meteorological Center (NMC) for 0000, 0600, 1200, and 1800 GMT daily.
Figure 4-9 (part of Sample SMG Data Set) is an example of the portion of the

Surface Weather Analysis provided in the data set.
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TOTAL AMOUNT OF SKY COVERED (4/8) TYPE OF HIGH CLOUD (CIRRUS)

ATIR TEMPERATURE (DEG CELSIUS) / TYPE OF MIDDLE CLOUD (ALTOCUMULUS)
gt

WIND DIRECTION AND SPEED
(290 DEG 10 KTS) \ o SHIP MOVENENT (NORTHEAST 20 KTS)
TYPE OF WEATHER (RAIN SHOWER) 24 18 = PRESSURE (1018 MILLIBARS)
-13\,
DEWPOINT TEMPERATURE (DEG cmws,___ll" 30302\- PRESSURE CHANGE AND TENDENCY PAST 3 MRS
24 (PRESSURE LOWER BY 1.3 mb FALLING THEN

2 RISI
SEA WATER TEMPERATURE (DEG CELSIUS) » i

SEA (PERIOD 3 SECONDS, HGT 1/2 METER)

SWELL (FROM 200 DEG, PERIOD 8 SECONDS,
SHIP'S INTERNATIONAL CALL SIGN HEIGHT 6/2 METERS)

TYPE OF LOW CLOUD (CUMULUS)

Figure 4-12. Ship Weather Plotting Model

WBAN WEATHER ANALYSIS SYMBOLS

These are the symbols most generally used by the
National Meteorological Center aithough there are

COLD FRONT - - -

COLD FRONT ALOFT  ———gr————r————gr—
WARM FRONT —aa o -

STATIONARY FRONT —aa o
OCCLUDED FRONT —a & &
COLD FRONTOGENESIS - -
WARM FRONTOGENESIS ™ - -
STATIONARY FRONTOGENESIS = - -
COLD FRONTOLYSIS — v — o — w —
- - -
- - -
- Bl -

WARM FRONTOLYSIS —
STATIONARY FRONTOLYSIS —
OCCLUDED FRONTOLYSIS —
INSTABILITY (SQUALL) LINE
TROUGH — == o= == = = =

RIDGE AV

CONVERGENCE LINE —>— >

Figure 4-13. Weather Analysis Symbology
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4.6.3.3 Satellite Photographs. Weather satellite photographs depict the in? »~

grated effects of all atmospheric processes, and are particularly usefyl in

making cloud cover determinations as well as inferring areas of precipitation.

Low level cloud movement routinely analyzed from satellite pictures is helpful

in estimating sea-level winds over the calibration area and other areas of
interest. These photographs are taken by the NOAA Synchronous Meteorological
Sateilites (SMS) and the Polar Orbiting Meteorological Satellites and will be

included routinely in the SMG Ground Truth Data Set. (Examples of other related

satellite photographs are included in the Data Source Catalog, Section 8.)

4.6.3.3.1 Synchronous Meteorological Satellites (SMS)., The SMS-1 and SMS-2
are located approximately 22,000 nautical miles over their sub-points on the

equator 75 degrees and 115 degrees west longitude, respectively. At this alti-

tude, the orbital period is 24 hours and the satellites remain statlonary with

respect to the earth's surface. At present, available products include:
a. Visual -~ full-disc 4 nm, 2 nm and sectors of 1 nm resolution.
Resolution of 1/2 nm is only available when requested in advance.

b. Infrared - full disc 4 nm resolution.

4.6.3.3.2 Polar Orbiting Meteorolopgical Satellites. At the time of this

writing, NOAA-4 is the operational polar orbiting meteorological satellite.

It crosses the equator from north to south at approximately 0930 Eastern

Standard Time and makes 12 revolutions per day. Pictures are stored on tape

until the satellite comes within range of one of three readout statioms.
Storage capacity for the Very High Resolution Radiometer (VHRR) is limited
to 9 minutes. However, most of the U.5. can be coverad by direct readout.

Photographic products include:

2. Visual - day visible 2 nm resolution. VHRR visible photographs

are only available when requested in advance.

b. Infrared - day and night 4 nm resolution. IR 1/2 nm resolutions

are only availlable when requested in advance.
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4.6.4 SAMPLES OF OTHER SMG CALIBRATION PRODUCTS. This sectlon contains samples
of typical meteorological and other related products provided by the SMG to the

calibration effort. These products, supplied in both graphical and tabular
form, will include the following:

» Fipure 4-14 36 Hour Wind Wave Forecast
* TFigure 4-15 Northern Hemisphere Average Snow and Ice Boundaries

+ Figure 4-16 Weekly Data Buoy Status Report

4.6,5 DESCRIPTION OF OTHER SMG CALIBRATION PRODUCTS. Subsequent paragraphs in
this section present a brief description of other products being provided by

SMG for the calibration.

4.6.5.1 Computer—Produced Meteorologicai Products. The following computer-

produced meteorological products will be made available routinely by the
Satellite Meteorological Group to the NASA Wallops Station. The Wind Wave and
Combined Sea State Forecasts and Constant Pressure Charts have been mathemati-

cally modeled and programmed for operational use.

4.6.5.1.1 Combined Sea Statz and Wind Wave Forecasts. Combined Sea State

Forecasts and Wind Wave Forecast, Figure 4-14, are computed by utilizing wind
field inputs obtained from surface weather charts over a broad ocean area, and
by considering as a function of time, the sea state can be estimated. Wind ob-
servations and observed sea state data from surface ships can be entered to re-
inforce the mathematical solution. The output is a series of charts of sea
state (in terms of significant wave height) contours over the area at discrete

time increments (usually 12 hours).

4.6.5.1.2 Wind Wave Analysis. The Wind Wave Analysis is a basic analysis

derived from pressure fields, It is used as a "first guess' in the preparation

of the 36-Hour Wind Wave Forecast.
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For Period: November 22, 1974 18Z to November 29, 1974 12Z

;
Synoptic Buoy Reports Received

=%

Buoy Location ggezational Not Transpitted % Rec'd of
atus Transmitted Late On Time Total Total Req'd
o T
ERO1! 3g°§8'g,g Out-in-Port Deployment is scheduled for December 3 or 4.
1 47°00.0°N i The buoy i%\gt Seattle, Washington; it was extensively damaged and may
EBO2" 1310000t Out-inPort " nrepairable.
EB03L " 56°00.0'N In Buoy is in position but not yet moored. It should begin reporting later
148°00.0'W this week.
26°00.0'N )
1
BB12Y g 000 0w In 56 56 100%
32°18.6'N
1
EB13 75°14.5"W In 56 56 100%
27°18.6"N
2
EB32 84°00. 3" In Pressures deleted. 22 ) 28 79%
, 58°36.0°F ‘ ) T
EBBS 141000¢0'W 111 5 5 93%
25°36.0'N ’
2. 28 %
EB61% " ggo94.0'w In 1 4%
2 29°00.0°'N
EB62 85°36.0'W In 28 28 1007
35°00.0'N .
ALPHA 155°gg.o'w in Nn reports received as yet.
~ e
1 High Capability Buoy .

2 pLimited Capability Buoy

Figure 4-16. Weekly Data Buoy Status Report
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4.6.5.1..3 Constant Pressure Charts. The 850 mb, 700 mb, 500 mb, 300 mb, and

200 mb Constant Pressure Charts will be included as meteorological calibration

products applicable to the refraction error effort.

4.6.5.2 Northern Hemisphere Average Snow and Lce Boundaries. Figure 4-15, an

analysis of average snow and ice boundaries, will be included in the SMG Data
Set.

4.6.5.3 Data Buoy Status Report. An operational status report of deployed

environmental data buoys, Figure 4-16, will be supplied each week as an SMG

calibration product.

4.6,5.4 Other Data Sources. Other data may be obtained months after the fact

from the NOAA Environmental Data Service at Asheville, North Carolina and other

sources listed in Section B.0, Data Source Catalog.

“ ~

4.6.6 SEA STATE ANALYSIS. A sea state evaluation is derived from an analysis

of both wind field and ship reports of observed sea heights and periods as found
on standard meteorological surface weather maps. The sea state and swell evalua-
tion procedures described :n subsequent paragraphs of this section are the tech-
niques h will be used in the SMG sea state analysis. They have been derived
from H. «. Publication No. 604 "Techniques for Forecasting Wind Waves and
Swells"™.

4

4.6.6.1 Sea State Evaluation. Weather charts for the past 24 to 36 hours, and

longer when necessary, are examined, keeping in mind the basic relationships
regarding the effect of wind action on the water surface. For eacﬁ of a number
of points along the ground track, the effective wind, duration, and fetch are
estimated. These values are used to obtain specific sea heights and perlods.
In the case of a fully arisen sea, Table 4~6 may be used. Figures 4-17 and
418 are utilized where a non-fully developed sea has occurred or is expected.

Where wave height development is limited by the length of the feteh, as for
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TABLE 4&-6.

REVISED WIND AND SEA SCALE TFOR FULLY ARISEN SEA%%

H1NHD REA
WAVE HEIUHT (FEEY) - -
= & - wi
g 5 5 s
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DESCRIPTION = =9 - o = > 2
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Q (4] = - FL LR 4 [%] [5] =
= -] < - = e v o ™ =
= -3 -l Q b SRR ] - -~ -
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a, w 4 - - > > 6l T
E] o ao 2 = - s » < < o o
3| % | g& 5 § | & &g g 2 =8 |
@ é ;‘h-" : u < a b [ = (R T T
cALY o 0-1 0.0 § 0.0 0.0 | v.0 - - -- e .- -
LIGHT AIR 1 1-3 2.0 | e.ns 0.07) 0.0% Up to 1.2 0.75 0.5 0.83 5.0 0.3
LIGHT BREEZE 2 48 5.0 0.30 ©.50| 0.60 0.4-2.8 1.50 1.3 6.7 8.0 0.65
GENTLE 8.5 0.8 1.3 | 1.8 0.8-5.0 3.2 2.3 20,0 9.8 1.7
BREEZE 3 710 | 4.0 1.1 1.8 | 2.3 1.0-6.0 3.8 2.7 27.06 | 10.0 2.4
12.0 1.6 2.6 | 3.3 1.0-7.0 4.5 3.2 40,0 | 18.0 3.8
HODERATE . Lie1s | 135 2.1 1.3 | 6.2 1.4-7.6 5.1 3.6 52.0 | 24.0 4.8
BREEZE
16.0 2.3 .6 | 4.6 1.5-7.8 5.3 3.6 s9.0 | 28.0 5.2
16.0 2.9 4.7 | 6.0 2 n-8.8 6.0 4.1 1.0 | 40.0 6.6
18.0 3.7 5.9 | 1.5 2.5-10.0 6.8 4.8 496.0 | 55.0 8.1
TREErE s | tre21 | 19,0 4.1 6.6 | 8.4 2.8-10.6 7.2 saa | eso| eso | 9.2
20.0 4.6 7.3 | 9.3 1,0-11.1 7.5 s.& | 10| 7s.0| 10.0
72.0 5.5 8.8 | 11.2 3.4-12.2 8.2 5.9 | 134.0 | 100.0 | 12,
STRONG or | 22427 | 2840 6.6 10.5 | £3.3 3.7-13.3 9.0 6.4 | 160.0 | 130.0 | 14.0
BREEZE
24.5 6.8 10.9 | 13.8 3.8-13.6 9.2 6.6 | 1s4.0 | 160.0 | 1s5.0
26,0 7.7 12.3 | 15.6 4,0-14.5 5.8 7.0 | 188.0 | 180.0 | 17.0
28.0 8.9 16,3 | 18 2 4.5-15.5 10.6 7.5 | 212.0 | 230.0 | 20.0
HODERATE 30,0 10.3 16.6 | 20.8 4,7-16.7 11.3 8.0 | 250.0 [ 280.0 [ 23.0
GALE 7 28-33 | 45, 10.6 16.9 | 21.5 4.8-17.0 11.5 8.2 | 258.0 | 290.0 | z4.0
32.0 11.6 18.6 | 23.6 5.0-17.5 12.1 8.6 | 285.0 | 340.0 | 27.0
4.0 13.1 21.0 | 26.7 5.5-18.5 12.8 2.1 | 322.0 | 426.0 | 30.0
36.0 14.8 23.6 | 30,0 5.8-19.7 11.6 9.6 | 363.0 | 500.0 [ 34.0
FRESH GALE b 3440 | 37.0 15.6 24.9 | 31.6 6.0-20.5 13.9 9.9 | 376.0 | s3o.o | 37.0
8,0 16.4 26.3 {33.4 6.2-20.8 14.3 10.2 | 292.0 | sco.0 | 38.0
40,0 18.2 29.1 | 37.0 6.5-21.7 15.1 10,1 | 4as.0 | 710.0 | 2.0
42.0 20.1 32.1 | 40.8 7.0-23.0 15.8 11.3 | 492.0 | 830.0 | 47.0
STRONG GALE 5 41-47 | e4.0 22.0 35.2 | 44.7 7.0-24.2 16.6 11.8 | s3s.o0 | 9s6.0 | s2.0
46.0 24.1 38.5 | 48.9 7.0-25.0 17.3 12.3 | s90.0 [1110.0 | s7.0
48.0 26.2 41,9 | 53.2 7.3-26.0 18.1 1z.5 | 6s50.0 [1250.0 | &3.0
50,0 28.4 45.5 | 57.8 7.5-27.0 18.8 13.4 | 700.0 [1420.0 | &s.0
WHOLE GALE® 10 48-35 | 51,5 30.2 48.3 | 61.3 8.0-28.2 19.4 13.8 | 736.0 [1360.0 | 73.¢C
' $2.0 10.8 49.2 | 62.5 B.0-28,5 19.6 13.9 | 750.0 [1610.7 75.0
54,0 33,2 53.1 | 67.4 8.0-29.5 20,4 14,5 | sro.e [1800.D | s1.0
STORM* 11 56-63 | 56.0 35.7 57.1 | 72,5 8.5-31.0 1.1 15.0 | 910.0 |2100.0 | 98.0
9.5 40,3 64.4 | 1.8 10,0-32.0 22.4 15.9 | 965.0 |2300.0 [ 101.0
HURRICARE® 12 »64 >64.0 246.6 »74.5 {*94.6 10.0-¢25) (24-1) | (17.2) = = =
* FOR HURRICANE WINDS {AND OFTEN WHOLE GALE AND STORM WINDS) REQUIRED DURATIUNS AND PETCHES ARE RARELY ATTAINED.
SEAS ARE THEREFORE NOT FULLY ARISEH.
#%x REVISED DECEMBER 1964 by L. Moskowitsz, ond W. Plersos.

ORIGINAL PAGE IS
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winds blowing from a coastline, or where there is a sharp change of wind direc-
tion at a weather front, a reduced equivalent duration is used with the effective
wind to obtain the sea height.

4.6.6.2 Swell Evaluation. An evaluation of swell conditions in an area of

interest can be performed by:

a, Analyzing available reports of actual swell heights and periods

made by shipboard observers.

b. Calculating swell heights and periods by tracking waves from

distant sources.

In most cases, a combination of the two approaches is used. In the latter
technique, the significant sea height and period are determined for each of the
generating areas using the procedures explained in paragraph 4.6.6.1. These
parameters, with an estimate of the decay distances, are entered into the nomo-
graph (shown in Figure 4-~19) to obtain the swell heights -and periods which may
affect the area of interest. If swells from more than one generating area are

active, the combined swell height is computed using the formula

where Sl and 32 are the 1ndividual swells.

4.6.7 SEA STATE OBSERVATION AND MEASUREMENTS. Actual wave measurements are

rare, and are usually limited to a few reports from data buoys, offshore oil

rigs, and deep~water recorders of special interest groups. Reported wave heights
over the vast ocean areas consist almost entirely of subjective estimates made by
shipboard observers. Many factors rause irregularities in reported wave heights,
such as the size of ship, th¢ observer's experience, and the differing visibil-

ities for day and night observations. Wave heights at night are often based on
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the wind speed at the time of observation, which may or may not be represent-
ative of wave conditions. Wave observers report what is called the "significant
wave height"; this is the average height of the highest 1/3 of the waves observed
while taking the observation. The wave period reported is the average period of
the waves observed passing a fixed point during the time of observation. 1In a

similar manner, swell height and period are reported when observed.

4.6.8 DEFINITION OF SEA STATE TERMS. Table 4~7 is a list of definitions of

basic technical terms used in sea state observation and analysis.
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1.

b,

7.

Cozbined Sea Height/ -

Cembined Seca State -

Decay Distance ~

Duration =

Fetch =~

Fetch Lenogth -

Fully Developed (arisen) -

Noo~Fully Doveloped -
Seate of tho Sea

Sea -fSea State -/
Scate of the Sea -

TABLE 4-7.

The combined effects of both gea and swell
(the tesults of the interaction of beth sea
and swell at ony given point}.

The distance a wave travels as swell after
leaving the fetch or gencrating area to the
point of interest.

The length of time the wind blows in essen-
tially the same dircction over the fetch.

An arca of the sea surface over which seas
are generated by a wind havicg 4 constant
directieon gud opeed.

The horizontal distance (in the direction of
the wind)} aver which a wind having a con-
ptant direccion and speed, generates a soa.

The fully dovelaped (arisen) statec of the sea
is the state which the sca reaches when the
wind has faparted maximum ecergy to the waves.

The non~fully developed state of the cea is
the state of the sen reached when the fetch
or duratics has limited the awount of energy
ipparted to tho waves by the yind.

A numorical or uritten descripticn of ocean
surface roughness. It f{s o descripticn of the
wiod driven wave over the gererating area. For
precise usage, sea state may be defined as the
average height of the highest ome third (1/3 1)
of tho woves observed in a wave train, refined
to a numerical code soe Huliw in ship's weather
ohcervation code, Appendix D.

10.

11.

13.

14,

15,

16.

17.

18.

Significant Wave Helght -

Significant Wave Peried -

BASIC SEA STATE DEFINITIONS

Swell -

Travel Tiwe

Have

Have

Have

Have

Wave

Wind

Height ~

Length

L]

Peried ~

Train -

Trough -

Speed -~

The average height of the one-third highest
waves observed at a fixed point during the

time of observatiom.

An arbitrary pericd taken as the average pe-
tiod of the one~third higheat waves that pass
a fixed point during the time of observation.

Ocean waves which have traveled out of their
generating orea.  Swells characteristically ox-
hibit a more regular and lomger peried and have
flatter crests than waves within their fetch.

The time nccessary for waves to travel as
swell a given distance from the generating sea
to the polnt of interest.

The vertical distance betwzen a wave crest and
the preceding trough, reported in half meter
{ncremeats.

The "distance~between—ctests-of~two-successive-
pericdic-wave"” measureaments in the direction
of propagation in ceters (not reported 1o
abservation}.

The time, in seconds, required for two succes~-
pive wave crests to pasc o fixed point.

A series of waves moving in the same dircction.

Tha )owest point on the water surface between
Buccessive wave crests.

The scaslar quantity of the wind, expressed in
knots.



5.0 INVESTIGATOR DATA PACKAGE

5.1 GENERAL.

The Investigator Data Package (IDP) will contain all available ground
truth data gathered as a result of the Phase B calibration effort. Addition-
ally, the package will very likely contain information that differs from that
of the CDP. Ground Truth data collected by the Nanosecond Radar, Laser Pro-
filometer, and other aircraft instrumentation will be made available upon re-
quest to the Principal Investigators. HNot all of this data may be in

processed form, however.

5.2 PURPQSE OF IDP,
The basic purpose of the IDP is to make available to the Principal In-

vestigators all Ground Truth data cellected and processed during the Phase B
calibration effort as well as any secondary information of possible interest
which may have been gathered during the course of these operations or that
has been received from other data sources. It is again emphasized that the
GEOS-C program is not obligut- ' ro completely process all collected data nor
is it committed to making further investigative efforts on behalf of the
Principal Investigators to obtain data not presently available, or which may

still not be available after the completion of the calibration efforts.

5.3 CONTENTS OF IDP.

The IDP is basically a compilation of raw (unprocessed) data taken dur-

ing the Phase B calibration. In addition, elements of the CDP are available
for inclusion in the IDP. Ground Truth information contained in the IDP can

be briefly summarized as follows:

* Unprocessed Data

~ Nanosecond Radar (NR)
- Laser Profilometer (LP)#*

* C-130 aircraft will be flying for NOAA/AOML in support of NOAA inweétigators.
NOAA will make collected in LP data avalilable to Wallops upon request.

PRECEDING parc o
ANK NOT FICyEs
ED



- Refraction Data Magnetic Tape
~ Miscellaneous Weather Charts

~ Other Aircraft Instrumentation#*

* CDP Elements

% Some of the instruments will be used for specific NRL experiments and thus
are not considered a true part of the Ground Truth IDP. (See list of
aireraft instrumentation in Section 7.)
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6.0 GROUND TRUTH OPERATIONS

6.1 INTRODUCTION.
The Ground Truth Effort for GE0S-C is aimed at providing the Altimeter
Experiment Manager with a Calibration Activity Ground Truth Data Package.

The ground truth effort will be conducted during initial altimeter calibra-
tion and during continuing spot theck calibration of the altimeter. TInitial
calibration will be accompliished within the scheduled Phase B period. During
this period, & concentrated effort will be made to obtain the complete spec-

trum of sea states up to 10 meters {H ) as well as to assimilate other

1/3
related data. The spot check calibration is planned for once-per-month in-

tervals for the remaining mission lifetime.

When possible, in-situ measurements will be performed by buoys or ships
and used as reference or calibration check-points for comparisons with simul-
taneous remote measurements made from aircraft. Such simultaneous measure-
ments would be most desirable i1f made on the satellite subtrack; however,
even nearby simultanc:-us (aircraft in-situ) measurements are preferred to

having no comparison measurements at all.

The scope of the ground truth effort is extensive and is not limited to
the NASA aircraft. As previously mentioned, the Ground Truth effort will
involve NOAA and DOD as well as NASA. A Wallops Flight Center project en-
gineer agsigned to this activity will work in close coordination with the
Ground Truth Operations Manager to ensure ground truth data acquisition and

dissemination in compliance with GE0S-C Project requirements.

The Wallops C-54 has been scheduled to provide 300 hours of support,
approximately 200 hours of which will be utilized during the Phage B cali-
bration effort, with the remaining 100 hours to be used for monthly apot
check calibration. For every 100 hours of flight time accumulated, it is

planned to schedule 5 days down-time for routine maintenance,

EKECEDLNG PA.
GHE.BI&&AH{ Ni
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Computer programs are avallable which generate satellite position informa-
tion in latitude/longitude versus time. These predicts will be available at
least two weeks in advance of mission support. 1In addition, sufficilent lead
time will be allowed for filing flight plans and for preparing the crew,

aircraft, and instrumentation systems.

As stated previously, it is desired to obtain ground truth data on the
complete spectrum of sea states up to 10 meters. In order to obtain da*a on
the higher sea states, it may be necessary to travel to Newfoundland, for ex-

ample, and operate several days from this "home base".

Generally, certain conditions must prevail to create various sea states.
Figures 6-1 and 6-2 show the probabilities of occurrence of various sea
states for a point in the calibration area and a point im the North Atlantic,
These curves show that a good portion of the sea states should be obtainable
by flying out of Wallops or Bermuda; however, it is expected that at least
two five-day missions to the North Atlantic will be required. These missions
will most likely be flown out of St. Johns, Newfoundland or other points in

the North Atlantic, if necessary.

The Program will depend heavily upon SMG weather forecasting informa-
tion for guidance in avoiding severe atmospheric conditions which might
result in mission abortion or otherwise hinder flight operations {particu-
larly for the North Atlantic missjons); thus needless expenditure 3f fuel,
funds, and other resources can thereby be prevented. The availability of
such forecast data will also, in many cases, permit long-range determina-

tion of the potential for development of the higher sea state conditions,

6.2 GROUND TRUTH SAMPLING CONSIDERATIONS.

Since in-situ data for ground truthing sea state and other parameters

for GE0OS-C are reéquired, a question was ralsed concerning area size for
correlation with altimeter data. The primary concern here was to determine
the number of times the GEOS-C ground crack passes through a given size

ared.
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Figure 6-2. Sea State Probabilities {(North Atlantic; 47.5°N, 42.5°W)
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The WASP (Wallops Altimeter Schedulin' Zrogram) was utilized for the
purpose of determining the number of GEOS-C passes that could be observed
over specified periods of time from simulated stations at seven different
latitudes and from seven different coverage area sizes at each of these
latitudes, The latitudes of observation were 0, 20, 30, 40, 50, 60 and
65 degrees. The diameters of the coverage areas at each of the latitudes
were 25, 50, 100, 200, 500, 1000 and 2000 kilometers.

WASP was set-up to generate the GE0S-C orbital zphemeris at a rate of
one second. An elevation angle cutoff constraint was input to WASP to con-
trol the cross—-sectional area of the cone through which GE0S~C would have
to pass to correspond with the desired ground area. See Figure 6-3. When-
ever GE0S-C was computed to pass through this cone of cbservation, the time
and station ID were written onto a save-tape. Figure 6-3 deplects the geom-
etry of a single~-station situation with d being the diameter of the coverage
area, £ is the minimum elevation angle, and h is the satellite height above
the spheroid.

A FORTRAN program was written which accepts as an input the WASP save
tape, and puts out a count of the number of GE0S-C passes through the obser-

vation cone.

The 49 areas covered (7 diameters, 7 latitudes) were tabulated by the
program for five twenty-four periods (5 days), one twelve hour period at the
end of the five twenty-four hour periods for an accumulated period of
5.5 days, then for eight additional twenty-four hour periods for a total of
13.5 days.

A graphical presentation of the number of passovers at each of the
latitudes over the period of 13.5 days is depicted in Figure 6-4. It may
be observed that at latitudes less than 50 degrees, the minimum diametexr
area which should be congidered for ground-truth is 200 kilometers.

6-4
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The GEQS-C ground track very meariy vepeats itself every 4.5 days. The
accumulative results shown in Figure 6-4 may be extrapolated for longer periods

of times; e.g., twice as many passovers will occur in 27 days.

6.3 AIRCRAFT GROUND TRUTH OPERATIONS.
This section provides the reader with a general description of aireraft

opecations anticipated for ground truth data acquisition. An exact and de=-
tailed "supplement" will be issued for each aircraft flight in sufficient time
prior to the flight to provide adequate preparation. These supplements will
contain such detailed information as arrival times at points of interest,

flight headings, data acquisition time perilods, instrumentation usage, etc.

Only one C-54 aircraft from the Wallops Flight Center is being considered
for ground truth support; i.e., the aircraft which has both the lLaser Profil-
ometer and the Nanosecond Radar, has a cruising speed of 150 knots and has fuel
capacity which allows up to 12 hours continuous flying time. Missions will be
planned to require a maximum of six hours flying time to preclude the need for

two crews, if at all possible.

Aireraft support for the GEOS-C Mission is presently planned to include
three general flight profiles (I, II, IIIL) to obtain the desired spectrum of
sea states. Modification of these profiles will ineclude flight paths oriented
to obtain data aligned with, and transverse to, surface winds (upwind, down-
wind, crosswind) and f£light paths designed for data collection to accomodate
special requirements. These profiles are described in the following three
paragraphs.

6.3.1 CLASS I PROFILE. Figure 6-5 typifies a Class I f£light operatiom.
Flights of this type will originate and terminate at the same home base
(either Wallops Island, Bermuda, or the North Atlantic base station). The

aircraft will f£ly from "home base" to a given position and then fly a sub-
satellite track begimning and ending at giver positions before'returning to
home base. A special case of this is presented in the discussion of pass-

overs contained in Sectirm 6.2.



HOME BASE

Jo—= Atrcraft Flight Path

7’
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/
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, % & Subsatellito Track

Figure 6~5. Class I Profile

6.3.2 CLASS If PROFILE. A Class II Flight Profile is shown in Figure 6-6.

The difference here is that the aircraft does not return to the same home

base. Between bases, the alrcraft will fly a sub-satellite track with be-
ginning and ending positions. An operation of this type could occur between
any two of the home bases. It is expected that most Class 1L operatioms,

however, will occur between Wallops Island and Bermuda.

-
el
-~
ORIGIN i
-~
rd
, / g Adrcraft Flight Path
4
7
, | DESTINATION

4 .
/ K. Subsatellite Track
/

Figure 6~6. Class II Profile
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6.3.3 CLASS III PROFILE. A typical Class iII profile is shown in Figure 6-7.
The major constraint here is that two flights will occur (both out of the same

home base) in order to obtain data at the North/South and South/North sub-
satellite crossing points. In the case in which the home base is either
Wallops or Bermuda, the two flights will occur approximately 10 hours apart.
If the home base is moved further North, the time separating the two flights

decreases to only 100 minutes at a latitude of near 65°.

Flight Path #2

Flight Path #1

/
/, ; > 3
Subsatellite M
/l“\._ Tracks \
//(approximtely 10 hours apart
at latitudes near Wallops - \

/  approximately 1.7 hours apart
at latitudes near 65°.)

Figure 6-7. Class III Profile

6.3.4 GEOS-C PRE-LAUNCH ACTIVITIES. Prior to the launch of GEOS-C, three
basic experiments are being undertaken by NRL to further solidify relevant

Ground Truth measurement techniques and principles and to demonstrate opera-

tional readiness.

a. Atmospheric Range Correction Experiments

This experiment involves the upward-looking passive microwave
radiometers at 22 GHz and 31 GHz; a microwave refractometer; and
aircraft measurements of temperature, pressure, and water vapor

content.



b. Range Bias Experiments (Sca State}

These experiments involve collecting nanosecond radar and
laser data over a variety of sea states to (1) quantify the rela-
tionship between ocean-wave height, the radar pulse rise time,
and the range tracker bias; (2) establish the spatial filtering
effects duc to the finite sizes of the beam spots of the radar

and laser.

c. Surface Wind Field Experiments

These experiments use two-frequency (13 and 19 GHz), nadir-
looking passive microwave radiometers which are sensitive to the
sinall-scale sea surface roughness induced by the surface wind
fields and the ground speed and true air speed provided by the
Inertial Navigation System. The objective is to relate the
radiometer response with surface wind fields and with the laser

and nanosecond radar sea-state data.

6.3.5 SPECIFIC IN-FLIGHT OPERATIONS. Wallops Flight Center's C-54 aircraft
will generate a data package for each GE0S-C flight support mission. Upon
return to the Wallops Flight Center, all data will be off-loaded and given

to the Wallops Flight Center Project Engineer who will be responsible for
data pre-processing and raw data as well as pre-processed data distribution.
Mugnutic tapes will be copied and disseminated with the originals being main-
tained in the Wallops Flight Center Axrchives.

6.3.5.1 Nanosecond Radar (NR). It is plauned to take seven files of data
with the nanosecond radar at an altitude of approximately 3200 meters
(10,000 fect) during a mission., The nanosecond radar is configured such
that each time it is turned on it takes one file (approximately 91 scconds)

of data. Seven files fill one magnetic tape and thus require about

6-10



10-1/2 minutes. The first and seventh NR data files will be instrument cali-
bration data sets. The five files in between will contain measurements of
sea state. The first data file, which is a calibration file, will be taken
at 3200 meters just prior to coming into position over the satellite ground
track., Immediately following, five continuous sea state data files will be
taken along track in the direction of the pass. After the sixth file, the
plane can begin its descent to 500 feet for the laser profilometer work.
During the descent, the seventh (last calibration file) nanosecond radar

data set is taken,

A second mode of operation is possible with the nanoseccnd radar., In
this second mode of operation, the nanosecond radar can be used as a pulse-
length-limited wave profilometexr. To do this, it is required that the air-
craft altitude be as low as practicable. For an altitude of approximately
150 meters (500 feet), the spot-size is approximately 7 meters. Because of
the totally different character of data available in each mode of operationm,
present plans are to utilize both flight geometries. Thus, NR data will
also be taken simultaneously with the LP data at 150 meters.

6.3.5.2 Laser Profilometer (LP). Following the descent to 150 meters
(500 feet), the aircraft will turn around and fly back along the track
(against the direction of the satellite pass) while the laser profilometer
is being set up. When the LP is ready, the aireraft will fly four minutes

directly upwind and four minutes directly downwind while taking continuous
LP data. During turns, maneuvers, ete., the LP recorder (see Figure 7-2)
will be turned off in order to avoid possible contamination of data. Cn
selected flights, 4 minutes of crosswind and/or along-track data will also

be taken.

6.3.5.3 Measurement Cells, In terms of surface wind fields and ocean sur-

face roughness, the ocean surface is to be considered the same or homogeneous
over a 'measurement cell". A measurement cell for GEOS-C purposes is being
defined as a circle on the surface having a 50 nm diameter. It is desired
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to collect at least one measurement cell of data on each side of the eross-
over point along the sub-~satellite track. In this manner, variations in
measured quantities can be qualified in terms of changes or uniformity in

sea surface condition. However, flight operational problem exists if one
attempts to not only cover secveral measurement cells but attempts to obtain
off-track data for either microwave or wind speed determination studies as
well. Such flights would be too time consuming. 7To preclude this constraint,
nanosecond radar data will be collected in several measurement cells on the
way out to the sub-satellite path and on the return flight to home base to
satisfy the data requirements of both NASA and DOD.

6.3.5.4 Magnetic Tape Requirements. From a typical flight, one complete
digitized magnetic tape of NR data at 3200 meters will -be produced. Also,
one digitized tape at 150 meters altitude will contain multiplexed NR and
LP data (the LP data is recorded on track 4). When certain missions require

crosswind LP data as well as upwind/downwind data, a third tape will be
required, During other special missions a fourth tape with NR data could
also be produced at 3200 meters due to the requirements explained in the

previous paragraph.

6.3.5.5 Inmertial Navigation System (INS). This instrument can be used opera-

tionally to determine the starting and ending points, ground track, ete., for
the data runs. TFor ground truth data, it is planned to combine the INS with
air speed sensors to obtain data for removing true airspeed error from wind

data. These data will be taken simultaneously with LP data.

Other supporting aireraft information will include the following:

a. The dead reckoning plot of the entire flight}

b. Smooth plot of the flight path over the sub-satellite track as

generated fiom such navigation instrumentation as LORAN-A, etc.:

c. Time log of all pertinent events such as turns, altitude changes,

equipment operation, ete.
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6.3.6 TYPICAL ATRCRAFT FLIGHT SCHEDULE. A schedule indicating typical
flight activity in support of GEOS-C Altimeter Calibration/Evaluation activ-
ify appears in Table 6-1, The pattern of satellite passes through the
Calibration Area closely repeats each 9-day period. It can be seen that it
is possible to schedule two flights per day with sufficient regularity to
achieve forty Altimeter Calibracion attempts during the f£irst two-month

period.
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¥1-9

Day

o oW e o~

10
11

11

Home Base
BDA
BDA
BDA
BDA
No Flight
WEC

WEC

BDA
No Flight
No Flight

WEC

BDA

BDA

TABLE 6-1.

Depart. Time
22:00
08:00
23:30

09:00

00:00
07:30
22:00
08:00
20:00

09:00

23:30
08:30
21:30
00:30

09:30

ACS Return Time
00:00 03:00
09:45 12:00
23:50 01:00
09:30 11:00
01:00 02:30
10:30 13:30
00:30 03:30
10:30 13:30
00:30 02:00
10:00 12:00

Return to WEC
01:30
11:00
01:00
01:00

10:30

04:30
13:30
03:30
02:30

12:00

TYPICAL FLIGHT SUPPORT SCHEDULE

Total Time
5.0 hr.
4.0 hr.
1.5 hr.

2.0 hr.

2.5 hr.
6.0 hr.
5.5 hx.
5.5 hr.
6.0 hr.

3.0 hr.

5.0 hr.
5.0 hr.
5.0 hr.
6.0 hr.
2.0 hr.

2.5 hr.

Class

Aircraft Time
5.0 hr.
9.0 hr.
10.5 hr.

12.5 hx.

15.0 hr.
21.0 hr.
26.5 hr.
32.0 hx.
38.0 hr.

£1.0 hr.

46.0 hr.
51.0 hr.
56.0 hr.
62.0 hr-
64.0 hr.

66.5 hr.



61-9

Day
12
13
i3
14
15
15
16
17

18-21

Home Base
No Flight
WEC
WEC
WEC
BDA
BDA
No Flight

No Flight

Aireraft Maintenance

TABLE 6-1.

Depart. Time ACS

00:00
09:30
23:45
00:00

09:30

Return to WFC
02:00
11.:30
0l:45
01:30

11:00

Return Time

05:00
14:30
05:15
03:00

01:30

Return to WFC for Overhaul

TYPICAL FLIGHT SUPPORT SCHEDULE (Cont'd)

Total Time
5.0 hr.
5.0 hr.
5.0 hr.
5.5 hr.
3.0 hr.
4.0 hr.

6.0 hr.

Class

Aircraft Time
71.5 hr.
76.5 hr.
81.5 hr.
87.0 hr.
90.0 hr.
94.0 hr.

100.0 hr.



7.0 AIRCRAFT INSTRUMENTATION

The Laser Profilometer and Nanosecond Radar will be the prime éalibration
data sources. Ground truth experience gained from the Skylab altimeter pro-
gram has demonstrated the firm requirement for wide-area data colleetion. In
a number of passes, significant ground truth variations were encountered over
distances of 100 kilomsters. For this reason, ailrcraft overflight is felt to
be the only feasible approach to acquisition of the needed calibration data.

In a strict sense, however, the aireraft instruments are themselves re~
mote sensors, and periodic cross-comparisons with an in situ sensor will be
made where possible. When possible, these in-situ measurements will be ob-
tained from a NOAA environmental buoy located off the east coast of the United
States, For further information regarding these buoys, refer to Section 8.0

of this document.

7.1 NANOSECOND RADAR.
The Nanosecond Radar used in the Wallops C-54 aireraft is an X-band radar

designed and built by the Naval Research Laboratory. Figure 7-1 shows a sim-
plified block diagram of the radar system.

The pulse generator drives an LSA transmitter which emits a 50 watt peak,
2 ns wide, gaussian-envelope pulse. The 24 dB transmitter and receiver horns
(8.7° beamwidth) are mounted side by side and look at madir through a port cut
in the bottom of the fuselage of the aircraft. The received signal is ampli-
fied at RF and fod directly into a2 diode detector with a very fast respouse
time. The detector cutput is displayed on the sampling scope (Chaﬁnel B) whose
storage also permits analog-~to-digital (A/D) conversion for recording on digi-
tal magnetic tape. Part of the transmitted pulse is coupled out, detected,
and fed into channel A of the sampling scope to be monitored. The control
unit programs all the control signals and synchronization of the RF signals.

The transmitter operates at 10 GHz with a PRF of 90 kHz. Because of the
sampling scope technique, the output display rate is 90 Hz. At the beginning
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of each data sweep, seven external channels are sampled followed by 160 data
points from the sampling scope. In a typical display, the 160 sample points
would cover a 100 ns time interval for a radar range window of 15 meters and

a range quantization of 9.37 em (or 0.625 ns).

The A/D converter is triggered at a 15 Wiz rate, one sixth the transmit-
ter PRF. Each output waveform is a composite furmed from the returns of a
large number of transmitted pulses. This distinctiocn generally will not be
made and the output waveforms will be referred to as "pulse returns' with the
transmitter being thought of as having an effective PRF of 90 Hz.

7.2 LASER PROFILOMETER.
The Laser Profilometer used in the Wallops C-54 Aircraft is a commereial

unit bullt by Spectra-Physics to operate with passive targets. The system
can be installed in the aireraft in about one-half day. The light source is

a Helium~neon CW gas laser using 24 milliwatts of power. The beam dfvergence
is less than one-tenth milliradian, resulting in a spot diameter reflecting
telescope, which collects part of the reflected signal. The received signal
is converted to an electrical signal which is amplified and phased compared at
the modulation frequency to the transmitted signal. The measured phase delay
provides a very accurate determination of the distance to the target. The
static accuracy of the laser profilometer system is 3 cm. Experience with the
laser profilometer indicates that an aireraft operating altitude of 1,000 feet

or less is required for reliable data acquisiiionm.

The spatial resolution achievable with a laser profilometer is dependent
on the system optics in the plane transverse to the ground track and on the
system response~time and aircraft speed in the along-track plane. If a pro-
filometer with an assumed response time of 100 milliseconds is flown at a
velocity over a stationary corrugated surface, the minimum wave length detect-
able, lm’ 1s given by Am = v x 0.01 sec or 0.83 meters for an aircraft speed
of 300 km/hr (162 knots).
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7.3 ADDITIONAL INSTRUMENTATION.
As indicated previously, the Nanosecond Radar and Laser Profilometer will
be the prime instrumentation to be used by NASA Wallops and the DOD (NRL) for

aircraft data collection; however, other instruments will be used on various

missions to provide supporting data. These are:

* Inertial Navigation System (LTN-51, with True Air Speed Unit)
+ Precision Radiation Thermometer (Barnes PRT-5)

« Multi-frequency Passive Microwave Radiometers (NRL)

* TDew Point Hygrometer (Cambridge)}

* Outside Air Temperature Indicator (YSI)

+ Microwave Refractometer (Electromagnetic Research Corp.)

* 35 mm Strip Film Camera

* Downward-Looking Passive Microwave Radiometers (NRL)

Appendix G of this document shows the location of both prime and secondary in-
strumentation aboard the C-54. The following paragraphs describe the above
instrumentation for which information was available at the time of this
publicatiwm,

7.3.1 INERTIAL NAVIGATION SYSTEM (LTN-51). The Inertial Navigation System

(INS) uses aircraft acceleration measurements to continuounsly compute air-

craft veloecity and change in present position. These measurements are made
by precision inertial devices, mounted on a three-axis stable element which
is part of a four-gimbal structure. Using four gimbals, the unit has 360 de-
graes of freedom about the three axes. Two gyros are used primarily to maintain
the stable element level with the earth's surface and aligned to true North
to measure pitch and roll attitude. ' With a gyro-stabilized platform, it is
possible to accurately detect the desired components of motion and distance
in any direction using precision accelerometers, integrators, and analog com-
puters., Three accelerometers mounted on the stable element supply output
signals proportional to total accelerations experienced along computers to
furnish velocity and distance information for use in providing horizontal and

vertical velocity and change in present position.
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The INS has a magnetic tape recordey with inputs for Latitude and Longi-
tude. Data are recorded every 1 second. Analog voltages are available for
pitch, roll, and vertical acceleration. These can be recorded directly or
digitized and recorded on the magnetic tape. Correlation with time is accom-
plished by input to the magnetic tape unit from the time code generator. Data
such as crosstrack error, ground speed, heading, etc., are displayed on the
INS Control and may be recorded by the operation, 1f desired.

7.3.2 PRECISION RADIATION THERMOMETER (BARNS PRT-5). This instrument measures

apparent radlation in the 8 to 14 micron range. It consists of two units: a

power supply/contrel unit/indicator mounted on the operator's console, and an
optical unit mounted in the sensor bay. The PRT-5 has a field of view of 2°
and a response time of 5 milliseconds. Incoming radiated energy is continu-
ously compared to an internal refexence and converted to a voltage which is
directly related to the energy difference between the target and the reference.
This voltage is displayed on the indicator as equivalent black body temperature,
to an accuracy of 0.5°C. Output voltage is amplified to 0 to 5 VDC for each of
the three scales (~20°C to +15°C, +10°C to +45°C, +40°C to +75°C) and then
multiplexed with the total air temperature and the Dew Point Hygrometer for one
track magnetic recording.

The instrument will operate within an environmental temperature range of
~20° to +40°C. However, the reference cavity within the optical unit must be
heated to 55°C before operation. DURING EXTREMELY COLD GROUND CONDITIONS, THE
TIME NEEDED TO RAISE CAVITY TEMPERATURE MAY BE DETERTIMENTAL TO FLIGHT SCHED-
ULING, SINCE PREFLIGHT CALIBRATION CANNOT PROCEED UNTIL, CONDITIONS ARE CORRECT.

Preflight procedures consist of allowing sufficient warm-up time, fol-
lowed by a calibration using two constant temperature black body sources. 1In
flight, the operator monitors the indicator and changes scales as necessary.

Scale selections and output temperature are recorded in the Flight Logs.



7.3.3 MULTI-FREQUENCY PASSIVE MICROWAVE RADIOMETERS (NRL). The NASA C-54 air-
craft has four radiometers imstalled; two upward looking and two nadir looking, to

measure environmental microwave energy. The upward looking radiometers measure
water vapor content and moisture content (cloud coverage) of the atmosphere. The
nadir viewing radiometers measure turbulence of the sea water and wind speed.
Radiometer data is digitized and recorded on a magnetic tape. A single magnetic

tape recorder handles all four radiometers.

7.3.4 DEW POINT HYGROMETER (CAMBRIDGE). The Dew Point Hygrometer measures the
ambient dew point temperature. Relative humidity is then calcnlated by combin-

ing dew point and outside air temperatures. The device consists of two units:

a control box/power supply in the operator's console, and a TAT probe located in
the aircraft's airstream. A 0 to 5 VDC output is provided for recording pur~
poses. During missions the system is energized, balanced, and operated contin-

uously. The operator monitors and records displayed values in his f£light log.

Specifications
Dew Point Range: -50°C to -+50°C
Rate of Change Sensitivity: 3°C per second
Accuracy: +0.5°C above 0°C

NOTE: At temperature below 0°C, the frost point rather than the
point is sensed.

7.3.5 OQUTSIDE ATR TEMPERATURE INDICATOR (¥SI). The outside air temperature is
mounted in the NASA 427 next to the dew point hygrometer in the forward, right

observer's bubble just behind the pilot's compartment. The device used is the
YSI 705 Air Temperature Probe. The probe is used with the 743-5 V YSI Thermi-
volt Thermometer for an accuracy of *0.35°C or better. The probe is a stainless
steel unit with a 0.6 sec time constant; its dimensions are approximately

1/2 inch in diameter by 1{35 inches long. Corrections for aireraft altitude and
aireraft speed are made by the computer during reduction of the data to obtain
true outside air temperature,



7.3.6 MICRUWAVE REFRACTOMETER (ELECTROMAGNETIC RESEARCH CORP.). This instrament
uses a pair of Klystron cavity oscillators to measure the collective density of

all foreign materials, including water vapor, present in the alr flow being sam-
pled. Air passed through the cavity affects its tuning, hence frequency, accord-
ing to the density of additives it contains. This change of frequency is
compared with a standard refevence frequency generated in the second oscillator
which has a vacuumed cavity. Readout is digital, directly in N vnits. In addi-

tion, an analog output of 0 to 10 VDC is available for recordin-~.

7.3.7 35 ¥ STRIP FILM CAMERA. A magazine adapter permits the use of bulk strip
film in a motorized 35 mm camera. Capacity is 250 exposures. It may be operated

hand held or by remote control. Remote control .includes an intervalometer and
exposure counter, as well as selective exposure by the operator.

7.4 AIRCRATT EQUIPMENT INSTALLATION AND DATA RECORDING SYSTEM.
The NASA Wallops Flight Center C-54 aircraft will be the remote sensing air-
craft supporting GE0S-C pre-mission experiments and GEOS-C underfliyat support

and the related instrumentation. TFor the pre-mission activities and the GEQS~C
underflights, the same recording scheme as presented in Figure 7-2 will be used.
There will be esseniially two slow-rate data collection systems and one high-

rate data system.

A one or two sample-per-second data rate is sufficiently adequate for all
the passive microwave data and for the environmental data. Therefore, the slow-
rate data system will record all the environmental data - including latitude,
longitude, airspeed, and ground speed - as well as all the passive microwave
data. Time from the common Datametrics SP-~-100 Time Code Generator (synchronized
with WWV) will also be recorded on the slow-rate system. For continuous recoru-
ing of the eighteen parameters, the slow data rate system wil. permit continuous
recording for more than 10 hours on a single reel (10-inch dlameter; 2400 feet)
of magnetic tape. Shorter (600-foot) rolls may be used to contain a single day

only for easier data separation.
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Figure 7-2., Pre-Mission and Underflight Recording Configuration

As shown in Figure 7-2, the Nanosecond Radar requires a high-speed re-
cording system and records for approximately elevem minutes on a 10-~inch reel
of magnetic tape. Rewinding of the tape and loading of a new reel requires
approximately three minutes. The Laser Profilometer has an independent data
collection and recording system and records on a l-inch wide, 10-inch reel of
analog tape. The laser can record continuously for three hours on a single~
reel of magnetic tape. The data can also be multiplexed simultancously with
the NR data onto the HP 7970 digital tape recorder.



8.0 DATA SOURCE CATALOG (DSC)

The Data Source Catalog (DSC} is intended to give a description of the vari-
ous data sources for other ground truth information, not necessarily included in
the CDP ox IDP, which may be of interest to GE0OS-C Principal Investigators.

8.1 CONTENTS OF CATALQG,
The Data Source Catalog (DSC) contains a comprehensive list of data sources

for various data products which may be of use to Principal Investigators. A more
detailed description of the content and the availability of specilfic data prod-
ucte included in the Data Source List is further provided in this section. The
bibliography contains a list of all reference material used in the compilation
of this document that is related to the subject matter presented herein. Major
oceanographic experiments, conducted worldwide, and NOAA Fleet Sailing schedules

are included as analogous activities/experiments.

8.2 DATA SQOURCE LIST.
The Data Source List, Table 8-1, is a list of the various products avail-

able. Available samples of these products are included at the end of this sec-
tion. Information provided in the Data Source List includes a contact point,
office identification, phone number, and addrazss from which information on the

product can be obtained.

This is not to imply that these people are committed to supply any and
all such products requested by the Principal Investigators. It does mean,
however, that these people have been contacted and are aware that some inter-
est in their products has been shown. Arrangements for any of these products
requested over and above the Calibration Bata Package or Investigator Data
Package are not the responsiblity of the GE0S-C project or SMG/NWS.

8.3 DATA SOURCES.

A brief deseription of various data sources is presented in subsequent

paragraphs.

EﬁﬂEGEDBﬂGﬁPBLHB]ﬁbAﬁﬂilﬂOHEITﬁﬁﬂﬂ)
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DATA SOURCE LIST

Product

Mode of
Presentation

Producer

Comments

Point ¢f ContoetfAvailabilisy

guvfacce weather maps

Northorn Henmisphere Polar
Stercographic Chart
1:20,000,000

Tropleal Strip Mercator
Chart 30°§-50°S
1:4D,000,000

Yational Meteorological
Center

Prepared every 6 hours. &
portion of the surface
weather map is included in
the S¥G Data Set,

Figure 4=9.

Prepared every 12 hours,

Chief Technical Support W337
Forecast Divisicn

National Meteorolonical Center
Washinpton, D.O. 20233

Phone 301=-763-B076H

For maps more than two menths old:
Chief, Information Service
Division D34

Environmental Data Gervice
Acheville, N.C. 268501

Fhone 754-254-0249

thip aurface weather
reports not available

on weather maps

Envirenrontal Data Busy
Weathor Reports

Qcezn Station Vessels

{05V}

Lirhthouse and other
Coast Guard statians

Computer printout for
area and time{s) desired

Computer printout for
Bucy{s) and tiue(s)
desired

Cocputer printout for
05V{s) and tire(a)
desired

Computer printout for
llavine reporting
starion(s) and tice(s)
desired

Tational Environrcental
Tata Service

Rational Envirourcental
Data Service

National Environmental
Data Service

National Eavirensental
Data Service

Availsble by special ro-~
guest. Detail cxplanation
of parameter observed is
presented in Appendix D,

Description of Data Buov
prograt, location of
buoys and pavaceter ob-
served are included in
Sectien 8.3.2

0sV progran, locatioz,
and scope of cbservations
are ineluded in

Section 8.3.3

Locations of Marine re-
porting stationa, types
and time of cobservation
are included in
Section 8.3.4

Chicf, Information Services
Division D34

Environmental Data Servive
Asheville, M.0. 28ED1
Phrone 754-255-0249

Available three wonths after aate
of observetions vejuired.

gatellite photopraphs

Synchyoaous Meteoro=
lognical Satellites (SM3)
Visual and IR
{roontatiozary)

TA DPolar Oebiting
Zateliitens Visual and

IR

CGridded full disc and
SOCLOTT

Gridded individunl
panses

Kational Environzental
Satellite Scrvice

SMS ghotopraphs takon cwery
Nhalf bour NOM=3 glehal
vigual goverape onee per
dav, Imfraved twice per
dav. Figures 8- shrouth
8-14 are vraoples of vari-
ous satellite phatopeaphs
available and not iacluded
in the sarple SMNG Ground
Trath ata Sot (Fipe

uresn a=10 and 9«11),

Chicf, Docurmentation Sceetieon 511132
Environrental Data
Torld Weather Buildiny Toen &
Washinpton, O 20333

Thone 31=7632-R111




TABLE
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DATA SOURCE LIST (Cont'd)

Product

Mode of
Presentation

Producer

Cozments

Point of Contact/Avallability

Wind Wave Forecasts,
an, 24, 365 and 4B Hr

Swell Forecasts, 24 and
36 Hr

Cocbined Sea State
Forccast, 24 aad 36 Hr

Chart Polar Stereographie
Northern Hlemisphere
120,000,000

National lleteorclogical
Center

Availoble twice daily.
Computer products Q0 Hr
Wind Wave Forecast is
analysis. Figure 4~14 is
a sarple of 35 Hr Combined
Sea State Forecost.

. Washington, D.C.

Chief, Technical Support, Group W337
Forecast Division

National Metcorolopical Center
20233

Phone 301-763-8076

For maps more than two menths old:
Chief, Informarion Service
Division D34

Environmental Data Service
Asheville, N.C. 28801

Phone 754-254=0349

Combined Sea Hedight, Chart Pplar Stereographic U.5. Navy Available twice daily. Copmanding Ofiicer

36 Hy Forecast Northern Hemisphere Corputer preduct. U.5. Navy Fleet Numerical Weather
1:60,000,000 Central

Wind Wave Forecasts, Monterey, Californla 93340

a0, 24 pnd 36 Hr Phene 408-646-2141

Combinnd Sea Helght Chart Polar Stereographic 1.8, Navy Available twice daily. Dopartment of the Havy

Forecasts (regianal)

Northem Hemigphere
1:7,000,000

No sarples of this prod-
uct are available.

Chiek of Naval Qperaticna (02-335M)
Washington, D.C. 20330

Alrhorne Radiation
Thermometer (ART)
Chart

Chart

Department of
Tranzporkation
4.5, Cpase Guard
fAlrbome Radiation
Thermereter (ART)
Progran

fAvailable monthly per
£light schedule, Fip-
ure f-1 is g sample of
this product.

Department of Traonsportaticn

U.8. Coast Guard Oceanographie Unit
Building 159-E

Washinpton Yavy Yard

Washinpton, D.C. 28390

Gulf Stream Monthily Sumary

Scientific Journal of the
Gulf Strean and gsuryound=
ing waters

National Weather Service

Published docement avail-
able moathly. Prescnts
northem edpe of Gulf
Stream, sssociated tenper-—
agures, and tempeorature
anomalies for tlic western
Nereh Atlantie.

chief, Cceanaprathic Service
Branch Wiol

Haticnal Weather Service
BI6D 13th Strect

Silver Spring, Md. 20910
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TABLE 8-1.

DATA SOURCE LIST (Cont'd)

Product

Mode of
Presentation

Producer

Cormments

Point of ContactfAvailshilite

Major Currents in the
Korth and South Atlantic
Oceans between 64°§ and
60°3, W. E. Eoisvert,
Septemher 1967

Currents aleng the East
Coast of Africa, W. E.
Bofavert, Decezber 1967

Oecan Currents in the
Arabian Sea and North-
west Indian Qcean,

W. E. Bofsvert,

Aupust 1566

Atlan of surface
currents Northwestern
Pacific Ocean

Technical Report
TR-193

Inforzal Report
IR-Np, 67-03

Speeinl Report
SP-92

#.0. Pub, Yo. 569

Naval Qceanograghic
0ftice

Haval Oreanograghic
Office

Naval Qeeanographic

Office

Naval Cceanographic
Qffice

Pchlished decurments.
Description of currents

within specific boundarips

which exhibir a Cefinite
permanent or seasonal
flow.

Description of the Fast
Africa coastal current
and Agulhas current

Curronts, winds, tidal
currents in the Indizan
Qcean

Monthly surfacs curtent
rozes and isothicres

Non~Governzent Arvncies
Commander, Naval Oceanopraghic
DEfice

Washingten, D.C. 20330

Attn: Ceode 4D

Government Agencices

Distribution Control Departzont
Cede 44620

Naval Oceancgraphic Office
Washingtoa, D.C. 20390

Sea Tezperature Analysis

Polar Stereographic
Yorthern tlemisphere
chart 1:60,050,000

U.5. Navy

Available twice dafly.

Cosmanding Gfficer

U.5. MNavy Fleot Nuzerical Teather
Central

¥oatercy, Coliforniz 93330
Thone 408-646-2141

Regional Sca Temperature
Attalysis

Polar Stercographic
Yorthern Hemisphere
Chart 1:7,000,000

v.5. Navy

Available daily.
Np sazples of this prod-
uct are availabie

Departeoent of the Navw
Chicef of Naval Operaticas
{0P=-33)

Wachineten, D.C. 20330

Hean Sea Terperatuse
and Saliniey data for
ozcangfarea and wonth

Computer printouts
and magnetic tape

Haticnal Qceznepraghic
Dara Cenker

Available by speelnl
requagt,

Data rotricved from RODC
data bank Dy arvea and
seasonfmonth

.S, Departrent of fosmeree
Nativnal Oceanie and Atmosphoeric
Acminiastration

haticnal Gceancpraphic Data Center
Mlockeille, Md, 20352

Average Sanow and Ice
Domdary €hart

Polar Stercoprapiic
horehern Henisghore
Chart

Yational Cpvironzontal
Satellite Service

Fipure 4~15 §s a sa=ple
of this chare.

Availalble weckly

Cirief, Analvais and Ivaluztion
Bransh 51113

fHational Envivennental siatedlite
Service

World Weather Duilding Toon SLO
Washinpten, WG, 20233

Thone 101=703-7301
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TABLE 8-1. DATA SOURCE LIST (Cont'd)
Hode of - i
Product Prescntation Producer Cocments Point of Contactfavailability
Sea Ice Limits Polar Stereographic U.S. Havy Available wecklwy Cormanding 0fficer

1:10,000,000 Northern
tlemicphere Chart

1:20,000,000 Southern
Hemisphere Chart

U,5. Navy Fleet Weather Facility
Suftland

Washinpten, B.C. 20373

Fhone 301-763-5972

Archival
¥eteorologleal Data

Magnotic Tape

Naticnal Metcorelogleal
Center

Available by special
request

Meteorological Synoptic
Uata, Analysis and
Ffrognosis for bath
Surface and Upper Air.
Contained in NMC Avchives
at Asheville, N.C.

Natiecnal Meteorological Center
Autgmat Division

World Weather Duildiog
Washinpgton, D.6. 20233

NOAA Marine Climatic
Guide

Arlas

Space Flight, Metcoro—
lopy Group, ESSA-Weather
Bureau

Publizhed Dopument. Broad-
seale view of weathor ele-
oents over all water
covered arcas of the warld.
Deseription of contents in
Section 8.3.5. Figures 8-5,
8-6 and 8-7 arc sazple
charts.

Limited distribution. Awailable
in rost HASA offipes.

Cceanographic Atlas of the | Pud. 700: Volume IX U.8. Nawvy Deserdption of Cides Hea-Cevernment fgencles
North Atlantic Ocean and Current. Cormander, Kaval Cceanoprapiie
Dffice
Washinptcen, D.C. 20330
Volume IE Deseription of Fhysical Aten:  Code 40
Properties
Government Agcncics
Volume IV¥ Deseription of Seas and
Levels Dictributica Ceatrol
. Departeent, Code 442
Volume V* Description of Marine Naval Qeeznopranhic Office
geology Washington, D.C. 20330
U.5. Navy Marine Climatic NAVAIR S0-IC=-528, Vol I U.5. Navy Published Documents. Cormander Naval Woathier Services

Atlan of the World

NAVAIR 50-IC-529, Vel II
NAVAIR 50-1C-530, Vol IIXZ
NAVAIR E0-1C-531, Vol IV
NAVAIR 50-IC-532, Vol V
WAVAIR 50-IC-533, Vol VI
LIAVAIR 39~-IC-58, Vol VIl
HAVAIR S0<IC-54, Vol ViIl

Volumes I through VII are
cach prepared for specific
geopraphic arcas.

Volme VILI presents o
gurmmary of Volumes I
throuph VIE

Coxmand
Washinpten Havy Yard
Washingten, D.€. 20330

*  Puablished Ddcunients.



8.3.1 AIRBORNE RADIATION THERMOMETER (ART) CHARTS. Airborne Radiation Ther-
mometer (ART) Charts, Figure 8-1, are available two weeks following the com-

pletion of that month's flight schedule. The surface isotherms on this c¢hart
are prepared from sea surface temperature data collected by a remote sensing
infrared thermometer, on board Coast Guard aircraft. Additional surface
temperature data are obtained from ships and Coast Guard Light Structures

whenever possible and used in the preparation of the chart.

Data collection on tracklines is continuous, The point at which the con-
tour line crosses trackline is the point at which temperature indicated was
actually first observed. Isotherms are in degrees Celsius and boldface num=~
bers. Information concerning the data, {(date, sea, and weather conditions,

and transects flown) is listed in the lower right hand corner.

Notes are used when a phenomenon oi conditions are encountered which may
influence the data. Occasionally, photographs or drawings accompany these
notes to help illustrate the event,

8.3.2 ENVIRONMENTAL DATA BUOYS. WNOAA's National Data Buoy System (NDBS)
Program operates a group of buoys around the territorial United States. Fres~

ently, 10 buoys are deployed. Their locations and selected locations for
future additional deployments are amnotated on Figure 8-2. Approximately

20 more bﬁoys are scheduled to be deployed in the Pacific and Atlantic oceans,
Gulf of Mexico, and the Great Lakes within the next 5 years. Two of the pres-—
ently deployed buoys - EBOL and EB13 (laxge capability buoys) - are in the
prime calibration area. Operational status of deployed buoys is available
weekly and will be available in the CDP.

The deployed buoys are of various capabilities. (See Table 8-2.) Each
of the buoys measure wind direction and speed, air pressure, alr temperature,
and water temperature. The large capability buoys observe these parameters at
5 and 10 meters above sea level; in addition, they measure precipitation,

global infrared and visual radiation above 10 meters, and specific oceanographic

8-6
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TABLE 8-2. NDBO BUOY MEASUREMENT CAPASILITIES SENSORS/TRANSDUCERS AND SENSOR LEVELS
(Entries = Manufacturer-Sensor Type/Level[sl)
15 fugast 1973
SEVERE ENVERDNHENT ELOYS MODERATE ENVIRONMENT BUDYS
l LLOY KMEER: | EBeUR £3-02 | EBM3 EE-10 EB-12 £5-13 EG-31 E3-32 £8-16 £8-37 ES-38 EE-51 1 Eg-52 | kzes3 E8-61 EE-52
CONTRACTOR: o M50 o o cp o] GE =3 Lsc At pse wn s wo L4 cE
$ETENRDLOGICAL NEASURDMENTS
1, Wind Divectlos W-USI% | W-VSHIG g;_’i‘;s Wysse | wUsfr | wewsie Eo-FECS2 | EG-cECA? | We-1G72 [Li8 17H] W-IC/2 3eUSf2 § 3-VSf2 | 3-vSS2 | EC-FCCI2 | ES~FOCH2
2. Wied Speed w.pste | w-vs/10 g::é;s vvsfx | wusie | weysie Ec-foc/z | EG-Foer2 | wyIcr2 w1612 1672 3-vs2 | swsre | sevsre | ecerecsa | es-roosz
3. AMr Prescure WLafx | wecofin ;‘%;5 W-CDf* | u-Cos | werDfn §-1PS2 S-APf2 c-DT/2 C-0T/2 c-DT/2 R£pf2 | vernf2 | Bets2 | s-avsz | senvsn
4. Mr Tempezatara wrmae | wermrizo "G;E’fg&s WPTRIA | wPTR/® | WePIR/e Y12 V=142 T2 =172 F-T/2 12 | vz | semz fvmr e
5. Dewpoint Tempeature WeSC/E | WeSC/I0 g'nfg:;.rs W-seiw | wescix | w-soie
tr. Precipiraritn H=BI15 W-D/10 | w-ni10 ®-2/10 w-0f10 w-n/10
7. Clchal Radiatcisn (IRY w-T/8 W=T{10 H-T/10 W-T/10 w-T/10
8. Global aadtacton (Viseal) | W=if10 w1710 | w-T/10 | w1720 | wT/i0
CCEANOGRAPRIC MPASUREMENTS !

1. e Helght geajuer | temsin | SEo | ww-asmes | opmearies | ShO 0
2. Water Temperature co-PIMfE | W-riRfe | W-PIRIE W-PTR/A+ | W-PTRIQ =100 =T j3 471 E-TI#2 XA 1] =T/ | vem/m | v-mie |ven/m -7
3. Current B!.nc.tim [ B L+ L] BV wu/e
4. Current 5;:&:1. Cr=SRAU
5. Conductivity = W=16T/+ {1 W-ICT/H W-ICT/++ | w-ICT/O
6. Water Prosguen w-5of+ | B-SGm W-SCi++ | wescfa E5-53/200 | EG-SC200 | CEC-SG/Z00] CEC-SGfZ00| CEC-SGIZ0D R
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# 5, 10 meters ahove sea level.
%% Buoy Atceleration Measurement System Only.
F *%% tlaye Period is Derived
. = Salinity is Derived

LEGEND FOR SEVERE FENVIRONMENT BUOGYS

HANUFACTURER

GD: General Dynamics
HU: Huzphrey
o] (] K: Ristler Accelercmeter
rxj ;d L:. Lockheed
E-l" Sli: Schaevitz Acceleremeter
v Wt Westinghouse

% % TYPE
A:  Acceléroneter {Sb): Strapped Down
2 vd AE: Acrovane (Bendix) with Elux gate compass (Humphrey)
d ’,P ¢ Ancreid Potentiometer (Sostman)
‘g o CD: Variable Copacitance Diaphragm (Roscrount)
= : Volumptric Dumplnp (Westinpghoused .
ICT: inductively Coupled Transforcer (Plessey)
m PT:  Platinun Resistance Thercometer (MIL-SID)
- PIR: Platinum Resistance Thermemeter (Rossmpunt)
SC: Sopphire Crystal (Transonics)
SG: Donded Strain Gauge - Standard Control
SR: Savonius Rotor
: Thermapile
TG1: Thernoelectrically Cooled Mirrer (EGEG)
T5: Tucker Systen~iAtceleroneter and Pressure Traasducer
+ Vane
V5: vVortex Shedding (J-TEC) Ancmometer with Magnaves Flux Gate Compass

TABLE 8-2. NDBO BUOY MEASUREMENT CAPABILITIES SENSORS/TRANSDUCERS AND SENSOR LEVELS (Cont'd)

LEGEND FOR MODERATE ENVIRONMENT BUQYS

HANUFACTURER/TYPE
CEC-5G: Consolidated Electrodvnanics Corp./Strain Gauge, Standard Control
EG-FGC: EG&GS3-Cup Anerometer with Dar Magnet Cocpass
F-T: Fenwall/Themistor

G-0T: Gulton/Lincar Variable Differential Transformer

J-V¥S: J-TEC/Vortem Shedding Ancmoncter with Flux Gate Cezpass (Mapnavox)

R=-CD: Rosemount/Variable Capacitance DHaphragn

S-AP: Sostman/ancroid Potentiomoter
=16: Weather Measure/impeller venerator, Bar Magnet (Heophroy)

Y-T: Yellow Springs/Thermistor

LEVELS {DEPTHS IN METERS)

—
=

In
H,
H,y
H,
1,
2,

s i
=2 S 6o +
Py

oy on Buoy Hull

50, 100

50, 100, 150, 250, SO0

30, 50, 100, 150, 200, 300
10, 20, 50, 109, 200

10, 20, 50, 100, 200



parameters. This oceanographic data includes wave height (period is derived),
current direction, and conductivity. Table 8-2 further delineates all ob-

served parameters for each deployed buoy.

The data from these buoys are observed every hour. Large capability
buoys are interrogated every 3 hours and small capability buoys every 6 hours.
These data are then re~transmitted by the interrogation station in standard
ship synoptic code to the National Weather Service (NWS) at the National
Meteorological Center (NMC), Suitland, Maryland. NMC then retransmits these

data over regular weather networks.

Figure 8-3 is a flow chart depicting buoy data flow. Buoy data, both
meteorological and oceanographic, is reformatted to the NODC format and sent
to NODC at 30-day intervals. ALl meteorological data is also similarly for-—
matted in the TDF format and sent to the National Climatic Center (NCC).

8.3.3 OCEAN STATIONS, There are two ship ocean stations, PAPA and HOTEL, and
five manmed lighthouse stations (Frying Pan Shoals, Diamond Shoals, Chesapeake,

Awbrose, and Buzzards Bay) that will furnish visual sea state data in the cali~
bration area. Details on location, observations, and availability of data for
world-wide Ocean Statilon Vessels are presented in subsequent paragraphs, and
United States manned lighthouses and other Coast Guard Stations are contained

in Paragraph 8.3.4.

8.3.3.1 Ocean Station Vessels (08V). There are ten OSV stations listed by

the World Meteorological Organization. Their locations are presented in
Table 8-3. Station HOTEL is operated by the U.S.; all others are manned by
foreign countries. The Keifamaru and Tango stations operate only during the

typhoon season.

8.3.3.2 0SV Synoptic Weather Observations. All items in the full ship code
(Appendix D) are reported. Table 8-3 lists the latitude and longitude of

each OSV and also the frequency of surface and upper alr observations. Sea

and swell heights and periods are visual observationms,

8-11
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Figure 8-3, Buoy Data Flow



TABLE 8-3. OCEAN STATION VESSELS

QOcean Station s 3 Hourly Hourly Upper-Air Observations ‘
Vessels Position Surface Obs. | Surface Obs. 00 06 12 18 Remarks
Alpha 62 00 N x x RW W RW w Climat {CT)
3300W
Hotel 38 00 N pid b4 RW W RW W |} Climat (CT)
71 00 W
India 52 00N X x RW W RW W Climat (CT)
l9 00w
Juliet 52 00 N X X RW W Ry W Climat (CT)
2000 W
Keifumaru 2000 ¥ X b4 RW No KW No Operated irregularly during
130 00 E the typhoon season Aug-Sept
Kilo 45 00 N p 4 X RW W RW W Climat (CT)
16 00 W
Mike 66 00 N X X RW W RW W Climat (CT)
02 00 E
Papa 50 00 N | x No RW RW RW W |Climar (CT)
145 G0 W
South African| 40 00 8 X Ko R No No No
Weather Ship 10 00 E
Tango 29 00 N X X PR P PR P Climat (T) Operated during
typhoon season only

£1-8

R -~ Radiosonde; upper—-air pressure, temperature and humidity observations okcained by electronie means.
W - Radiowind: upper-wind observations obtained through electronic means.

P ~ Pilot-balloon; upper~wind observations obtained through electronic means.

Climat (T) monthly climatological means of upper-air elements are transmitted.

Climat (CT) monthly elimatological means of both surface and upper-air elements are tramsmitted.




The three hourly surface observation reports and upper air observations
are transmitted routinely. Those received by the National Weather Service
are collected with other ship reports and are available through NCC Asheville,
N.C. Hourly reports are not usually transmitted but are kept in the ship's
weather log {Appendix D). These logs are retained by the weather service of
the particular country that supports the station ship. This is also true of
any continuous observations, such as the barometric-pressure trace, Copics
of these can be obtained through NCC Asheville. Three hourly observations are
punched on cards by the supporting country and cxchanged with other supporting
nations. However, this program may lag behind the real-time reports by a few
months to saveral years. A reguest through the NCC for data for a specific

time period and station may possibly expedite the availability of data.

Oceanographic Data for 05Vs is limited to Nanson casts which give salin-
ity and temperature versus depth. Data for 05V HOTEL (U.S5.) is received with-
within about 2 months, foreign ship data from a few months to a few years. A
request through the National Ocean Data Center (NODC) for specific data could
possibly bring faster results,

8.3.4 LIGHTHOUSE AND OTHER COAST GUARD STATIONS. U.S. Coast Guard Lighthouses

are scattered along all of the United States. As these stations are automated,

personnel are removed. The National Weather Service is gradually installing
automated weather observatories, at the automated lighthouses, to continue
weather observations. Avtomated Weather observatories do not take sea and
swell observations. The manned lighthouses and most other Coast Guard stations
take weather observations. All manned lighthouses and those Coast Guard sta-
tions within sight of the oceans report visual sea and swell height and period

and surf conditions.

Marine reporting stations, 1! . ‘house and other Coast Guard stations, are
depicted in Figure 8-4. Table 8-4 .dencifies these stations by name, latitude
and longitude, gives the amount of obsexvations taken daily, and the NWS moni-
tor. Manned and automated weather observatories are not delineated in
Table 8-4.

8-14
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January 23, 1975

TABLE 8~4., COAST GUARD AND MARINE REPORTING STATION

Obser-~ TFreq 6-Hourly 3-Hourly Super-
CG Lati~ ZLongi- wvations of Obser- Synoptic Synoptic wvising
Dist ID Station Name State tude tude Per Day wvations Obs Obs Station
1 9B5 Bear Island LS ME 4417 6816 5 4 0 0 PWM
1 12B Boon Island 1S NH 4307 7029 8 4 0 ] FuM
1 HNBC Boston LY MA 4220 7046 0 0 4 3 BOS
1 45B  Brant Point Sta MA 4117 7005 8 4 0 0 BOS
1 33B Buzzards Bay Entr LS MA 4123 7102 8 4 ] 0 B30S
1 30B Cape Cod Canal MA 4147 7030 8 4 0 0 BOS
1 278 Cape Kaddick LS ME 4310 7036 3 & 0 0 PuM
1 31B Chatham MA 4140 6957 8 4 0 0 BOS
1 14B Tuck Island LS ME 4409 6815 8 4 D 0 PUM
1 8BY9 Egg Rock LS ME 4421 6808 8 4 0 0 PUM
1 34B Gloucester MA 4235 7040 8 4 0 0 BOS
1 0BY Goat Island LS ME 4320 7024 5 3 0 0 PUM
1 15B Halfway Rock LS ME 4339 7002 8 & ] 0 PUM
1 168 Heron Neck LS ME 4402 6852 8 4 0 0 UM
1 26B 1Isles of Shoals LS NH 4258 7037 8 4 0 0 PUM
1 188 Manana IS Fog Sig ME 4346 6920 8 4 0 0 UM
1 198 Matiniecuns Rock IS ME 4347 6851 8 4 0 0 PAM
1 32B Menemsha MA 4121 7046 8 4 0 ] BOS
1 35B IMerrimac River MA 4249 7052 8 & 0 0 208
1 21B Mt Desert IS ME 4358 6808 8 4 0 0 PUM
1 HNBN Nantuckeé Shoals LV MA 4030 6928 0 0 4 0 BOS
1 PBJI Point Jedith LBS RY 4122 7129 0 0 0 0 PVD
1 HNBT Portland LV ME 4332 7006 0 0 4 3 PWM
1 25B Portsmouth Harbor NH 4304 7043 8 4 0 0 PiM
1 36B Race Point MA 4205 7012 8 4 0 0 BOS
1 20B Rockland ME 4406 6906 8 4 0 0 PUM
1 378 Scituate MA 4212 7043 8 & 0 ] BOS
1 23B Seguin Island LS ME 4343 6946 8 4 0 0 PR
1 24B West Quoddy Head 1S ME 5449 6657 8 4 o 0 PWM
3 N28 Ambrose LT BY 4027 7349 8 4 0 0 NYC
3 558N Atlantic City NI 3923 7425 8 4 0 0 ACY
3 45N  Bay Shore NY 4038 7316 B 4 0 0 NYC
3 191 Cape May oA 3857 7453 8 & 0 0 ACY
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TABLE 8-4. COAST GUARD AND MARINE REPORTING STATION (Cont'd)

Obser—~  Freqg 6-Hourly 3-Hourly Super-
cG Lati- Longi- vations of Obser—~ Synoptic Synoptic wvising
Dist Ib Station Name State tude tude Per Day vations Obs Obs Station

3 348 Eatons Neck NY 4057 7324 8 4 D 0 NYC
3 N84 Execution Rocks 1S NY 4053 7344 0 0 4 4 NIC
3 308 TFalkners Island LS cT 4113 7240 8 4 0 0 BDR
3 61N Indian River DE 3837 7504 8 4 0 0 ILG
3 32N Little Gull IS LS CT 4112 7206 8 4 0 0 BDR
3 54N Manasquan Imlet NJ 4006 7401 0 0 0 0 NIC
3 48N tlontauk Point LS NY 4104 7156 8 4 0 0 WYC
3 49N HMoriches LS NY 4047 7245 8 4 0 0 NYC
3 N1l New Haven CT 4116 7254 0 0 4 4 BDR
3 18N New London Ledge LS Ct 4118 7205 0 0 4 4 BIR
3 508 Rockaway NY 4034 7353 8 4 0 0 NiC
3 56N Sandy Hook NI 4028 7401 8 & 0 0 NYC
3 518 Shoxt Peach NY 4035 7333 8 & 0 0 NYC
5 61w Annapolis MD 3855 7628 8 4 0 0 BAL
5 62§ Cape Henry VA 3656 7600 8 4 0 0 ORF
5 7IW Cape Lookout NG 3436 7632 8 4 0 0 ILM
5 W39 Chesapeake IS VA 3654 7543 8 4 0 0 ORF
5 66W Cove Point LS MD 3823 7623 8 4 0 0 BAL
5 W06 Crisfield 1S MD 3759 7552 3 4 0 0 BAL
5 44W Diamond Shoals LS NC 3509 7518 8 4 0 0 ORF
5 46W Frying Pan Shoals LS NC 3329 7735 8 4 o 0 ORF
5 63W Milford Haven VA 3729 7619 8 4 0 0 ORF
5 784 0Oak Island NG 3353 7801 8 & 0 0 ILM
5 W30 Ocean City LS ¥D 3820 7505 8 4 0 t] BAL
5 45W Ocraccke NC 3507 7559 8 4 0 0 HAT
53 79W  Oregon Inlet LS NC 3546 7531 4 2 0 0 HAT
5 64W Parramore Beach LS VA 3732 7537 8 4 0 ¢ ORF
5 67W Stillpond MD 3920 7606 8 4 0 0 BAL
5 65 Thomas Point 1.5 MD 3854 7626 3 4 0 0 BAL
5 1W9 Wrightsville Beach - NC 34311 7749 25 0 0 0 It
7 X893 Cape San Juan LBS PR 1823 6537 8 4 0 0 MIST
7 86J Charleston sC 3246 7951 5 4 0 1] CHs
7 X85 Dry Tortugas FL 2438 8255 8 4 0 0 LYW
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TABLE 8-4. COAST GUARD AND MARINE KEPORTING STATION (Cont'd)

Obser~  Frag 6-Hourly 3-Hourly Super—
CG Lati~ ZLongi- wvations of Obsexr~ Synoptic Synoptic wvising
Dist ID Station Name State tude tude Per Day wvations 0Obs Obs Station
7 X91 Egmont Key LS FL 2736 8246 8 4 0 0 TPA
7 B4J TFolly Beach Loran SC 3241 7953 4 4 0 0 CHS
7 X89 Ft Meyers Beach FL 2627 8157 8 4 0 v} FMY
7 X82 Ft Pierce FL 2728 8018 8 4 0 0 PRI
7 653 Georgetown LS sC 3313 7911 5 4 0 0 CHS
7 X84 Islamorada Sta FL 2455 8035 8 4 0 D MIAC
7 X8l TLzke Worth Inlet FL 2646 8003 8 4 0 0 PRI
7 X88 HMarathon FL 2443 8107 8 4 0 0 EYW
7 X87 Miami Beach Base FL 2547 8010 8 [ Q 0 MIAC
7 X92 Point Tuna PR 1759 6553 4 4 0 0 MIST
7 1J3 Ponce De Leon Inlet FL 2904 8055 8 4 0 0 DAB
7 Port Ponce PR 1758 6637 3 & 0 0 MIST
7 131 St Simon Island GA 3108 8122 8 4 0 0 SAV
7 St Thomas (LAS) VI 1821 6456 3 4 0 0 MIST
7 132 Tybee GA 3201 8051 8 & 0 0 SAV
7 X990 Venice Loran FL 2705 8227 8 4 0 0 TPa
8§ 8R6 Calcasieu RBS LA 2947 9321 8 4 0 0 LCH
8 134 Cape San Blas FL 2941 8522 8 4 0 0 AQQ
8 @8R8 Freeport TX 2857 9518 8 4 0 0 GLS
8 8R5 Grand Isle LA 2916 8957 8 4 0 0 MSYC
8 8RL 1IMobile Point AL 3014 8802 4 g 0 0 MOB
8 B8R0 Pascagoula M5 3022 8834 8 4 0 0 MOB
8 9R1L Port Aransas TX 2750 9704 8 4 0 0 CRP
8 9R3 Port Isabel Tx 2604 2710 8 4 0 o BRO
8 S8R9 Port 0'Connor TX 2826 9626 8 4 0 0 GLS
8 B8R7 Sabine (PSS) X 2944 9352 8 4 0 1] BPT
8§ 1J5 Santa Rosa IS LBS FlL, 3019 8715 8 4 0 1] PNS
8 B8R3 Southwest Pass LA 2855 8926 8 4 0 0 MSYC
9 20G Ashtabula LS OH 4155 8048 12 3 ] 0 CLE
9 316G Belle Isle 1S ML 4220 8258 12 3 0 0 DIW
9 19G Buffalo NY 4253 7853 12 3 0 1] BUF
9 23G Cleveland Harbor OH 4130 8143 12 3 )] 0 CLE
9 18G Detroit River LS MI 4200 8309 12 3 0 0 DIW
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TABLE 8-4. COAST GUARD AND MARINE REPORTING STATION (Cont'd)

Obser- Freq 6~Hourly 3~Hourly Super-
CG Lati~ Longi- wvatinns of Obser— Synoptic Synoptic wvising
Dist ID Station Name State tude tude Per Tay wvations Obs Obs Station

9 29Y Devils IS LS WI 4705 9044 8 4 0 0 DLH
9 30Y Duluth Harbor Sia MN 4646 9205 8 4 0 0 DLH
g 31Y¥ Eagle Harbor LS ML 4728 8810 4 0 o 0 MQT
g9 25G Erie Harbor LBS PA 4207 8005 24 1 D 0 ER]
9 14C TFrankfort ML 4438 8615 8 4 0 0 MKG
9 27Y¥ Grand Marais M 4641 8559 3 0 0 0 MQT
9 16C Kenosha WL 4235 8745 8 4 0 0 MKE
9 326G Lansing Shoal Light ML 4554 8534 8 o 0 0 S5M
9 276 Lorain OH 4128 8211 12 8 0 0 CLE
9 17C Ludington LS MI 4357 8628 8 4 0 0 MKG
9 33Y Manitou Island LS ML 4725 8735 4 0 0 o MQT
9 21G Marblehead LS CH 4133 8244 12 3 0 0 CLE
9 34Y Marquette LS ML 4633 8723 4 0 0 0 MQT
9 18C Michigan City IN 4143 8654 4 0 0 0 CHEL
9 15C Milwaukee LS Wi 4301 8757 8 0 0 0 MKE
9 19C Muskegon LS MI 4314 8620 8 4 0 0 MKG
9 13G Niagara NY 4316 7904 12 3 0 0 BUF
9 28Y Norch Manitou Shoals MI 4501 8557 8 c 0 0 MKG
8 286G Oswego NY 4328 7631 12 4 0 0 SYR
9 35Y Passage Island LS MI 4813 8822 4 0 0 0 MQT
9 36Y Point Betsie ML 4442 8615 3 4 0 0 MKG
9 33G Port Huron ML 4300 8225 12 3 0 0 DIW
9 32Y ©Portage LBS MI 4714 8838 4 0 0 0 MQT
9 266G - Rochester LS NY 4315 7736 8 4 0 0 ROC
9 37Y Rock of Ages 1S MI. 4752 8919 4 0 0 0 MQT
9 306G Saginaw RS MI 4338 8351 12 3 0 0 DIW
9 44Y Sault Ste Marie ML 4630 8420 8 0 0 0 S8M
9 21C Sheboygan WL 4345 8742 8 4 0 1] MKE
9 41Y¥ St Clair Shores ML 4228 8253 12 3 0 0 DTW
9 38¢Y St Ignace MI 4551 8443 8 4] 0 0 S8M
9 20G St Joseph LBS MI 4207 8629 4 0 0 0 GRR
9 39Y Tawas Point 1§ M 4415 8326 8 4 0 0 APY



- 0Z-8

January 23, 1975

TABLE 8-4, COAST GUARD AND MARINE REPORTING STATION (Cont'd)

Cbser— TFreq 6-Hourly 3-Hourly Super-
cG ' Lati- ZLongi~ wvations of Obser— Synoptic Synoptic wvising
Dist ID Station Name State tude tude Per Day vations Obs Obs Station

9 40Y Thunder Bay IS LS MI %502 8312 8 4 0 0 APN
9 24G Toledo OH 4142 8327 25 9 0 0 TOL
11 197 TLong Beach CA 3245 11825 8 4 0 0 LAX
11 186 Pt Arguello cA 3434 12040 8 4 0 0 SMX
11, 198 San Mateo CA 3323 11735 8 4 0 0 LAX
12 84Q Blunts Reef ca 4026 12430 8 4 0 0 EKA
12 92Q Bodega Bay LS CA 3319 12303 8 4 0 0 S¥o0
12 99Q¢ Concord CA 3803 12201 4 9 0 0 SFO
12 88Q Humboldt Bay cA 4046 12414 8 4 0 0 FKA
12 89Q Toint Arena LS CA 3857 12344 8 4 0 0 ERA
12 91Q Point Blunt CA 3751 12225 & 9 0 0 SFO
12 94Q Point Bonita LS CA 3749 12232 8 4 0 o SEQ
12 95Q ©Point Pinos LS CA 3638 12156 8 & 0 0 SFO
12 87Q Pt Piedras Blancas CA 3540 12117 4 4 0 0 SMX
12 98Q Pio Vista cA 3809 12142 4 4 0 +} SFO
12 86Q St George Reef LS cA 4150 12423 5 9 0 o ERA
12 Q67 Tahoe City CcA 3911 12007 25 0 0 0 RNO
13 91S Alki Point LS WA 4731 12225 25 0 0 0 SEA
13 9258 Cape Blanco LS OR 4250 12434 4 4 0 0 MFR
13 82S Cape Disappointment WA 4617 12403 4 9 0 0 PDX
13 935 Cape Flattery WA 4823 12444 7 4 0 0 UIL
13 HNCR Columbia River LV OR 4611 12411 0 0 4 4 SEA
13 835 (Coos Bay OR 432). 12420 4 & 0 0 PDX
13 848 Grays Harbor WA 4655 12406 7 4 0 0 SEA
i3 985 Mukilted WA 4757 12218 6 4 0 0

13 975 Point No Point WA 4755 12232 6 4 o 0
13 995 Point Robinscn LS WA 4723 12222 6 4 0 0 SEA
13 538 Point Wilson LS WA 4809 12245 8 4 0 0 SEA
13 NOW Port Angeles WA 4808 12324 b &4 0 0 UIL
13 875 Quillayute River WA 4754 12438 4 4 0 0 SEA
13 855 Siuslaw River OR 4400 12407 [ 4 0 0 PpxX
13 86S Smith Island LS WA 4819 12251 7 9 0 0 SEA
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CcG
Dist

13
13
13
13
14
14
14
14
14
14
17
17
17
17
17
17
20
20
20
20

20
20
20
20
20
20

20
20
20
20

ID

888
908
438
895s
128
126
0z5
124
224
1z2
ATU
221
CSH
FIV
KeC
SKJ
083
208
114
DUK
52Q
Z56
50Q
375
S19
oW
54Q
L79
NIX
518
769
53Q

TABLE 8-4.

Station Name

Tillamook Bay
Umpqua River

West Point LS
Willapa Bay LS
Eniwetok

FR Frigate Shoals
Kilauea Point
Makahuena Point
Saipan USCG Loran
Upolu Point DSCG LOR
ATTO

Biorka Island
Cape Serichef
Five Finger LS
Port Clarence
Sitkinaik

Bailey's Landing
Bonneville Dam
Cabrillo Beach
Chicago Dunne Crib
Davis Point

Dolly Vard. Platform
Farallon IS

Fort Peck Marina
Friday Harbor
Kentmorr Marina
Moss Landing
Oxnard (Channel IS)
Pacific Beach
Pacific City
Phillips Platform
Pillar Point

WA

Lati~
tude

4534
4341
4740
4642
1121
2352
2214
2152
1508
2015
5250
5651
5436
5716
6515
5633
4804
4538
3343
4147
3803
6048
3742
4759
4830
3855
3648
3410
4713
4512
6104
3730

Longi-

tude

12355
12410
12226
12358
16221
16617
15924
15927
14552
15553
17311
13533
16456
13337
16652
15408
11413
12157
11817

8732
12216
15138
12300
10628
12300

7622
12148
11913
12412
12358
15057
12230

Obser-
vations
Per Day vations

bt

[y
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NN

2]
QMo UuLOTOCUVULDULwhNUNOOODODONEHP,POMMLWOO~GWUL

Freq
of Obser-

SO0, OCOVOWOONVOWSERNINNAPEPUOUNMOOORSDS

COAST GUARD AND MARINE REPORTING STATION (Cont'd)

6~Hourly 3-Hourly Super-
Synoptic Synoptic wvisiag

Obs

COOOCOCONODOOOQOLDOOOLOOOOCODOMrcMOONAPPOOOO

Obs

SO0 WOOOCOO0ODOOoODOoOOCOODLOoODOOOOODDO

Station

PDX
PDX

SEA
PEWA
PRH
Lig
LIH
PGAC
PHTO

PDX

MpW
SFO

SFO
GGW
SEA
BAL
SF0

SEA
DX
ARI
S¥0
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TABLE 8-4, COAST GUARD AND MARINE REPORTING STATION (Cont'd)

Ubser~  Freq 6~Bourly 3~Hourly Super-

CcG Lati- TLongi- wations of Obser- Synoptic Synoptic wvising

Dist ID Station Name State tude tude Per Day wvatioas Obs Obs Station
20 Z72 Platform Dillon AK 6044 15131 2 9 0 0 ARH
20 113 Point Loma CA 3240 11729 3 4 0 0 SAN
20 Q63 Pyramid Lake NV 3957 11837 2 9 0 0 RNO
20 51Q San Francisco (PBS) CA 3745 12241 8 4 0 0 SF0
20 85Q Santa Cruz CA 3658 12200 3 4 0 0 SFO
20 Wildwood NJ 3900 7449 25 g 0 0 ACY



Table 8-5., lists the National Weather Service station responsible for monitor-

ing the marine stations.

All reporting stations take observation of current weather, visibility,
wind speed and direction, and pressure. Manned marine reporting stations use
NOAA Form 72-5a, depicted in Appendix D, to log their observations. A code
card for this form is also included in Appendix D. Some of the Marine station
obgservations are transmitted as part of the regular land-station reporting
network of weather observations. All of the marine Coastal Station Log sheets
are sent to NCC Asheville, N.C.

8.3.5 NOAA MARINE CLIMATIC GUIDE. In support of NASA manned space flight
programs, the Spaceflight Meteorology Group prepared a rather detailed and

complete statistical analysis of recorded wind and sea conditions for those
water-covered areas of the world lying between latitudes 40° North and 40°
South, The charts presented in this guide have been constructed using the
most recent information contained in the U.S. Navy Atlases available at the

time of preparation of this document.

Charts in the Marine Climatic Guide are arranged so that all charts de-
picting air temperature are in one group and follow in chronological sequence,
i.e., January, February, March, ..... ete. The charts showing sea temperature,
surface wind speed, and visibility are in groups that follow and they too are
shown on a monthly basis. Sea state {waves generated on the ocean by local
winds blowing over the water) ic shown for periods of 3 months so that February
is said to be representative of January, February, and March; and May is rep-

resentative of April, May, and June, etce.

Figures 8-5, 8-6, and 8-7 are representative of the content of the Marine
Climatic Guide. Figure 8-5 depicts mean surface temperatures for the month of
June: Figure 8-6, the occurrence of seas >8 feet for the month of August ; and
Figure 8-7, percent occurrence of surface wind speed >18 knots for the month

of December.
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TABLE 8-5. NWS MONITORING STATIONS

NWS s NWS . .
¥omitor Station Monitor Station

ACY Atlantic City, New Jersey MFR Medford, Oregon

APH Alpena, Mich. MIAC Miami, Florida _

AQQ Apalachicola, Florida MIST San Juan, Puerto Rico
ARH Alaska Region Headguarters MKE Milwauvkee, Wisconsin
BAL Baltimore, Maryland MKG Muskegon, Mich.

BDR Bridgeport, Conn. MOB Mobile, Alabama

BOS Boston, Mass. MQT Marquette, Mich.

BPT Port Arthur, Texas MSY New Orleans, Louisiana
BRO Brownsville, Texas NYCF New York, New York

BOF Buffalo, New York ORF Woxrfolk, Virginia

CHT Chicago, Illinois PBI West Palm Beach, Florida
CHS Charleston, South Carolina PDX Portland, Oregon

CLE Cleveland, Ohio FGAC Guam Marina Island, Pacific
CRP Corpus Christi, Texas PHLI Lihue, Hawaii

DAB Daytons Beach, Florida PHTO Hilo, Hawaii

DLH Duluth, Minn. PRWA Kwajalsin, Pacific

DTN Shreveport, Louisiana PNS Pensacola, Florida

DTW Detroit, Mich. PRH Pacific Region Headquarters
ERA Eureka, California PVD Providence, Rhode Island
ERL Erie, Penn. PUME Portland, Maine

EIW Key West, Florida RHO Reno, Nevada

FCA Kalispell, Mich. ROC Rochester, New York

FMY Fort Myers, Florida SAN San Diego, Calif.

GGW Glasgow, Mich. SAV Savannah, Georgia

GLS Galyeston, Texas SEA Seattle — Tacoma

GRR Grand Rapids, Mich. SFO San Francisco, Calif.
HAT Cape Hatteras, North Carolina SMX Santa Maria, Calif.

ILG Wilmington, Delaware ' S5M Saulte Ste Marie, Mich.
LM Wilmington, North Carolina TOL Toledo, Ohio

LAX Los Angeles, Calif. TPA Tampa, Florida

LAXF Los Angeles, Calif. UIL Quillayute, Washington
LCH Lake Charles, Louisiana
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8.3.6 ANALOGOUS ACTIVITIES/EXPERIMENT. Major oceanographic experiments plan-
ned for the period 1972-1984 are shown in Table 8-6., This table states the
location of the experiment, the proposing country, the time period, and the

objective of the experiment.

The Fleet Sailing Schedule for ships under NOAA cognizance are presented
in Figure 8-8. Deployment schedules of ships of other organizations and activ-
ities will be given to Principal Investigators when made available to the
GEOS~C Project office.

8.4 MISCELLANEOUS SATELLITE FPHOTOGRAFPHS.

This section contains additional satellite photographs (Figures 8-9 through
8-14) available in the SMG Calibration Package. Included are SMS~1 visual, Very
High Resolution Radiometer (VHRR), and KOAA-4 nighttime infrared and visual
views plus NOAA visual and infrared photographs of the Southern Hemisphere.

8.5 BIBLIOGRAPHY.

Table 8~7 is a biblingraphy of reference material used in the preparation
of this document. It also contains references to the related subject matter
presented herein. Reference material is presented in alphabetical order with-
out categorizing as to subject matter.
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TABLE 8-6.

MAJOR OCEANOGRAPHIC EXPERIMENTS PLANNED
FOR THE PERIOD 1972-1984

Experiment Location Proposer Tice Perfod thicetive
GARP Atlantic OFf ¥W Coast of International 1974 To understand resoncale dutepnctions In
Tropical Experi-, Africa the trepics and thelr cffect on the plebal
ment (CATE) peneral circulation.
Alr Mass Transfor- East China Sea Japan 197475 To clarify the trancfer processes bw which
mation Expevimenta and SW Japanese energy and momentunm are oepplied from the
(AMIER) Islands sea ourface to the air and transroreed to
the £reo atmosphere through the plantary
boundary layer.
Joint Afr-Sea Hortheast b.K. Prelim: 1972 Ta study the intczactien of orzesphierie and
Interaction Atlantic Dcean Main: 1975 oteanide Loundary loyera with lorper scale
(JASIN) . motdons of the sea and the atcosphere.
Mid-Ocean North Atlontic UK, MODE 1: 1973 To investipate the role of cediuz-ccale
Dynamica Orean geostrophic edddes 4n tho general cireulas
Experiments (MODE} tion of the oceans.
Coastal Upwelling Oregon Ccast: .U.S. CUE I: 1962 To underatand the timd and opace tcalen of
Exporiment (CUE) CUE 7 and 1I. CUE II: 1973 coastal upwelling and to develop prognootic
W Africa, techniques.
Feru and
California
Coanta: Future
CUEs
North Pacific Mid-Latitudes u.5. 1972-82 To study the major physical procesces for
Experiment North Pacific the large-seale oceanice and atmoagherie
{NOURPAX) flectuations 4n the Horth Pacdfic Qeean.
Antarctic Current Seutharn 8.5, Prelime 1974775 To observe, describe gnd study oceanle and
Experiment {(ACE) Heminphere During FGEE: 1977 ntmospher? t parazeters dn the tidgh Southern
Nemisphere latitodes and provide cbserving
plotforns #n this arca during FCGGE.
Joint North Sea Norcth §ea F.R.G, JONSWAP IX: 1973 To study alr-sca interactions in the orth Sea.
Wave Atmcsphere . JONSWAP 111z 1974
Program (JONSWAP)
Yonscon Experiment Arabian Sca India During FGGE: 1977 To study the alr-maso transformatlen in the
(MONER) Arabian Sca durine the Southwest lonsood.
Polar Experiment Polar Reglons t.5.5.R 1971-76 To understand the gross heat budper of the Polar
(POLEX) During FGGE; 1977 Reglons, the mecheniscs affecting pelar hient
sink and the regponse of the atrosphere to
anozaleus heating.
Arctic Ice Arctie 1.5, fCanada 1975 Beldng Studicd To uvnderotand how the atmasphere and the ocean
Dynamics Joing to Becone Part of fnfluence the wmovemont, Orowth ond decny of
Experiment POLEX Aretic ico.
{AIDJEX)
First GARP Global World-Wide Intornaticonal, 1977-78 To provide data nesessary to cinmine fully the
Experiment (FEGE) general cirevlation of the atzosthere over a
year's perdod for adequate tosting of numnrieal
models of the atmwaphere.
International Southortt .5, 1974-B4 girmilar to ACE, whilch will prodably e dncore
Southern Ocean Hemisphere porated uader this ptuly,
Study (1505}
storm Fury (SF) Atlentic- U.5. 1975 bata and verdfication pizse.
Caribbean
East Pacific 197778 Attezpt cloud poodinp of Durricoues to vodus
cuergy of hurricane, thus redure wind oy
destruction
Winter Storm East Coast H.5. 5. 1875 To stuly fetel 1tnfzed wave Badldup.

(WISEX}
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Figure 8-8. NOAA Fleet Sailing Schedule (Cont'd)
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APPENDIX A
DETERMINATION OF GULF STREAM GEOSTROPHIC HEIGHT

By the geostrophic assumption, ocean current and the demsity structure
can be related (Fomin, 1964). TFurthermore, 1f barotropic motion is assumed,
the ocean current can be related directly to the mean sea level slope
(Stommel, 1965)

Let Rectangular Cartesian Coordinates be used in the ocean in which the
X-axis is directed toward the east, the Y-axis _s directed toward the north,
and e Z-axis is directed vertically upward. The equations of motion for

geostrophic current are

= L3
2&) Sinlb uy p ay (1)
. = 13p (2)
2w cost ux =2 By
and
-gp = 3p ' (3)

9z

where p is the pressure, g is the gravitational acceleration, p is the density
of the ocean water, w is the rotational speed of the earth, ¥ is the latitude,
and v and uy are the x and the y components of ocean of current velocity u.

Equation (3) is the hydrostatic balance equation which should be substituted

into Equations (1) and (2) for p. In the case of a very small variation of
p along the direction of Y-axis, Equation (2) can be neglected.
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The angle between the subtrack and the direction of the current velocity

U is 0. By using an active microwave sensor such as lidar, one would be able
to detect mean sea levels h(A, 0) and h(A + L, 0), referring to an arbitrary
datum, at x = A and x + A + L respectively. Thus, Equation (L) can be

rewritten in terms of the discrete space interval as shown in Figure A~1 as

2, sing ¢ | ©a,0) | coso - | T (A+1L,00 | cosd)

_ (h(A + L,0) = h(A,0)) (%)

in which the speeds [ g(A;O) ] cos0 and | ﬁ(A + L,0) | cos® are perpendicular
to the subtrack and yet they are separated by a distance L along the x-direction.
Nevertheless, if Equation. (4) is rearranged as

B sy @ (]340 | - a0 | ) = SOXLO 4000
)
or %‘-simp (a|lua]=_ah

Lcos®

in which | 4(A,0) | = | A+ 1,0) | , or o] & | , is the desirable

result where h(A + L,0) - h(A,0), or Ah, and L are measured. Since w, g,

and ¢ are given, Equation (5) is uniquely solvable if O can be provided.
Notice, however, that uniess there is thermal boundary detected by the thermal
mapping device, the value of 0 camnot be evaluated by single measurement. In
order to attack this problem, it is necessary to have another measurement,
whose subtrack has an angle of  with that of the first measurement, within
the vicinity of the first subtrack. Let M be the distance, along the subtrack
of the second measurement, which separates the positions where 3(A,0) and
K(A,O) and ﬁ(A 4+ 1,,0) are located (as a matter of fact, this is quite tricky).
In any event, it is justifiable to say that the measured Ah is the same as
that of the first measurement and AIKI inferred should be the same in both

measurements. Thus, the constraint provides that

1 cosO = M cos(gz - Q) (6)



With known L, M, and ¢ ona should be able to solve @ by iterative scheme.
Consequently alﬁ] in Equation (5) will be knowm.

In the case of the Gulf Stream, by using the nominal values derived from
reference documentation,1 one can calculate Ah's (the geostrophic heights) for

several typical cross sections as listed in Table A-1.

TABLE A-1l.
Latitude Geostrophic Heights, I
25°N ‘ 48
30°N 86
35°N 29
40°N 36

where w = 7.3 x 10—4 rad/sec

-
NOTE: u(A,0) and K(A + L,0) are not necessarily parallel.,

a———

1
Technical Report: Major Currents in the North and South Atlantic Oceang
Between 64°N and 60°S; National Oceanographic Office, pp 56-64,
September 1967.




Let x~direction be the subtrack of the measurement as shown in Figure A-?
in which the inferred velocities ?J:(A,O) and U(A + L, 0) are separated by L cos0
where A is an arbitrary distance and L is the separation between 3(;‘\, 0) and
'{I(A, 0) and ﬁ(A 4+ L, 0) along the subtrack.

h (AHL,0)

{ DATUM

L cos §

v
‘ —n
I (A+L,0)
g
=z u {A,0)
0 -1°
- X
i “;}1 -
A 1
Figure A-1,



B.0 EXCERPTS FROM REFRACTION STUDIES

B.1 INTRODUCTION
Four models, each of which use only surface data as inputs for

tropospheric propagation corrections, were compared with ray tracings
which were based on radiosonde data. Comparisons were made for approx-
imately a twelve-month period, utilizing data taken at Wallops Island,
Virginia; the objective of this comparison was to determine the best pro-
cedure, and its associated accuracy, for correcting GEQ5~C data. Hodeié
tested were: (a) the model used operationally in GEODYN for the past
several years; (b) a model developed by Saastamoinen; (c¢) a modification
of Saastamoinen's model by Mariniy and (d) Hopfield's model. (See
References, Appendix C,5) Study results indicate that above 20°, the
Saastamoinen/Marini and Hopfield models are better, and that below 5°, the
Hopfield model is superior., The tables included in this Appendix are
excerpts from these studies; these tables indicate the magnitude of the
refraction problem and the potential errors introduced by utilizing surface-~

data-only type mathematical models,

B.2 MODEL COMPARISONS
Tables B-1 through B-4 show the range correction differences for

various elevation angles between the various models and the ray tracing

results which are based on 15 data sets spread over 12 months.

B.3 ZENITH RANGE CORRECTION ANALYSIS

Zenith range corrections are computed using the Saastamoinen model.

Temperature is varied between -10°C. and 40°C. intervals. Pressure is
varied between 900 mb and 1050 mb at 25 mb intervals; relative humidity

is varied between 1% and 100% at 10% intervals. This was done to determine
the relative effects of the three surface parameter inputs. The results

are shown in Table B-5.
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Elevation
Angle
(Degree)

90.0
45,0
30.0
20.0
10.0
7.5
5.0
2,0
0.0

GEODYN
Model

(m)

.293
. 384
.478
. 565
.509
.325
-.083
-.197
18,094

TABLE B-1. AVERAGE RANGE CORRECTION

Saastamoinen
Model

(m)

034
.054
.085
.154
.604
1.173
3.081
22,051

Saastamoinen/
Marini Model

(m)

.040
.063
.092
.139
.291
.384
.496
- 2,402
-54,383

Hopfield
Model
(m)

.031
.050
.074
,112
.235
.316
.486
1,058
1.767

Average
Correction

(m)

2.40
3.30
4.78
6.95

13,34

17,34

24.52

45,61

88.28



TABLE B-2, RMS RANGE CORRECTION

Elevation GEODYN Saastamoinen Saastamoinen/ Hopfield
Angle Model Model Marini Model Model
(Degree) (m) (m) (m) (m)
90.0 341 047 .051 .045
45,0 .455 .068 076 .065
30.0 .489 .107 112 .097
20.0 .746 .180 .168 .145
10.0 1.020 634 .349 .235
7.5 1,162 1,200 461 .388
5.0 1.525 3.118 637 .583
2.0 2.735 22,087 2,580 1,230

€.0  18.943 - 54,416 2,097
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TABLE B-3, AVERAGE PERCENT DIFFERENCE

Elevation GEODYN Saastamoinen Saastamoinen/ Hopfield

Angle Model Model Marini Model Model
(Degrees) (m) (m) (m) (m)
80.0 12,2 1.4 1.7 1.3
45,0 11.3 1.6 1.9 1.5
30.0 10.0 1.8 1.9 1.5
20.0 8.1 2.2 2,0 1.6
10.0 3.8 4.5 2.2 1.8
7.5 1.9 6.8 2,2 1.8
5.0 - .3 12,6 2.0 2.0
2,0 - .4 48,3 - 5.3 2.3
0.0 20,5 - -61.6 2.0



S-4

Elevation

Angle
(Degree)

90.0
45.0
30.0
20.0
19,0
7.5
5.0
2.0
0.0

TABLE B-4. BMS PERCENT DIFFERENCE

GEODYN
Model

(m)
14,20
13.40
12.30
10.70
7.65
6.70
6.20
6.0
21.5

Saastamoinen
Model

(m)
2.0
2.0
2.2
2.6
4.8
6.9
12.7
48.4

Saastamoinen/
Marini Model
(m)

2.1
2,2
2.3
2.4
2.6
2.7 |
2.6
5.7

61,6

Hopfield
$lodel
(m)

1.9
1.9
2.0
2,1
2.2
- 2.2
2.4
2.7
2.4



TABLE B-5, RANGE CORRECTIONZ (meters)

Relative Humidity 1.0%

975

Pressure (MR) 900 925 950 1000 1025 1050
Temp, (C)
-10 2.05 2,11 2,17 2.22 2.28 2.34 2.39
-5 2.05 2,11 2.17 2.22 2.28 2,34 2.39
0 2.05 2,11 2,17 2,22 2.28 2,34 2.39
5 2,05 2,11 2,17 2,22 2,28 2.34 2.39
10 2,05 2.11 2,17 2,22 2.28 2.34 2.39
15 ©2.05 2,11 2,17 2.22 2,28 2.34 2.40
20 2.05 2,11 2,17 2.23 2,28 2.34 2.40
25 2.06 2.11 2,17 2.23 2.28 2.34 2,40
30 2,06 2,11 2.17 2.23 2.28 2.34 2,40
35 2.06 2,11 2,17 2.23 2,28 2,34 2.40
40 } 2.06 2,12 2.17 2.23 2.29 2,34 2,40
Relative Humidity 10,0%
-10 2.06 2,11 2,17 2,23 2.28 2.34 2.40
-5 2.06 2.11 2,17 2,23 2.28 2.34 2.40
0 2.06 2.12 2,17 2.23 2,29 2,34 2,40
5 2.06 2,12 2.17 2.23 2.29 2.35 2.40
10 2.06 2,12 2,18 2.24 2.29 2.35 2.40
15 2.07 2.13 2,18 2.24 2,30 2.36 2.41
20 2,08 2,13 2.19 2.25 2.30 2.36 2.41
25 2,08 2,14 2.20 2.25 2.31 2.37 2.42
30 2.09 2,15 2.21 2.26 2.32 2.38 2,43
35 2.10 2,16 2,22 2.28 2.33 2.39 2.45
40 | 2.12 2.18 2,23 2.29 2.35 2.40 2.46




TABLE B-5. (Continued)
Relative Humidity 20.0%
Pressure (MB} 900 925 950 975 1000 1025 1050
Temp. (C)
-10 2.06 2.12 2.17 2.23 2.29 2.34 2,40
-5 2,06 2,12 2.17 2,23 2.29 2.35 2,40
0 2.06 2,12 2.18 2,24 2.29 2.35 2.41
5 C 2.07 2.13 2,18 2.24 2.30 2.35 2.41
10 2.07 2.13 2,19 2.25 2,30 2,36 2.42
15 2.09 2,14 2.20 2,26 2.31 2.37 2,43
20 2.09 2.16 2.21 2.27 2.32 2,38 2.44
25 2.11 z.17 2.23 2.28 2.34 2.40 2,45
30 2,13 2.19 2.25 2.30 2.36 2.42 2.47
35 2.16 2.21 2,27 2,33 2.39 2.44 2,50
40 2.19 2,25 2.30 2.36 2.42 2.47  2.53
Relative Humidity 30,0%
-10 2,06 2.12 2.18 2.23 2.29 2,35 2,40
-5 2.07 2.12 2.18 2,24 2.29 2.35 2,41
0 2.07 2.13 2,19 2,24 2,30 2.36 2.41
5 2.08 2.14 2.19 2,25 2.31 2.36 2,42
10 2,09 2.5 2.24 2.26 2.32 2.37 2.43
15 2.10 2.1 2,22 2.27 2,33 2.39 2.44
20 2,12 2.18 2,23 2.29 2,35 2,41 2.46
25 2.14 2.20 2,26 2,31 2,37 2.43 2,49
30 2,17 2.23 2.29 2.34 2.40 2,46 2.51
35 2,21 2.27 2,32 2,38 2.44 2,49 2.55
40 2,20 2.31 2.37 2.43 2.48 2,60

2.54
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TABLE B-5. (Continued)

Relative Humidity 40.0%

Pressure (MB) 900, 925 950 975 1000 1025 1050
Temp. (C)

-10 2.06 2,12 2,18 2,24 2,29 2.35 2.41

-5 2.07 2,13 2,18 2,24 2.30 2,35 2.41

0 2.08 2,13 2.19 2.25 2,31 2,36 2,42

5 2.00 2,15 2,20 2,26 2,32 2.37 2.43

10 . 2,10 2.16 2,22 2,27 2,33 2.39 . 2.44

15 2,12 2.18 2,23 2.29 2.35 2,41 2.46

20 2,14 2.20 2,26 2,31 2.37 2.43 2.49

25 2,17 2.23 2.29 2,35 2.40 2.46 2.52

30 | 2,21 2.27 2.33 2,38 2,44 2.50 2.56

35 2.26 2.32 2.38 2.43 2.49 2.55 2.60

40 2.32 2,39 2.44 2,50 2,55 2.61 2.67

Relative Humidity 50,0%

-10 2.07 2,12 2.18 2.24 2.30 2.35 2.41
-5 2.07 2,13 2,19 2.25 2.30 2,36 2.42
0 2,08 2.14 2.20 2.26 2,31 2.37 2,43
5 2.09 2.15 2,21 2.27 2,32 2.38 2.44
10 2.11 2.17 2,23 2.29 2,34 2,40 2,46
15 2.14 2.19 2.25 2.31 2,37 2.42 2.48
20 2.17 2.22 2.28 2.34 2,39 2.45 2,51
25 2,2} 2.26 2.32 2.38 2.43 2.49 2.55
30 2,25 2,31 2,37 2.43 2,48 2.54 2,60
35 2.32 2,37 2.43 2.49 2.54 2.60 2,66
40 2.39 2.45 2,51 2.56 2,62 2.68 2.73
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Relative Humidity 60.0%

Pressure (MB)
Temp. (C)

~10
-5
)

5
10
15
20
25
30
35
40

Relative Humidity 70.0%

TABLE B-5, (Continued)
990 925 950 975 1000 1025 1050
2,07 213 2,18 2.24 2,30 2,36  2.41
2,08 2,14 2,19 2,25 2,31 236  2.42
2,00 2,15 2,20 2,26 2,32 2,38  2.43
2,11 2,16 2,22 2.28 2,33 2,39 2.45
2,13 2,19 2.24 2,30 2,35 241 2.47
2,15 2,21 2,27  2.33 2,38 2.44 2,50
2,19 2.25 2,30 2,36 2,42 2.47 2,53
2.24 2,29 2,35 2,41 2,46  2.52 2,58
2.20 2,35 245 2,47  2.52  2.58  2.64
2.37  2.43 2,48 2,54 2,60  2.65  2.71
2.47 2,52 2,57 2,63  2.69 275  2.80
2,07 213 2,19 2.24 2,30 .36 2,42
2,08 2.314 2,20 2,25 2,31 2.37  2.43
2,10 2,15 2,21 2,27 2,32 2,37 2.4
2,12 2,18 2.23 2,29 2,34 2,40  2.46
2,14 2,20 2.25 2,32 2,37 242 2,48
2,17 2.23 2,29  2.3% 2,40 246  2.51
2,21 2.27  2.33 2,38 2,44 2,50  2.55
2,27 2,32 2.38  2.44 2,49 2,55 2,61
2.3 2,39 2,45 2,51 2,56 2,62  2.68
2,42 2,48 2,54 2,59 2,65 2,71  2.76
2.53 2.5 2,64 2,70 276 2.81 2,87
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TABLE B-5. (Continued)

Relative Humidity 80.0%

Pressure (MB) 800 925 950 975 1000 1025 1050
Temp. (C)

~10 2.08 2.13 2,19 2.25 2,30 2.36 2.42

-5 2.09 2,15 2,20 2.26 2,32 2,37 2.43

0 2.10 2,16 2,22 2.27 2,33 2,39 2.45

5 2.12 2,18 2.24 2.30 2,35 2.41 2,47

10 2,16 2.21 2.27 2.32 2,38 2.44 2.49

15 2.19 2.25 2,30 2,36 2.42 2.47 2.53

20 2.24 2,29 2.35 2.41 2.46 2.52 2,58

25 2.30 2,35 2,41 2,47 2.53 2,58 2.69

30 2,38 2,43 2.49 2,55 2,60 2,66 2,72

35 2,47 2,53 2,59 2.65 2,70 2.76 2,82

40 2.60 2,65 2.71 2.77 2,82 2.88 2.94

Relative Humidity 90,0%

-10 2.08 2,14 2.19 2.25 2,31 2.36 2.42
-~ 5 2.09 2,15 2,25 2,26 2,32 2,38 2.43

0 2,11 2,17 2.22 2.28 2,34 2,39 2.45

5 2.13 2.19 2.25 2,30 2,36 2.42 2.48
10 2,16 2,22 2,28 2.34 2.40 2.45 2,51
15 : 2,21 2,26 2,32 2,38 2.43 2.49 2,55
20 2,26 2,32 2.38 2.43 2.49 2.54 2.00
25 2,33 2,39 2.44 2,50 2,56 2,061 2,67
30 2,42 2.47 2,53 2.59 2.64 2,70 2,76
35 _ 2,53 2.58 2.64 2.70 2.75 2,31 2.87
40 2.67 2,72 2,78 2.84 2,89 2,95 3.01
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Relative Humidity 100.0%

Pressure (MB)
Temp. (C)

TABLE B-5, (Continued)

900 925 950 975 1000 1025 1050
2.03 2,15 2,20 2,25 2,31 2.37 2.42
2.10 2.15 2,21 2,27 2,33 2.38 2.44
2.12 2.17 2.23 2,29 2,34 2.40 2.46
2.14 2,20 2,26 2.31 2,37 2.43 2.48
2,18 2,23 2.29 2,35 2,40 2.46 2,52
2.22 2,28 2,34 2,39 2.45 2.51 2.57
2,28 2.34 2.40 2,45 2.51 2,57 2.62
2.36 2.42 2,47 2,53 2.59 2,64 2,70
2.46 2,51 2,57 2,63 2.68 2.74 2.80
2.58 2,64 2.69 2,75 2,81 2,86 2,92
2,73 2.79 2.85 2,90 2,96 3,02 3.08
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B.4 WORST CASE MODELING ERRORS
The planned procedure for correcting altimeter data for tropospheric

effects 1s to use the Hopfield model with the required input of surfacc
meteorological parameters of pressure, temperature and humidity. TFor
data inputs, it is planned to use monthly mean vaiues of temperature,
pressure, and relative humidity as a function of latitude. To assess

the errors in this procedure, range corrections were calculated using the
mean, minimum, and maximum valucs of these parameters for the three
selected areas listed in Table B-6. The data, taken from Reference 1, are
based on records over a period of approximately 100 years. The "mean"
values of pressure and air temperature listed are actually median values,

based on 95 percentile numbers.

The tropospheric refraction corrections corresponding to these
meteoroleogical conditions are listed in Table B-7. The values are tabulated
using the tables contained listed in Table B-5, and correspond to the
minimum and maximum data of Table B-7; they may, however, be somewhat
pessimistic since, e.g., maximum relative humidity is assumed to occur
for maximum temperature which would not normally be expected. As indi-
cated in Table B-7, the expected maximum error from the use of average
monthkly meteorological conditions would be on the order of 10 cm., or
about 4% of the correction itself,
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TABLE B-6. MONTHLY AVERAGE ATMNSPHERIC CONDITIONS AT THE OCEAN SURFACE FOR 3 SELECTED AREAS

Area 392 Location: 45° - 46°N, 58° - 59°W

JANUARY
Pressure (mb) 984.8 1009.3 1027.4
Temperature {°C) -7.2 1.1 5.5
Relative Humidity (%) 62.0 87.0 97.0

Area 451 Location: 36° - 37°N, 64° - 65°W

JANUARY
Pressure (mo) 997.5 1016.4 1030.5
Terperature (°C) 9.7 15,6 20.0
Relative Hmidity (%) 53.0 77.0 95.0

Area 521  Location: 23° - 24°N, 70° - 7T1°%W

JANUARY
Pressura {rb) 1012.5 1018.6 1a22.5
Temperature (°C) 21.1 23,8 26.1
Relative Hiidity (%) 56.0 77.0 95.0

592.9
'2.1
70.0

Min,
1000.6
1L6
53.0

Min,

1012,6
22.0
58.8

APRIL
Mean
1014.5
1.7
8.0

APRIL
Mean
1015.5
17.2
80.0

APRIL
Mean
1017.6
24,1
77.0

Max,
1029.1
5.5
98.0

Hax.
1628.2
21.1
94.0

JULY OCTOBER
1004,7 1015.3 1024,0 996.3 1015.4 1028.0
10.0 14.4 18,3 5.9 10.6 15.0
71.0 92.0 98.0 63.0 83.0 97.0
JULY OCTOBER
1612,1  1920.0  1026,8  1006.3  107.3  1026.0
23,2 25.6 28.3 19.0 22,8 26,1
65.0 81.0 97.0 55.0 75.0 95.0
JULY CCTOBER
Min, ¥ean Max, Min, Mean Max.
1016.3 1019.1 1022.5 10038.6 1014.3 1017.7
26.1 27.8 29.4 .0 27.3 29,7
68.0 81.0 94.0 €4.0 BD.8 93.0



yi-4g

TABLE C-/, ALTIMETER TROPOSPHERIC REFRACTION CORRECTIONS ERRORS BASED ON MONTHLY MEANS

MONTH AREA RANGE CORRECTION (m) ERROR
Max/Min Mean Meters Percent
January 392 2.42/2,27 2.36 -.06/.09 -2.5/3.8
April 392 2.43/2.30 2.38 -.05/.08 -2.1/3.4
July 392 2.54/2.38 2,47 -.07/.09 -2.8/3.6
October 392 2.51/2,34 2.42 ~-.09/,12 -3.7/5.0
January 451 2.56/2.34 2,45 -.11/,11 -4.5/4.5
April 451 2.56/2.35 2.47 -.09/.12 ~3.6/4.9
July 451 2,69/2.49 2,58 -.11/.09 ~4.3/3.5
October 451 2.64/2.41 2,52 -.12/,11 -4,8/4,4
January 592 2,64/2.45 2,54 -.10/.09 ~3.9/3.5
April 592 2.66/2.45 2.55 -.11/,10 -4,3/3.9
July 592 2.71/2.53 2,62 -.09/.09 -3.4/3.4

October 592 2.72/2.49 2,59 -.13/.10 5.0/3.9

RSS = 3.9
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C.0 WALLOPS AIRCRAFT DATA

C.1 C-54G (DOUGLAS DC-4).
There are three C-54G aircraft ascigned to the Wallops Flight Center. All

possess the same flight characteristies. The C-54G is a four-engine, low~wing
monoplane with fully retractable tricycle landing gear. It is powered by four,l
lé—cylinder, twin-row, air-cooled Pratt & Whitney R-2000 engines. Each engine
incorporates an integral single-stage, two-speed super-charger, a Bendix~Strombarg

pressure-injection carburetor, and a direet-cranking starter,

The aircraft was designed as a long-range cargo, traop, or personnel trans-
port. All three aircraft have been variously modified from the basic aircraft
by the addition of special equipment necessary for specialized missions. The
C~54C has a standard fuel capacity of 3,540 gallons (21,240 pounds).

C.1.1 ELECTRICAL POWER. The primary power source for each C-54 aircraft is

four 28-volt DC generators. Each generator has an output capacity of 300 am-
peres for a total output capacity of 1,200 amperes. All instrumentation power
is derived from the primary gererators as shown in block diagram form Figure C-1.
Twenty-eight (28) volt DC power is supplied to the instrumentation racks through
the 28-volt distribution panel shown in Figure C-2,

AC instrumentation power is supplied by two 60 Hz and two 400 Hz inverters.
(See Figure C-1}. Each 60 Hz inverter provides single phase, ll5-volt AC power
at 3.0 KVA. Each 400 Hz inverter provides three phase or single phase,
115-volt AC power at 2.5 KVA. -

C.1.? PERFORMANCE. The C-54G at its maximum fuel load of 21,240 pounds can
carry a cargo of approximately 12,000 pounds., With a fuel load of 3,500 pounds,
its cargo carrying capacity is iIncreased to 30,000 pounds. The maximum gross
weight under any circumstances, of the C-~54G, is 73,000 pounds. In any mission,
range and fuel comsumption directly determine the fuel which must be carried,
and indirectly the cargo which can be transported. With the necessary fuel for
the mission established, cargo loading is variable within the limits established

BRECEDINA PAGE BLANK NOT FILMED
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by ihe strength and performance of the aircraft. See Figure C-3, Weight Limita-
tions Chart, for the maximum cargo weight and usable wing fuel weight.

As an example, take the case where a range user has 15,000 pounds of equip-
ment to go aboard the plane. Add to this 4,000 pounds of NASA rquipment already
aboard, then enter the chart with 1%,.J00 pounds (Point A), go across_td"the mzi-
mum gross weight line (Point B), then down to Poiﬁt C which shows 13,700 pounds
of usable wing fuel that can be loaded. Thirteen thousand, seven hundred pounds
(13,700) of fuel at 1,200 pounds per hour gives approximately 1l hours of flying
time. This is, of course, only an approximate figure. The actual base weight
of the aircraft should be obtained from Flight Operations, Wallops Fiight Center.
See Appendix C.l.5 (Other Data) for additional specifications.

0;1.3 USES. Two of the C-54s (432 and 438) are equipped with Airborne Search
Radar Model 9437 and are used mostly for range surveillance while the third (427)
has been modified to carry active and passive sensor equipment with their con-

trel, power, and data collecting systems.

C.l.4 SPACE AVATLABLE/INSTRUMENTATION LOCATIONS. Because the three C-54s5 have

various amounts of Wallops equipment aboard, the space available varies. Fig-

ure C—-4 =hows the Wallops equipment aboard N427NA for a particular missiomn.
Eventu.  ,, with the exception of radar, all the C-54s will be instrumented
similar to N427/NA. See Section 7.0 of this document for a functional descrip-
tion of some of the individual items of Wallops instrumentation that will be .

i

used aboard the aircraft.

C.1.5 OTHER DATA.

c.1.5.1 Operational Weight Limitations. Weight, more than any other single
factor, will determine the capability and performance of this airexaft., If.
this limitation is exceeded, a loss in tue performance of the aircraft is in-
evitable and structural failure is quite probable., When the aircraft is loaded
beyond the established limits, ceiling and range are decreased, control forces
and stalling speeds become higher, and the rate of climb falls off rapidly as



CARGO WEIGHT (pounds x 1000)

- Limitations bhased on a basic
operating weight of 40,000 pounds
- Maximum Wing Fuel Load,
8 wing tanks

&

N\

L1 |/
21,240 pounds

o
- ) c| |
ot b v e NP gy |
0 5 10 15 20
USABLE WING FUEL (pounds x 1000)
Figure C~3. C-54G Weight Limitations Chart
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Wallops Imstrumentation on Aircraft N427NA (Sheet 1 of 2}.




RACK NO. 1

Inverter Costrol {for Topaz unlte)

iaverter Frequeacy Monltor

400 Hz Inverter Coctrol/Moaltor

28 VDO Distribution Panel

Instrumant Power Distritation ¢ ~2trol

‘Topaz Static Inverter Modal J000GW (master)
Topaz Statlc Inverter Model J0OOGW (alave)
Topaz Static [nverter Modet 3000GW (slave}

Heam My o e

RACK ¥O. 2
Specific Products Model SRT WWV Racelver

Electroele Enginsering Co. Model B12 Time
Code Generator

Toktronlx ‘Type RM 503 Oscilloscope

Melean Engloeering Filter Model 2E300C
Topaz Statle Invorier Model J0HGW (master)
‘Topaz Statle Inverter Model 3000GYW (alave)
Topaz Static Inverter Model 3000GW (alave)
Mclean Englneering Fliter Model 2EB5S0EC
Bepdix Powar/Blower

e

“mamM M9 0

RACK NO. 3

C ERTS Down Cotverter

D ERTS Recelver and Pewer Supply {custom)

RACK NO. 4.

€ Cobu Elnctronics Inc. Model RLC 14 Camara Cortrol

D Cootrol Panel, TV Camers Cohu 3300
£ Control Pagel for RF-7 Inftared Scansey

RACK NO. §

Alrspeed, Clock, and Altltude Indicators
Brush Instruments Power Supply

Brush Inctrumcnts Mark 200 Chart Kecorder
Bruah Instruments Presmpliflers

Brush Instruments Drive Ampliflers

Bendlx Power/Blower

matMo o>

RACK NO. 6
D Custom Cosirol for AAD-2 Infrared Ecapoer
G  Pendix Powsr/Blower

RACK NO. 7

Hewlett Packard Model 200CDR Wide hange Oscillator

A
B Hewlett Packard Model 400DR VIVM -
C  Hewlett Packard 52451 Electronlc Counter

E

F

Camera Stetlon Condirol
Tekironix RM 3614 Oscllivacope

RACK NO. 8
C Coarac RLC~-14 Video Monitor

D Cootrol Papel for Stsbllized Vartical Mounts (oot used)

BACK NO. 9

D Bendix Indercom {modified)

F  Beodix Power/Blownr

RACK NO. 13

A Custom Intsrcom

BACK HO. 14

A  Kepnedy Model 1510 Roconder
RACK RO, 15

H Bendlx Power/Blowsr

— e - o b

A Ampex FR-1300 Recorder ([Toor mounted)

NOTE: Letters not called out are range users equipment.

Figure C-4. Wallops Instrumentation on Aircraft W427NA (Sheet 2 of

2).



the maximum gross weight is exceeded. The take=-off and landing rolls increase
appreciably with an increase in gross weight. Likewise, the brakes may become
insufficient to slow the forward momentum of the aircraft, and the wings will

become more vulnerable to airloads during maneuvers or flight through turbulent

air.

In order that cargo of various sizes may be accommodated, the cargo hold is
of such proportions that space is not a restrictive factor; consequently, over-
loading is entirely possible.

The maximum recommended structural gross weight limitations for normal

operation are as follows:

Take~off: 73,000 pounds

Landing: 63,500 pounds
Zero Wing Fuel (eight tamk ‘
fuel system): 60,700 pounds

C.1.5.2 Dimensions. The principal dimensions of the aircraft are:

Span: 117 feet 6 inches
Length: : 93 feet 6 inches
Length with Radome Nose: 94 feet 6 inches
Height: - 27 feet 10 inches
Stabilizer Span: | 39 feet 6 inches

Door Dimensions:

Main Cabin and Cargo Doors:

Both Doors Open: 95-3/4 x 67 inches
Passenger Door: " 48 x 33-1/2 inches
Crew Entrance Door 28-3/4 x 57-1/4 inches
Forward Lower Cargo Door: 29-3/4 x 36 inches
Aft Lower Cargo Door: 29-3/4 % 3§ inches
Accessories Compartment
Daort 23 x 17 inches
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c.1.5.3 Alrspeed Limitations. The major airspeed limitations of the aircraft

ares

Maximum Level Flight: 217 knots
Maximum Dive: 290 knots
Maximum Gear Down: 125 knots

C~11



APPENDIX D
SYNOPTIC CODES AND REPORTING FORMATS

Appendix D contains examples of various synoptic weather codes applicable
to the Calibration Data Package. Coding instructions explaining the format and
encoding requirements for meteorolecgical parameters observed, as well as a sample

of the logs used for eatry of this «i+ta, are provided for the following synoptic

weather codes:

a. Ship's Weather Observations (NOAA T'ORM 72-1)
b. Marine Coastal Weather Log - Coastal Station (NOAA FORM 72=53)

c. Marine Coastal Weather Log - Ship Station (NOAA FORM 72-5b)

PRECEDING PAGE RLANG: NOT FILMED
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AID NO, 27 - NET 3-HOUR PRESSURE CHANGE o
Expressed in millibars and tenths. For example.a 3-hour pres- Td Td AID NO. 30 - DEW POINT EN E
rure change ¢f .8 {8 entered 08" in Column 27. Pressure changes Subtract wet-bulh temperature Irem dry-bulb temperature to get "wet-buth
ct 9.0 mb or more ragquire speciz]l groups, See chaerver's hand- [ depresaion,” Locate nearest depression acress top of table and pearest wet- CHIRIDIG PLOCIOURE
baock, Chapter G. last paragraph for datalls. bulb temperature down the side. Read encoded dew point at  intersection of Thw Ethvarng et 1a weggbed 2 kg &
t-buib te rature row and depressicn cclumn. More extensivetablesarein ertar Sun
[ty A1 NO. 33 - TENTHS OF AIR TEMPERATURE T hamrvers e 2 Geprosst © o ’ ookt G2, 1o 2
Copy in Column 33 the value entered in Cclumn 17. Wet- Wet-balb Depragsion °C pnorAr pmir Ao St oiiapelteld
T—— balorw D howd RIS WSS,
| ByRy AID NO. 35 - FERIOD OF WIND WAVES Qb“""-'ﬂlc'-nonomcncnomouomcmomj
'l'em . - _; -: . - . + - - . . . - - - . . . _: 4 w—;mﬁwm.ma ER: B
'Entzrme'a\'er:lgew“-;gperlod;n;:cmds using two figures. ‘.C‘Pc o clalalele|w|n o |ole |~ = [a o s fa|= 04T 33 e 47,
"GO 4s used for calta sea; 99 15 used when the aes imconfuscd and wave ~5 |56]57) 7i50|G1{C3|€4{67 [6T172]77 |88 3, Wetire Eing ovSkers, ws) O wish of the
‘certod crenot be estimated; two atants (1/) are used for|"missing”. -q4issfselsrisal=alelenicales]enlizaite)os o m et ey o POt
. 3% AND 29 -3 |53|s4fs5]57) 5650|6162 164 a6 6o 19276 jan foT 3. puskeocy.
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g not reparted for any reasot use two stants (/1) for HyHy. pfeo|s1]|52]s2] 53154 55|57 [SB]50{80 |62 (64 fEG{ 6D {72{75 {82 B ARDIte Owparthrcouser wiats ety -
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WATINE COASTAL WEATHER LOG - COASTAL STATION

These maAruciione apply whes taking olwervations at Coast Grand am} ather coasta) or offshotr fixed obsesvation stes. Sinte nol sl of the
enmee erguted m columna & tirotgh 9 of the weather log may be chertred 3t eath station, a eepresentative of the National Oreanir and
umtpherir Adpnnatiation {01 will bt e d whirh el eath slzlion should rerord. Ele will alwo sdwisc cach station haw
and whetr 4 trazsmd its weathes cessgrs and beow to duposr uf completed obsrsvaton forme and how to ohtain new obeerving supplira
Each station ahuruld bepn o et serser of weather togs at the begnning of cach month,

FDRM READING ENTRIES

Frier the 113 Station Sume, (23 Statiop Loeation (Latitsde and tangitode?, and £33 Date {morih and vear) the Tarm i tnithlly peepared in
the Elotks provided 1 1he hrading.

COLUMY ENYRIES

Cohutna 8. BATE - Enter the aaleadar day of month{leal stndard timek

Caodamn 3. TIME - Enter v Follawed by time zone tndirator ¢t space provnded using the Lossl Standard Time, ., EST, EDT, £5T, (DT,
ere. Entes tire o the neaseat whele hoot osing (he 23howr dock syastera, €8, 1.55 pm. EST would be entered 1400 EST, S 15 pm 5T s
1700 F5T, ete. Exceqt for ¢rten ELS Cosst Gmard coastal stations there o no presenhed time of day for making cheemvanions. Howerer,
€OUpeTEIing slalmns &rv encouraged o jrake and report ante s day At s conveniczd Lme, of whenever changes it exiting wind snd westher
camdibuny berume savreme of dlfer wpafitanily from foresat conditions, Regular repopting 1S, Cound Guard stations menlly take 3houtly

Sats a1 tirves that pord 1o the G it Slean Times of D00, 0300, 0600, , . 2100

. Cadumn X PRESENT WEATHELL . Record and tansmit the mest prevadeny weather element e elements {up to twa) that bert describes
facal rond.lians ut observation time, The repestable elements 3ad seoeptatle abbeen for 1eletype wre Listed in Table | inthe
anfet of repotting prefereace. When twa weather £l are chaerred ly, ceport ene clostst fa the {op of the L fine

TABLE 3, PRESENTRFATITR IN ORDER OF REFORTING PREFFRFNCE,

Teletype Abbreviation Tdetype Abbrevt. Zoa
1. WATERSPOLT WATER SFOUT 9. 11AJL OR SNOW FELLETS P
2 SQUALLY LOUALL® 10 SNOW 5
3 TiUNDERSTORM TSIV 1. RAIN n
% FREEZING RAIN 2R 12 DRIZZLE L
% FREEZING DRIZZLE 2L 18 HAZE 1]
& FOG F 14 CLotDyY @
* SNOWSHOWER W 15. PARILY CLOUDY ©
G, RAINSHOWER W 16, CLEAR [

P ALY (o secere Tocad elorem) - debined as when there s 2 el den morase in wind and gn abrupy tawering of clouds with or wilkost
showes or keary wea conditions

Eolewn 4, VITIEILITY - Mepott wisbiliry visthe nearest whale nautical msle whereat v onr m=lr af mure. Delow onr tile, aehilly shauid
b regesied to Uhe Rearest Quacter male, Visilty decotes the grattn) dutante from s cbeerver (hat an cbieet ot hnawn dutzctetslia anbe
w0 and tdemyfwd Wheneser pomntle, eisimate sinhity by eeng objecty whose disfance ts known

Shea waility sancl the seme moall e ctions (roms the aheerver, 15 higheat vatur common b ozehall oe smaee of the horinon cirde shewld
e wtlesied ax e prevaiting votality. By this defiution, the prevailing vishal ty to repaet [ the eonditiens shown o Figore | would be three
miles

FIGURE 1. DETYRMINATION OF PREVAILING VISTRILITY

B

(peenailing vashibty 3 mies)

Cadnom 8, WIND OIRECTION AND STEED - Wind direstszn will be rrposted in tems of degrees of [0 10 points of the compas{™. NNF,
S ENE €303 Eater (9 G, do mageetis, Eiteetion (rom whicki the wind i blowing. Report cales wind as CALYL

Wynd sperd wnll be reperted t hnote U the wind atimated, Table 2 - DETERMINATION OF WND EFEED BY QRSERVED EFFECTS
ASIUER SEA CONDITIONS, may b teed £ wstisaate the wind, swever, aution should be weed for the values inctuded in the tible donny
abwurs ceTect wind gnd wace rebalionshipe i imenedlaty consla] areas.

TABLE 2 DETERMINATION OF WiND SPEFD BV ORSERVED FEFECTS ANTIIR SFA CONTHTINNG
Probebie
WIND. ] WareHe
Dexcxiptive Knols Mph Ellects Dbmerved 81 Ses Effteis Obwerved on Lind Feets
Gilm tUnder 1 Under t Sea Lk mirtor. alm: emche foes sestiaaly. ]
Light Air 13 13 Ripples with appeasante of stales, Senohe deifi indicates wind dirrttion: 1+
wo {a4m create. vty donot move.
Light 0 +7 Smull warelels; crests oS plasay Wind {01 on faces Barna ttle. LY
Brerze appeananee, ol breaking varzs begin toencre.
Gentle o] B2 Large warthts: civats begin (0 Lesres, prall twips v eoratae mobicn: 2
Breese break; seaizered whitecaps, Tlight Cagpestended.
Modenaie 1116 13318 Semall waves, hecoming Langer: Dy, Teaven, and Loose paper ratsed 4
Brerae rumerous whitecaph, up:amall brasthes mare.
Frah 172 1924 Maderare wares, taking langet form. Srmat trees t leat begin 12 ewad L]
Bretze frawy whiletape. some NIy,
Strong pand 2531 Langer warta foeming whitecape Larger beanches ef treey £y moton {3H]
Breeer crerywhett, £25T8 Sy, whisting heard i wirma,
Near Gale <833 3338 Sea bespa upowkite foam from Whals ters 40 matisn. memiane 1]
brakng warnabeginato be [££1Lin walking agiunat wind.
Ligwn th etraks,
Gale 2640 T4h Vioderstely bigh warcaof greater Fwip ard sl brasebes beoken ofT 18
Lkopthedgrs of artets begn o ooy peopress procrally impeded.
Break st gpednly foam ts
Blowam wellmarhed sittaks
Strong 4147 4754 High wares: sca bepins o £oll. Lighl etrurtica) damagr ceoims, 3
Cale dense streaks of [oam: wpeay ray
reduce visiklity.
Sorm 4855 5563 Very Bigh warca with ovethanging Sitan experenred catazd: o it}
creats. ses takes whits appesranoe Eroken o spracted, conderitde
a8 Foar i Blawn i very dense pireciuna] dituge ot
strzaky. colling & beavy 29
wisbility mreduczd,
Vislent [~ B [ &g Exreptionally kigh waves: xcp corened 3
Storm with while [aam patches: vinkility
stdmore crdured.
Hurricane &7 TI82 A [Cedwthfoam Very rasely experimordon fand. 435

Loluren B, STATE OF SEA - The state of t2e sen should br e petteA Ly the height cf the exezng wind wasra fma Ceetyand 1T chectred, the
dirertion {to cight points of the rompaw) azd height (in Teety of the sws]l 31 ebseratica time. Whes reperting the STATE OF SEA Cwpm
presedt (2 by the endizatar SEA fllowsd by wand wave Reight and pwrll dirctionand heigt of ctarred Exempins (13 Vo wind wnpery awrll
NESFT would be reported SEA NDNE \E SFT.42) wind wares 12FT eoswT wonld be reperted SEA JEFT.

WAVE HEIGHT - The kerght of the wind waves hou’d be threahimsted begh fin forthbeteeen the Sagghaand eresty e tbe e {ormed
weaves (23t are obwerred, When 1he sea b calm enter and vepery ZER (o7 (he wind saves Bhen there e e wind warns Lot D i chaerved,
The wart height shau” T be exterrd and rrpatted an NVONE fellzwrd by wwell dirveticn and heaght

SWELL DIRECTION ARD HELBNT . Whenever a distintt ewe]] - Dong, roting wavrs (hat oav2 independenty ol the oally eleeret wind .
can be 1dentificd 12¢7ade the direction from which the swell o traveling taexght pecmty Y the compepyand e height of Gt ot 2 {infee

trough to crest.

ONAL COLUMY F?

Columa 2, SEA WATER TEMPERATIRE - Those staticns trtructed £y make ses waler topperatare tradings stonid ereerd them (o whate

degree Faheendi) of Celans. Indicate wheider teespesatuee o in Celius (Y by entering 3 "0% %oy the bempeature, The sce waler
tempensture rensmiticd should always be preseded by § aad fallowed by tse tewpenstore pale tnd crzy fincentignde Enmple %0 n
repoited s 521

Lotspn 8. AR TEMTERATLRE - Lf required, entes the sl temperatae (5 whoie Segrers Fakornheit or Celeiom, T=Toate wiether
trmperatiint fain Eelatim (C1 Ly extening a #0" afier the trmperatine. The air tenrperatier transiniftzd should always be preceded by A and
folizwed by the temperature scale indizatoe if i Genigrade. Ezample  DOTC ttvported an A2O0

Cohpon 9, FRESSURE - Pressuee chaervations should be extered to the hrartst whobe mibar o terth of sa = Forerample. s promcse
reading of TO1.6 £ he wadd be crportsd s 101 I wbie a tezding of 3018 world be vrported ay 321

Cobumn 10, REMAEKS . Use this column t5 record azy sdditionsd dats that the sbetryer Bhinks sigifitant and wishey £ rrport, Remacka
42 plain Unguage could descrbe (of eondtions, wmaudd Ul o1 twill cosditions, heary reatal’, untenlly spally or stormy conditions, €.
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STATION NAME LOCATION DATE  fmonth and yeor}
/] {2) {3 [Z}] 5) [{]] 1) g 8) g 9 tio;
LOCAL VISl WIND STATE OF SEA SEA - AR =l pres.
DATE | TIKE {sTawoard  PRESENT WEATHER ) WAVE SWELL wATER |3 i REMARKS
BILITY SPEED ol TEWP. |0 SURE
TIHE niR. rrg) HEIGHT DiA. HEWGHT TEMP. |z E {icing, etc.)
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STATION ‘

INSTRUCTIONS - HOAA FORM 72-5h

Loatructions (or Eatrics og Macine Cosets) Weather Euog - Saip Station: These iuiruttions spply when making obecrrations aboand remls
plving the U5, coustsd wazers. AD shigs are requeaied 10 srcond and report the information required tn columna | through 7 of the Westber
Log Entmes i columna 8 through 11 ar optional. A mestagey should be identfied by Ship Nare and Rudio Call Sgn. 1 requirsd, mack the
:ﬂ'ﬂﬂrlu! MARNE COASTAL WEATHER L0G in the envelapes provided 1o the alfier ulwh supplies you with nbemma materiale and

FORM HEADDNG ENTRES

Enter 1be (1) Ship Name, {2) Radlo Caff Sign, and {3) Date {Moath, ind yrar the form is injially prepaced) in hlocke provsded in the
heading of each sheet.

COLUMN ENTRIES
Columa }, NATE - Day of moath {Greenwich Yiean Time)

Column 2, TIME . Ecter the time to the nraresx whale hour usisg the 2+hour ok aystem. o 155 pm. would be entered 14, 5:15 pom
8 17, etc. NOTE - There s o preacried time of day formaking abwervations, Howeerr, shipe are urged 1o muke and report a1 ket one g day
st & time conrearrnl o e nhweorer or wherrver changes o existing wind, weather, or ses mdluuumnmrnal.lfdif{nmlfmm wrrent
Lsrecasts, Remember. alwars tnelide ¢ titie of nbserration wi 2l fadio teports.

Column 3, FUSITION - Vraeels muiing sbarreations have the option of reporting thest positios B3 &xthet Littudr and Fongitade or dutzace
and bearng from a3 extadhhed landmark. of vour shup s to rrpoct in dstince and bearing (ot a Lindmatk, the YOAA rrprracatative wil}
cither providr voo with a1t or suegpest which navigation charts (i we ;v driermaning te lnd marks Eo use i1 your reposts, PJmml Litinde ard
fengitudr Lo the nearest fen of adrprre (UL I8 7, 010 )k

Coluran 4. PRESENT WEATIIER - Enter the moef prevalent weather element{s) from Table 1 that Best deseribes Yocal condinzne, It i 2ot
btesary 1o rrpart mare than two weather elrmmats,

‘TABLE 1. PRESENT WEATHER DN ORDER OF REPORTRIG PREFERENCE

Vather Elersent Weithts Elcotat Weather Elment
1. Hutieahe 7. Fog 1% A

2 QatrrSpeut 8. Snow Showtr 14 Drictle
3wl 9. Bain Shewer 15, Hite or Smcke
+ Thunderatarm 18, Hald 6. Cloudy

5 Freezing Rain 15. Snow Pellenn 17. Farily Clecalty
& Froecng Drizele 12 Saow 18 Cleat

Cokimn 5. VISTAILITY - Report wabilry tathe nearead whole pantital mile wherr i1 is one mile o moee. Brlow anemile, vishility should

. be réported {0 (he neaprad quester mile. Visihiliry denctes the preatest distance from an obectver that an sbieet ¢f known Suncictitios tan be
wom and identifind. V-‘bur ‘there 31e oo wentication chjecty, visbiEty may be cbiined by eatimating the distance vo the horiten sctordingta

Table 2 "
TAELE2. THSTAMCE TD HORTZON AT SEA culmcﬁ.mml
Heght of Distsoe 1o Height of Pratasvce tes
Obecrvation Fatiors {F1.) Horison (srak} Obecryxtion TMetfovm (Fr.) Heisons fmaml }
' o ETY 25 .80
13 45 k.l L Y
20 . 54 . 1 11

The tnformtiation @ Table 2 ahows that the Botiton froms an obectration
spprazimately 4 asutleal miles NOTE: If the horisan is well defined with
distance 10 Lhe horrron: however, 1513 In blwrred and indistiect,

Hortn .sbosrd xhip of 1D fext lpp:nllllduhnﬂal'
the visklity s shout eqial fo haricon ditance.

The raBmation of visibility xt night, repecialiy 4t ats, in exzreraely Sificulr. Howewer, I thett i ho obriont ehingr th mnmhp'm
conditions, the viabeEer after daek will be the seme m that determined hortly befare dazk. The development of & hare aroand » vemels
ravigationa] gk w frequently m pade to deterion ting vislTte

Cohmin B, WIXD DTRECTION AND STEED - Wind ditvetion will be prported in tene ol degrees or ta T6 poini of the compan (N, NNE.
NE, ENE, ¢1¢. ) Enter Ut truse, hot maghetie, direetion fotn which the wind i blowing. Report alm wind s CATM.

Wl speed will be arporiad in knots, I the wind u estimated, Table 3 . DETERMINATIONGF WIND SPEED BY ORSERVED EFFECTS
ANDIOR SEA CONDITONS. may be wied 1 eskimute the wind, lhwtnmtmﬁwﬂkuﬂ.h‘lhnhnhdﬂdhtkhbbhaal
Alwnrnreflect wind and ware relat snshipe in irwmediate constal areas,

TARLE 3. DETERMINATION OF WIND SPEED BY QRSERVED EFFECTS ANI'GR SEA CONNFIIONS

Trobable
wIND WareAE,
Dovcriptive §  Knote i) Efiects Dbserved 2| Sex Eifrcts Observed o Lund Feel-
Gim Underl | Under? | Scabkemuror Gaim: smube moor rertically a
Light Aar 12 - Ripplea with appearance of ialer, Seroke Arill indicates wind dirvetion: L)
80 four cresta. anes dsant mare.
Light 14 47 Senall wavelets ereats of glaney Wind felt on tices. kaverustle, "
Breeze appearancr, not braking. waneg begin to move:
Centle 3t 312 Large warelite; cirats begin 10 Leyren, prul teriss in constant moton: 2
Breeae break: scattersd whilrzape Tight Mg extended.
Modetate JERTY 318 Seual] wares, breomirg longer. Dust, leared, and oo papes med +
Beersr namerous whitecape, up: semall branches meve
Fresh 1ot 1924 Moderste warer, taking longee? form;. Smull trers in feal bepin tosway, ]
Brecze mtany whiltepe: $0Me Spray,
Srong 2227 2538 Larer waves formming: whitecaps Larger branches exf trees i mation, 18
Brerar PETONE HNET. whirting heard in wares
Near Gale 283 3238 Sea heapa vp. whte foam from Thole trres tn maton, remsdence "
breaking waves bepina to be fell tn walking aewinat wnd
SLawm in streaks,
Gude 0 3948 Modetately high wares of grester Twige end small branthes Lk et 12
Yength, edra af creats begin o teey. proprm penenlly wpeded.
beeak inlio ppindnifl: foam is
Blawn in well-otaked atraks.
4147 4754 igh wavey; pea begina to rally Hlight structun] damuge oczun 23
Gake demat atrealas of foam: sptay may
redoce visbility.
Siom 4855 4563 Yoy high waws with cvechanging Seldom expeniencsd on land; trees 29
rests:; ses takes white appesranee broken o upmaled, consderyble
an [oam b Blown {7 very dene structura] damagr octur.
streaks; tolling i hrary aad
viadikty o redueed.
Vioknt 5663 &2 Exeeptinrutly high wares. s tovered 3t
Stoem weith whife foam petcher, rinbility
st more reduverd.
Hericane 5471 e v g Air lled with faam. Very arely ecpenenzed on land 45

Mnaﬂum;ugﬂnhhrundumnlbeMI T

1F 2 sperd tndicator e wed abosrd ship Lor determining seind direction and apoed, remeraber that the direct reading of the indicalor gves
spparent wind speed, mot troe wind speed Therrfore, the speed and course of the ship ravst be eliminated from apparent wind to chtain troe
wind, Some rules 1o remember when converting from appanent 1o Bue wind are: 1) True wind direction m alwars on the same side s, but
fartber (rom (he bow Cun the spparent wind direction, (2) When the apperent dizvrtion iv aft of the beam. (he true opeed b preater than
spparent apeed {3) When the apparer direetion ts forward of the beam, the troe wind ts bess than apperent sperd.

Cokemin 7. STATE OF SEA - Al that ts required from the chectviz is an estimete cf the avrtage hoght o wind wares and if sheerved the
direction and beight of swills, Wavt and Swel heights should be reported 1o the seateet whalt fool.
“The following definitisns are used in explaining wive parts:

Crent - High paint of ware

Ware Height - Virtieal diatance trom t-ough fo creat
Teotch - Low poit of warr

Wawe Priod - Time betwrtts pesaage 67 sactomlve wate Civits

Wares @ the same spatem usally oona in a sequentz of & frw Lrge, well formed wares follawed by an tnierval in which only smal] snd
pooly {ormed wares aenm, then saother scries of well foemed sraven, ete. Obucivens should detenmine height usirg cnly well farmed asd
discoutsting poary [-rstd waera

Whrn 1he 3ca 19 cAlm, enter and report ealy CALM fof wind wares. When &-uemn:-hl sexvts but wwel] b chactyed, exter and teport
aﬂnhcmlldu-:tmﬂwnhnlmpm)udbdﬁ!(!ml

WAVEHEIGHT - mw:er-.mmuhw-mumr“ H troughs and ridges of well (ormod wares,

SWELL DIRECTION AND HEIGHT - Waenerer  distnet sweld - long, rolling wuves that ssove independer:ily of the bally olwerved wind -

an be entificd the dyection S -hchlkmﬂkh:nkz lauﬁtmhnlﬂnmmm& the height 6T the #weD (i leet} From brough
o crost.

Exumpies of reporting STATE OF SEA (oolusn 7E
1. Wind ware height 2 feet and wwel] NE and height 5 feet would be ¢ntired 212, NE 5 ). and repocted SEA 2Rt SWELLNES 1t
2 ﬁowﬂvare'—wnmtluuuﬂhaluﬂhﬂium&lnnmlkpuﬂdi"’ﬂ.!.'“’l.

OPTIONALENTRIES

c.\-- 4. SEA wamm.m:x: Obaerrete butrucind o #tpert sca watey trrepersnce should recond and Tepact [t fa whese
Segrees Fahrenhel] or Lelina, Check box at the top of column to indicate £ {Celdim)or F {Fahtenbel)). Negatire temperptures should inchade &
winus agn pretoding temperatuore. .

Cobums 8. ATR TEMPERATURE . Obecrvizs lnatrucied i report sir tesspetatare should pocond and report [t In whole degroes Fubreakelt
o7 Celiiua. Theck box at the top of column to indicate € (Cebivs) o F {Fahrenbeith Negutive tem perstare thould irickde s mieue sign

Colwn 10, PRESSURE - Prewnare obettrations should be trported 1o the mesrest whale milidar or hundreth of inch. For exarple, &
reading of 1014.2 snillibary becomes 101 “ 142 becovney 30.14 inekis.

Cohmna 1. REMARLES - Hac this cofumn (0 pecand. any dditions 4410 thet the obverrer thinks gt zent and wiahta t preoed. Remarka
mﬂdnhmnnwidmmuﬂpmmﬂm&mﬂqhnmm:wﬂrcumnﬂﬁmﬂL
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SHIP NAME . RADIO CALL SIGH DATE (month end yaar)
€} ) 3) 4) (5 {5) {7} STATE OF SEA sﬂé} {9} Qo) {1
- WAVE SWELL WATER| AIR
DATE | TIME PO5ITION PRESEHT WEATHER ist WIND TEMP. {TEMP. { PRES- REMARKS
1GMT ) E!LITY DIR. [SPEED| HEIGHT IppEcTion] HEIGHT Dc Q¢ [SURE fieing, etc.)
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