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1.  BACKGROUND 

1 .1  PURPOSE 

The Refractive Effects Guidebook (REG), developed in 

response to a request by the Commander, Third Fleet, and 

under the sponsorship of the Naval Air Systems Command, is 

designed to provide the Fleet with an initial capability to 

tactically exploit large scale atmospheric refractive condi- 

tions.  Using routine weather information available to Fleet 

units, the REG presents guidelines for planning the employ- 

ment of radar, sensor and communications systems* according 

to existing and predicted refractive conditions that frequently 

cause unusual performance (termed "anomalous propagation"). 

The REG information system can be used by both sensor 

operators and operational commanders:  Guidance for the 

understanding of observed conditions is provided for 

operators, while information to support tactical planning 

for systems employment is provided for commanders. 

1 .2  BASIC PROBLEMS 

The phenomenon of atmospheric refraction is defined as 

the bending of radar and radio beams by layers of air through 

* Where 'radar' is mentioned specifically hereafter, the 
discussions also apply equally to other sensor and communi- 
cati ons sys tems. 
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which they pass.  These layers are caused by variations in 

humidity, temperature and pressure.  Depending on the layer 

structure, radar coverage at a given time and place, for 

example, can be normal, greatly extended, or substantially 

1 imi ted. 

Typical of the two extremes are two primary conditions 

known as ducti ng (or trappi ng) and radar holes .  Existence 

of a duct may cause low-angle radar beams (within about one 

degree of the horizontal) to be trapped as if in a waveguide 

and thus transmitted far beyond the normal radar horizon.  A 

radar hole, on the other hand, is an area rendered deficient 

in radar illumination because of refractive conditions that 

bend the beams away from it. 

With a duct's greatly extended coverage, distant features 

that would not normally be detectable may actually be detected. 

A radar hole, however, may allow the virtually undetected 

approach of a rapidly closing threat.  For example, approaching 

aircraft have been sighted visually before being detected by 

radar.  Still another phenomenon attributable to atmospheric 

refractivity is the appearance of false radar targets.  These 

are sometimes known as "ghosts" or "phantoms" and are 

occasionally seen racing across the radarscope at up to 

supersonic speeds , 

Phenomena known as "evaporative ducts," which occur 

near the ocean surface, can cause additional refractive 
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conditions for specialized cases that should be considered 

by the operational commander.  This type of ducting, however, 

is beyond the scope of the present discussion and will be 

addressed in subsequent updates. 

1.3  EXAMPLES OF THE PROBLEM 

Atmospheric refraction can be a problem in naval opera- 

tions.  As far back as World War II when radar was first 

introduced, widely varying ranges were frequently observed. 

At that time, procedures for tactically exploiting these 

conditions were generally unavailable.  As recently as the 

Viet Nam experience, radar ghosts sighted in the Gulf of 

Tonkin were confused with attacking patrol boats and air- 

craft, causing operational emergencies and quick but futile 

reactions. 

Anomalous radar propagation occurs over all maritime 

operating areas of the world, but they are most significant 

over the warmer subtropical and tropical oceans.  Possibly 

the most distant surface targets ever detected by radar were 

points on the Arabian peninsula seen by a 200 mHz radar 

at Bombay, India, during the dry season -- a distance of 

about 1,500 miles.  During the wet monsoon season, the 

same radar had difficulty seeing vessels only 20 miles away. 
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2.      APPLYING   REG   TECHNiaUES 

2.1 INTRODUCTION 

It is not necessary to be a weather or refraction 

expert to use the REG procedure effectively.  Given available 

weather information, the user merely matches these known or 

predicted conditions to one of the typical atmospheric cases 

described in REG (Sections 4,5).  Examination of the selected 

case will reveal the typical coverage pattern appropriate to 

the specified conditions.  Each case provides a typical refrac- 

tivity profile and several ray trace diagrams which illustrate 

the coverage that can be expected at different altitudes 

between the surface and 20,000 feet. 

2.2 IREPS 

REG   profiles   and   ray   traces   were   produced  by   computer 

using   the   Navy's   Integrated   Refractive   Effects   Prediction 

System   (IREPS).     This   system   is   being   readied  by  the   Naval 

Electronics   Laboratory   Center   (NELC)   in   San   Diego   for  intro- 

duction   into   the   Fleet  within   the  next   few  years. 

The   IREPS   profiles   and   ray  traces   are   accompanied   by 

brief  descriptive  notes   that   interpret  the   diagrams   and   indi- 

cate   the  nature   of  surface-to-surface,   surface-to-air,   and   air- 

to-air  coverage   that   can   be   anticipated   for  each   ray   trace 
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condition.  For each set of ray traces, hypothetical radars 

were located at altitudes of interest based on the refractive 

profile.  (Bounced rays simulate reflection of radar energy 

from the surface .) 

Each refractive profile, developed from actual weather 

data, describes significant refractive properties of the 

lower atmosphere typically encountered during operations at 

sea. 

2.3   PROFILE SELECTION SUMMARY 

The appropriate profile is selected by the REG user 

according to one of three types of available weather infor- 

mation:  (1) message, (2) facsimile chart, or (3) actual 

measurements. 

In the simplest procedure, a WEAX message received 

aboard ship prescribes by letter the profile (in Section 5) 

to be used. 

The second technique requires onboard facsimile charts 

for the ship's area of interest.  (Satellite photographs 

may ultimately add to the store of available data.)  The 

meteorologist or aerographer's mate (AG) compares the charts 

to the indexed REG charts in Section 4 and determines which 

one most closely resembles the current synoptic situation 

for ocean area and time of year.  Once the chart is 

identified as typifying existing or forecast conditions, he 
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locates the ship's position with respect to dominant 

weather features (e.g., proximity to the center of a high, 

ahead of or behind a front, etc.).  Letters superimposed on 

the chart tell which profiles are to be used in the various 

operational areas of interest. 

The third technique is used by Fleet units having the 

capability to measure refractivity values in the lower 

atmosphere by means of radiosondes or refractometers.  Using 

an actual refractivity profile derived from these soundings, 

the meteorologist/AG determines the REG profile in Section 5 

that most closely resembles the actual conditions.  This 

matching determines profile letter, and the information 

presented may then be applied for operational guidance. 

It is emphasized that only the highest level and most 

valid weather information available should be used in the REG 

procedure.  Actual measurements are preferable to facsimile 

charts, for example, while charts are preferable to WEAX 

messages (see para. 2.7). 

2.4  PLACE AND TIME 

REG charts are indexed according to operating 

area and season of the year for ease of reference.  These 

charts depict characteristic large scale weather patterns 

for each season in each area. 
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2.5  SELECTION PROCESS STEP-BY-STEP 

Procedures for using REG vary according to type of 

weather information available (message; facsimile chart; 

actual measurement).  They are described and illustrated 

as foilows : 

WEAX Message Technique 1 

Step 1 Obtain from the WEAX message the profile 

letter to be used. Turn to this profile 

letter in the REG. 

Step 2.  Obtain the expected coverage conditions 

from the ray traces and accompanying 

notes for the selected profile. 

2-4 



Figure   2-1 

You   have   (step   1 ): 
Example,   Technique   1 

(Example) 

231046Z   JUN   78 
FM   FLEWEACEN  PEARL   HARBOR HI 
TO   RHWWAZMA/USS   FLAGSHIP 
INFO   RUWJAGE/FLENUMWEACEN  MONTEREY   CA 
RHHMERA/COMSERVPAC   PEARL   HARBOR  HI 
RHHPRAP/COMTHIRDFLT 
BT 
UNCLAS   //  N0314 5   // 
WEAK 
A.   USS   FLAGSHIP   222019Z   JUN   78 
1. METEOROLOGICAL   SITUATION  AT   230600Z. 
HIGH   PRESSURE   CNTR NR  40N   153W  RIDGES   SOUTHWEST  TO NORTH 
BAJA  COAST. 
2. 24   HOUR  FORECAST  COMMENCING   231800Z  ALONG  TRACK  FROM 
SAN   DIEGO  TO   33N   124W AS   INDICATED   REF  A. 
A. WEATHER:   MSTLY   CLDY  W/NIGHT/EARLY  MRNG   HAZE   AND   FOG. 
B. VSBY:      UNRESTRICTED   XCPT   2-4   MI   IN   HAZE   AND   FOG. 
C. WIND:   NORTHWEST   15-20   KTS   BCMG  NORTHERLY   12-16   KTS   BY 
END   OF   PERIOD. 
D. SIGNIFICANT  WAVE:   NORTH   NORTHWEST   6-8   FT,    5-7   SECONDS. 

IE.   REFRACTIVE   PROFILE:"BI 

3. OUTLOOK  TO   48   HOURS:   CONT  CLDY,   WIND  NORTH   10-20   KTS 
GRADUALLY   VEERING  TO  NORTHEAST.   SIG  WAVE   NORTH   5-8   FT, 
6-8   SECONDS. 
BT 

You   get   (step   2): 

PROFILE  TYPE  B 

Very  strong  surface-based 
duct  with   top  near  2,000 
feet.     Moderate  elevated 
temperature   inversion. 
Subtropical   air  mass. 

SYSTEMS   COVERAGE 

S-S    Ducting  and  greatly  ex- 
tended   range. 

S-A     Slightly  extended  range. 

A-A     Near  normal   for  systems 
well   above   duct.     Some 
holes   and   fading   for 
systems   slightly   above 
duct.     Ducting, holes   and 
fading  possible  for 
systems  within   duct 
{below  2 ,000   feet). 
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Technique 2 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Facsimi1e Charts 

Locate the general proximity of the ship 

relative to the major weather features 

shown on the available charts. 

Examine the REG chart appropriate for the 

particular operating area and season. 

Transfer to the selected REG chart the posi- 

tion of the ship relative to the dominant 

weather features (established on the facsimile 

chart in step 1).  Do not be concerned with 

latitude, longitude or other geographical 

consi derations. 

Read the appropriate profile letter from 

the REG chart near the location chosen in 

Step 2.  Turn to this letter in the REG. 

Obtain the expected coverage conditions 

from the ray traces and accompanying notes 

for the selected profile. 

» 
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Figure   2-2.     Example,   Technique   2. 

You   have   (step   1) You   choose   (steps   2-4) 

ss^ 

Actual   or  Predicted 
Ship  Location 

You   get   (step   5) 

PROFILE   TYPE   D 

Sharp elevated  duct  based 
near  1,500  feet  with  top  at 
2,300   feet.     Moderate  ele- 
vated   temperature   inversion. 
Modified   polar  air mass. 

SYSTEMS COVERAGE 

S-S     Normal. 

S-A     No rmal. 

Holes   and   fading   possi- 
ble   for  systems   up  to 
10,000   feet.      Ducting 
also   possible   for 
systems   between  1,500 
and  2,300  feet. 

Ship  Location 
Relative   to 
Synoptic  Features 
as  Observed  on 
Facsimile   Chart 
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Technique 3:  Actual Refractive Profile Available 

Step 1.  Locate the REG profile which most closely 

resembles the measured profile.  In this 

matching process, refractivity profiles 

should be inspected for the following 

features : 

(a) Are there any potential trapping layers?  (The refractivity 

"N" must decrease at the rate of at least 48 N Units per 1000 

feet of ascent over a height interval of at least 30 feet.) 

(b) At what approximate altitude does such a layer occur? 

(c) Are there two or more such layers? 

(d) Are there any subrefractive layers?  ("N" must increase 

with height over a height interval of at least 30 feet.) 

(e) What are the approximate heights of these layers? 

(f) Are there multiple ducts and subrefractive layers occurring 

together? 

(g) Are there no trapping layers or subrefractive layers at 

all? 

(h) Does the temperature profile indicate warm or cool temper- 

atures near the surface? 

Step 2.  Obtain the expected coverage conditions 

from the ray traces and accompanying notes 

for the selected profile. 
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Figure   2-3.     Example,   Technique   3 

You   have   (step   1) You   get   (step   2) 

aotc- 

\ 

M \ 
t 
I i=>:- \ 
0 \ 
H 
T I 
1 
M lOtf- \                ^-'1 F \                           ^^ 
r \                   ^^ 
t \              ^ 
T 

SK- 
V^x 

|J 0 a4e    34a    449    54e 
PEFPftCTI^ITY 

N  UUTS 

^   L.^-? 

PROFILE   TYPE   E 

Sharp,   deep,  elevated  duct 
based  near  4,000   feet  with 
top  at   5,700   feet.     Strong 
elevated  temperature   inver- 
sion.     Tropical   air mass. 

SYSTEMS   COVERAGE 

S-S     Normal. 

S-A     Normal. 

Holes   and   fading  possi- 
ble   for  systems   from 
about   3,000   to   about 
15,000   feet.     Ducting 
also  possible   for  sys- 
tems   between   4 ,000   and 
5,700   feet.     Near normal 
for  systems   below   3,000 
feet   and   above   15 ,000 
feet. 
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2.6 GENERAL USE OF REG PROCEDURES 

REG procedures can be applied with equal ease to both 

present and predicted conditions when either Technique 1 

(WEAX message) or Technique 2 (facsimile chart) is used. 

The REG therefore can be used as a predictive tool as well 

as to provide guidance for immediate operations. 

The meteorologist or AG should also be aware that 

there are additional clues that can help the REG user to 

relate weather to refractive conditions.  For example, over 

the Northeast Pacific, persistent layers of low stratus 

clouds without rain should be regarded as an excellent indi- 

cator of ducting conditions. 

2.7 PRIORITIES OF USE 

In the operational situation, the highest level and 

most valid weather information available should be used as 

input to REG procedures.  In descending order, the priorities 

of source information are: 

(1) Actual measurements 

(2) Facsimile charts; analysis or forecast 

(3) WEAX messages 
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3.  CONSIDERATIONS IN REG DEVELOPMENT 

3.1  CONSTRAINTS 

REG represents a continuing unique attempt to relate 

synoptic weather information directly to anticipated systems 

performance by means of a simple procedure.  Because of the 

newness of this concept and the urgency of Fleet requirements, 

it was not possible during its development to meet full 

standards of scientific rigor.  The user should be aware 

that the procedures presented in the REG were constrained by 

the following considerations: 

(1) The Fleet urgently requires information about how the 

atmosphere affects systems performance.  (The CIC Officer, 

for example, generally does not have time to analyze a weather 

chart or refractivity profile.) 

(2) Large scale weather behavior generally causes the 

existence, extent and intensity of those anomalous refractive 

conditions of vital interest to Fleet units.  Therefore, 

certain refractivity conditions can be considered character- 

istic of certain air mass types and large scale weather 

conditions.  Upper air soundings taken by stations around the 

world tend to confirm this premise.  In the REG, large scale 

weather patterns considered to be characteristic of each 

season are presented. 
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(3) Because nearly all upper air soundings are made 

from land stations, soundings from coastal and island sites 

provide the majority of data used to describe conditions 

over the open sea.  For REG purposes, it was assumed that 

these soundings did in fact apply to the open sea. 

(4) No thorough objective study has yet related refrac- 

tive profile types to air mass and/or synoptic patterns. 

REG profiles were selected according to air mass properties, 

regardless of geographical location.  Although profile 

letters assigned to synoptic features are only generally 

valid, they are based upon similar situations and sound 

meteorological analysis. 

(5) Refractive profiles and ray traces were calculated 

by NELC on IREPS.  Ray trace techniques provide a qualitative 

picture of propagation conditions independent of specific 

systems considerations such as frequency, power, detection 

range, etc.  In the absence of coverage diagrams for specific 

radar systems (which are under development in IREPS), these 

calculations are considered suitable for approximate opera- 

tional evaluation of radar coverage.  Rays depicted generally 

range from between +1 degree to -1 degree from the horizontal 

(6) It was assumed that small size irregularities in 

weather systems could be ignored for ray trace calculations 

and profile selection.  REG users should be aware that 

3-2 



changes in profile type at a particular location are due 

more to the steady movement of weather systems than to 

changes in their shape or characteristics. 

3.2  FUTURE OUTLOOK 

Because of these constraints as well as the irregu- 

larities of the atmosphere itself, it is obviously not 

possible to develop predictions and conclusions that are 

absolutely valid in all situations.  In some areas and 

synoptic patterns, they may not verify well.  It is believed, 

however, that the REG approach addresses the essential consid- 

erations and expected systems coverage, and that it provides 

valuable new guidance in a critical area where little infor- 

mation previously existed. 

As with any new concept, continuing improvements and 

refinements can be expected as procedures are modified and 

newer, more complete data become available.  This initial 

guidebook should enable the system operator and operational 

commander to make useful tactical planning decisions that 

optimize use of all systems resources. 

To keep pace with the Navy's increasing use of environ- 

mental satellite technology, REG capabilities will be ex- 

panded in the near future by the inclusion of weather 

satellite photographs.  These pictures of actual cloud 
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patterns associated with oceanic weather systems will be 

related to expected sensor systems coverage in much the 

same way that facsimile charts are used in the present 

version of the REG. 
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4.  SYNOPTIC CHARTS 

The charts presented in this section depict weather 

patterns that are typical for the seasons and ocean areas 

specified.  The superimposed letters on each chart indicate 

the REG profiles in Section 5 that apply to the various 

areas and weather features pictured. 

It will be seen that these profile letters exhibit 

certain sequences for certain weather features.  For instance, 

air masses in storms, fronts and equatorial zones generally 

are lacking in refractive layerings and are characterized in 

the REG by profile K.  Air masses within strong high pressure 

cells generally exhibit ducts which are low near the center 

(profile B) and higher away from the center (profiles C, D, 

etc.).  Tropical regions on either side of the equator are 

often characterized by REG profiles E, F, G, H and J, 

depending on nearness to the equatorial zone. 

4-1 



North Pacific, Winter 

North Pacific, Winter.  Strong high pressure to north and 
east, deep low and frontal systems in central Pacific. 
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North Pacific, Spring 

North Pacific, Spring.  Pacific High well defined as part 
of high pressure belt in southern and central regions. 
Strong lows with well defined fronts trail from the "north 
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North Pacific, Summer 

North Pacific, Summer.  Pacific High dominant over eastern 
Pacific, western Pacific influenced by tropical storms to 
south and frontal activity far to north. 
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North Pacific, Fall 

North Pacifi c. Fal1 .  Typhoon and deep low west central 
Pacific, cold high to the north.  Deep low to northeast 
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South Pacific, Winter 

South Pacific. Winter.  Chain of well-defined lows and fron^ 
tal systems separated by strong highs.  Tropical air covers 
low latitudes. 
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South Pacific, Spring 

South Pacific. Spring.  Large high cells separated by in^ 
tense lows and frontal systems traversing southern areas 
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South Pacific, Summer 

South Pacific, Summer. Chain of tropical storms and distur- 
bances traverse western areas with strong'high over east and 
southern regions. 
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South Pacific, Fall 

South Pacific. Fall.  Series of lows and frontal systems 
traversing southern areas separated by high pressure cells 
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Indian Ocean, Dec-Feb 

Indian Ocean, Dec-Feb. Well defined low and frontal system in 
northwest near Gulf of Oman, otherwise flat pressure field in 
Northern Hemisphere areas. Broad high pressure belt covers most 
of the Southern Hemisphere area. 
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Indian Ocean, Mar-May 

Indian Ocean, Mar-May. Tropical storms straddle the equator while 
a low and frontal system separate two highs in the Southern 
Hemisphere area. 
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Indian Ocean, Jun-Aug 

Indian Ocean. Jun-Aug. Northern Hemisphere area marked by wet 
monsoonal circulation while a strong high prevails in Southern 
Hemisphere areas. 
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Indian Ocean, Sep-Nov 

Indian Ocean. Sep-Nov. Flat pressure field prevails in Northern 
Hemisphere areas except for typhoon in extreme northeast section 
High pressure prevails over Southern Hemisphere areas with few 
cold fronts moving from west to east. 
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Mediterranean Sea, Winter 

Mediterranean Sea. Winter.  Deep low trailing frontal system 
in central Mediterranean with higher pressure at west and 
east ends. 

4-14 



Mediterranean Sea, Spring 

Mediterranean Sea, Spring.  Flat low pressure covers central 
Mediterranean.  High pressure ridges in from the Atlantic. 
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Mediterranean Sea, Summer 

Mediterranean Sea, Summer.  High pressure noses into western 
area from Atlantic with lower pressure covering the east end. 
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Mediterranean Sea, Fall 

Mediterranean Sea, Fall.  Strong high ridging in from the 
Atlantic with offshore flow over western Mediterranean.  A 
front trails from a low over north central Mediterranean 
coast. 
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North Atlantic, Winter 

North Atlantic, Winter. 
north 
half. 

central Atlantic; 
Very deep lows cover northeast and 

high pressure belt covers southern 
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North Atlantic, Spring 

North Atlantic, Spring.  High pressure prevails over most of 
the Atlantic with deep lows to north and extreme east. 
Front divides high into two cells. 
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North Atlantic, Summer 

North Atlantic, Summer.  High pressure covers most of the 
Atlantic; weak frontal systems traverse northern areas. 
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North Atlantic, Fall 

North Atl antic, Fal 1 .  Strong high to east and south.  Deep 
lows and frontal systems traversing the north and west. 
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South Atlantic, Winter 

South Atlantic, Winter.  Deep low over southwest area with 
large high cell over east and central South Atlantic. 
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South Atlantic, Spring 

South Atlantic. Spring 
complex frontal system 

Deep low in south central area with 
High cells prevail to east and west. 

4-23 



South Atlantic, Summer 

South Atlantic. Summer.  Two strong high cells divided by 
weak frontal system. 
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South Atlantic, Fal 1 

South Atlantic, Fall .  Deep low with trailing frontal system 
over southern areas.  Strong highs to east and west. 
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Arctic Ocean, Winter 

Arctic Ocean. Winter.  Strong high near the pole with 
vigorous lows traversing southern areas. 
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Arctic Ocean, Spring 

Arctic Ocean, Spring.  Strong high offset from the pole with 
moderate lows traversing extreme southern areas. 
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Arctic Ocean, Summer 

Arctic Ocean. Summer.  Weak frontal systems rotate near the 
pole; high cells over extreme southern areas. 
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Arctic Ocean, Fall 

Arcti c Ocean, Fa!1 . High pressure near the pole with 
vigorous lows and frontal systems traversing southern 
regi ons . 
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5.  PROFILES AND RAY TRACES 

This section presents the 11 profile types selected for 

use in the REG procedure because of their significant refrac- 

tive properties.  Profile characteristics are cited, and 

sensor systems coverages that can be expected during profile 

conditions are described.  The diagrams were generated by 

IREPS, and coverage descriptions are based on interpretations 

of them. 

The diagrams include an "N" profile which shows how 

refractivity varies with altitude; an "M" (for modified) 

refractivity profile which is useful in determining duct 

locations for those users familiar with this method; and a 

duct height graph.  On the right side of each profile page 

are several IREPS ray traces.  These graphically indicate 

for each profile, the bending properties of sensor energy 

emitted at shallow angles from a number of different sensor 

altitudes.  It should be noted by REG users that the further 

a sensor system is placed above or below a duct, the greater 

is the range to a radar hole. 

Sensor system coverage descriptions are provided for 

surface-to-surface (S-S), surface-to-air (S-A), and air-to- 

air (A-A) situations.  It is assumed that the transmitter is 

placed at the first location and the receiver or target at 

the second location (e.g., S-A = transmitter at surface and 

receiver/target airborne). 
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PROFILE TYPE A 

Intense   surface-based   duct 
with   top  near  600   feet.     Very 
strong   surface-based  temper- 
ature   inversion.     Subtropical 
ai r mass. 

RftMGE   IN  NAUTICAL  FIILES 

LOCATIOtl     34   07T1     119  06U 
TINE     ©7  OCT  71      IIS0Z 

SOURCE «IGHT   -     IMM    FEET 
     NOWIAL  HORIZON 

REFRACTIUITV 
f<  UNITS 

aSe 5^6 7^ IME iij?c 
MODIFIED REFWACT1UITV 

n UMITS 

LOCATION 34 07H 
TlflE 07 OCT 71 

RANGE IN NAUTICAL MILES 

LOCATIOn  34 07H  119 06U 
TIME  07 OCT 71  1150Z 

SYSTEMS COVERAGE 

S-S  Ducting and greatly ex- 
tended range. 

S-A  Reduced range. 

A-A Near normal for systems 
located well above duct 
Some holes and fading 
for systems slightly 
above duct.  Ducting, 
holes and fading possi- 
ble for systems within 
duct (below 600 feet). 

RANGE IN NAUTICAL CIILES 

LOCATION  34 07N  119 06U 
TIME  07 OCT 71  11502 

SOURCE HEIGHT -   2000  FEET 
  NORMAL HORIZON 

RANGE IN NAUTICAL MILES 

LOCATION  34 07M  119 06U 
TIME  07 OCT 71  1150Z 

SOURCE HEIGHT -    100  FEET 
  NORMAL HORIZON 
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PROFILE   TYPE   B 

Very  strong   surface-based 
duct  with   top   near  2,000 
feet.     Moderate  elevated 
temperature   inversion. 
Subtropical   air mass. IM IS* 

PfiNG£   IM  NAUTICAL  PlILES 

SOURCE  HEIGHT   -      IMM     FEET 
 NORflAt  H«IZOM 

5<Je       346       4^0 
REFPACTIUITV 

N  UNITS 

LOCATION 34 07H  119 efiU 
TIME S6 JUL 74  16192 

3^e    sie    84e trab   is^fe 
nODIFIED REFRACTIUITY 

H UNITS 
RANGE IN NAUTICAL MILES 

SOURCE KIGHT -      seee   FEET 
 NORTIAL  HORIZON 

SYSTEMS COVERAGE 

S-S  Ducting and greatly ex- 
tended range. 

S-A  Slightly extended range. 

A-A Near normal for systems 
well above duct.  Some 
holes and fading for 
systems slightly above 
duct.  Ducting, holes and 
fading possible for 
systems within duct 
(below 2 ,000 feet) . 

RANGE IN NAUTICAL MILES 

LOCATION  34 07M  119 06U 
TINE  36 JUL 74  16182 

SOURCE HEIGHT -   SSM  FEET 
  NORMAL HORIZON 

RANGE IN NAUTICAL MILES 

LOCATION  34 VTti     119 e6U 
TIME  26 JUL 74  1610Z 

SOURCE HEIGHT -    100  FEET 
  NORMAL HORIZON 
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PROFILE  TYPE   C 

Very   low   duct   based  at  or 
just   above   surface with  top 
near  600   feet.     Strong   sur- 
face-based  temperature   in- 
version.     Polar  air mass. 

PAHGE IN NAUTICAL MILES 

LOCATION  71 18H  156 -470 
Tine  15 JUL 74  1115Z 

SOURCE HEIGHT -  IMM  FEET 
 NORflAL HORIZOM 

PEFPACTIiJITV 
N UMITS 

LOCATIOfi 71 18N  156 47U 
TIME 15 JUL 74  UlSZ 

iie  see  sieieeS liie 
MODIFIED REFRACTIUITY 

PI UNITS 

100 150 

RANGE IN NAUTICAL PlILES 

LOCATION 71 I8N  156 47U 
TIME  15 JUL 74  U15Z 

SOURCE HEIGHT -  5000 FEET 
  NORHAL HORIZON 

SYSTEMS COVERAGE 

S-S  Ducting and greatly ex- 
tended range. 

S-A Near normal. 

A-A Near normal for systems 
well above duct.  Some 
holes and fading for 
systems slightly above 
duct.  Ducting, holes 
and fading possible for 
systems within duct 
(below 600 feet). 

RANGE IN NAUTICAL MILES 

LOCATION  71 18N  156 ^7U 
TIME  15 JUL 74  1115Z 

SOURCE HEIGHT -   2000  FEET 
  NORNAL HORIZON 

LOCATION  71 ISH  156 47U 
TIME  15 JUL 74  1115Z 

150 

PANQE IN NAUTICAL MILES 

SOURCE HEIGHT - 100  FEET 
NORMAL HORIZON 
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PROFILE   TYPE   D 

Sharp  elevated   duct  based 
near  1,500  feet  with  top   at 
2,300  feet.     Moderate   ele- 
vated  temperature   inversion 
Modified   polar   air  mass. 

RftMGE   IN  NMJTICAL  MILES 

LOCATION     63  53H     22  36U 
TIME     dA   JUL   74      11312 

SOURCE  HEIGHT  -      1MM     FEET 
 NORfW,  HOKIZOM 

LOCfaT^ 
Tirr 

i    s^e    tR leVe   i3^e 
"WlXFtED  RCFRACTIUITV 

M  UNITS 

1M ise 

RftNGE IN NAUTICAL MILES 

LOCATION  63 S8N SZ  36U 
TIHE  24 JUL 74  1131Z 

SOURCE HEIGHT -   SdM  FEET 
  NORHAL HORIZON 

SYSTEMS COVERAGE 

S-S     Normal. 

S-A     Normal . 

A-A     Holes   and   fading  possi 
ble   for  systems   up   to 
10,000   feet.     Ducting 
also   possible   for 
systems   between   1 ,500 
and  2 ,300   feet. 

lee ise 

Pf4<£   IN NAUTICAL MILES 

SOURCE HEIGHT -   20©©  FEET 
  NORMAL HORIZON 

LOCATION  £3 53N  22 36U 
TIME  24 JUL 74  1131Z 

1M 150 

PAr*OE IN NAUTICAL MILES 

SOURCE HEIGHT - 
- - NORMAL HORIZON 
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PROFILE   TYPE   E 

Sharp,   deep,   elevated duct 
based  near 4,000   feet  with 
top  at   5,700   feet.     Strong 
elevated  temperature   inver- 
sion.     Tropical   air mass. 

LOCATION  13 e4r) (559 30U 
TIME  et JUL 74     111SZ 

SOURCE HEIGHT ■  1©OO0  FEET 
 NORfW. HORIZON 

a4e     3^0     446 
PEFPftCTIUITY 

N  UtHlTS 

LOCATION   13 04N    959 3«U 
TIHE   01   JUL   74      11152 

370  eie  8^0 112^ 13?0 
MODIFIED REFRACTIUITV 

fl  UNITS RftNGE   IN NAUTICAL  PtlLES 

LOCHTIOH      13  04M     059  30U 
TIME     01   JUL  74      111SZ 

SOURCE  HEIGHT   •        SMe     FEET 
     NORHAL  HORIZON 

SYSTEMS   COVERAGE 

S-S     Normal 

S-A     Normal 

A-A     Holes   and   fading   possi- 
ble   for systems   from 
about   3,000   to   about 
15,000   feet.     Ducting 
also  possible   for  sys- 
tems   between  4,000   and 
5,700   feet.     Near normal 
for  systems   below   3,000 
feet   and  above   15 ,000 
feet. 

1M 15* 

RANGE IN MMJTICAL RILES 

LOChTlOM  13 e-^rt  059 3«J 
TIME  01 JUL 74  11152 

RANGE IN NAUTICAL MILES 

LOCATION  13 MN  959 SOJ 
TIME 61 JUL 74     11152 
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PROFILE TYPE F 

Very sharp, high, elevated 
duct based near 9,200 feet 
with top near 10,300 feet. 
Modified  tropical   air  mass 

RftMGE IN NAUTICAL fllLES 

LOCATION  22 eSM  1S9 47U 
TItlE  2S JUL 69  1S102 

SOURCE HEIGHT -  15090  FEET 
 NOWtAL HORIZON 

al&     iie  lie  3^i 
PEFPACTI'>ITV 

N UNITS 

3^0 sie s^e iedk isate 
MODIFIED REFRACTIUITY 

H UNITS 

LOCATION 32 02H  159 47U 
TIME US   JUL 69  18102 

UIND SPEED  0 0 KNOTS 

PLOT,E DIT.LI ST.SUMPV,PAVS.LOSS -CO^€R.END)' 

(PLOT . EDIT, LIST , SUMRV . RAVS. LOSS . COICR. END »•? 

50 100 150 

RANGE IN NAUTICAL fllLES 

SOURCE HGIOKT -  10000  FEET 
  NORMAL HORIZON 

(PLOT, EDIT.L1ST.SUMRV,RAVS,LOSS -COUER.END)7 

SYSTEMS COVERAGE 

S-S  Normal. 

S-A Normal . 

A-A Holes and fading possi- 
ble for systems between 
5,000 and 17,000 feet. 
Ducting also possible 
for systems between 
9,200 and 10,300 feet. 
Near normal for systems- 
below 5,000 feet and 
above 17,000 feet. 

100 150 

RANGE IN NAUTICAL MILES 

LOCATION  22 0aN  159 47U 
TIME  25 JUL 69  18102 

SOURCE HEIGHT -   5000  FEET 
  NORMAL HORIZON 

(PLOT, EDIT. LIST. SUMRV. RAVS. LOSS , COUER, END if 

20K.-1 

100 150 

PANQf IN NAUTICAL MILES 

LOCATION  22 02M  159 47U 
TIME  25 JUL 69  18102 

SOURCE HEIGHT -    100  FEET 
  NORMAL HORIZON 

t PLOT, EDIT. LIST, SUMPV. PAYS , LOSS , COUER, END )? 

5-7 



PROFILE   TYPE   G 

Very  high   elevated   duct  based 
near  15,500   feet  with   top 
near  16,200   feet.     Siight 
elevated  temperature   inver- 
sion.     Modified  tropical   air 
mass . 

-A,   3 
BCFMCTIWITV 

M  UNITS 

36e     elo     n!  US   i3?o 
riODIFIED REFRACTIUITV 

fl UNITS 

LOCATION eS SOtf  079 33U 
TIP1E id7 J«i 74  1116Z 

UIMD SPEED  0 0 KNOTS 

PLOT EDIT LIST SUPfv . PAVS . LOSS . COUEP. END I'' 

RATKE IN NAUTICAL HILES 

LOCATIOt)  08 S**!  07Q 3^ 
TIHE  07 JWl 74  1116Z 

(PLOT - EDIT , LI ST SUMRV , ROVS. LOSS . CO<J€R. END >7 

Art -» 

RANGE   IN  NAUTICAL  NILES 

LOCATIO<<     08   5911     079  33U 
TII-C     07  JWt  74      1116Z 

SOURCE  WIGHT  -      16000     FEET 
 NORTIAL  HORIZON 

(PLOT, ED IT. LI ST. SUMRV. RAVS. LOSS . CO^JER. END )? 

SYSTEMS   COVERAGE 

S-S     Normal 

S-A     Normal 

A-A     Holes   and   fading   possi- 
ble   for  systems   between 
8,000   and  20,000   feet. 
Ducting   also   possible 
for  systems   between 
15,500   and  16,200   feet. 
Near  normal   for  systems 
below  8,000   feet   and 
above   20,000   feet. 

RANGE IN NAUTICAL MILES 

LOCATION  08 S9N  079 33U 
TIME  07 JAN 74  UlSZ 

SOURCE HEIGHT -  lOMO  FEET 
  NORMAL HORIZON 

(PLOT. EDIT. LIST. SUMRV, RAVS. LOSS. CO^CR-END)? 

RANGE IN NAUTICAL MILES 

LOCATION  08 59M  079 33U 
TIME  07 JAN 74  11162 

SOURCE HEIGHT -    100  FEET 
  NORMAL HORIZON 

(PLOT , ED IT. LI ST. SUTRV . PAVS . LOSS. COUER. END )7 
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PROFILE TYPE H 

Multiple ducts with bases at 
surface and about 5,000 feet 
and tops at 300 and 5,900 
feet.  No temperature inver- 
sions.  Tropical air mass. 

n 

si*     3se 4?e 
PEFPACTiyity 

N UNITS 

3^® e3e tR  uS taib 
nODIFIED R£FRflCTIUITv 

M UNITS 
LOCHTICKf 14 Se6  176 
TIME 1© JMI 74  2315Z 

UIND SPEED  e e KNOTS 

I PLOT,EDIT.L1ST.SUMPV.PAVS LOSS.COUCR.END W 

SYSTEMS COVERAGE 

S-S  Ducting and greatly ex- 
tended range . 

S-A  Slightly reduced range. 

A-A Some holes and fading 
for systems up to 12,000 
feet.  Ducting also 
possible for systems 
between the surface and 
300 feet and between 
5,000 and 5,900 feet. 
Anomalous propagation 
may be experienced at 
several altitudes. 

1M ISO 

RAMGE IN NAUTICAL fllLES 

LOCATION  14 2©S  176 43U 
TIME  16 JAN 74  231SZ 

SOURCE «IQHT -  10*89. FEET 
  HCHHM.  HORIZON 

(PLOT, EDIT.LIST.SUMRY.RAVS,LOSS,COUER.EMD)? 

RANGE IN NAUTICAL MILES 

LOCATION  14 20S  t7e 43U 
TIME  1© JAN 74  2315Z 

SOURCE HEIGHT -   S70e  FEET 
  NORMAL HORIZON 

tPLOT.EDIT.LIST,SUMRV.PAVS.LOSS.COUER,END)' 

RMIQC It) NAUTICAL fllLES 

SOURCE HEIGHT -   2600  FEET 
  NORMAL HORIZON 

(PLOT,EDIT.LIST.SUMRV,PAYS.LOSS.COUEP,END J' 

1» 156 

RANGE IN NAUTICAL MILES 

LOCATION  14 26S  176 43U 
TIME  16 JAN 74  2315Z 

SOURCE HEIGHT -    166  FEET 
  NORMAL HORIZON 

(PLOT. EDIT.LIST.SUMPV,PAVS.LOSS.COOEP,END)? 
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PROFILE   TYPE   I 

Very  strong   elevated  sub- 
refractive   layer  due  to 
strong   increase   in  moisture 
at  higher   levels   (from  9,400 
to  10,300   feet).     Tropical 
air  mass. 

2?0     3?e     4n 
PEPRACTIUlTY 

ri  LIMITS 

LOCATIOH e?   1£S     072 24E 
TiriE    I?   JH*  74     234-52 

6^0       37   113fe 
flODIFIED  REFRACTIUITV 

H  UNITS 

UirtD  SPEED     9  e  KNOTS 

( PLOT, EDIT. LIST. SUnPV.Pf.VS. LOSS. COWER. END)' 

SYSTEMS COVERAGE 

S-S  Normal . 

S-A Normal 

A-A Holes and fading possi- 
ble for systems between 
7,000 and 17,000 feet. 
Near normal for systems 
below 7,000 and above 
17,000 feet. 

RANGE IN NAUTICAL MILES 

LOCATION  07 13S  972 £4E 
TIME  19 JAM 74  2345Z 

SOURCE HEIGHT -  15000  FEET 
 NORtlAL HORIZON 

(PLOT. ED 1T LI ST. SUMP1/ . PAYS . LOSS. CO^R. END it 

PANCt IN NAUTICAL MILES 

LOCATION  07 18S  072 24E 
TIME  19 JAM 74  23457 

SOURCE KIQHT - 199—     FEET 
 NONHM. HORIZON 

(PLOT . EDIT. LIST. SUnPV. RAV5 . LOSS - CCkXfi.OO )? 

RANGE IM NAUTICAL MILES 

LOCATION  07 I8S  072 24E 
TIME  19 JAN 74  2345Z 

SOURCE HEIGHT -   200©  FEET 
  NORfML HORIZON 

(PLOT, EDIT . LIST. SUr»>Y . PAVS LOSS . COl^R - END >? 

RANGE IM NAUTICAL MILES 

LOCATION  07 18S  072 a4E 
TIME  19 JAN 74  2545Z 

SOURCE HEIGHT ■    100  FEET 
  NORMAL HORIZON 

(PLOT . EDIT.LIST.SUMPV,PAYS.LOSS -COUER.END 17 

10 



PROFILE TYPE J 

Multiple  ducts   and   subre- 
fractive   layers   up   to   8,000 
feet.     Modified  tropical   air 
mass . 

2*5 aie     S yfe 
REFRACTIUITV 

N UHITS 

LOCATION 21 15N 159 0eu 
TIME 23 JUL 69 e03SZ 

798 
MODIFIED REFRACTIUITY 

n UNITS 

UIND SPEED e e KNOTS 

(PLOT. EDIT, LIST. SUMRY.RBVS. LOSS. CO^CR, END)'' 

SYSTEMS COVERAGE 

S-S     Normal. 

S-A     Normal. 

A-A     Ducting,   holes   and 
fading  possible   for  sys 
tems   up  to   15,000   feet. 
Anomalous  propagation 
may  be  experienced   at 
several   altitudes. 

Note: Profile Type J 
ray traces continued 
on following page. 

PAfHGE   IM  rWUTICAL  HILES 

SOUPCE  HEIGHT   -        5200     FEET 
      NORTWL  HORIZON 

t PLOT.EDIT. LIST. SUMCV. RftVS. LOSS. CoyEP, EMD >7 

PM+GE   IH  NAUTICftL  HILES 

UXMTIOH    £1   15M     159 00U 
TIME      23   JUL  69     ©035Z 

(PLOT , EDIT.L1ST,SUMPV,PftVS,LOSS.COUER,EMD)? 

RAMGE   IN  NAUTICAL  MILES 

LOc^Tior* ai  ISM isg eou 
TIME  23 JUL 69  ee3SZ 

SOUPCE HEIGHT -   2000  FEET 
  NORMAL HORIZON 

(PLOT.EDlT.LIST.SUMRV.RftVS.LOSS.COUER,END^ 

RWK.E In NAUTICAL MILES 

SOURCE HEIGHT -    100  fE^T 
  NORMAL HORIZON 

(PLOT,EDIT,LIST.SUMPV.PUVS.LOSS.COUER END O 
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PROFILE   TYPE   J 

Ray  Traces   (Continued) 

1M ISO 

RftHOE   It-t  NAUTlCftL  MILES 

UOCATIOH     31   15H     1?9  O^M 
TIME      23   JUL  69     00352 

SOURCE  HE10HT   -      IWW     FEET 
 NORPlftL  HORIZON 

(PLOT , ED IT, LI ST . SUP1RV . RAVS. LOSS , COUEP, END )7 

100 150 

PAMCiE   IN  rtftUTICfcL  niLES 

LOCATION     £1    ISM      ISl   feJCU 
TIME      33   JUL  69     00352 

(PLOT.EDIT.LIST.SUIIPV.PAVS.LOSS.CQiJEP.END '' 

100 150 

PANGE   IN  NAUTICftL  MILES 

LOCATION     21   15tl     159 00U 
TIME     23   JUL  69     00352 

SOURCE  HEIGHT   -        6700     FEET 
     NORTWL  HORIZON 

tPLOT.EDIT. LIST, SUMPV.PHVS. LOSS. CO^CR. END)' 

100 150 

PfcNCE   IFH  NWJT1CAL  MILES 

L0CAT10M     21    15tl      IS9  00U 
' TIME      23   JUL   69     003SZ 

SOURCE  HEIGHT   ■       6000     FEET 
     NORMftL  HORIZON 

t PLOT , ED IT. LI ST . SUMPV , PAYS . LOSS , CQiJEP. END j' 
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PROFILE TYPE K 

Standard well-mixed   atmos- 
phere.     No  significant  re- 
fractive  layers.     Temperate 
air mass. 

sie sSe 460 
PEFPACTIUITV 

N UMIT5 

LOCATION   36  00^^     1^0  00U 
TIHE   09   JftH   7-4     a2-45Z 

3^0  SI0  8^0 lll'e  136"0 
MODIFIED REFRftCTIUIT,' 

n   UNITS 

UIND SPEED  0 0 KNOTS 

(PLOT. EDIT , LIST . SUHRV , RftVS . LOSS - COUER. END )'' 

RANGE IN NAUTICAL HILES 

LOCATIOtl  30 00fi  140 00U 
TIME  09 JAN 74  2245Z 

SOURCE HEIGHT -  10*00  FEET 
  NORfWL HORIZON 

<PLOT, EDIT.LIST.SUMRY,RAVS.LOSS.COOER,END >? 

RANGE IN NAUTICAL MILES 

SOURCE HEIGHT -   5000  FEET 
  NORrttL HORIZON 

(PLOT.EDIT,LIST.SUMRV.PAVS- LOSS,COUER.END)i 

SYSTEMS COVERAGE 

S-S Normal . 

S-A Normal. 

A-A     Normal . 

RANGE IN NAUTICAL MILES 

(PLOT. EDIT. LIST, SUMRY. RAVS, LOSS. CO<JCR, END it 

RANGE IN NAUTICAL MILES 

LOCATION 30 een 140 00U 
TIME  09 JAN 74  2245Z 

SOURCE HEIGHT -    100  FEET 
  NORMAL HORIZON 

t PLOT, EDIT,L1ST,SUMRY.RAYS.LOSS.COUER.END)? 
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1. TACMEMO 280-1-76 is forwarded as enclosure (1) in accordance with refer
ences (a) and (b). The TACMEMO contains improved guidelines for exploiting
the effects of atmospheric refraction on electromagnetic propagation. Pro
cedures are provided for converting routine weather information received
aboard ship to a measure of anticipated system performance. Although the
guidelines and procedures are based on a number of simplifying assumptions,
the REG is considered a step forward in the documentation of tactical exploi
tation of refractive effects.

2. Reference (c), "Interim Guidelines for Using Atmospheric Refractive Effects,"
is superseded~and cancelled.

3. The essence of the REG is contained in Chapters 4 and 5. Once the appro
priate refractive profile has been determined from Chapter 4, the decision
maker will find all the applicable Information concerning that profile on a
single page 1n Chapter 5. The remaining chapters provide background informa
tion and instructions for use.

4. This TACMEMO will be revised as necessary. Lessons learned and recommenda
tions are desired from all users, who are requested to forward significant case
histories, with supporting environmental daU when available, for analysis.
Such reports should be forwarded to Commanding Officer, Naval Environmental
Prediction Research Facility, with copy to Commander THIRD Fleet and Commanding
Officer, Pacific Missile Test Center (Code 3253).
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