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ABSTRACT 

This study undertakes an investigation of the 

feasibility of developing a helicopter night/adverse weather 

system for the Army by modifying systems currently used in 

Air Force C-130 and C-141 tactical airlift aircraft. In 

being systems examined include* Stationkeeping Equipment 

(SKE), Zone Marker (ZM), and Zone Marker Group (ZMG), For 

purposes of this study the acronym "N/AWS* specifies the 

combined capabilities of these three systems. 

Those factor.* in. «^ ".igated in this thesis which 

were considered to have greatest impact on night/adverse 

weather operations include 1 Army doctrinal requirements, 

} weather conditions, anti-helicopter threats, crewraember 
1 
1 physiological limitations, and cost effectiveness. 

I Three significant findings were revealed in the 

\ studyt A valid requirement exists for developing a 

helicopter night/adverse weather systemi available 
i 

equipment (described as the N/AWS) provides a feasible 

solution to satisfy the void stated in the requirosuentj 
i    I 
\ and state-of-the-«art technology can provide a N/AWS for 

; Army helicopters, through retrofit action. 

j The study concludes that a N/AWS is feasible and 

that adoption of it will increase the staying power of Army 

helicopters in future raid-intensity conflicts. 
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CHAPTER I 

PRESENTATION OF THE PROBLEM 

■A 

The night is a faithful and 
reliable helper of the soldier. 
It has never disappointed those who 
knew how to profit by its advantages 
and who were familiar with the 
peculiarities of night. Generally 
speaking, the darker the night, the 
worse the weather, the better it is 
for the brave and proficient soldiers, 

Soviet Soldiers Handbook 

BACKGROUND 

History reveals that even the greatest armies are 

subject to defeat by weather and its adverse effects. To 

conduct effective continuous combat, man must develop a 

Mans to compensate for the adversities of night and weather. 

The combatant possessing a night/adverse weather capability 

has a distinct advantage over adversaries not possessing 

this capability. 

One »eans of assessing the combat power of opposing 

forces involves comparing the relative numerical strength 

of combat assets. A numerical comparison of combat assets, 

however, does not take into account the aspect of performance. 

To include performance or combat effectiveness requires a 

subjective evaluation of a number of variables. An  evaluation 

of these variables is the basis for developing force ratio. 

1 



The development process presented in Field Manual 100-5, 

Opefatjonp. concludes that "The defender can win outnumbered 

3il} The attacker should have 6il to prevail".  However, 

the formula used in the development of these ratios is not 

well defined. One definite factor that affects combat 

force ratio detarmination is the presence of combat 

multipliers, which "significantly increase the relative 

strength of opposing forces while actual force ratios 

remain constant."^ These ratios of combat power must be 

developed through imaginative innovations in deception, 

mobility, electronic warfare, and massing of fires.-^ 

"Throughout the history of warfare, the side 

enjoying the edge in firepower and mobility,..usually have 

emerged victorious on the battlefield."^ The helicopter, 

is a formidable combat weapon system due to its firepower 

and mobility. Firepower is provided through its aerial 

artillery, with a stpnd-off capability. Mobility is 

provided, primarily, through its multidirectional airborne 

capability. 

Soviet tacticans respect the capabilities of the 

helicopter, as indicated by the importance they place on 

organizing air defense to protect their combat units from 

surprise helicopter attacks. In fact, Soviet doctrine 

states, "...it should be borne in mind that a small group 

of helicopters is capable of knocking a tank element out 

of action...."^ 

The value of the helicopter is manifest in the 
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variety of missions it is capable of performing. In a 

tactical situation, the helicopter provides firepower, 

)      logistics, troop movement, surveillance and reconnaissance," 

Ro other combat asset can provide this range of support. 

Its proven flexibility and mobility make the helicopter a 

vital part of the combined arms team. Wars of th'* future 

necessitate training and equipping units to engage in the 

contest between mobility and firepower.^ This plus the 

fact tint helicopters currently constitute an absolute 

majority of all piloted military vehicles necessitates 

maximum utilization of them on the battlefields of the 

future.  We must find ways to extend the conditions under 

which helicopters can provide support for future combat 

operations. 

Post-war evaluations of the 1973 Yom Kippur War 

have recognized both the stark realities of the ferocity 

of modern battle, and the demonstrated emphasis in night 

combat capabilities that the decision-maker can anticipate 

in the next war, whether it be Middle East or Europe.^ Since 

Army forces will be involved, a mid-intensity war against 

m Soviet forces in Europe will be addressed in this research, 

I The Army defines a mid-intensity conflict as one 

which is nonnuclear, characterized by national policy 

limitations, conducted in a sophisticated technological 

environment, and which involves large armored forces and 

rapidly changing battlefield conditions,1^ 
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The U.S. Army is currently developing doctrine to 

support a continuous, mid-intensity conflict. These 

changes will influence the tactics, procedures, and 

techniques, for employing the helicopter in a continuous 

all-weather role. Pin-pointing operational problems and 

matching them with technological advances in hardware is of 

vital importance." Bold and imaginative thinking is necessary 

to develop a capability to support a doctrine that has a 

goal of attaining a night fighting capability comparable in 

effectiveness with that achieved during daylight operations.12 

Accomplishment of this goal represents a monumental task for 

Amy aviation. Developing a capability for conducting the 

myriad of helicopter combat operations during periods of 

darkness will necessitate developing a helicopter night/ 

adverse weather capability. The Army cannot allow a combat 

multiplier, such as the helicopter, to be dependent on 

fair weather. 

STATEMENT OF THE PROBLEM 

The Army does not have a Night/Adverse Weather Sy«- tern 

(N/AWS) for helicoyjters, yet Army doctrine calls for 

continuous combat operations for all combined arms weapons 

systems. This study is devoted to investigating whether 

the Army should adapt current N/AWS equipment for use in 

its helicopters. To do this, an analysis of factors 

relating to current Army Aviption capabilities will be 

made. Additionally, an analysis of the capabilities and 

A 
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compatibility of a fixed-wing N/AWS will be made to determine 

if the same increased combat effectiveness available to those 

% weapons systems during night/adverse weather is available to 

the Army helicopter. 

t The investigation of conditions impacting on the 

development of a helicopter N/AWS involves determining if 

a valid requirement existsi developing a valid and feasible 

alternativei and evaluating the effectiveness of the 

alternative as a solution to satisifying the helicopter 

N/AIS requirement. 

Army Aviation must solve the problem of developing 

a helicopter system and associated capability which will 

provide the ground forces with those unique and essential 

support options during night/adverse weather conditions, 

which only a helicopter can offer. 

mumm 
This investigation is designed to Include the salient 

factors which influence helicopter night operations in 

general, with emphasis in the specific area of helicopter 

night/adverse weather operatica.s. 
i 

The following limitations to the scope of this 

investigation were necessp.ryi 

1. Only Unclassified Information was Presented. 

The classified information omitted did not greatly affect 

j       the outcome of this investigation. 

, 2» Onlv the Operational N/AWS System was Investigated. 
is 

I       The systems being researched and developed for future use 
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by the aviation industry were not considered in this study. 

The Stationkefcping Equipment (SKE)/Zone Marker (ZM) presently 

in operation in the fixed-wing 0-130 and C-141 airlift 

aircraft was investigated for use in the Army helicopter. 

3. Tfte Electromagnetic Pulse Phenomenon (BMP) 

was r.ot investigated. The effects of the HBP were not 

studied or considered in the discussion of N/AWS reliability. 

*••• Wei^ftt Limitations for each Type, {fernes. Model. 

and Helicopter Kission were not investigated. A general 

appraisal of the weight of the N/AWS, as a restriction for 

Its use in the helicopter, was the only consideration 

investigated. 

5. Qnll iM Mäl2I 9ffPP9PWtP 21  the JLÄä üä§i M 

the Helicopter Crewmembers were presented. A detailed 

description of SKE/2M operation was not completed in this 

study. 

6« Factors Identified as Bearing on the Employment 

of Helicopters \r\  Adverse Weather were intentionally dealt 

with in a superfical manner. A detailed study of these 

factors has been left to others. 

7» The Context of Weather in this study refers to 

those phenomena which produce restrictions to tisibility 

such as snow, fog, clouds, dust, and rain, or other conditions 

which deny the use of visual flight references. 

8, Only Unclassified Soviet Weapon Systems are 

Presented in the Threat discussion. A precise threat 

asBessment would require a presentation of classified 



Information, (e.g. surface-to-air missiles and radar 

systems.) 

9. Draft Field Manuals were required in some instances, 

to provide current doctrine. These manuals are considered 

as valid research material, (i.e., they are awaiting final 

printing and distribution.) 
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CHAPTER II 

METHODOLOGY 

The research structure of this thesis is based on 

identifying a military problem, searching for a viable 

alternative, and evaluating the effectiveness of the 

alternative as a solution to the deficiency. 

An investigation of current thinking in the concepts 

of night combat in Europe identified a deficiency in the 

current operational capabilities of the helicopter to 

support Army doctrine. This doctrine calls for continuous 

(24 hours a day) operations when needed to conduct offensive 

operations or to react to enemy actions.1 Yet the Army 

helicopter, as currently equipped, is unable to operate 

effectively at night and in adverse weather conditions. 

There are three options available to the Army to 

respond to this problem. The first option is to do nothing; 

to simply accept the fact that present equipment will not 

;;■; ■ P permit implementation of current doctrine. The second 

option involves changing Ar«y doctrine so that the problem 

does not exist, e.g., to rewrite doctrine so that it 

recognizes the fact that helicopters cannot support 

continuous, all-weather operations. The third option would 

I       be to provide a method by which doctrine would be executed. 
v ■ 

!       This research rejected the first two options immediately 
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because of the Soviet threat and the projected nature of 

coflibat operations in Europe. The Army should keep its goal 

♦      of 24 hour, all-weather operation. The development of a 

system that provides the helicopter with a night/adverse 

4       weather capability would support the Army's doctrine for \ 

continuous warfare. It is this option which is explored 

in this thesis. 

The identification of the problem is followed by 

an analysis of selected factors which influence the 

employment of helicopters in adverse weather. 

An analysis of the desired operational capabilities 

and cost limitations insures a measure of feasibility and 

plausibility in the research process. The helicopter N/AWS 

must be cost-effective to be a realistic solution. 

An operational ready N/AWS system is investigated 

using the Department of Defense definition of Operationally 

Readyt "...equipment - available and in condition for 

serving the functions for which designed." 

The operational analysis of this system is conducted 

by evaluating test data from mtefeiative studies which were 

• part of the acceptance phase testing for the Air Force 

(C-I30/C-HI) system. This evaluation follows the ; 

i Department of Defense definition of Operation Evaluation! i 

I The test and analysis of a specific end item | 
* or system, insofar as practicable under Service | 
I operating conditions, in order to determine if quantity       | 
|j production is warranted considering! a. the increase       | 
I in military effectiveness to be gained; and b,  its 

effectiveness as compared with currently available 
items or systems, consideration being given toi 

_|l 
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1. personnel capabilities to maintain and operate 
the equipment; 2. size, weight, and location 
considerations; and 3. enemy capabilities in the 

K field,3 

A test and analysis of the system selected is 

I evaluated according to the appropriate research and developiuent 

criteria. This analysis provides validity for a comparative 

evaluation of the performance parametRrs of the system* 

Next# a comparison of the present capabilities of 

Army Aviation with the capabilities afforded through the 

N/AWS yields the tentative hypothesis that adoption of this 

system would enable helicopter units to support current 

doctrine. 

This hypothesis is examined by evaluating the new 

capabilities of the helicopter using the three considerations 

described by the Department of Defense« 1. personnel 

capabilities to maintain and operate the equipments  2, 

size, weight, and location considerations;  and 3«  enemy 

capabilities in the field. 

Personnel capabilities relate mainly to helicopter 

crew activity.  An investigation of tests conducted to 

msasure hvr*"  Performance in stress situations shows that 

a major faclur affecting the feasiuility of a helicopter 

N/AWS is the added stress of performing in night/adverse 

wea+v.*r conditions.^ Although there is definitely an 

| increase anticipated, it uoes not apppar that human 
»- 
|;: tolerances will be exceeded during helicopter operations in 
•jfc 

I' night/adverse weather conditions. 
Mr" 
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v, A review of the present state-of-the-art in 

micro-minaturization produces evidence that the size and 
P weight of the equipment being iavestigated are not limiting 

factors for its use in the helicopter.^ 

|  "* The factor of location is dependent upon certain 

idiosyncrasies unique to each series of helicopter, A 

separate test for each series helicopter cockpit 

instrumentation configuration is necessary to insure 

compatibility. The location problem can, however, be solved 

by present day technology.0 This conclusion is based on 

results of research and testing. Interviews with engineers 

on the subject of cockpit layout and sub-systeir. panel design 

produced evidence that technology can solve the location 

problem. 

The last consideration, enemy capabilities in the 

field, is s comparison of susceptibility versus 

survivability. This comparison is presented in Chapter IV, 

under a general heading of threat. Those discussions produce 

evidence supporting the theory that night/adverse weather 

operations may be required to survive the Soviet anti- 

helicopter threat and accomplish the mission. Evaluation 

of «ission effectiveness is based on two factorsi mission 

♦      accomplishment and survivability. Accomplishing a mission 

■ and not surviving, or aborting the mission due to the 

fc threat-environment, are considered unacceptable. 

| In summary, the structure of this research project 

f- is designed to identify a military problem. The problem 
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identified is that current Army helicopter capabilities 

cannot support Army doctrinal requirements for continuous, 

all-weather operations. Further investigation reveals 

that a system designed for use in the fixed-wing segment of 

aviation is available for solving the identified problem. 

Modification of the equipment for use by Army 

Aviation in conducting night/adverse weather operations 

will significantly improve helicopter mission effectiveness. 



* CHAPTER III 

REVIEW OF RELATED LITERATURE 

This chapter contains source information relating 

to helicopter operations in general and to the subjects of 

helicopter night and adverse weather operations in 

particular. 

The review is presented for three purposes« 

1) To indicate the search techniques employedi 2) To 

present a resume of sources which may provide assistance 

to others involved in similar research; and 3) To evaluate 

the source materials individually and as to whether they are, 

as a whole, sufficient and adequate for the research of the 

problem. 

Helicopter night/adverse weather operations is a 

relatively new concept, as evidenced by source document 

references to the requirement for developing a method of 

increasing helicopter staying power on the battlefield. 

• Th»re is very little information available which relates 

"ho* ' to accomplish this difficult task. 

t Due to the scarcity of information relating to 

helicopter mght/aäverse weather operations, it was 

IV        necessary to contact those agencies iiivolved in conducting 

I research, relating to this subject. The agencies provided 
it,. 

| the source documents and related data necessary to complete 

 I-MH rogftarrh nRnpr. Each aaencv is evaluated as a source 



14 

t< 

t 

"based on the quality and quantity of information obtained 

and how that information impacts on the overall information 

search. 

The dynamics of changing doctrine makes obtaining 

current information difficult due to the time lapse between 

the formulation and finalization phases of new concepts. 

Concept papers were used to fill the void created by time 

lapses between the writing, printing, and distribution, of 

new doctrine. 

The first step in the literature search was to 

insure, with some degree of certainty, that similar 

research was not already in progress. After a review of 

information provided by the Defense Documentation Center 

(DDC), the following agencies were consulted, U.S. Army 

Training and Doctrine Command (TRADOC), U.S. Army Combined 

Arms Combat Developments Activity (CAGDA), U.S. Army 

Aviation Center, Modern Army Selected Systems, Test, 

Evaluation, and Review (MASSTER), and private industry. 

The search indicated that similar studies were not being 

conducted. 

Private industry proved to be the best source of 

information concerning dfe> lopments of stationkeeping 

equipment and night/adverse eather technology. Sierra 

Research Corporation, (hereinafter known as Sierra) 

provided test data not available in the normal research 

channels. 

U.S. Army Field Manuals are generally conflidered 
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excellent sources for establishing doctrine. However, due 

to the recent changes in the concepts for employing the 

helicopter during night/adverse weather, concept papers 

became the prime source for establishing U.S. Army 

doctrine. 

Field Manuals were used to establish Army Aviation 

doctrinal concepts for this study. The following FMs, supplied 

by the U.S. Army Aviation Center, provided most of the 

aviation concepts in doctrine, tactics, and techniques. 

Field Manual 90-1 (DRAFT), Employment of Army 

Aviation Units Jji A High Threat Environment, provided the 

data necessary for establishing the present effectiveness 

of the Army helicopter in night and adverse weather operations; 

th«j unclassified data on the Soviet anti-aircraft threat 

to the helicopter» and the concept of employing the 

helicopter in support of combined arms operations. 

Field Manual 1-1, Terrain Flying, provided insight 

into Army Aviation terrain flying in adverse weather. 

Although very limited in quantity, the information concerning 

helicopter operations in adverse weather did provide 

adequate support for determining the intent for developing 

adverse weather capabilities in the Army helicopter. 

Field Manual 1-5, (DRAFT), Instrument Flying and 

Navigation For Armv Aviators, provided information on 

helicopter operations in general, with an entire chapter 

on Tactical H&vjgatiyp aQd ^stiuwed Flight. The 

techniques for accomplishing Tactical Instrument Flight are 

i 
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outlined systematically in a step-by-step process. 

Information concerning helicopter operations in adverse 

weather was excellent. 

Training Circular 1-28 (DRAFT), Rotary Wing Night 

Flight, described helicopter operations at night. One 

paragraph mentioned the techniques to be employed in case 

of inadvertent weather penetration. 

All of the previously mentioned publications lack 

information on Army helicopter operations in night/adverse 

weather conditions. The fact that both conditions may 

occur simultaneously is glossed over lightly. However, the 

need for developing a capability for conducting helicopter 

operations during night/adverse weather conditions, to 

increase the staying power of Army Aviation, is emphasized. 

There is no mention of possible solutions for coping with 

the adversities of night and weather. 

Army Aviation Digest articles, condensed in a report 

entitled, "Tactics Sampler", served as an indicator for new 

doctrinal changes. Articles written by Commanders provided 

excellent material for establishing the current thinking for 

employing the helicopter in a continuous all-weather role. 

The Defense Documentation Center (DDC) On-Line 

User-Ooerated Terminal, provided a means of rapid 

identification and scanning of abstracts relating to the 

subject of helicopter operations in general and specifically 

to night/adverse weather operations. Only minimun 

information was available ccncerning helicopter night/adverse 
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operations. The DDC. provided outstanding sources of 

material for the other areas investigated in this study. 

In excess of s&ven hundred related abstracts and technical 

reports were scanned. 

Technical reports obtained through the DDC provided 

data from integrative studies in disorientation of Army 

helicopter pilots, aircraft instrumentation research, 

factors affecting Army flight crew personnel performance, 

helicopter cockpit layout and sub-panex designs, findings 

relating to man/«achine interface, helicopter IFR 

formation flight systems and the helicopter stationkeeping 

tests. These Technical Reports provided the data required 

for evaluating the feasibility of incorporating a N/AWS in 

the Army helicopter. Adequate information concerning each 

area was available to insure thoroughness. 

U.S. Air Force Technical Flight Manual, T.O. 

1C-130B-1, served as the source for the operational 

capabilities of the C-130 SKE along with the brochures 

produced by Sierra, describing the operation of the SKE, 

ZH, and ZMG. 

The Environmental Technical Applications Center 

(ETAC), located at Sco+t AFB, Illinois, provided the 

weather information used to develop the expected weather 

conditions in Europe. 

A supplemental bibliography relating to the subject 

of stationkeeping is included in Appendix A. 

" C»      is J<Ka*££i£ 
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PROPRIETARY RIGHTS AND PRIVILEGES 

The following chapters contain certain 
data relating to Stationkeeping Equipment (SKE), 
Zone Marker TZM), and Zone Marker Group (ZMQ) 
capabilities. The use of that data and information 
is subject to certain proprietary rights and 
privileges of SIERRA RESEARCH CORPORATION. 
Reproductions, disclosures, or use of the data/ 
infomation, in whole or in part, in any manner 
whatsoever, to any individual and/or company, 
other than an employee of the United States 
Government or an agency thereof, is  not 
permitted without prior approval of SIERRA 
RESEARCH CORPORATION. 

Nothing contained in this notice shall 
prevent this study from being distributed, 
reproduced, or used to the extent neceestry 
within the United States Government or an 
agency thereof. 

■g, 
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CHAPTER IV 

SELECTED FACTORS BEARING ON THE EMPLOYMENT OF HELICOPTERS 
IN A NIGHT/ADVERSE WEATHER ROLE 

In researching the subject of hillcojbter flight in 

night/adverse weather, several factors Were identified that 

relate to the subject and Wefe considered essential for a 

realistic evaluation of the problem. These factors include 

weather, helicopter effectiveness, Soviet anti-helicopter 

threat, physiological, ftnd cost effectiveness considerations. 

WEATHER FACTOR 

It is essential in this study to establish a probable 

geographical location for commitment of U.S. Forces and 

present weather data compiled for that area. This was 

necessary to determine the impact adverse weather will 

have on helicopter operations, especially during the hours 

of darkness. 

The United States is committed to the North 

Atlantic Treaty Organization (NATO), and the defense of 

Europe. Assuming that we will honor our treaty commitments, 

there is little doubt that Europe represents a likely 

location for U.S. troop involvement. In fact, 

US forces in Europe, in their current size 
composition, perform a vital function in addition 
to serving as a link to US strategic nuclear forces 

19 
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in the event of nuclear war. They help maintain a 
strong conventional defense in the event of attack 
from Pact forces, an essential mission which makes 
detente possible. They also serve as tangiblt 
evidence of America's determination to honor c 
Alliance ccmmitments,1 

Le 
our 

The map below, extracted from Military Review. January 

1976, p. 35. shows the current disposition of U.S. forces 

in Central Europe. 

Map 1 

This is not to say t^at U.S. forces will only be committed 

in this one specific locale. Consequently, they must be 

capable of responding all along the border. 

Army Regulation 95-1. Arav Aviatiom General 
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Provisions and Flight Regulations, was used to establish 

the conditions of celling and visibility required to 

accomplish helicopter operations at night under Visual Flight 

Rules (VFR). The information in figure 1 was extracted from 

AR 95-1. 

VFR HELICOPTER OPERATIONS 

Operation Feet (above ground Visibility 
level) 

Nighti 
Over flat terrain        500 1 mile 
Over mountainous terrain  1,000 above the     1 mile 

highest obstacle 
along the flight 
ttmte 

Figure 1 

The topography representative of the area of current 

dispositions of U.S. Forces is considered mountainous. 

Figure 1 indicates that night helicopter flight over 

mountainous terrain requires, as a minimum, a 1,000 foot 

ceiling and a visibility of one mile. These conditions must 

exist along the entire route of flight. 

Environmental Technical Applications Center (ETAC) 

climatic weather briefs, compiled for a 10 year period from 

19^0 to 1970, provide ceiling and visibility data for this 

evaluation. Complete weather information from the twenty- 

five stations selected for this analysis is included in 

Append!:: B . 

The data presented reflects conditions recorded 

when sky conditions were observed to be less than a 1000 

foot ceiling and/or a visibility less than 2 miles 1 and 

observed to be greater than a 200 foot ceiling and/or a 
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visibility greater than i mile. These conditions represent 

a realistic condition in which helicopter operations 

without a N/AWS will be restricted. 

WEATHER ANALYSIS 

Annual Worst 5 
Average Month Average 

Bad KrevEnach AAF 16 29 
lid Tolz AAF 16 22 
Bitburg AB 22 35 
Colenan AAF 13 29 
Peucht AAF 26 29 
Pinthen 17 30 
Frankfurt 18 29 
Fulda AAF 19 32 
Purth AAF 16 27 
Grafenwoehr AAF 25 35 
Hahn AB 32 46 
Hanau AB 15 24 
Heidelberg AAF 15 25 
Hohenfels AAF 21 34 
Illesheijn AAF 14 22 
Kitzingen AAF 12 19 
Ramstein AB 22 33 
Sembach AB 21 34 
Spanglhelm AB 23 34 
Stuttgart 15 25 
Sohwaebisch Wall AAF 22 32 
Tempehof AB 19 32 
Wertheim AAF 30 42 
Weisbaden AB 15 27 
Zweibracken 

Mean Av« 
AB 

jrage 
36 
205« -$* 

AAF *• Army Air Field 
AB - Air Base 

Figure 2 

The first column in figure 2 represents the average 

percent of time annually, between the hours of 1800-1100, 

that weather conditions will restrict helicopter operations. 

The second column represents the average percent of time 

that helicopter operations would be restricted during the 
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same daily i? hour time span for the worst 5 month weather 

period. All values are rounded to the nearest whole percent. 

Analysis of the data presented, shows that, on a 

12 month average, sky conditions will exist that restrict 

the use of the helicopter without a N/AWS, 20^ of the time 

between 1800-1100 hours. This percentage translates to 

approximately 3 hours and 48 minutes of the 1? hour period 

that the helicopter operation without a N/AWS would be greatly 

restricted. Analysis also shows that helicopter operations, 

without a N/AWS, would be greatly restricted an average of 

31^ of $he time between 1800 and 1100 hours during the 

worst 5 month weather period. This percentage equates to 

5 hours and 16 minutes of the 17 hour period. 

It roust be stressed that flight in a helicopter is 

not based on averages. If for some reason a helicopter 

crew enters Instrument Meteorological Conditions (IMC), 

they must initiate emergency procedures to withdraw from 

the adverse weather and maintain VFR. The ceiling and 

visibility criteria selected is very realistic, 

particularly when flying night/adverse weather helicopter 

missions in Central Europe. The situation is compounded 

because weather prognostication cannot guarantee VFÄ 

conditions will exist for a flight covering a broad area 

and time span. In fact, weather conditions, (e.g. ceiling 

and visibility), reported by a weather station in one 

locale may differ greatly from actual sky conditions. 

These circumstances dictate that the Army develop a system 
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which will provide the electronic guidance required during 

Instrument Meterological Conditions (IMC), if the helicopter 

is to operate freely on the battlefield during night/adverse 

weather conditions. 

ARMY HELICOPTER NIGHT/ADVERSE WEATHER EFFECTIVENESS FACTOR 
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The effectiveness of the helicopter in support of 

Combined Arms Operations is presented in Figure 3 extracted 

from Field Manual 90-1, Employment of Armv Aviation Units 

in & High Threat Environment. 

The three categories considered are»  1) Effectiveness, 

2) Aircraft Capabilities, anvd 3) Aircraft Limiting Factors, 

The two conditions highlighted with arrows, indicate adverse 

weather and night attack. Although adverse weather and 

night attack are not exactly synomonous with nigl^t/adverse 

weather capabilities, there is a very high degree of 

sirailiarity between the two sets of conditions.  Obviously 

night and adverse weather combine to significantly restrict 

the effectiveness of the helicopter.  A helicopter N/AWS 

would improve Army Aviation's support of Combined Arms 

Operations during night/advers» weather conditinns. 

THREAT FACTOR 

"As with every other weapon system, the helicopter 

has a place and role to play in the major combat elements 

of the Army as ]nng as it is properly used".  Proper 

employment of the helicopter requires an understanding of 

potential Soviet anti-helicopter threat and the tnctics 

employed on an European battlefield. 

Certainly, "Aviation success on the battlefield will 

be directly proportional to the manner in which we learn to 

cope with sophisticated enemy capabilities".^ The following 

threat investigation is designed to evaluate the restrictiong 

ia&»4&v.^-¥ J 
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Imposed on Soviet anti-helicopter weapons during night/adverse 

weather conditions. These restrictions, and resulting 

degradation, results in an increased survivability for 

U.S. Army aviation. 

Survivability is a function of Hardware, 
xactlcc, and Training...« Our need is to develop 
new material, doctrine, and techniques, and 
training if our forces are going to survive the 
hostile environment in the next v/ar.^ 

The Soviet anti-helicopter tnreat is presented in 

the follov.ing wayss 

Air Defense Artillery 
Tactical Fighters 
Attack Helicopters 
Massive Artillery Fire 
Electronic Warfare 

A brief examination of each threat category followsi 

AJLT  Defense Artillery (ADA) Threat 

The Soviet ADA anti-helicopter threat is evaluated 

by investigating the impact of night/adverse weather 

conditions on the weapons systems presently in operation. 

The following information extracted from FM 90-1, Employment 

of Army aviation Units in a High Threat Environment. 

represents a cross section of these weapons. 

The GUIDANCE capabilities of the weapons presented 

in the following chart indicates a strong reliance on 

establishing visual contact for a successful engagement. 

This conclusion is based on the fact that optical inputs 

are necessary in eveiy case, as indicated in the GUIDANCE 

column in figure b. 

4 
M 

m 
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Air Defense Ä7tiirery Weapons'S7; items (Tablej 

VHAtm SYSTEM   i     RANGE AND CAPABILITY   § GUIDANCE ^ ASSIGNED 

antlalrorkft 
gun system. 
Mobility: towed 

28Ü-57-2, 
57anj aatialr- 
craft, 
Mobility: Self- 
propelled wi'-.h 
fully tracked 
chassis. 

ZSU-23-4, 23aBB 
antiaircraft 
gun system. 
Mobility: Self- 
propelled with 
fully tracked 
chassis. 

Range - 6,000M. Oun 
can be elevated from 
-2° to +87° vertically 
and traversed 360°. 

ige - 4,000M. 
Gyn can be elevated 
from +2° to +87° ver- 
tically and traversed 
360°. 

Radar and 
Optical- £ chanicai 
computing. 

n 

Optical range - 2,500M 
radar range - 3,000M. 
Gun can be elevated 
from +8° to +87° ver- 
tically and traversed 
360*. 

Optical- 
Mechanical 
computing 
sight 

1 
Antiaircraft regi- 
ment of tank divi- 
sion and motorized 
rifle division. 

Air defense units 
in tank regiment 
of tank division 
and motorized 
rifle division. 

Radar- I Air defense units 
Optical iin tank regiment, 

I motorized rifle 
reglraent of tank 

jdivision and 
(motorized rifle 
division. 

2Ü-23,  23msn 
antiaircraft 
gun system. 
Mobility: Towed 
on two-wheel 
carriage. 

ZFÖ-J^uaShl Ran^e - 1,400M. 
Mounted .14.Sen    ^ Gun can be elevated 

iRange - 2,500M. 
Gun can be elevated 

1 from -10°  to +90° 
and can be 
traversed 360°. 

j Optical fAir defense units 
in motorized rifle 
regiment of tank 
division and mo- 
torized rifle 
division. 

|J Optical 

«ntifttrcraft 
machine gun. 
Mobility: Towed 
on four-wheel 
carriage. 

Machine guns 
12.7HB. 

LMobility: 
Mounted on com 
bat vehicles. 
mmmmmmmmmmm 

b from -8.5° to +90' 
| vertically and can 
Ilse  traveraed 360°. 

A 

Air defense units 
in motorized rifle 
regiment of tank 
division  and mo- 
torized regiment 
division. 

Platoon level 
weapon. 

Figure 4 

If conditions  existed which denied  obtaining optical 

informatJt'ris   the  systems would  be depraded  in engagement 

effectiveness.     This would  be  the  case during nipht/adveree 
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weather conditions. The technique of "sound shooting", in 

an attempt to overcome the loss of visual acquisition/ 

guidance, has not been considered an effective alternative.5 

Operations conducted during periods of night/ 

adverse weather would result in increased survivability for 

th« helicopter, in an ADA environment, 

"Among the more serious battlefield threats is that 

posed by enemy high performance aircraft and armed 

helicopters".^ This is true, during daylight and good 

weather conditions. The following information provides 

insight into the Soviet capabilities for engaging a low- 

flying helicopter during night/adverse weather conditions. 

■:■: 

fo^tical Fighter Threat 

The Soviet fighter can fly in adverse weather by 

utilizing on-board radar. Some Soviet aircraft possess the 

sophisticated search radar systems required for electronic 

acquisition of targets, such as a low-flying helicopter. 

This feature does not necessarily equate to possessing the 

capability for engaging and destroying a helicopter during 

night/adverse weather conditions. This is due, in large 

part, to two factors. Fi^t, during the attack, maintsining 

visual references is critical for proper aircraft attitude 

and obptacle/terrain clearance. Any distraction diverting 

pilot attention from the performance of engaging the target, 

■.fill increase the probability of an unsuccessful engagement. 

This is especially true when accomplishing a critical diving 
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maneuver while relying on aircraft flight instruments for 

fljght information. The second variable involves the 

evasive multidirectional capabilities of the helicopter, 

e.g., a target that changes speed and direction rapidly 

is extremely difficult to engage. These factors coupled 

with the first set of variables, combine to complicate the 

issue for Soviet fighters during night/adverse weather 

conditions. 

Night/adverse weather operation increases helicopter 

survivability due to the degradation of the Soviet fighter 

threat. 

I  . 

Armed Helicopter Threat 

Armed enemy helicopters present a unique and 

potentially more hazardous thront to Army Aviation than the 

tactical fighter. The increased threat ip due to the 

multidirectional cappbilities uninue to rotor-wing aviation 

and .. ."becausf- weather often precludes the use of high 

performance fighiers;  but if weather permits us to use our 

helicopters, the enemy can employ his".^ A N/AWS for Army 

helicopters would provide a system for operating in 

conditions that presently prohibit Soviet helicopter operations. 

%-''■ 

"i-- 

Artillery Threat 

Soviet artillery poses a threat to Army Aviation 

during all phases of operation due to its massive coverage 

and great range. 

Marginal weather and the resulting decrease in 
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flight activity compound the problem of security for the 

helicopter. The grouping of grounded helicopters presents 

lucrative targets for indirect fires from Soviet ground-to- 

ground mortars, guns, rockets, and missiles. Proper 

concealment, dispersal, and camouflage, of the facilities 

required for support of helicopter operations is essential 

for survival. A N/AWS for helicopters would enable operations 

to continue during those conditions which now cause grounding. 

When airborne, helicopters are less vulnerable due to the 

reduced probability of sustaining a direct hit from enemy 

artillery.  Therefore, a decrease in ground time increases 

the survivability of the Army helicopter. 

Electronic Warfare Threat 

"Electronic warfare encompasses signal collection, 

intercept, direction-finding, jamming, and deception of 

communication and non-communication devices'*.  The Soviet 

doctrine emphasizes "disrupting and disorganizing their 

opponents use of navigation aids, command and control, and 

fire control systems".^ 

The demonstrated emphasis and proven capabilities 

of the Soviet electronic deception and meaconing 

capabilities requires developing a system that will provide 

electronic security for hellcorters operating in an austere 

battlefield environment. The system must have the capability 

for providing navigational guidance in an austere 

environment $ command and control capabilities which are 

— -— "■  - MteM - ■ -—- -^ - ^ - -^- mi - ■ t*iM rft-., t.,m,,m.r--'  ■-■-'---' 



■-'■■^■;1:.-^"
;v-'    ^;- 

31 

not dependent on voice transmissions; and airspace 

management procedures that will provide maximum airspace 

utilization with minimum control. 

These factors will be discussed separately in 

Chapter V. For purposes of this section it should be stated 

that an improvement in electronic security and decreased 

dependence in voice transmissions will result in increased 

helicopter survival. 

PHYSIOLOGICAL FACTORS 

Because a system is only as good as its operator, 

an investigation must be made to determine if the physical 

requirements to operate a helicopter in night/adverse 

weather, during combat, exceed human performance tolerances, 

If so, then the N/AWS is not feasible for use in the Army 

helicopter. To begin with, it must be kept in mind that 

the level of Stressors for a helicopter crewmember is 

already very high due to noise, vibration, and cockpit 

environment conditions associated with rotor-winged 

aviation.^ This fact alone makes the addition of night/ 

adverse weather stresses critical to human tolerance. The 

following data was extracted from studies which tested the 

stress levels anticipated during night/adverse weather 

combat conditions. 

The Study of Factors that Affect the Performance of 

Army Flight Crew Personnel, defines three variables that 

affect the capabilities of helicopter crewmemberst 

i.-^.-i^-^i-^W^v,-;^,^-,.^^; ., -T^L ^-iji^aSBafcaai^^ 
^ik^Ä-^M^^^-j/^h. 
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performance, fatigue, and stress. The following exerpts 

relate the significance of the problems encountered when 

incorporating night/adverse weather operations in the 

helicopter. 

Performance denotes a measurable activity that 
requires expenditures of energy in attempted completion 
of tasks that normally involve both physical and mental 
effort. Neuromuscular activity involves performance of 
tasks which can be measured ergometrically and 
subsequently compared to other similar data. Mental 
activity alone is usually measured by task performance 
against a scale of pre-established or hypothetical 
norms. Performance can be influenced by complex and 
poorly understood factors such as fear, motivation» 
emotional response to environment, and interaction 
of sequential subtasks. 

The word Fatigue has been appropriated by many 
branches of science as the designation for various 
regressive phenomena. With respect to human activity, 
fatigue is a subjective term generally employed to 
cover a variety of processes in many different 
physiological and psychological mechanisms« Fatigue 
is but one natural consequence of sustained endeavor. 
When fatigue affects performance, its effect is usually 
detrimental. However, as a natural consequence of 
activity, it can be viewed as a subjective awareness 
of the approach to a point where bodily resources are 
overtaxed.  The term fatigue can not be used without 
further modification. 

Stress is equally difficult to define, but 
suggests significant selective alternation in the 
balance of phychological and physiological processes. 
Stress may often be characterized by heightened but 
more selective attention and motivation. Although 
stress sugger-ts the general occurrence of regressiv« 
changes in performance, it may temporarily enhance 
certain elements of task performance. Situations 
which are likely to induce stress include, (a) 
conditions of uncertainty which produce anxiety, 
(b) natural hazards of the environment, (c) sensory 
and perceptual saturation or overloading, and (d) 
sustained maximal energy output. 

These three variables serve to measure the magnitude 

of the problems the helicopter flight crew will confront 

»Bi   ■'     ,  .      üSr.; ■ ^^it-^^'i^Wnt^mig*^^^-*^^^^^^ _ ,  . .■^:ai^^^-^^^^^Mtf^.^^^ä 
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in preparing for combat in night/adverse weather conditions. 

Factors which affect performance levels arei diet, 

sleep, tobacco, age, proficency, inner ear, training, and 

drugs. These factors are measurable and controllable. 

The effects of adverse weather on helicopter 

operations impacts on the crewmember tolerances.  The 

"Factors Study" indicated that although the level of stress 

is increased significantly, there is no precise measurement 

technique to measure it. Therefore, performance during high 

stress conditions is not predictable. Although t.^-e are 

no precise answers, there are certain identified areas that 

will reauire increased attention in order to increase tolerance 

levels. Three possible solutions to increasing tolerance 

arei proper training and physical conditioning; proper 

rest and diet;  and improved cockpit instrument configuration. 

The study concludes, "There is a need to recognize 

the interdependence of the Army's requirements for human 

performance in the helicopter and 'the performance capacity 

of the man.    Although the results of these tests indicate 

an increase in Stressors during helicopter night/adverse 

weather operations, there is no conclusive evidence that 

man's capacity has been exceeded. 

COST FACTOR COMPARISON 

Cost considerations involve more than a feasibility 

check. Budgetary constraints demand that a system be 

affordable, as well as feasible. Therefore, the cost 

afaii^TiMM»^»^^ —j^jij^^^^^^ji^^giii^lliijj^ji^i^^ 
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involved in developing a system impacts significantly on 

its feasibility. 

This cost factor comparison is designed to determine 

the most cost-effective solution for developing N/AWS 

equipment for Army helicopters. The two options considered 

are«  1) retrofitting existing equipment in operation in the 

Air Force C-130 and C-141 aircraft fur use in the helicopter, 

or 2) develop new equipment for a helicopter N/AWS. The 

vehicle used in this comparison is the.., "Life Cycle 

System Management Model (LCSMM), which is designed to 

provide effective and continuous development of Army 

materiel".^ There are four phases in this model 1 

Conceptual. Validation» Full-scale development. and 

production and deployment. 

The conceptual phape involves developing an idea 

or concept to determine its feasibility for continued 

development,^-3 The vsliucition phase verifies the concept 

to insure that continued development is still valid, 

The full-scale development, phase provides the technology and 

testing required to determine if the original requirement 

is being satisfied, ^-5 "The produc tion and deployment phase 

provides for manufacture, issue and inventory management 

until eventual disposal of the item",^° 

The LCSMM is a methodical step by step process that 

is time consuming, very expensive, and yet, necessary for 

developing a new system. 

The N/AWS system offers proven data for the majority 
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of unknown variables that must be answered in developing 

a new system and therefore represents a significant savings 

in time and resources, 

The Tiest and Evaluation of a concept is still 

required with the N/AWS. "Budgetary constraints and the 

concern of governmental leaders have magnified the 

importance of properly planned and thoroughly conducted 

testing.~^ 

"Testing is conducted to demonstrate how well the 

materiel system meets its technical and operational 

requirements;  to provide data to assess developmental and 

18 operational risk and aid in decision making,..," 

For the purpose of this study, two testing 

categories are discussed« Development Testing (DT) and 

Operational TeGtiiv: (OT). These two types of testing 

represent the major areas for testing the feasibility of 

the N/AWS,  The loilowing DT and OT definitions are 

extracted from the U.S. Army Command and General Staff 

College Reference Book (RB), 101-3, p, 3-6. 

Developmental Testlru; 

It inciudes engineering design tests and 
human factors testing to demonstrate a sa^isfactory 
technical man (soldier)/machine interface using 
qualified and experienced operators and support 
aaintenance personnel.  During the full-scale 
development phase and prior to the first major 
production decision, the DT accomplished shall 
be adeouate to insure that engino^ring is 
reasonably complete;  that al] significant design 
problems (including compatibility;  interoperability; 
reliability, "^ilabili ty, and maintainability 
(RAM)j and suoportability considerations,.,. 

i   i   -   i  ■ .-L...-....._ .    -^-aiii7if|iTiiiff^ifi^'irr--i •>iiTTiiaiiififcVf,rifiit-iia*k*t*a-   j- , \tm*^mt^^*sr^ih-:e'ts^^^'iHmmftSi-!^ -^WAafl« 
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Operational Testing 

That test and evaluation conducted to estimate 
the prospective system's military utility, operational 
effectiveness, operational suitability (including 
compatibility} interoperability; reliability, 
availability, and maintainability {RAM)j and 
logistic and training requirements), and need for 
any modifications. In addition, it provides 
information on organization, personnel requirements, 
doctrirte, and tactics. Also, it may provide data to 
support or verify operating instructions, publications, 
and handbooks. OT personnel of the type and 
qualifications of those expected to use and maintain 
the system when it is deployed; it will be conducted 
in as realistic an operational environment as 
possible. OT must examine the operational man- 
machine interface. 

The N/AWS offers proven data acquired from both 

integrative studies and operational fixed-wing 

capabilities. These factors provide an ample amount of 

data on which to make the necessary decisions concerning 

development of a system for the helicopter. The savings 

in time and money are significant when the LCSMM is 

entered in the production and deployment phase. This 

eliminates the first three phasesi conceptual, validation, 

and full-scale development. The majority of time consuming 

research and development is already completed. 

OPERATIONAL TESTING is the area where major emphasis will 

be required for developing a helicopter night/adverse 

weather capability. The data derived from this testing will 

serve as an update for determining the doctrine for 

employing the helicopter in a night/adverse weather role. 

The results of realistic testing will provide additional 

insight in the area of "operational man/machine interface*.^9 

This information will be invaluable in developing a 
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realistic training program for helicopter N/AWS operation. 

The development of doctrine and tactics represents 

a major task. The initial formulation of doctrine for 

employing the helicopter in a night/adverse weather role, 

will evolve from data obtained during operational testing. 

The training of the cadre of personnel in the 

field will constitute the final step in developing the 

systems. 

Aviation units must spend a considerable 
amount of time conducting night and adverse weather 
training. The benefits of this training are twofold. 
First, it increases aviation stayii.^ power and, 
secondly, night and adverse weathe. operations reduce 
somewhat the threat posed by previously discussed 
air defense systems.20 

The product of this process will then give Army Aviation a 

night/adverse weather capability. 

The reduced life cycle cost realized when using 

a fully developed system, malres the N/AWS for helicopters, 

an attractive cost-effective proposition. 
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CHAPTER V 

AN OPERATIONAL N/AWS 

The N/AWS is essentially composed of two systems 

which operate on the principle of time/frequency sharing. 

The two systems arei The Stationkeeping-intraformation 

positioning equipment (SKE), designated the AN/APN-169J 

and, the Zone Marker (ZM), designated the AH/TPN-27. 

Credit for the invention of the time/frequency 

technique is difficult to assign to any one individual or 

company. The reason being, many individuals from several 

different companies and often from more than one country, 

have contributed to the research of time/frequency 

techniques.1 "STATIONKEEPING is a coRiparatively new term 

in the aviation industry".2 

The use of systems incorporating time/frequency 

sharing, on airborne platforms, has been prohibited due 

to the size, weight, and power required for operation.3 

Micro-minaturiEation of solid-state devices has decreased 

the power, weight, and size, requirements of the system.^ 

This advance in technology, specifically in solid-state 

research, solved the size, weight, and power supply problem, 

and opened the door for developing new systems for use by 

aviation, 

38 
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BACKGROUND 

A history cf time/frequency technology, the 

development of Stationkeeping-intrafOrmatibn positioning,., 

and the description of the concept of operation was contained 

in the Sierra Research Corporation History of Time/ 

"Certain techniques of 'one-way* ranging have been 

in use for hundreds of years*.5 This technique is the 

basis for developing the capability to maintain specific 

relationships by utilizing transmitted energy of a specific 

type and measuring the time for propagation.^ Establishing 

a "one-way" ranging time provides for precise measuring 

techniques. "The distance to an emanating source of energy, 

...can always be determined by •one-way' techniques.* Tht 

important factor is precise determination of transmitting 

time by the source and reception time by the receiver.® A 

familiar application of this measuring technique is the 

determination of the distance of an approaching thunderstorm.9 

The lightning is the emanating source, transmission time 

and the arrival of its sound (the thunder) is the arrival 

time at the receiver. The timed delay between the 

lightning and the arrival of sound, can be multiplied by 

the velocity of sound to determine the storms' distance.1° 

"This method involves the use of one-way delay for 

measuring range, since light propogation time can be 

nsglscted".11 

Establishing a system for synchronizing the time 
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of all receiving stations becomes an important task. A 

system which would electronically synchronize a series of 

clocks will provide for a stabilized reference point. All 

receivers with precisely aligned clocks could determine the 

distance to the enemy emitter, by determining the time 

interval between a predetermined and known time of 

transmission.12 

Stationkeeping equipment originated as a system 

specifically designed to allow helicopters to fly in close 

formation under reduced visibility conditions.13 

An extension to the 1956 system mentioned earlier 

was developed by Sierra in 1957 and presented to the Navy 

in 1958 as a stationkeeping system and radar combination.1^ 

In 1959» Sierra successfully flight tested a stationkeeping 

system for the Navy. The Navy agencies recommended eight 

evaluation units be manufactured in i960 for use in Naval 

helicopters conducting anti-submarine warfare. Successful 

testing was conducted in Pacific waters in 1961. Following 

testing, a production program began in December 1962,  One 

hundred and four units were produced. 5 

In 1961, Sierra proposed a "one-way* ranging 

concept to the U.S. Air Force.1" The proposal paved the 

way for development of the first practical one-way system 

for air-to-air stationkeeping and collision avoidance.1^ 

This important development permitted inflight use, for the 

first time, of "one-way" transit time ranging early in 1964.1° 

In 1965» Sierra produced an advanced version of 
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the SKE. The U.S. Air Force procured four sets of this 

advanced version to provide a low-level, in-trail, five- 

second aircraft interval for delivery of troops and 

supplies. 9 

The Tactical Air Command recommended a retrofit 

of the C-I30 "Hercules* fleet. The stationkeeping system 

was procure"' under the military designation AN/APN-I69. 

A suffix "A'* and *B* indicates revisions to the basic 169 

equipment,20 This system provided the Tactical Air Command 

with a night/adverse weather capability. 

PRINCIPLE OF STATIONKEEPING OPERATION 

The following schematic representing three clocks 

is presented to explain electronically stabilized/synchronized 

time keeping. The clocks shown in figure 5 are not in a 

stabilized/synchronized status. 

Piguj» 5 

When the system is energized and operating properly, 

synchronization takes place and the clocks will indicate 

the sane position at the same time. The movement of the 

clocks is now under control of the SKE system designated 

■ ■ ■ ^,...:_, -■ —:- ■■--■ 
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as the "Kaster'* clock.21 "Master* clock operation will be 

discussed later. The clocks in figure 6 indicate 

»t»bili«4«i/»3mehronlted clobk operation. 

I 

Figure 6 

Each clock remains precisely aligned with the "Master* 

clock in rate of movement and position. This is the 

principle of electronically jrtabllia«d synchronization 

of time clocks, which is the basis for interference-free 

transmission and reception cf data in the SKE/ZM system.22 

One-way ranging ir possible through the use of 

precisely synchronized local clocks in each aircraft as a 

common time reference for extracting range information from 

the arrival time of pulsed Radio Frequency (RP) energy.2^ 

"If all local clocks are in precise alignment, then all 

receiving stations know both the assigned transmission 

time, and, of course, the measured arrival time of pulsed 

RF energy.T21
* The SKE/ZM operates on these principles. 

DESCRIPTION OF  N/AWS OPERATION 

SKE/ZM operation utilizes one SKE system to act as 

a "Master" clock. This "Master" slaves all other clocks. 

■^■v^:.- ff.:s-?y.:^^.t^-^.i^ad^raiii ^^^-^^^^ifitf^^iffe^frir 
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designed as "followers".^^ Any clock operating on the same 

frequency may operate as "Master", however* only one clock 

may operate as "Master" at any one time 26 This obvious 

restriction prevents inadvertent disruption of the 

synchronization process. 

The synchronized time and stabi 11 Md movement of the 

clock allows for assignment of designated positions on the 

clock.^ The SKE/ZM operates a clock which is divided in 

forty separate segments.   Each complete 360 degrees travel 

of the clock traverses the forty segments of the clock. 

Each segment is designated as a "slot" and is given a 

numerical value. The segment of time represented by each 

"slot" is 160 microseconds in duration.29 As each SKE 

system sweeps its designated "slot" position, it acts as a 

transmitter and transmits coded information. All other 

properly configured SKE/ZM clocks receive this coded 

information during this "slot" time.3° The coded information 

is then decoded and relayed electrically to the respective 

cockpit instruments in each SKE/ZM configured aircraft. 

This process 18 repeated by each SKE/ZM system as the clock 

sweeps their respective "slot" position. The SKE/ZM systems 

function as a receiver at all times other than during the 

sweep of its respective "slot" position, when it acts as a 

transmitter. The system operating as "Master" has an 

additional "slot" for the synchronization and stabilization 

of the clocks operating on one frequency. Two frequencies 

are available in the present SKE/ZM configuration. They 

•-'t -:— ±^:: -•^'f-?: ■ ■"■:>:- •■  ■ ■ "^ ■■ '-■ " ■ " '■-■:■:■-■ :  ..■«~:-^  - ^ -■   ■    ■:■■■:■■■:„ 
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are designated "Freq A" and "FreqB*.-^  Frequency A 

"Master*, utilizes the zero slot and Frequency B "Master" 

uses the twenty slot. Slots ten and thirty are inert.32 

This arrangement of the clock is shown in Appendix C,. Of 

the forty xotal slots available, two are for "Masters", two 

are inert, and thirty-six are for SKE users. The present 

system configuration allows for a total of seventy-two 

aircraft operating simultaneously} thirty-six each on 

"PreqA" and "Freq a*.3-3 

The previous operation is the process referred to 

as the synchronized time slot technique. All information 

is transmitted and received dtiring the process, thus 

providing air-to-air, ground-to-air, and air-to-ground 

capabilities. It is believed that Sierra was first to 

demonstrate the reduction to practice of a synchronized time 

slot technique involving local clocks in 1956.^ 

An extension of the SKE system was made possible 

through technological advances. The SKE/ZM was developed 

by incorporating a Zone Marker, the AN/TPN-27. as an 

accurate electronic reference point on the ground.35 The 

Zone Marker operates on the same principles as the SKE, 

There are some unique features in the ZM which will be 

discussed later. 

^^■Jt^r  fTVJ'^;^,iiTiai^^'^rtt^r^»W i 
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MAJOR H/AWS COMPONENTS 

The three major components of equipment used by 

flight crewmembers are discussed to analyze the increased 

capabilities for performing flight operations in night/ 

adrerse weather conditions. 

The Plan Position Indicator (PPI) is the single 

most important component.3° It provides the crewmember 

with a plan view of the position of his aircraft in relation 

to another SKE aircraft or a ground stationed ZM. The 

Plight Command Indicator (FCI) and Zone Marker/Zone Marker 

Oroup (ZM/ZMG) are presented to relate the increased 

capabilities provided the U.S. Air Force C-130 and C-lM 

airlift aircraft. 

nan Position Mlsajai (P£I) 
This cathode ray direct view storage tube presents 

a plan view of returns produced by other SKE/ZM systems 

operating on the same SKE frequency.37 (see Appendix D-2) 

The user aircraft is always represented by a solid ring on 

the scope which, under normal operations» is the csnter of 

the scope. This solid ring indicates the "zero range" 

area.38 

There are four concentric rings of electrically 

generated dots displayed on the inner surface of this five 

inch diameter scope. The operator may select scope range 

coverage, measured in thousands of feet} 4, 8, 16, 32, and 

6k  thousand feet, respectively«39 with a selection of "l* 

gmmmtha 
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on the Range Knob, the distance between each ring is 1000 

feet for a total scope coverage of 4000 feet. At "2* the 

distance between each ring is 2000 feet for a total scope 

coverage of 8000 feet. At *4* each ring is 4000/total 

16,000 feet. At "8" each ring is 8000/total 32,000 feet. 

At m 6*  each ring is 16,000/total 64,000 feet.^0 An 

indicator light will illuminate on the right edge of the 

PPI to indicate which selection is being presented on the 

scope. A SKE formation with the interval of 2,000 feet 

would be indicated on the PPI as shown in Appendix D-2. 

The intensity of the scope background illumination is 

adjustable to accomodate levels of intensity compatible 

with an outside illumination from darkness to bright 

sunlight.^1 

The electronic return of another SKE/ZM set on the 

scope, is called a "blip**. The ZM has a characteristic 

"blip* which is different from other SKE system returns. 

All aircraft in the formation can simultaneously 'see' 

»ach other and also 'see* the Zone Marker»^"3 

An identification feature allows for identifying 

a "blip" by "slot" number.^3 when the ID button, on the 

secondary control panel is depressed, all returns will 

disappear from the PPI leaving only the "blip" of the 

aircraft selected for identification.^ The PPI provides 

for determining the relationship of other SKE/ZM systems 

in the plan view. Maintenance of specified intervals 

.,-.  ^^^wt^.^-fe^^^-aajfi^^ 
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or navigation can be accompliBhed during night/adverse 

weather conditions by simply maintaining position 

electronically. Heavy precipitation degrades, but does 

not debilitate, the transmission/reception of SKE information. 

The operational capabilities of the PPI are 

dependent upon three conditionsi 

1) All aircraft must be SKE/2M equipped. 
2) All systems must be on the same SKE frequency. 
3) All systems must have an operational SKE "Master" 

operating within^ten nautical miles, for 
synchronization. ^ 

SKE/ZN information can be passed electronically air-to-air, 

ground-to-air, and air-to-ground. ° 

This silent signalling device allows for both input 

and output of discrete maneuver commands electronically. 

(see Appendix D-3) This signal is included as part of the 

"slot" encoded information.^7 In order to receive silent 

signalling from another SKE system, that system's "slot" 

number must be known and inserted as secondary control data. 

Maneuvering commands may be sent by depressing one of the 

command transient pushbuttons which illuminates, thereby 

indicating a command being sent.^° A signal is received 

when the upper legend labelled "REC" is lit. All SKE 

systems must be properly configured with the operational 

settings to insure information is transmitted and received 

according to mission requirements» 

im. agfeix m) w/m-t? 
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This ground "based marker was designed and tested to 

meet the following Required Operational Capabilitiesi* 

(see Appendix D-5) 

1) Must be air droppable and transportable by one man. 
(23 pounds) 

2) Must remain passive until interrogated by a properly 
configured SKE system. Full power must be generated 
within 30 seconds of interrogation. 

3) Must be capable of operating on standard Zk volt 
direct current (VDC) powerr 

b)    Must have provisions for alignment within * 2 
degrees of inbound/outbound axis. 

5) Must be weatherproofed so as to be functional in 
adverse weather conditions (i.e., water, dust, and 
mud) and have an anchoring device to prevent upset 
by wind gusts or rotor blast. 

6) Time to set up for operation not to exceed .3 hours 
and not to exceed .2 hours for converting to travel 
status. 

7) Operation must be simple and not require special or 
extensive training to set-up. 

8) Not possess tell-tale lights of an intensity to be 
readily detectable by an enemy. 

The Zone Marker provides a SKE equipped aircraft 

with departure, enroute, point-to-point, and approach 

navigation, in night/adverse weather conditions. 

An additional feature incorporated into the ZM 

operation includes a "listening" mode of operation. In 

this mode, the ZM remains passive until automatically 

activated by a properly configured SKE "Master" within a 

twenty nautical mile range. Thirty seconds after 

interrogation by a SKE "Master", the ZM must be at maximum 

power. It then reverts to a passive "listen" mode one 

minute after the "Master* synchronization signal is lost.^9 

•Thft ¥)PM6aing ZM information was extracted from Tactical 
M£Tprs?p foqvJW QPMfiUsm4 Sasafemja (ROC), pc 
\l$$k M^lWJp*^ ^ Säjä-sääS c-r^p A&craft 
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Zone Marker Group (ZMG) 

The ZM(i (see Appendix D-7) is a combination of 

SKB/ZM equipment, and is used as a ground based SKE. The 

ZMG ground operator has all the capabilities an airborne 

SKE operator possesses. An ideal use for this equipment 

would be in Forward Area Refueling and Rearming Point 

(PARRP) operations. Ground personnel would be capable of 

directing identified aircraft silently, to the FARRP 

location. Knowledge of the geographical location of the 

PARRP is not a required item for a helicopter crew. 

Additionally, relocation of the FARRP would not affect 

operations. The normal procedures would be used for 

locating it. Silent electronically-secure, differsntiated 

ntvigation would improve helicopter operations. 

ssam 
The SKE/ZM discussed above provides speci'-'ic 

14ne-of-sight differentiated navigation, intraformation 

positioning, collision avoidance, selective identification, 

low electronic signatures, secure reception, and silent 

signalling. (This writer refers to these capabilities 

inclusively, in the acronym, N/AWS). 

The SKE/ZM has greatly increased the combat 

capabilities of the Air Force a-130 and C-141 airlift 

aircraft. It has provided the capability for operating in 

night/adverse weather conditions.5° 
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INCORPORATION OF THE N/AWS IN THE ARMY HELICOPTER 
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Retrofit Action 

Adding a new system to a weapon system not 

specifically designed for post-development modification, 

requires "retrofit action". This process is complicated 

and could be more time consuming than installations which 

are part of the original design. Such is the case for the 

incorporation of SKE in the Army helicopter. Retrofit 

action does not represent a major obstacle.^- However, due 

to the variety of differiBnt types of helicopters in the 

Army inventory, it does represent a considerable task. 

To install the SKE three problems must be solvedi 

equipment location, weight reduction, and antenna 

location.2 These retrofit problems are examined below to 

determine their impact on the feasibility of incorporating 

SKE in the helicopter. 

Two alternatives exist in the retrofit actioni 

first, modify the helicopter to accomodate the SKE; second, 

modify the SKE to fit the existing helicopter design. The 

latter appears to be the more cost-effective alternative. 

It is for this reason, that only the SKE modifications will 

be presented, however, there are minor modifications 

required in the helicopter that are common to both 
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altemativ&s. 

Equipment location actually involves several factorsi 

cockpit/sub-panel design, space/arrangement of helicopter 

interior, and inflight access to equipment. The cockpit/ 

sub-panel design evaluation is critical because it 

determines proper placement of cockpit components (FCI, PPI, 

and control panels) to maximize the "operational mar/machine 

interface" concept. -These cockpit components are used 

continuously by the aircrew during N/AWS operations and are 

most critical. The installation of the receiver-transmitter 

and coder-decoder in the helicopter are more dependent on 

space available. However, the coder-decoder positioning 

must allow the crew to change clock and slot number settings 

while airborne. 

height reduction experimentation and testing has 
it 

been in progress since the Sierra tests in 1970 and at the 

present time does not present a major problem. The system 

has been reduced to thirty pounds, a weight which does not 

significantly degrade the lift capabilities of the majority 

of the helicopters. The feasibility of incorporating the 

SKE in those helicopters not capable of operating with the 

additional weight requires a prioritizing of equipment to 

determine which system should be removed or replaced by the 

SKE. In summary, the problem of weight is not beyond the 

technical capabilities of SKE technology,3 

Antenna location is a problem that affects the 

entire SKE system operation. Each type helicopter must be 
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evaluated to determine the proper antenna location, 

primarily to insure that the fuselage does not blank out 

reception in all flight attitudes. The reduction in antenna 

size and weight may allow placing a top and bottom antenna. 

This would insure maximum transmission and reception.^" 

This modification can be accomplished on a two for one 

trade of antennas with no weight increase.* 

Normal SKE system operation is not dependent on 

the type airborne or ground platform in which it is 

installed. The tSKE will function essentially the same way 

in the Army helicopter as it does in the Air Force C-I30 

and C-141 aircraft. This fact is borne oux by the fact that 

the functional capabilities of the SKE WRIG successfully 

tested in the Army UH-19D helicopter in 1965.^ 

The ZM and ZMG are capable of functioning in 

cooperation with a properly configured SKE system. Their 

operation will be the same regardless of the type of 

vehicle transporting the operating SKE system, therefore, 

it can be concluded that the N/AWS, which is a combination 

of the SKE, ZM, and ZMG capabilities, will operate 

satisfactorily in Army helicopters. 

CURRENT ARMY AVIATION NIGHT/ADVERSE WEATHER CAPABILITIES 

Chapter V has stated the point that Army Aviation 

m    The HELü SKE report presented in Appendix D, confirms that 
the three identified problem areas in the retrofit action 
process have been engineered and do not represent 
restrictions to considering SKE installation in the 
Army helicopter. 
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has recogniied the need for developing a system and 

supporting tactics that will enhance the capabilities of the 

Army helicopter during night/adverse weather operations, 

particularily when Instrument Meteorological Conditions 

(IMC) are encounteredt Tactical Instrument Flight 

Procedures which are employed in IMC conditions are designed 

to cope with the adversities of vision obscuring phenomena." 

Although these instrument procedures are still in the early 

stages of development, they represent an effort to improve 

Army Aviation by providing, the combined arms team, with an 

important segment of firepower, mobility, and staying power7 

In additionv to instrument conditions, aircraft 

are expected to operate on a routine basis with minumum air 

traffic advisories and control, minimum NAYAIDS, and at 

lower altitudes.* Therefore, "training is the key" to 

developing a capability for conducting helicopter operations 

utiliaing tactical instrument flight procedures.9 

Thoroughness in preflight planning and flight crew 

proficiency are essential tö the success of tactical 

instrument flight and mission accomplishment. 

The hypothetical mission presented in FM 1-5 and 

PM 1-60 provides a framework for comparing the theoretical 

effectiveness of helicopter tactical instrument flight and 

theoretical helicopter effectiveness utilising the N/AWS. 

A brief summary of the salient points in that mission is 

presented in the following exerpt. 

An emergency exists in the forward area of the 

.  v-Afi^'^^^tef.--i- 
i■ •''ir-totii n-Aftm-iidM.n , ii'hifrirrto -^futtiiriMM ±?:~:-r--->^- ■;'.^:^^*^ä*tmmu 



vr-vn.^.-.*:-;^-..:^..:'^.-,■,.■ 

I   » 

U 

•:■:?■ 

54 

battlefield unless the personnel are extracted soon, 
an overrun of the outposts is expected. The thission 
assigned is to extract and relocate the outposts« To 
complete the mission, you must fly low-level to a 
location just short of the forward edge of the ... 
battle area (FEBA). 

The weather is forecast to remain marginal until your 
intended departure time. You plan your mission 
accordingly. Shortly after takeoff from the basefield, 
you encounter "O-O* conditions due to heavy fog which 
precludes even NOE flight. However, you have radio 
contact with the unit at the FEBA and it reports that 
the ceiling there has lifted to 200 to 400 feet overcast 
- acceptable visual flight condition. The problem that 
faces you now, is how to get from your present location 
to the forward area where visibility exists that will 
allow mission completion and then return to the basafield. 
Will you cancel the mission due to the weather? Will 
you wait for conditions to improve and risk the outposts 
being overrun in the meantime? Neither of these 
courses of action are suitable solutions. How can you 
proceed with the mission even in the adverse weather 
condition? How can you return to the basefield or a 
refuel or rear» point after completing the mission? 

Since you knew while planning the mission that the 
weather was marginal and forecast to remain the same, 
you were able to plan ahead and develop a tactical 
instrument flight plan at an altitude which was 
commensurate with intelligence indications of enemy 
air defense threat capabilities within your area intended 
flightpath and at the destination and arranged pre- 
planned locations. Coni'irnation to their placement 
and operation was received. You then coordinated 
instructions for their activation a*td deactivation 
(upon request only, or activation at a preselected 
time). As a standard operating procedure, you 
planned your tactical instrument flight as a backup 
for visual flight in the event weather prohibited 
using visual flight. You were able to plan the flight, 
using the lowest possible safe altitude, to the 
vicinity of the FEBA where adequate ceiling and 
visibility conditions existed and to execute a 
letdown apprcach to VFP. conditions. Upon completing 
your mission, your plan provided for return to the 
rear arei or to an alternate or subsequent location 
to perform- other missions as needed.*« 

To add a touch of realism to that scenario, 

■•Teral questions are posed. £§B this mission be performed 

* ■ — 
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I SSL ask imsteate toia? ISMM laiim. la c,9ptflct th£ 

i MMMII M£££ii 1S£M £S2ull An rclgplpn IIüEEä7  Ssn & 

£&£s&iä tu* toolNL sx& BaflillAag Mol (£&££) Ä& isMßä? 
Can fi mi«siOR oth^r ^ftan planned ^£ floyn? Can mulll" 

a4sacaO g^rfi^^ng Id asi^aiMa?  cgn this mission be 

li££lMit fl£ Balli^ai&Siaa g£o£iA&?    Last of all,  can this 

■ijaLaa M fiAElfillSA fil IIS2 in lti£ depcr^4 weather 

fififidilisnä? 

SCBHARIO COMPARISON (K/AWS V§ NOK-W/AWS) 

£gQ £ij£ m^ffj.gn ^£ P^rfprwetjl oji £& Immediate basis? 

The detailed planning suggested indicates a considerable 

preflight planning requirement. Immediate response 

etpabilltles without a N/AWS are not possible. The N/AWS 

%'ould provide the capability for flying an instrument 

departure, a specific route, and the approach for landing 

at the specific location of the unit being supported in 

night/adverse weather conditions with a significantly 

reduced preplanning requirement. 

IfiUld TftUm SSL ffgfmurt & pathfinder beacon t£gm 

raault in mission fftUvuV ^ the beacon is not located 

properly and manned for operation, that portion of the 

«iision will not be supported by NAYAIDS. If adverse 

weather is encountered, navigation would be highly 

laprobable in the absence of visual references (dead 

reckoning). With a H/AWS, coordination for turn-on is 
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not necessary, since the ZM operates on a passive "listening 

mode* concept. It will provide guidance automatically when 

activated by a SKE equipped aircraft during night/adverse 

weather conditions, thus providing timely, precise, and 

relatively secure navigational guidance. 

San & £££££££ &££ Arming and Refi^UWi Point (F£RRP) 

22£. found? Present helicopter capabilities provide for 

PARRP operation only if navigational aids are present for 

enroute navigation and visual conditions exist for establishing 

its location. Night/adverse weather conditions would 

prohibit use of FARRP operations. The helicopter N/AWS 

allows for a silent electronic differentiated identification 

of the FARRP. This feature provides the necessary 

guidance for accomplishing a successful mission in night/ 

adverse weather conditions. 

San £ ffiifiSliH. &&££ than preplanned, be flown? 

The detailed mission planning required for and described 

in the exerpt from PM 1-60 and PM 1-5 indicates that a 

recovery is necessary to flight plan a changed mission. 

The H/AWS provides for an imm«riiate launch response 

capability. The procedures u   would be identical to 

any H/AWS mission. The only chi^.ge would be reflected in 

the data the crew is required to insert in the SKE control 

panels. Accomplishing this mission would be no more 

difficult than flying instrunents in night/adverse weather 

conditions. 

Can multi-aircraft missions be performed? Without 

I. - 
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a N/AWS? NOJ Visual contact cannot be maintained. With 

a N/AWS, up to 68 aircraft can fly interference free, 

multi-aircraft operations during night/adverse weather 

conditions.  (34 "FreqA", 3^ "Freq B")11 

Can the mission be performed in radio silence? 

Single aircraft? Multi-aircraft? Multi-mission? The 

present procedures do not provide for radio silence, unless 

visual contact can be made at destination. With the N/AWS 

silent signalling capabilities, single aircraft, multi- 

aircraft, and multi-missions can be performed during night/ 

adverse weather conditions. The multi-mission information 

must be provided to the flight crews inflight if mission 

changes occur after takeoff. 

Can the previous operations be performed at night 

iß the described weather conditions? Without a N/AWS, and 

in the weather conditions presented, the mission could not 

be performed. With a N/AWS, the mission could be performed 

at night in adverse weather conditions, provided the Army 

helicopter could accomplish the takeoff and landing phases 

of flight. The success of the first and last seconds of 

flight are not enhanced by the N/AWS. 

smm 
Retrofit action required for incorporating the 

N/AWS in Army helicopters does not represent a restriction 

to technology. In addition, anticipated reductions in 

sis« and weight are within existing state-of-the-art 
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stationkeeping technology. However, weight limitations 

testing and analysis is required to lend validity to the 

feasibility of using the N/AWS in all types of Army 

helicopters, regardless of their respective sizes. 

Finally, a review of the present helicopters' 

capabilities indicates a great need to support combined 

arms operations during night/adverse weather conditions. 

The N/AWS will dramatically improve mission effectiveness. 

Eventually it will emerge as a helicopter operational 

capability when doctrinal and tactical employment 

procedures are developed to support this new system and 

when training programs are initiated for employi^e; the 

helicopter in a night/adverse weather role. 

li^iTiMifiimiiitt^a  -..    ■■■^--■...A:-..^ 
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CHAPTER YII 

t FINDINGS, CONCLUSIONS, & RECOMMENDATIONS 

i     v'.. 

FINDINGS 

Revisions in Army doctrine to support continuous 

warfare include developing the requirement for helicopter 

operations during night/adverse weather conditions. 

Germany is a logical area for commitment of U.S. 

Army forces in support of NATO, The weather conditions in 

this area indicate a definite need for an Army helicopter 

N/AWS in order to provide the necessary support required 

for ground units fighting in that area. 

There are distinct advantages to operating 

helicopters in night/adverse weather conditions, including 

providing fire.oower, movement of troops, logistical support, 

surveillance and reconnaissance. However, each of these 

require development of tactics which provide the least 

exposure to Soviet anti-helicopter threats. Because 

enemy ADA, tactical fighter and armed helicopter 

capabilities are degraded considerably during night/ 

adverse weather conditions, operating the helicopter during 

those times will enhance survi/ability. An increase in 

survivability certainly enhances mission accomplishment. 

A N/AWS presently in operation in the U.S. Air 

Force C-i30 and C-141 provides these fixed-wing tactical 
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airlift aircraft.with an increased mission effectiveness 

during night/adverse weather conditions. 

Advances in stationkeeping technology provide an 

air-to-air, air-to-ground, and ground-to-air capability for 

navigation, intraformation positioning, collision 

avoidance, selective identification, minimal electronic 

signatures, secure reception, and silent signalling. The 

Army helicopter does not presently possess these 

capabilities. 

Technology can provide a N/AWS for the helicopter 

with only minor installation modifications. The retrofit 

action required is considered manageable and within 

budgetary constraint feasibility. 

Operating helicopters at night in adverse weather 

conditions requix^s increased training to maintain 

proficiency in both day and night tactics, techniques, and 

procedures! development of increased physiological 

Stressor levelsi an examination of the cost in manpower, 

money, a^d time required to retrofit Army helicopters with 

N/AWSJ and making revisions in doctrinal/procedural 

publications -.s needed to incorporate the N/AWS in Army 

helicopter operations. 

CONCLUSIONS 

Army Aviation's support of continuous warfare 

necessitates developing a nignt/adverse weather capability. 

Equipment in use in C-130 and C-141 aircraft, 

is available to satisfy the requirement for a helicopter 

MM 
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N/AWS. The N/AWS presented possesses the desired 

operational capabilities, availability, and cost 

effectiveness which combine to make it a feasible solution 

to the problem. 

The N/AWS will provide Army Aviation with the 

improved staying power required to support ground forces 

during night/adverse weather conditions, thereby increasing 

mission effectiveness. 

RECOMMENDATIONS 

Providing equipment with the desired operational 

capabilities is by no means to be construed as providing 

the Army with a night/adverse weather CAPABILITY for the 

helicopter. Now the major problems arise in how to employ 

this weapon system in order to achieve the maximum mission 

effectiveness within the capabilities of the system. The 

major areas requiring further research and development are» 

tactics, techniques, procedures, Standing Operating 

Procedures, training, and weight limitation analyses. Each 

of these areas represents a major undertaking. Each 

solution represents a major contribution toward providing 

the Army helicopter with a night/adverse weather capability. 

When solutions are provided to the previously mentioned 

problem areas? then, and only then, can it be said that the 

Army has a night/adverse weather capability for the 

helicopter. 
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OCT at 56 U 27 0.6 0.7 0 0 > 5   3 2   91 ro / 6.31 950 7 # 0   c 1 0 # 1     0 7 

MOV 73 A5 36 21 2.3 0.9 1 1 ä 6   4 4   89 78   3 8,23 1200 17 1 1   c # 0 0 8     0 8 

DEC 6A 39 [31 i ? 2.1 0.5 1 3 > 6   3 5   87 »   3 1|.17 1350 22 # 2     I 0 0 0 14     6 9 

ANN 98 57 A3;-i 24.1 1.7 3 3 3 6   4 4   87 55   < .3.28 L050 L64 9 8     » 22 7 a 66     # 8 

EYR U 50 | 50 111 u 4    12 2 LI .1 2   11 LI   3 11 U 10 4 4 2    : !     1 38 38   38 j 11 11 
WrwAltat 

* Uat than f ull time operation. 
2 f elHsa intervals. Sxtramos of 

KetlMted from nearby station. 

ROSSWO POKt    Kriy Ot as    5906-70121 Dally Obst    6401-6502, 6509-11. 66OJ -05^ 6611-7012. 
0.5 PERCENT (*) ÄS APPL MOTEj    »DATA NOT AVAILABLE.    «LESS THAN 0.5 DAY. 0.5 OR 0.05 INCH, OR CABLE. 

FLYING WEATHER (% FREO) HOURS (LST) JAN FEB MAR APR MAY JUN JUL AUO SEP 3CT  NOV DEC ANN EYR 

0(M)2 
CIO 03-05 39 56 45 30 36 37 ,44 34 52 60 58 53 1,45... 4 

lest than 06-08.    .. 60 54 49. .36. 28. 30., .30, 33. 56 65 57 58  46., 11 
3000 f Mt 09-11 68 59 .47 35. 20 23 20. .25 37 57 62_ _64 ._43.. 11.. 
•ad/or 
VSKf 

f     12-14 
..i5-i7_:;... 

_57 
_35 

_4L 
.J9L 

.J4J 
.23J 

..2i_ 
_16. 

U 13 8 -13. 
__6_ 

18 
„10.,. 

40. 
.30. 

.-51. 
_48. 

_J7 
_J5 

.JJlJ 
125., 

ll_ 
XL.. _.J7.. . -J. -i. 

lass tn».i „    .18-20  _54. 38 23 .13. ..6. ... 7 . _-5.. „,5... .10 36 .43. ..55. .   25.. U .1 
3 mio L.     21-23.. . 

'157 f'36' MEAN F LISTED HOURS 56 49 37 26 18 20 19 19 31 48 53 

1       00-02 
CIG o;i-05      J 43 35 ■". 27 34 33 40 31 48 52 43 136. J8i 4 

lass than 00-08 48 40 t-i 29 23 24 26 30 52 57 U .36 1 37. L11J 
1500 faat 09-11. _    . .58 48 36 20 13 16 .13 20 34 51 51 -.49., 34. 11 
and/or 12-14  .   _ ...46 35 18 7 -_4. 6 _...4. 6, . is .30 37 ^w4_a. .U, 

VSBT .  . 15-17_. 46 27 12 4 .2 3 .2. .. 2. . 6 23 36 ..a   17.. n. 
lass than 18-20. U 26 15 5 3 4 2 3 7 32 32 . 40     18_ ii 

3 alias .     21-23 ._ 
MÜAN ClF LISTED HOURS 48^ 35 26 15 13 14 15 15 27 41 a a ^ 28 

!       00-02 
i 

CIG U    03-Pi_. 
L    06-08 
i    w-ii  

32 29 24 12 17 17 19 16 29 38 26 -27_.. 241   4 
lass than 
1000 f aat 

?1 25 17 12 12 L12 

6 
16 
10 22 39 

31 
r 36 

.22.!   24.^ 
34.123 

11 
11 35 24 10 6 

i and/or 1    12-u 
1M7  

!       18-20 

34 24 12 3 2 3 1 4 8 23 25 27 1  14 n 
VSBT 

1MS than 
.11 _ 

28 
20 

15 

6 

9 
1 

1   2 
1 
1 

1 
1 

1 
1 

1 
1     2 

3 
3 

15. 
21 

22 
19 

..26 
2? 

4 11 
1 10 

11 ü 
2 «Has [      21-23 1  

MEAN qP LISTS} HOURS 34 26 17 8 7 7 7 8 17 j   30 27 27 18 | 

L     00-02 1 
CIG L      CtW»5... .. 4 4 4 3 2 2 3 2 13 13 11 8 6 4 

lass than \     06-08 
i      09-11 . 

6 7 3 3 1 1 2 3 i6 21 U J. 6!    7 11 
300 fMt .9 7 2 1. ...0. 1 # 1 4 U 10 ..-.8|   .5, u 
and/or 1      1*04^ _5. _3 .1 . .0 a ,   0 .0 ..((• 1 4 7 5... 2. n _ 

VSBJ L      15-17. _7 .4. ..1. . .0. -#. 0 .0 ..  0 1 3 .   7 .-..5!   .2. .u.. 
lass than 18-20... 5 2 1 0 0 0 0 0 1 6 8 .3 1  .2 11 
ialla 21-23... 

L4^..i'. taA. jas^i .^i. «Ä «■^■■i SAM.'.i.Jv 
:.-.\^-»-.i f-■'**-■ Su^ft iiri I 

*Am^£l .iäiöfey 



WföCLImATfCafnEr] 7mow AAy/NÜaHBKR). ymmt  PERIOD-l^a-TO* 1^' WBAN # 
# 

8* 

EDIG 

*USSG TIU :• KUU, TlKh UPliKATlON. 

•EOTlMATf.Lt KROM NtAKliY STATION. 

fOTt;    «DATA Nnr AVAlUBlt.    »LESS T>\m 0.$ 

FLYING WEATHER   %FRE0)   HOURS (LST) 

CIü 
!•«■ than 
3000 feei. 

«nd/or 
VSBY 

lens tnan 
3 »lies 

iisMjt: 

00-02 
03-05 

.U6-Q8. 
09-Xl 
iS-lk .. 
15-17 
1Ö-2Q 
a-23 

i.ürrivD HWHS, 

.„ ■,.,,. - NM SSt. OF NÜRMBERü APBT.   
DAY. 0.5 OR 0.05 INCH, OB 0.5 PERCENT (%) AS APPLICAOLE. 

JAN 

TU 
65 
.59. 
53 
60 

62 

PEB MAR 

67 ^.. 
60 ,>!♦ 
,5£_ 
51. 
57 

i2_ 

era 
lets th<u: 
1500 fer: 
«nd/or 

VSBY 
Ittt than 

3 miles 

1 

I 

l<s»t thii 
1000 feet 
•ad/or 

VSbY 
lets thai. 

2 ■llet 

00-02 
03-05 
0o.o8 
09-11 
IS-l* 
15-17 

:       vJ-ao 
I       ^1-23 

(X)-02 
^•05 
ou-o« 
09-11 

j 12-11» 
15-17 
16-aQ - 
21-23- 

taag o^ > ISTO) HOWS 

67 
61* 

53 

! 53 
i 5/ 

35 

56 i uu 

39- 
3V 

3'» 
31 
A 
15 

APR 

^3 

29 
2, 

31 
19 
12 
9 

MAY 

32 
26 
.26 
16. 
9 

22 

JUN Mi.  AUO 

30.1.30 J.50 
26 
23_ 
15 i.a   ifl^ 

9    7111 

18 
U 

38 
.30 

SEP OCT 

uk    71» 

23      52 
20 1 37 

21 15  I 29 

12  1.29 
1.1  1 29 

kk 

23 
12 

7 
6 
3 

30 
32 
30 
30 

132 r 21110. u 32      21  I 
. 19     13 1 .7 

.1 20. ] . 9 .]   5. 
a.1 ; 131 5 

* \ 25 

;.-::.: 

or. 
Itca thai 

300 feet 
«ft4/or 

VSIlY 
!••■ thoi 
i »tie 

00-02 
03^5 
06-oa 
U'>11 

15-17 
id^o 
a-ii 

u 
5 

15 
i  0 

16 

2 
I 
0. 
0 
0 

28 I 2U 1 U5 : in 1 6M 
1.2 Ö i 27 1 16 I ^ 

8 i 2     12 Ü j 18 
5 0 !   8 j   5 i l1* 
5 0 1   5 i   o 15 

12 

NOV 

56 
5U 
"•5 
"•5. 
1.8 

io. 

OECIANNIEYR 

J. 
71. 51 I _. 
68 J uu ] 

.38 137.i .„ 
62 1.3.1 L.. 
68 1 30 1 

it U 

»•3 
I 33 

28 
30 

7      t?  I  15  I  31  1  36 

V 
k 

3 

1 
l 

<u 
0 
b 

lit 

St 

36 
20 
b 

. 1». 
it 

"iu 

3Ü 
11 

5 
u 
u 

^9     2S 
30     30 

8 .  22 

iL 
■t 

59 1 ^ 
160 33 

50 i  22 
52 1   1? 
55 20 

55 ; 27 

11 I ao 

3 7 
0 l 
0 0 
0 £>.. 
0 0 

Jfe      1 ^K.      I 

T 

1. 1 
9 I.» 1 

oj   J 
0 1    2 

20 
23 

« 1. 2; 
U3 1 21 J 
35 l 13 i. 
364 111  
W I 131 
...      .X. J 

■o 1 17 I   3 

2    ! 
'3' 
2 

1'     i. 
-I   3.. r 



i 

8«) 
\fiWS CLIMATIC BRIEF nrnH™ Aur/miuz/OBER-oi«. GEHMAOT             PERIOD- 1962-70 WBAN # 34D75 

- WMC   # 
FVBjxMd fey ETAC (  MAR 1972 ) H 49 58   K 08 09                                  nKLD   ELEVATION' 759 PfST.NLTRS=   EDOT 

TEMPEWlTUREe,F)| PRECIPITATION (In) WIND (KT) MEAN |                 MEAN NUMBER OF DAYS 

"■-*» 

i i 

s n 
i * 

S 8 if 
St      - 5 ^ 

M 
M     «    2 
O      rt      g I TEIWERÄTUREl'n 

5 
Si 

Si 

-1 
MAXIMUM   MINIMUM 

< i 

1 n MS 

^1 
11 If Si II is 'I 

an ll 1' is 
SB 

c 
t w 8 

0 

1 i 
1 

0 0 
M 

*!    !J    i 
V 

> 

90 80   32 

< 
0 

■J 
0 

5 

JAN 5i 36 29 -1 1.4 3 1.9 11 6 K 6 i JO 90 84 ii J.15 löi» 15 I 10   3 22 0 irir # 8 

FE8 

MM 

APR 

5«_ 

74 

84 

42 

"a 
57 

34 

35 

43 

1 

15 

27 

l,6( 

1,7: 

2.1 ( 

>,4 

1.6 

).9 

8 

3 

# 

5 

4 

1 

wsu 
usu 
wsu 

7 : 

7" i 

7 t 

n 
.0 

.7 

88 

86 

84 

79 X 

70 3. 

63 41 

) .17 

r.w 
3 .25 

1750 U 0 6   2 12 0 0   12 0 8 

-t 1550 

1550 

U 

15 

4   1 U 0 0   12 0 7 

1   0 0 1 1 0 7 

MAY 86 66 49 J3 2.7 : l.l 0 0 usu 6 : »7 84 594 5 .31 1300 16 0   0 9 0 1 0 0 7 

JÜN 

jui. 
90 

96 

74 

69 

55 

54 a 
2.2 ( 

2.7 

).6 

1.8 

0 

0 

0 

0 

wsu 
wsu 

6 : 

5 - 

Jl 

43 

85 

87 

58 5. 

59 5. 

2 .39 

4 .42 

1100 

uoo' 
13 

13 

0   0 

T 0 
. 13 

"18 

1 

2 

4 

6 " 

0 

Ö 

0 6 

0 7 

AUO 94 71 54 i5 3.1 1.4 0 0 wsu 5 n 89 615 4 .42 1200 15 0   0 20 1 4 0 0 7 

SEP 

ÖCT 

mi 

86 

78 

66 

66 

58 

44 

50 17 1.9 

1.4 

1.8 

1.5 

1.4 

0.9 

0 

'# 

2 

0 

"f 
2 

wsu 
usu 
U3H 

5 

5 

6 

28 

52 

44 

91 

92 

91 

665 

76 4 

84 3 

I .38 

6 131 

7 .22 

1300 

1350 

1750 

12 

12 

15 

0   0 

0   0 

2   # 

• ■«- 

24 0 1 
..... 

0 

i 
0 6 

45 129 25     0 

19     0 

0 7 

36 17 0 13 0 8 

DEC $4 40 33 5 2.1 0.9 5 3 MSW 7 33 91 85 3 0 .17 1850 18 5   1 18     0 0 u 0 8 

ANN 96 56 43 '-1 24.7 1.9 29 6 wsu 6 47 88 704 2 .27 1500 172 29   7 15 214     1 16 70 l 7 

L!!?. 9 3 3    9 7 7 7 5 9 9 4 9 9 9    9 8 7 7   7 20 |    2     3 3 3 3 9 
HMM 

4 EXTRBtt.» OK rt CUSS IMTBWALS. 

'' 2 WUQ CUM DATA TO MAINZ, (HäfMANY (FOR«    UNXN). 

ROSSUO PORl    HRtY OBSt    6202.7012t DAILY OBS 64C1-7012. 
NOTE;    «DATA NOT AVAILftBU.    ILESS T>VW 0.5 DAY.  O.S OR 0.05  INCH, OR 0.5 PERCENT (%) AS APPLICABLE. 

FLYING WEATHER ;% FREO) HOURS (L8T) JAN FE8 MAR.APR MAY JUN JUL AU6 SEP DCT NOV DEC ANN EYR 

00-02 65 42 37 25 8 15 15 11 18 43 58 66 34 i 
CIO 03-05 69 45 44 28 22 23 20 ^ 24 32 48 56 " "61 39 9 

IMS thftn 06-08 69 53 5L 35 2^ £3 17 » 42 55 61 63 44 9 
3000 fMt 09-11 72 51 50... 36 25 26 18 23 38 56 64 er 44 9 
•ai/or ,       12-14 .68 JQ„ JW_ uJ» ?.9.., .W 15, 16.. 26 47 . 64... 66 39   J 9 

VSBI 15-lt 66 48 n 41 24 12. .13 9 W 16 38 58 68 34. 9 
last Uwn 18-20 -iO a. 33.. 18 .9 . 11 7 .7.. 13 .. 36.. -54._ 66 30 9.,J 

3 ■!!•• ■Sl-23_ 57 ya 35- -25 12.1 .17 T 12 10... 14. 34 64... 66 ..32_. .jj 
ALL HOURS 67 48 44   ' 29 18 ] 19 U 17 27 46 60 [65 38 

00-02. 42 23 18 U 4 8 10 7 U 33 H 41 120 .' 
CIG 03-05         1  50 29 23 16 13 15 13 18 24 39 38 43 27   1_9 

l«f• th»n 06-08 50 46 33 22 15 16 13 22 37 45._ 44 45 32_1   9 
1500 f«et 
u4/or 

09-11 56 39 34 20 12 li 9 13 28 47 49 51 n . '» 
12-LU 53 36 25 „ U .. 4. .4. .4... _1_ 15. J6- 46.. §".. 24 9 

VSBI .      15-17_ 53 35 19 7 — 4 3 3.. U.. 29 46 . liJ 22 _9_ 
~\ !••• than 18-20 46 29   117. 4 3 3 3 3 31 42 46 20 9 

3 «lit» a.23. 38 19 18 9 1 7 6. ,. 2.,. 29 V 46 19... .?.. 
ALL HOURS 51 34 25 14 8 9 7 10 37  1 44 48 25 

00-02 24 14 6 5 2 1 6 4 a 21 15 10 3 
CIG 

1«M thU 
1000 fMt 
•od/or 

YSBX 

_    03-0i..   _ 
_    .06-08 _. 

09-U 
i_.. . 12-U._ ... 
r   is-17 

-34 
J4 
42 

1 

> 

2 

9 
6 

13__ 
2J 

7 8 
8 

10 
91 

6 
8' 

1 
1 

13.. 

1 

*9-. 
3°.. 
38 
26" _5 

21" 

25 
3^ 
35 
35 
34 

30 
34 

'41 
37~ 
37" 

"18- 
- -jj- 

tu- 

9" 
"9 
9 

-9- 
. 0 

7 
1 

23 
15_. 
10 

9 
,. 5. 

2 

5 
2 
i 3' 

lati tlM 
2allH 

> . JI8-20 
.21-0 

ai HKIR s 

.35 
19 
36 

17_ 

23 

. 7_ 
4 

15 

.    2 
X 
7 

1 
b 
4 

1 
2 
4' 

1 
2 
3" 

2 

j|:~i 
"21" 
15 ' 
18" 

31" 
22 
31" 

20 
14' 

i 11 
1 ^ "if 

9 
Z-C 

1     <xw)a 9 1   ?   i   0 0 0      13      1 11 7 6 4 3 
CIO f       03-05 X? !   5 1 2       2 1 1 17 10 n I6 

9 

«»/•^          r   09-u 
15     7 } 2 2 2 2 Q " 24 " 32' '13 ■fn- 9r- 

15     8 1  5 '1 1 0 1 1 18     16   ^U 
. r. 

-9 
•irf/ar                 ;      ij.u 10 ! 6 

1   10     7 
1 ^ 0 *"" 6 0 0 0 i  i Al T 9 r 

VSBt r   i'tv»' f i"" u 0 0 f ^5 u 1 ii-j-i. T 9~ 

J--^i. __^ä_. tte 

;<5 
sfe^r: y. 

5 
yy 

0 X 11" l-H-l-^H1 
ayaijgj 
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1 87 
1               ' wscLimmamEF 

»r«por«J by EtAC (  APR 1972 ) 

FlILm AAP.  nERMANY                                                          PERIOO= lq60_701 WB 4N #   35053 
0   # 
«1 LTRS-- 'JDEX 

V 

l             f M 50 33   B 09 39                                 /IEU)   ELEVATION^ 1000 f f STr 

' 1 TEMPERATURE CF) PRECIPITATION (in) WIND (KT)       MEAN : MEAN NUMBER OF DAYS a 
1 

X 

1 s 

« 

«tl 

4 

»ft 

1     i 
im 

it 
h 

-St    - 

* s 
if 

1   - ^ 

u      0«   O 
1      ai   Al 

i      1 

M 

in • 
O 

N 

. 
O 
Al J 

| V 

1 

TEMPERATUREW 

o 

5 
IK 

1 

ft 
> 

t 1 
— a 

Es 

MAXIMUM MINIMUM 

1 
*-    1 

> 

90 50 

< 
3" 

32 

< 

0 

1 JAN W 37 311-9 1.3 0. 6 11 4 aaw 6 36 90 84 « .15 1900 18 1 L2 2 1 22 0 0 20 1 9 

1 FEB 60 38 28^-5 2.5 1, ^   4 6 SJH 6 50 88 79 28 .15 2000 13 2 3 1 2 U 0 0 17 1 8 

i      t UAD 

APR 

74 

86 

48 

53 

36   1 

36 23 

2.2 0. 

2.5 1. 

f>   2 

2    1 

3 

1 

3W 7 44 

6 a 
87 

88 

71 31 .17 

63 38 .23 

1850 

1750 

17 

17 

1 3 

3 0 

2 15 

17 

0 

0 

0 12 

6 

0 7 

0 8 

$ MAY «A 64 45 29 2.6 r>. a # 0 3U 6 42 89 59 44 .29 1500 15 1 # 0 4 13 0 1 1     0 7 

i JUN 68 68 50^1 

53 p7 

50 3V 

3.3 2, 3    0 0 sw 5 38 92 58 51 .38 1350 16 2 0 0 6 16 o 3 1 0 7 

JUL 92 72 3.4 1. 

2.9 1. 

2   0 

5   0 

0 

0 

5 42 

5 6C 

92 

194 

58 53 .40 

61 53 .40 

1400 

1400 

14 

15 

2 

2 

0 

0 

0 

0 

6 

6 

18 

20 

8 

2 

0 

0 0 1 t AUG 94 70 
i SEP 88 64 47 29 1.6 1. I    0 0 SSW 5 32 94 [66 50 ,36 1550 12 1 0 0 2 22 0 1 1 0 7 
X OCT 80 58 41 23 1.3 0. i   0 0 SSW 5 5J 94 75 45 .30 1650 12 ' 0 0 if 23 0 #,7 0 7 

NOV 66 40 31 jll 
tt -7 

2.6 1. 1    8 5 SSW 6 39 91 83 3 5 .20 2000 17 1 6 2 2 a 0 0 10 0 9 
^, DEC 58 38 4.7 1. A    6 4 SSW 6 4C 89 85 2 i .15 2100 21 4 9 2 I 25 0 0 18 (C 9 

ANN 94 54 40-9 ».9 2 1 32 6 SÜH 6 6C )   91 70 4 D .25 1750 187 15 36 7 31 226 # u 92 1 8 

EYR 10 4 4 20 6    k 6 5 10 10   • .   10 10 1 5   10 9 6 6 6 6 3 3 10 4 4 10 10 

s: 

1. 

NCMMMS^ 

L«as than full Uma operation. 
*   Kxtretws of 20F -lass l^tanral. 
3   Eatlnated fron n arby atatlon. 

i 

Rüsan PORI   wu. OBSI   H 1.9-7012; DAIU OBS«    6009-10, 6101-03, 6307-6502, 6505-11, 6601-7012 

I,    «LESS THAN 0.5 DAY.  O.S OR 0.05  INCH, OR 0.5 PERCENT tV) AS APPt 

• 
NOTE;    «W 

rtYINO WEAT 
TA NOT AVAILABL CABLE. 

MER v%FREQ)! HOUR? . (LST) | JAN 

"61 

FEB MAP APR MAY JUNIJUL AU6  ! >EP 3CT NOV DEC ANNI EYR 

1 00-( )2           1 46 a 27 10 11 14 12 26 33 66 55   ,34 
66"t51' 
'70'   57" 

3 
CIO 

laaa than 
03-05 . 
06-08 

68 
69 

54 
64 

52 
62 

43 
53 

32 
40 

37 
38 

?8 
37 

43 
51' 

57 
64 

60 
67 

66 J 
65 H 

9 
10 ' 

3000 faet 09-11 75 69 58 48 34 27 26 35 55 61 65 74"! 52"' 10 

1 aatVor 12-14 70 59 47 4C 23 19 18 19 25 40 60 70  I 41 10 
I VSBT                       |      V5-17. 62 52 37 _29 14 12 12 11 12 30 52 i 69   ; 33"" 10 
* laaa than                       1R_20 63 51 32 23 7 10 7 5 10 27 53 70     30 10 

•     f 3 ■ila«                          21-23 54 a 27 19 6 7 « 5 12 20 59 64     27 3 
% -LL HOURS 63 58 48 39 24 22 22 26 36 46 60 70  I 43 

i 

f 00-0? 40 23 19 12 3 7 7 10 22 24 51 35   1 21 3 
» CIC 03-05   _   .- 54 38 35 31 a 27 30 36 51 49 52 50  i 40 9 

laaa than .    06-08 . 56 50 45 a 29 29 30 42 57 56 51 .54. ,45, 
60.J 37  i 

10 
1500 feat 09-11—    .. 63 55 43 ^8 14 11 12 19 40 49 50 10 
•ad/or i2-U -     . 

.    i5-17_- 
_ 55 

43 
42 

.  3'> 
26 
18 

13. 
9 

...  8 
.   3 

5 
3 

.. 5 
.4. .2 

12 
5 

25 
17 

42 
38 

.56. 1 25... 
54  1 19 

10 
10 

laaa than .    18-20. 45 33 18 9 2 3 3 2 6 17 40 55     19 10 

|      ^ 3 allaa                          21-a  42 .23 9 12 . 2 2 .   4 . J 9 13 46 W .   17 .3_ 

j kix. HWHS 52     42 ?o •>! 12 12 13 17 rr; 34 46 SA ; 30 j 
1 i      vX)-02 26      10 11 7 2 4 5 5 17 19 a 18     14  ! 3 

CIC                     [.    03-05.  _ L 138  . .28 a 21 16 20 25 27 43 41 40 33     29 1 9 
^ laaa than                        0(^-08 

1000 faat                        09-11 
_4D. 

4? 
36 ?? :0 21 IB 

6 
21 

6 
32 
12 

47 
28 

47 
37 

37 
36 

41 j 33. 10 
10 tr 39 26 15 7 44 25 

1       * •Wor                           12T14 35 28 13 6 4 2 1 2 4 14 26 40 15 10 
i 'SKt                             IS-I-L  29 Z) 8 3 2 1 1 1 2 10 26 38 12 10 
!J: laaa than                j     la-JQ..  ...JQ „ja -J ..   3 _..! # 1 1 3      9 26 1 40 1 12 

T   9 
10 

1 2 atlaa                   [      21-23 .19 .11 5 2 0 0 2 ...0 4    U. 30. 19 3. 
■ .XL HOURS 35 28 17 12 7 7 8 11 20     25 32 138  ,20_ 

1 U     00-02 3 2 2 1 1 2 3 2 8 12 U 1   3  1.4! '3 
m CIC                      L.    03-0i  7 4 3 6 7 8 7 3 28 27 13 4  1 10 j 9 
§• laaa than                 i      06-08 8 9 6 11 7 6 6 U 32 31 13 6; i2 10 
1 200 faat ^    09-11 7 9 3 3 1 0 * 2 10 18 10 ..71.   6 10 
^ and/or L.     12-14.      . 4 2 1 0 0 0 It 0 0 2 4 5 1.. C 10 
li VSBT 1      15-17, 3 3 1 # 0 0 0 0 0 1 5 4  '    1 10 

m laaa than 18-20.. .    3,     1 0 / .    # 0 0 0 t 2 7 ' .4 . .-2 10 

irmr-M 
U-31-.. - ...21 . 1 .9 .. .0 .9 0 .9. 2. .4 XI 

t :i*^xaä - 
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-1 

I- 

M 

mSCLIMATICBRf£F 
Pf«por«tf by ETAC ( JAH 1971   ) 

TEMPCTÄTURECF) 

JAN 

FE8 

APR 

MAY 

VÜN 
ML 
AUS 

1Rn,HlS TO HIGHEST AND LOWEST HOURLY TBMPERAXURK CLASS INTERVAL. 
'REFERS TO HIGHEST HOURLY WIND SPEED CLASS INTERVAL. 
*ANN RU IS MEAN OF LISTED MO MEANS. 

HRLY OBS:    MAR U6-MAY U7,  AUO 63-OCT 65. 
DAILY OBS: KAR U6-MAY U?. 

SEP 

ÖCT 

NOV 

91» 

DEC 

86. 

LJ*. 

2SL 
ANN 

EYR 
& 

72 

Ji 
3k 
A 

it 

,.Ji_jai 25 
Jik 

J8 

-3 

11 

25 

35 

*1 
kl 

23 

JL 
IDRIH AAr/MONTEITH BARRACKS,  GERMANY 

H    U9   30_ £1058 

PERKMW^-öSB 

ELEVATION^ 1000   ft 

PRECIPITATION On) 

5.1 

1.0 

O.U 

J._l 
3>' 

Jr.? 
1.1 

2.5 

j. 

P-2. 
D-3 
0.1 

1.1 

2.1 

0.6 

1.2 

0.1» 

1.3 

0.2 

i&X Al 

if 

ii 

WfftO (KT) 

li 

WSW 

w___ 

w 

w 

w 

w 

w  

w_ 

WSW 

w 

w 

SSE 

•~ 

1 
27 

33 

>55 

33 

33 

27 

taO 

UI 
27 

27 
liO 

MEAN 

>S1^ 
y 3 L3| 3I ?| ?! 3| 3 

2 

§ 

68 

«£ 

I  i 

lU 

.20 

.2»t 

.3* 

.1« 

M 
M 
•39 

.26 

.22 

1U 

l»2 .27 

1500 

1650 

2050 

1600 

IU50 

1350 

1250 

1250 

1300 

1500 

1900 

WBAN # 31*176 
WMO   # 
STN LTRS-EDEW 

MEAN NUMBER OF DAYS 

3 

_8 

12 

8 

1600   10 

1700 116 12   22 

l_i 

TEMPERATURE (»Fl 

MAXIMUM 

0 

_0 

0 

0 

5 
u 

u 

J 
0 

0 

0 

26 

MINIMUM 

32 I   0 

121 

1    U 

NOTE;    "DATA NOT AVAILABLE.    »LESS THAN 0.5 DAY, 0.5 OR 0.05 INCH, OR 0.5 PERCENT (%) AS APPLICABLE. 

FLYINO WEATHER  (%FREO)   HOURS (LST) 

CIG 
!«■■ than 
3OO0 feet 
•nd/or 

VSBY 
lei« than 

3 «ilei 

g... ??_ „'tSL.. .51. _J8.,  U2_.. i_ 
9 ISL_ .-gij^ ._ii_r i»x J._ 

CIG 
lese than 
15OC feet 
and/or 

VSBY 
lait than 

3 alle1 

CIG 
less than 
1000 feet 
and/or 

VSBY 
less than 

2 alles 

CIG 
lass than 

230 feel 
and/or 

VSBY 
less than 
I Mil« 

DEC ANN EYR 

71. 131* 
joJ394_..i.„ 

^    ..2_- 
.JL 

»T 51 
^4.8i4 52 

-_.10. -.aL—'MS..^--^ f .25. 

JU-l2-.-1 

,T9J.3U 1 -i 
g I   39 

33 1   SO,! 21 1   1 

iiflüsXö i 
6a_Lii7__j,i_:..|»3 i_ 

..«../ri-L.tcL-i 
21 62J.J6 ä_ 
29-....56[ 20 ..TH 

34-_l§i   i»0__ö3J_21, 
>'♦, .J>5l 23J -i 
38 I   66 I   2o 

-._9.   231.33 1  I2 i.-1-4 
-15-- 23--l1*.;   15.-1. 

. 5ii-.21.-3 
.30 I   11. 

_.12_ _.^;.   .?-4_3 

Ui   23     32     13 
37 iU 

.J_ 

.84- 
?J-_pl .J.i_l_ 
3. —-2T    5«-. 3^ 
2.-.-7,l-,_jLa 

. Öl ..l.l _J.L_X. 

.. 14.-4_:L... 

y   a 



■'f' 

mSCLIMATtC BRIEF [ 
Pr«pof«d by ETAC ( WJÜ   Jl»7l 

TEMPERATURECF) 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

29 

J6 

60 42 

75 55 

JUL   91 

SEP 

OCT 

MOV 

DEC 

ANN 

EYR 

84 

76 

61 

54 

91 

NCMMKS 

li 
18 

a 

63 

71 

74 

70 

43^ 

32 

t2 

1 It 

24 

35 

43 

48 

50 

49 

U 

35 
33 
il 

-1« 

-1« 

-1 

2 

2« 

_3] 

3f 
' 3l 

?! 

25 

I 

-1 

I 4 

PERIOfr 1959-673 

PRECIPITATION (In) 

if 
1.7 P.7 
i^3_b.7 
2.20.9 
1.8 0.8 

2.1 

4.1 

2.6 

1.7 

2.4 

0.9 

2.6 

2^6|i.n 

0.7 

1.4 

i.« 
0.6 

1.1 

0.5 

0.9 

35     -1«26.0 1.8   38 

u 
WIND (KT) 

P II 
u 
1 u o c u 
I- u 

46 

45. 
yi 

35 

50* 

43 

35 

32 

a" 
37 

46 

36 

89 82 

79 

190 |72 

56 

MEAN 

2»- 

III t 

91 

8 

68 

«f 

.12 

,U 

.17 

.23 

.29 

.J6 

.39 

.39 

.34 

.26 

.20 

.14 

39 .24 

FIELD  ELEVATIONi 1360 (| 

2200 

2500 

2250 

2050 

1750 

1750 

1750 

1700 

1850" 

1950 

2250 

2550 

210Q 

A WBAN #3<; 
WMO   # 10687 
STNLTRS-   EPIC 

U 
12 

12 

U 

17 

10 

'l2 

"Ü 
8 

17 

\i 
157 10 

MEAN NUMBER OF DAYS 

36 

TEMPERATURE («F) 

2A 

18 

25 

23 

27 283 

MAXIMUM MINIMUM 

22 

28 

22 

23 

10 
„ 4. 

J± 
138 12 

HBSaro PORt    llrly Obsi    5901-6708.    Dally Obsi    620&.6505. 6503-6602.              
NOTE]    »«DATA NOT AVAILABLE.    ILESS THAN 0.5 DAT,  0.5 0« 0.05  INCH, OR 0.5 PERCENT" (%) AS APPLICABLE. 

FLYINO WEATHgR (O/oFREO)1 HOURS (L3T) 

CIC 
!••• thtn 
3000 fatt 
•ml/or 

V3BT 
!••• than 

3  «11«8 

00 - 02 

-.03 -_.05 
06 - 08 
09. i-ii 

_18_- 20 
.21.-23 

ALL HOUIU 

-.78. „10 

L     AO - « 
i      21 -2: 

CIC 
!•■• thtn 
1500 fMt 
•nd/er 

VSBX 
!•■• thftc 

3 allat 

CIG 
Itaa t\ui 
1000 fMt 
vA/w 

VSBI 
!••• than 

2 BUM 

00-02 
.03,"rl05 
06.-08 
09. -_U 
12-JU 

18-20 
2l_r_23 

JOL HOURS 

4- 

00 - 02   . 
OJ^O} 

_0& - 08 
69-II 

15,=^7 
-18^^. 

21 -_23 
ALL HOURS 

CIG 
1M8 than 

200 fMt 
aad/or 
VSU 

l*aa ttan 

90-02 
ÄZOi 
06-08 

I      09 -"11 

\     1J.-J.7 
W..-_2P. , 

1    a - 22 
ALL fnurui 

\ 

JAN I FEB 

81 
81 

.79. 

67 
M 
71 
78 
74 

50 
55 

I 
.561   44 

74 
72 
70 
71 

54. 
63 

65 

49 
_43 

49 
J6 

a 
47 
42 

62 
'66 
J72 

JiL 
_51 

fl 
63 

36 
47 

„50 
50 

28 
-J3 

A4._42 
42 

...29 
32._-2I._JL; 

_25 
31 

5 
_5 
13 
10 

_4 
_ 2 
..? 
.5 

6 

MAR 

55 
69 
77. 
68 

.11 

.48. 
_A7 
48 

59 
46 
56 
66 
55 
32 
25 

l_J2. 
38 
a 
27 

J3 

30 

19 
24 

6 
_8 
12 

-J 

APR   MAY 

36 

51 

J7. 
28 
22^ 
21 

26 
42 

.57. ',& 

.47 _J5. 
Jl 
20 

'16 
17 

39     30 

26 
42 
49 
27 
12.1 

8 

u 
24 

1? 
24 

JO 
12 

6 
12 

17 

35 
37 
17 

_-Z 
_.5 
_7 
_ 9 

17 

10 
23 
22 

"~6 
.3 
_2 

3 
.4 
9 

4 
11 
8 

-*   I 
öl-© 

0 
6 
1 
3 

JUN 

20 

39 
7  , 

_29 

20 
l6 
U 
26 

JUL  AUG  SEP  OCT 

18 
44 
45: 
33 
27 
17 
if 
10 
26 

16 
34 
29 121 

_8 

6 
10. 

15 
._J. 

.10 
24 
18 

4 
? 
3 

9 

20 

_49_ 
J8_ 

-ii 
12_ 
'il 

28 

15 

33 

i75l£t 
iL_iSL 

4 1..4- 

16     18 
8 

23 
18" 

5 

2 
10 
7 

f 

0 
0 
1 
2 

I_..17_ 

7 
22 
27 

-j»: 
JL.-4.. 
.2- _2_ 

2       2 

lo 

2 

11 

0 
b 

"6" 
I 
3 

38 
57' 
65 
47 
29.. 
18 
16' 
20 

37 

35 
53 
60 
37 
A3_J 

7 
11 
17 

29 

24 a 
17 
6' 

13 
24 
24' 
6 
0 
I 
i" 
4 
9 

56 
65" 
74." 
60 
41 
w 

'33 
46" 
51 

NOV  DEC 1 ANN   EYR 

49 
60 
67 
51" 
28 
a' 
26^ 
,37. 
42 

52 
61 
66 
59 

—44^62 
41 

47 
52 

33 
a 

45 5.1. 43.J 

9 
If 

16 
a 

"25" 
"11 

1 
0 
2 

Iff 

66 
71" 
77 
TlJ 
61 
54" 
57 
61' 

65 

74 1 46 jj) 
"73"['SSI, 7 
lf?1"i 63X9 

76  '    ■ 
72' 

'74~3F 
..73.^ 3816 

75 I 47 

45 JL9 
37 

^5. 
40 
43' 
40 
'26 

7 
9 

"T 
7 

" 2" 

59     3? 
61     50' 
^155: 
70     4l_ 

27 
23" 
26' 
30 

62   I 35 

6 
V 
Q 

9"' 
-9 
9_ 
9    . 
T~1 

J6 1 23  16 _ 
'37 "' 32_T7' 
i* 1 35  1? 
47 L25~nr 

-37IL13 
15 

39 ^r~ 
6 >   6 
8_l 11 

1' < 4 
3; 1  v- 
ZTT   9' 
4"T"5~"9— 5 

'111 
-SÄf 5*.. A^- .;-   ?-    -..   ::-^-   ■■.--■-      '   I;-."  -..^■.:';-:.::.    '     i.^.^--        ^W..- ■ [Tl^Sa {   •■ ■ ■■" - ..,  . ■   ■: V:'. ■ • VQ'1-'- 
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ymmmmm PRECIPITATION (in)! WIND m) 

JAN 

MM 
APR 78 

MAY 

JW 
Ml 

Aue 
SCP 
OCT 

NOV 

DEC 

EY« 

68 

■X) 

93 
86 

83 
72 

59 
60 

93 

U 

52. 

59 
65 
66 
67 

63 

53 
42 
36 

$2 

12 

32 

U 
50 
53 
52 

49 
a 
35 

29 

40 

12 

i*#*i»'i'i SSL 
law AtyHPHSaPOK,. SJBtMI 

M 49 57   B 07 16 
PEgLOD: 1953-66 ^/Igf 

3 
-11 

12 
21 

40 

43 

34 
26 
18 

-11 

2.2 
1.0 
1.1 

1.9 

2^7 

2.6 

3.0 
3.2 

1.9 
2.0 

2.0 

V.5 
28.5 

12 11 

l.J 
0.9 

2.4 

2.4 

1.3 

1.1 

2.3 
1.0 

2.4 

U 

31 

12 12  U 

r 
e fc 

43 

_7 42 

7 35' 

53 

MEAN 

U 
IB 

li 
88 84 

86 
88 

88 

68 

90 

87 

14 

64 
65 51 

TA 

lb 
.u 
.u 
.17 
.% 

727 
.35 
'.r 
.37 

72 39 

u 

.33 

.20 

."16 

.24 

i 

2650 

2850 

aw? 
2350 

2100 

2150 
aoo 
2150" 
2100 

2350 
'2450 
2800 

2450 

U 

aJEVOTION=1659   ftJSTNLTRS' BDAB 

MEAN NUMBER OF DAYS 

12 

ii 
14 

15 

169 

11 11 

13 32 

11 12 12 

19 

12 

TEMPERATURECF) 

MAXIMUM 

17 

16 
16 
17 

19 
20 

25 

252 

12 

ifi 

12 

80 

MINIMUM 

t      7 

M 
24 

20 

15 

0   0 

Oi   0 

2r 0 
11 

19 
98 

12   12 12 

_7 

7 

_7 

_7 

_6 

_7 

_9 

_8 

_7 

14 

WSSm    PORt   rau oas.   JUI 53 - DM 66 
aaur OBSI  Jui 53 - J«n 65 

NOTEJ    "DAfA NOT AVAimLE.    ag$S THAN 0.5 PAY, 0.5 OR 0.05 INCH. W C.5 WWCCNT «) AS APPLICABLE. 

fcli*»»- 

;~^JL:;_-'ä^ , ■^"•"^.S 

 _.-.J. ül JäI:'-— :-^-. --■:--^ *  - 



>;B;*I: 

fiWSCUMATjC BRIEF 
Pf«pw>d by ETAC V   JAl  1»/1) 

-91. 
. HAHAü uiAysgiBiaaau QgCtA:« PERIOD^ 1946-67B 

N 50 10   E 08 58 ELD/ftTION;   377   ft 

WBAN # 35009 
WMO ♦ 106« 
STN URS-    SDI3 

TEM»€W(rURECF) PRECIPITATION (In) 

w 
El 

51 
w S it aw 

.^ 

is 

WIND (KT) 

1^ So 
I- UI 

SSi 

MEAN 

CSS 

8 

af 

§      Sb-f-T-j 
MEAN NUMBER OF DAYS 

TEMPERATURES 

MAXIMUM 

> 
80 

MINIMUM 

< 

?2 

JAN 

VEB 

AM 
MAY 

JUN 

JÜL 98 72 

AUS 96 74 % 
SEP 88 66 

OCX 80 58 

NOV 70 U 36 

OEC 62 42 34 

1.7 

1.5] 
3.o' 

2.4 
5.0" 

3.4 

0.3 

0.4 

0.5 

0.5 
2.2 

i._4 
0.5 

o.s 
1.5 
1,8 

SU 

■Si 

1.6 

.16 

.18 

^20 

.26 

.32 

.39 

.45 

.44 

738 

".'30 

.22 

1250 

1500 

1150 

1150 

850 

800 

""750 

800 

^900 

1050 

1300 

i500 

0 
• 
1 

0 

0 
0 

0 
0 

d 
0 

1 
1 

22 

16 

21 

26 

17 

17 

19 

18 

"27 

28 

25 

23 

15 

13 

12 

1 

J 
0 

~d 

o| 0 

31'Ö' 

11 
10 

8 

8 

_7 

_7 

7 

~7 

-I 
7 

"? 
_7 

8 

~S 

7 

U 

ANN 98 y? 43 -5 S,' 40 ff? 68 43 .28 noo 34 259 25 65   S 

EYR 11     2     2   11   2 2   2    12   12 12   12 12 12 12 11 2    2 

******^Ta«fiir8 to highest and loves* hourly temperatures class Interval.. 
Refers to highest hourly wind speed class Interval. 

sDally Obs POR differs from EYR because of Incomplete months 
PORs   Hourly Obss    Hay - Aug 46, Oet 56 - Dec 67 

Oally   Obss    feb - Aug 46, Oct 56 - Peb 64, Jun 64, Aug 64 - Dee 66 

3 2 

NT/fE;    "DATA NOT AVAilABLi:.     »LESS THWjl C.5 DAT.  0.5 OR 0.05  INCH, OR 0.5 PERCENT (t) AS APPtlCABU 
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.^ 

llXMCm 33 MM SE OF If .IMBCRO. 
'lO» VUHt mx. TDUi O.'UUIIQR. 
•tXnuM LIMIT OF 2*K   :USS DWERVALS. 
*BOTBWma> KHOM SURHOI iDING STAnCHS.        *HIGKE3r HOURLY WH© SPEED CUSS INIERVAL. 

gggwo rcm mx mi 6109.1 ta» PMLY OM: etoi-ösoa. 6;o6.o?. 6601-7012.  _    _ 
NOTtj    "WTA MDT"ÄvAltAm.E      ILESS Tt^N 0,5 DAV^ 0.5 0* 0.05 INCH, Wi 0.5 PERCENT (%)" AS APßiamSLg. 
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WtSCLIMATIC BRIEF 
Prepom) hy ETAC ( Ai'H 197^' ) 

\ U£SKE1M AAF/STOWC BARRACKS.  OEBHAWY1 PERIOD- 1959-70* 

NJl2Ji8_OQ_21- FIKLD ELEVATION: 106?  ft 

WIND (KTJ 

SEBiSM 

. 7 

7 
8 

6 

KB 
a w o 
K U 

X tt. w m 

U2 

5!». 
60 

50 

U2 

60 

7JJ6 

39 B2 

76 

U7 

55 

si 

MEAN 

S|8 

59 

90 58 

90 

25 
91» 

95 

92 

92. 

12 
bO 2i 

25 

55 

6lj53 
65 

au 
?T., 15. aiqo 

50 

Mt 

36 

62 

s 
sf 

J 
5 (L 

1950 

.18 

.2* 

30 

38 

."tO 

• y) 
• 36 

.29 

.21 

fcll.26 
12'  12 

« 
8 

o 

1900 

1850 

1550 

1U50 

11450, 

1500 

1550 

1750 

2000 

2150 

1800 

94 
WBAN #3^190 
WMO ♦ 10752 
STN LTRS- EDIK 

11 
15i 

MEAN NUMBER OF DAYS 

H4*: 

1 _. 1 

J8 

C 
z 

J§. 
15 

TEMPERATURE (»F) 

MMIMUM 

> 
86 

80 
Jit 
80 

MINIMUM 

0 i 
23 

-19 

15 

.5 

J 
_0, 

0 

0 

# 

JL2 

12 
97|    M  7 
00    12112 

'26 KM W OK NURNBEH.; At rt. 
*u;ss THAU K.JU. T1MK o; aWTIOH. 
•tWRkWiS 0^ r*K CLASS  IWTaWAU!. 
•tOTIMATaJ r'MOM SUKROU..DINC STATIOHS. 

RUS5W0 POR:  HRLY OhS:  STOj-YOia;  DAILr OBS:  6208-6502.  6608-11,  6703-7012. 
NOTE;    "DATA NOT AVAILAOLI.     HESS TMAN 0.5 DAY,  0.$ OR Q.OS  INCH, 0« O.S PERCENT (X) AS APPLICAOUE 

FLYINO WEATHER  (%FREO); H( URS (LST) 

11 LiiJ * L_IT.5.UJL 
i2l>l.^L ,Ur_5:.i£_ 

2 i   5L Vi_3 4_-21 .12_ 

l±->. 
12 
12 
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95 
*«»J^ )05-4, vOt-SL 

I" 

I t 

I 

— t 

40 

1 

2* 

|   il   r    '  .A .... .^ tf.... ... w,   i 

« «M^^aniw 

!>        »4ft0« 

•^:» •»)•#» Of* *»■•   • 

5 

2^ 

-I 

u 
< 

u 

?s   i; 

Of*(« «« «MM 

•«<#«*««••<«'« 

om««««mit 

4   •  «|« * «(*«* •OO0O»***0 
^f"'"      1         1.      '   - 
. I il    i  | i [ -f it 

1 i    --     V 
•    -   -   • .j:       fy     .1... 

iäl :- 
is" 

4- 

r- 
*—*»*« »-»•«•»•»«•r-r- t  » 

r*   *.••#•--■•• -r* • • • 
3   M #t #» w m « « *t M «^-« ■>*•> 

-t-l - »* P» MIT 

=1 : e?^ 
1 -f ]-•« -*»f* «■•«♦ 

L;.-4.-. .4- ► • -    a   g| 

-I u —h - a 

ä i i 

**««««»»«« 

| "pP-f" » • •» ««A 
.•* n w« «\ «\ m » 

*i\m •* m — ■* *  9 * 

-»; i   •   »   i   )   •   '   ■ 

o c? S 6 — — ■ 

o« «<•■«««»« 

»» ««m «i« < 

o«*« ««•»»* 

M«4»M>4»4«^*-)N 

MM^nMMMn m 

«nr-m««Mfrf4 « 

SEJ3 

•T7 

«or- « «n« « 

Mf«A«0«0-4fW 

i (*» • — ^ *» • «. 
• o — — — R •NI 

i   i   i   i   i   i   il 
;3XS2 = S3 

j. »- 

"»" t £ 
K S • s 
5fl3 
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m WBAN # 3*0^ 
WMO ♦ 10611* 
8TNLTRS' g>AR 

mSCUMATIC BRIEF 
Pfepofrt by ETAC (*" ^TO   ) 

HAMOTBUI AB/IAMDSIUHL, GEHMAW PERIOD: 1952-66 

N 1»9   29 X 07   39 ELEVOTION'  799   fl 

TEMPERÄTUREfrF) 

sl 
Mi «■ES 

PRECIPITATION (In) 

M 

WO      * i« 

WIND (KT) 

w 

|s 
HS 

MEAN 

w >. 

I 

If 

li 
I    ^ 

R 

MEAN NUMBER OF DAYS 

TEMPERATURES 

MAXIMUM MINIMUM 

JAN 

fEB 

MAR 

APR 

MAY 

JUN 
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55 

67 
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62 
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94 
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77 

_.65 
66 

26: -7 
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51j 3b 
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1.U1 
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1.0; 

l.o1 
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2.1 
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1.6 

1.9 

2.6 

2.3 

2.6 

2.0 

1.7 

1.8 
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w 
w 

w 

w 
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WSW 

sw 

sw 

sw 
sw 

1*6 

\l 

36 

36 

35 

*b 
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w» 
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39 

50 

.11» 

45 
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.30 
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.1« 
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.# 
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0 

0 
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22 
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f_a 

_q 
_1 

__6 
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ANN 100 56 39   -9 gMU/n ^8 wsw 51 90 68 Ui .26 \500 ASi 10 16 X 260 22 lU    2 
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13 13 131 13 1? 1^: ij ü ü 15 15 15 15, 12 13 ü al y 13 ü ü ü 13 15 

RUSSWO FOR: Hourly Ob» 
0*11/ Ob» 

Jfer 52-Otc 66 
Mar 52-JUn 65 

fCTE;    '"DATA NOT AVAILABLE.     «LESS TH^N 0.5 DAY.  O.S OR O.OS  INCH, OR O.S PERCENT (%) AS APPLICABLE. 

FLYING WEATHER  (%FREO)| HOURS (LST) 
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73 -n 
50 
51 
60 

MAR 

1)2 
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Ü_U52_ 

52 

1« 

^n 
21 

>IT:2I 
55 !   32 15 

CIG 
Ids than 
1000 rc«t 
Md/or 

vat 
!••• than 
2 ■lit» 

00-02 
03-OJ- 
06^)8 

"09-11 
.    12-1'•_ 

15-U.. 
18-» _. 
21-23 

A1X aowa 

35 
36 
35 
lil 
3"» 
30. 
3V 
32 

31 

1 
*5 
.17. 
20 

18 
26 

11 
18 
2k 

6 
l6 
H» 

20 
15 

27 
.9 
.5. 
7 
9 

9 
.3 

2 
j 

It 
j 

17 
13' 

2 
"l 

.34 
_1 

11 
"2V 
21» 

* 

2?. 

.15 r 
2_^ 

'11 

tLUL 

13 

J7_i   23 

Ö4-S — 
k« Uk   I 

13 ■ fe.- 
8     20     29 .   10 

l»i» ;  23 

10 

ji 

ir 

20 15 

CIG 
!••• than 
aoo ft»t 

•Bd/«£' 
V»Y 

r 

i «ito^ 

0042 
O3-O5. 
0646 
09-11 
12-11». 
15-17. 
16 

5 
6 
6 
7 

i-3 
? 
A 

r- 

_i«L 

L 3 
0 
# 
0 

.0 
j  1 

10 
18 
17 

£.3 
tlti 

3 
10 
10 17 JSi ^  11 _ 

10 
12, 
11 

5». 
2 
i 

6 

.3 

6 
10 

...5. 

-i 
TT' 

it 



'.•;;«S ,        i    - F-^SWSSWJSWÖM*«^»«*--- ■ 

\AWSCLIMÄTIC BRIEF 
PrepQf«) by ETAC (   Sep 1970 ) 

97 

TEMPERATURE^F) PRECIPITATION (in)   WIND (KT) 

JAN 

FEB 

APR 

MAY 

JUN 

JUL 

ÄÜG 
SEP 

OCT 

NÖV 
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5 
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2|i| 
«1 sl 
26 [-2 
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32  ' 9 

55   39 -.'T 
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IRrUKF 
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54   40 
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SEKBACH AB/CHWAI« PERIOD   1953-67 
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sw 

sw 

?i tn 
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60 
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6 39. 
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6} 44 
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SW      fl 46 

sw 

15 15 

M 

MEAN 

8 
^ 

62 38 

37,59144 ; 
88i6C 
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90.63 

90 66 
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38 

15 

81136 

85! 31 

■1 
w i 

K « W g M m 

69 a 
+■ 

15,15 

.14 

45 
.18 

.23 

.29 

.36 

.40 

.40 

.36 

.29 

.21 

.17 

,26 
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1950 

2150 

1850 

1750 

1500 

1450 

1450 
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1450 

1700 

1900 
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WBAN ♦ 34(1? 
WMO # 10712 
STNLTRS^   ErAS 

MEAN NUMBER OF DAYS 

1800 

14 

17 
13 
12 

14 

13 

12 

12 

14 

11 

11 

13 

16 

158 

14 

13 

14 

7 

6_ 

3 

I 

0 
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0 

0 

2 

4 

<k 
M 
1 • C 

Al 2 1 
V» s 

k V i i 

TEMPERATURE («F) 

MAXIMUM    MINIMUM 

22 

18 

20 

17) 

17; 

lb 

17 

19 

2? 

SOI   32 

01 22! I 
\ I 

0' 18i 1 
1 1 - - 

0. 15i 0 

# I 2-?; 01 
# i 

i 

U 0 

0! 0 

0: 0 

o: 0 

#: 0 

4 n 

llj 0 

is: 0 

_7 

7 

7 

7_ 

7 

7. 
8 
0 

T f 
22 |   4 |23 i244|   1      U. i 

14 114 ! 14 !   U 14 1   U:  14; U 15 

H'JSSWO^ rOHi    Hourly Obs:    Jul 53 - Dec 67 
Dsll    Obs:      Jul 53 - Dec fcb 

WTE;     "DATA NOT AVA1UADU 
FLYINO WEATHER   (%FREQ)   HOURS (LST) 

ILESS THAN 0.5 DAY.  0.5 OR 0.05  INCH, OR "o.$""PEftCENT (t) AS APPLICACvE. 
1 T H^1—r 1 1  '     \     —1 r—  T 1 ! — 

CIG 
less thm, 
3000 feet. 
•nd/or 

VlslbllU; 
Its« thtiPi 

3 alles 

00 - 0.' 
03 ~ 05 
06 - 08 _ 
09 - 11 
12 - 14 _ 
15 r.17 .. 
is - 2''' 
2L- 23" 

A1X HOl'RS 

JAN 

64" 
66 
68 
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6^ 
'I 
63 
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'55~ 
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66 
67 
59 
.4« 
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57 
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35 
47 
54 
53 

"4r 
"28" 
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28 

39 

APR  MAY^JUN   JUL 
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33 
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3i 
21" 
IS 
17 
28 

14 
27 
30 
30 

17 
29 
31 
27 

25 
31 
30 
21 n: 19 

14 1 12 
"5 9 19 
9 j 12 [ll 

19 ! 19 : 20 

-Ml- 
1, 

ÄUG1 SEP !0CTTNOV 
[58 
'71 
'72 

'•62 

If 
31 '42 

39 152 
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12 !l5 

10 ;19 
22 50 

r '58 
66 
58 

I 43 
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56 
61 
63 

.DEC 
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73 
75 

I79 

I- 
j7r 
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12 ' ll" 

9i 
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~4 
"4 
6 
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1 Jfc U l?^ ' Z~ 
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; 44 59 -61 :u 
1 24 ! 44 '59 '66 
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I   6 i 18 ' 4l I <4 
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24 1 
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9' 
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25 
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AWS CLIMATIC BRIEF' STUTrGAH'r/ECIlTSRDTNCEN. GH1MAWY 
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PERIOD' 19^6-63 

AUG mi; s /.s a  t; 09 13 
VEMPERATURtpF) PRECIPITATION (in)   WIND (KT) 
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MEAN NUMBER OF DAYS 
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TEMPERATURE CF) 
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Civi     (KDDS) 
Mil»     (KUAT) 
Old!     (EDOC) 

*ENE la significant as a stv indary prevalllnn direction because of its high rate of occurrence during after- 
noons. 

'Highest hourly wind speed i laas interval. RUSJWO FOR;    Hrly and Daily Obs;    4610-6312. _ 
NOTE;     "DATA NOT AVAILABU .     »LESS THAN 0.5 DAY,   0.5 OR 0.05   INCH,  OR 0.5 

FLYING WEATHER  (%FRE0)1 HOURS (LST) I JAN I FEB ' MAR | APR I MAY i JUN ' JU 

reRCENT  (t) AS APPLICABLE. 
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3 allea 

CIC 
less than 
1000 feet 
and/or 

VSBY 
laas than 

2 aiiea 

rrr. 

lass than 
200 feet r 
vsw ; 

laaa than i 
iaii- 1 

AU6 

~T 
15, 
15 
18 
13 

7 

.7 
5 

11 

SEP 

"iT 
28 

4 « 
22 
17 
13 
11 
12 
19 

OCT|NOV 

36 I 48 
.4611 50" 

39 I 51 
27     i5 

DECjANN   EYR 

55 

38 
29 
35 

51 ] 56.. 61 ' 39 _L_. . 
62 ! 38 
58 I y. 

4 ! 13 
10 

.9 
4 
2 

~ 2 
2 

24 
26 
12 

6 
.6 

6 
7 

12 

.254_46 L5.9-^28_ 
25 ' .43_L^.. 2"- 
29] 45157 . 26. 
35 1  48     58 ,  32 

26 
37 

.43 
27 
14 
16 
16 
19 
25 

...43 L46 ;.29_  .. 
.37 147     23... _ 

34 
37 

17 

40 
42 

19 
25" 

28 1 
32 
3Q 
32 
34 

3      10 1 20 ]  24 
JM 20.i.29.    26 
6 } 21.p6 
«J...? lie 

42 ! 16 
43 } 17l-_ 
.a ; 17.1 _. 
a ; 174. _ 
43   ! 20    17 

1 
3 

3 4.,. 8__J8 

0 '   0 1   0 

-»■til r-Aiüfc 

1 i   4 
2 I  10 
I'''    7 
0 
0 
0 

5Li3_ 
18 

32 
.<6 

21 
20" 

'2i_ 
24 

30 :  13 t 
f-^.^lS.J  

, 34.1-22 J  
.36.    17 a.  
„29..... 10_i  
J1J-1U  
« in„ _ xjo i ui,;; 
31 !  14 117 

Q 

8 
14 

i 13 
§ ;   2 
oil 
o.4_i4 

I 

?+ 
2J. 

4 I...1-, 



r 
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100 

N 
j 
\ 

m 

AWSCUMATiCBRIEF ;CIWA.EBISCH JIAU AA^/IESSENTAIH CEBMAMI .... PEWOD- 1962-708' 
Preportd b> ETAC (   ^ ^^  ]! !l A9 07 K 09 ^7  HEU)   ELEVATION-. 1308  ft 

PRECIMATIONUn) TEMPEBATURi CF) 

JAN 

FtB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

ANN 

EYR 

ö5 

ir 

24 

2J 

28 

35 

42 

47 

?1 

49 

94 

63 J45 

52 137 

42 132 

35   26 

52 ! 37 
T ±i '. 

Locnt' 
■'LC33   I 
'fcatlina 

-5 

-) 

.') 
'■9 

35 

U 

a 
33 

27 

15 

5_ 

-5 

7 

r 

?^i ? is 

4.')|1.V|15 

2.l;.'l.5!].T 

4.0:1.4'   7 

5.7 

3.1 

1.5, 

l.li 
2.9 1.2 

4.6|1.5 

l.ijo.v! 
2.2|l.o| 

3.2;ü.6:   5 

2.2i0.tJl6 

WIND (KT) 

38.1!1.S|69 16 

K 

uai 

WJW 

w 
u 
w 
«aw 

WSW 

sw 

a u o 

x a. 

^t3 
usu 

MEAN 

Miü 
7    40 

25 .U 

95j72 

90 

B9 

84 

£f 

? a. 

26lU 

30.17 

70 
-r 

123 

29 

38 

1,40 

.40 

501,36 
U.29 

36,a 

25114 

40 25 

J250 

J250 

2150 

2000 

L800 

L650 

L600 

1650 

1.700 

L750 

>200 

2250 

WBAN # 34074 
WMO # 10745 
STN LTRS:     ED0P 

MEAN NUMBER OF DAYS 

J0O00  >07    18 

4 

55 

TEMPERATURECF) 

MINIMUM 

13 

.U. 

8 

8 

8. 

8H 
8. 

.?_ 
6 
7 

6. 

7 

8 

40 NM NE ul' Stuttgart 
HI full tiro oporallon 
H! rrom uui-ruiuidinp atRtlons 

*m)»hoa'   hourly wli-! apood CIQBS Interval. 

KUSjyWO t'OH; L^  ■■' QflÄl„(.v''.Ul-65Q/vii7Ü5.-u!OUj„ÜArLY llKii   ■62aUb502,- 6705-7012 
r«TE; 

FLYING WEATHER 

DATA U f  M7ULAÜL; 

'/bFREO)' t.'HJRS  (LST) 

'       00-02 

»LESS Wii 0.5 CAY    0.5 OP 

Cir, 
lass thai 
3000 fool 
and/or 
VliPK 

iBIg   t'lfl 

3 »tU-s 
MKAN UK 

1UÜ»   tiini 

1501) fuel. 
•nd/or 
VSBY 

less tliui 
3 nllos 

I'EAJJ OK 

0'i-05 
n.voa 
09-11 
12-14 
15-17 
1B-20 
.n-23 

j;;n:u iiou'is 

ixuor 
03-05 

09-11 
12-14 
15-17 
li'-20 
21-23 

Mitm HOURS 

00-02'" 

JAN 

74 
76 
75 
67 
63 
69 

0.85 !NCM, OR 0.5 PESCENT (t) AS APPLICABLE. 

FEBI MAR 

69 
68 
oö 
63 
57 
54 

52 
59 
56 
50 
42 
35 

APR 

50 
43 
48 
40 
28 
23 

MAY I JUN JUL 

36 
31 
30 
20 
22 
16 

71 1 63 I 49 I 39 , 27 

66 1 51 

I 67 
! 58 

i 65 

56 
51 
43 a 

37 I 29 

45 
31 
23 
19 

63  49 I 34 

31 
18 
13 
11 

26 
31 
26 
22 
16 
12 

22 

27 
27 
21 
13 
7 
5 

17 

AUG 

36 
39 
37 
25 
14 

SEP 

54 
48 
32 
22 
12 

24 28 

15 16 
10  8 
9 1 7 
8  7 

22  15 15 

21 

12 
4 
2 
1 

11 

13 1 10 

27 j 30 

29 j 47 

OCT NOV 

49 
56 
54 
46 
45 
38 

70 
65 
56 
34 
23 
27 

46 1 48 
 1  

CK; 
lass Ihn 
10Ü0 fof. 
and/or 
VSB'/ 
las« than 
2 alias 

VläitoäMZif '■*'--ili 

CIC 
lass tMi 

200 fe«.- 
and/or 
VSBY 

It M thn- 
I nlle 

,       06-0« ! 
09-11 : 

12-14 ' 
15-17 

1       lfi-20 
21-23 

KiJIN Of I.IbTKD HOUKS 

00-02 
03-05 
OfwOR 
09-11 
12-14 
15-17 
18-20 

;   2i-23 

46] 
49 
3« 1 
36; 
U i 

if, 
17 

-iTt 
10 

14 j    7 

43 I  31 

MMM^MMMMK. 
4..tU> iUÜtU 

7 I 
7 , 
5 

2 ! 
5 1 

11 

21 

taii MMMM^MM^M^Ma Li*A 

7 

14 

!20 
8 
5 
5 
4 

10 

u 
4 
1 
1 
1 

25 
1« 

6 
8 

19 

25 
15 

5 
4 
3 

12 

25 
10 

6 

23 

62 
<;■; 

47 
21 
1/. 
Is" 

DECTANNIEYR 
-j- 

74 
73 
71 
66 
65 
67 

69 

51 
5i"; 
4« J 
40 1 

33 i 
31 I 

35 

44 
34 
30 1 

26 

65. a 
<,1  i   /t 

36 1   36 
 1  

65 
57 
54 
54 

59 

33   43     32 
U   32 [  30 

41 
3 
2 

15 

12 
8 

12 

26 

21 
21 

44 a 
a 
35 
33 

37 i 
26 j 
22 
22 I 

32 

3 3 
i d 
* 0 
0 0 
0 0 

LMtLawiiiMi mk 

oi 
0 
0 

25 
19 

8 
it 
0 

U 1. 33 

23 

*   J 

28 
30 
24 
15 
13 
13 _ 

JLl 

2' 

!l 
l! 

ALM. 
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AWS CLIMATIC BRIEF _ 
Pfapoftd by ETAC ( J"NE ^-970 ) 

s 

I 

TEMPELÜOF AB/BERLIM, GEBMMY PERioDag^-QS 
Afll 

WBAN # 3510^ 
WMO # 10381* 
STNURS-EDBB 



■ 

if' 

^ r^v^-'X'^^x-r ****'. y*^ ■ 

iaL 

i 
r 

%. 

UlM<SCI//IMr/r5/?/£F|vftaiTHEIM AAF/REIHHARDaK)F. GEHMAtff *                  PERIOD 1964-70 »'WB^N #   34076            11 
 IUUUA    Jb     in^CT                1 

»reportd by ETAC (  Ai'H 1972 )1N49 45   E 09 30                                    FIELD ELEVATION- 1110 ttJSTNLTRS^   EDOF            I 

TEMPCRATURKCF)! PRECIP'.rATlONdn)! WIND (KT) 1 MEAN         1 1 j                 MEAN NUrfBER OF DAYS I a      1 4     j *    ':'    1 *      1 
r *        1 

1 
t 
»0 
c w 

*t  1- 
u 

£ - 
4 TEMPERATUREN) 

I ll! It ItHi IA 

trt 

l! 4 n 
" r 

* i 

§i?b 5   s^öl 
a      oj 0 

*    1 
0 
Al 

• 
O 
Al 

i 

1 £ 
..   i   P 

MAXIMUM MINIMUM H to  I 
1 * 1 0 1 
1 u 1 

1 
«[äs 

-1 

'h 

S >   I 

86 

> 

77 

< 
«- 
32 

< 

0 
o 
s Ell & ai Si u\ 3? u n a. S if - w a SS 1 & ii 1- 

s 
i   *•■ 

JAN 56 36 2"/    -3 1.3 o.al 6 <UW 6 p 7 91 86  : a.15 1950 15 # 7 * 0 0 20 # 9 

FEB 60 40 2a     5 i.> 0.( 3 1SU 7 b 3 90 81   3 (1.17 2050 9 2 6 » 0 0 16 0 8 1 

MAR 72 49 33    15 1.6 0.8 4 w 8r 7 87 70   3 2L18 ^900 15 # >l. » 0 0 13 0 L§.J 
APR 84 5R 39 j25 2.01 0.8 # w 7 B 3 84 wh 8123 A90ü 15 1 2 2 0 1 4 0 1 81 
MAY 86 67 47 |32 1.7 0.8 # w 7 t 7 83 59 / .5.30 1600 14 1 # 5 »\ 4 , # .o_ 1 sl 
JUN 92 72 52 '41 3.0 2.0 0 w 6 L 7 83 t*U 2L39 L400 13 .. ll C 6 1 8 0 0 7 

JUL 92 75 56 U? 2.9 0.9 0 w 6 r 7 84 160 h »4L 42 1500 U 2] ) 6 3| 12 0 0 7 

AU6 96 73 54   43 2.6 l.oj 0 w 6 r 1 90 i4 : )4L42 1500 13 2 0 5 1 9 0 0 7 

SEP 82 66 49   35 2.3 '•'I 0 WSW 5 p 3 93 £.9  ; )lL38 1600 U 1 0 2 0 3 0 0 7 

OCT 76 55 41    27 1.3 0.71 1 WSW 6 r 7 94 76 L .0.31 1650 8 1 # # 0 0 3 0 .8 

NOV 62 45 35    17 2.5 0.7| 1 WSW 7 b 3 91 84 ; )6La 2050 18 1 2 0 0 0 9 0 9 
DEC 56 39 30     I 1.9 o.v 3 WSW 7 je 0 91 R6  : i9il6 2100 16 "f 5 (C 0 0 16 0 9 
ANN 96 56 ,41 ;-3 25.0 

1 
2.i>    • 6 I   u Uk D 8R ̂ 2 L aL26 1800 161 |l2

!26 » 26 ? 36 81 « 3 
EYR 6 |50 [50 ;  6 3 5    1 3 6 6 6 6 6 6   6 1     6 3 1   3 |50 10 50 50 50 6   i 6 1 

RCMAUKS                                                                                                                                                                                                                                   : 
1   17 NM W of Wür7.birR.     'Loss than full tlma operttlon. 3 Ertrawis of 20F Class Intervals.                    ! 

*K»tln tod from Noirby Station.    6Hißh«at Hourly Wind Spead Clafg Internal. 

IIU3JW0 POH: lll( Y OBS:    64H-7012: DAILY ODS:    6411-6502. 6504-05. 6507-11. 6601-7012. 
rOTt;    JTiA TA fJOI A VAILAOU . «LESS TMAN 0.5 DAY,   0.5 OR 0.05   INCH, OR 0.5 PERCENT  (%) AS APPLICAULE. 

FLYING WEAT HER   (% FREQ H DURS (LSD 1 JAN IFEB] MAR APRJ MAY] JUNJ JUL AU6 SEP OCT NOV DEC^NNJEYR 

I         00-02        1 , 
CIO 

l«ss than 
03-05 
06-08     J 76 1   5« 1 65 52 42 45 i 39 155- 63 I 7i: 69" .75 -.59] 

.   .. 

3000 feet 09-11       1 76 59 1 62 50 35 34 27 40 1 50 66 
& 

.74 54 
«nd/or 12-U        I 74 1  57 1 56 46 1 30 1 30 '  23 19 30 46 69 j A6 1 

VSBH 15-17 71   1   52 47 36 21  1 23 U 10 16 36 62 .73 1.381 
less than                    1          18-20         1 72 j  57 43 32 U 17 13 8 15 34 65 .73j   37 4... 

l               3 Biles 21-23 
1     ALL HOUF s 74 1  57  i  55 43 28 3'J 23 26 35 51 68 73 :  47 1 6 

'        r*i-02 
I 

CIC                       1        03-05 1 
.61 i 5l1 loss thnu                    >          06-08 68 1 -W 1 & 32 40 34 1 .51 57 1 65 59 

1              1500 feot                     [         09-11 67 51 1 37 21 23 15 31 45 61 63 62.i.44-1 
and/or                     '.        12-U 63 46 1 24 r. ! u - - 6 10 17.. J9 56 1-58 : 32 j 

VSDT                         1         15-17 61 ^ 1 15 7 1 7 5 
■   5- 

8 28 47 59 1  26 1 
less tluui                   {         18-.7J 65 45 1 12 

5       8 6 4 9 29 54 55 .  27.J 
3 alle»                    \        21-23 I i .       1 

1                                                 j     ALL HOURS 65 46 ! U 26 1' 18 13 1  ^ 27 U 56 1 59 
36 i  6 

|         00-02 .    : ._. 
CIC                          i         03-05 !        1        1 '      . i    1 

lass than                    [        Q^^J 

1000 feet                   |         09-11 
W        ZI        "KJ 1 29 21 

11 
23 

9 
43 
19 

49 
33 

58 
52 

45 
48 

48 I 40.1 
47.; 32 

  
54 1 43     37' 1 23 10 

and/or                                12-1/. 50 34 22 1 n 6 6 4      6 9 32 40 .43     22,1 
VS8Y                          (         IS-" 46 26 15 9 4 3 4 L 3 ^ 1 20 , 34 O 118 J 

less thai-                   i         18-20 49 30 17 7 3 3 4 i   2 1   ^ ??     ■" 42  j  18 
2 mile»                              a-23 

i     ALL H0UHS 50 1 35 26 16      9 10 i   9 15 < » 37     41 1 45  1 26 6 

1                                                           00-02 1 1        ' 
1        i        l 

C:r.                       i        OJ^J 

lass thdii                   [        oC-O* 21   1 12 7,7 6 7 1    7 16 30  1 37  1 19 13.1 15 !.,.. 
200 feel                             09_n 20   I 11 1   6 i   3 i   1 f i    * <t 1 " 26 i 16 i7.110;. .. 
»nd./or                       !        j z.i^ 14   1    6 210 0 0 * 0 2 8 10 12 l    5 1.. 

VSUY                                     15.17 "14 1 1   ' 0 0 \    1 Oil 3 9 10 1   31     - 
less Um:                    '        18.20 j 10       4 10 0 0 1    0 0 j   0 4 9 1   9.1   3 L. 

&m L^ MUbai. ÜL LI« 
ftfii^li ~ :,i.JfcJL: yg^l Hi ii fjr^ljgiafv 
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\AWS CLIMATIC BRIEF WIESBADEIJ Afi/ERBEffHEIM. GERMAMY                       PERI0D1946-65 
WBAN # 35010 n 

Prepor«» by ETAC ( AUÜ   IQVl) N    3Ü    03        E   00    20                FIELD ELEVATION:  U60 ftiSTN LTRS EDAW                | 
TEMPERATl;RECF)| PRECIPITATION (In) WIND (KT) MEAN 1 

w       u 
0 
D 
1- 

5  ^ 

|                 MEAN NUMBER OF DAYS m 1 

i 
H   1 

VI   1 
* 5 

1             ] 

5  ! 

1 
i 

l 

to,   1 
mi 
Uli          3 ■         kl 

I   e 

-1 
O 

O* d 

S 

d 

s r 
1A        J 

A!       g 

TEMPERATURECF) 

MAXIMUM j MINIMUM 

->T>r<-T-<- 
i 
z £||si ;*ii! 

si? a   1 in 

Z E U w i 1 s; 
in 

Al 
a. 

Al 1 90 80 ! 32 I    0 
j 1 0 I 
z i 

o >- > 4K « J i w i «5  , K' S?15N HI w - hf y-ii'. £ ui w u O o s < I 
K« ul« w- K ; U) 0  ' <» «» u 

< 0 ^1    b 1    S c >> K & w | z Ul 12 X 3 ' u Z IK 1 »i ; 3i<fl| 1 i & 5 I j -n \  C >   ? a. 0. a. 0. w IA »- 1 * 
JAN 57 37 2'.'1   3 1.5.1.31   ^   1     ^ WSW 6 50 85 7"? 2 Ö .15 1400 13 # 5 1 1 1 19 0 Ol   20 0 8 

FEB 63 i<0 i'-t •i 1.2:0.0 3 ^ EHE 6 3" (.ft 7412 Ö .15 1500 11 # 4 1 * 17 0] ol  17 n 7 

[MAR 

JAPP 
71 

06 

50 

60 
3'^ 
we 

l.2jü.<) 

1.010.7 

1 2 

1 

EHE 

MN£ 

7 32 

3" 

Ü2 

79 

65| 3 

56 3 

3 .19 

9 .24 

1350 

1150 

9 

u 
l] 1 

 # 
.! 
0 

... 14 

1    ö 
ol 
of 

ol  11 

"""#1     2 
0 6 

0 '1 
MAY Ö9 67 if» 33 1.6 0.9 # if NNE 6 20 00 \wu 5 .30 900 ll 1 0 0 7 0 2j    0 0 6| 
JUN-i 
JUL 

J6. 
99 

72 

76 

5'» 

57 

30 
1.X 

1.9 2.3 0 

0 

0 

0 

W 

W 

6 

5 

31 

31» 

03 
64 

55 5 
156 5 

1 .38 

4 .42 

900 

850 

11 

11 

ll .... ; 0 

0 

0 

0 

10 1 6     0 0 6 

2.011. l« 10 2| 9!   oj   0 6 
AU6 95 T"» 56 U2 2.3 1.5 0 0 w 5 45 85 57 5 4 .42 900 12 1 0 0 13 AiA* 6 

SEP 93 69 52 35 1.6 1.1 0 0 WSW 5 35 86.635 l|.38 850 10 # 0 0 18 

.f.a.iJ-.6 
oj   ö   T!   o!_a 

OCT 79 57 ^ au 1."* 1.6 # # ENE 5 39 ÖÜ 7oU 3 .28 1050 10 j       i\ # 0 i 2i 
[NOV 62 U6 37 15 1,6 1.3 1 i» ENE 5 29 üOlöoi; 7 .22 1350 13 1 1 # #   21 

DEC 60 39 1  3lj    7 i.aji.ui 3 5 ENE |  5 39 87183 ; !1 .17 1500 13 1       1 3 l|     jf   22 oj     ol   161     oj   6 
ANN 99 57 ^i  -3 19.3i2.,3jl2 5 ENE 6 50 eii] 6611 i2 .27 1200 135 6 14 3 20| 100 4j   2T,   75i     i   7 

EYR i 19 
i 19 iv 1   19 19 } 1'J i 19 19 20 20 3 2C 20 ; JO    20 10 IS |   19|   IS 19J   19|   IS igj  igj isj  isj 20 

AtMAftKi 

JAH    FEB   MAR    APR    MAY    JUN    JUL   AUO SEP OCT NOV DEC    WIN 

»SICiNinCAOT AS SE30NDAfiY PREVAILS; DIRECTION:    ENE    WSW   WSW    WSW   «       ««E      -        -   ENE WSM WSW WW    HSW 

RUSSWO POR:    BKLY OBS:  UtiüB-oJlO.      DAILY OBS:  U603-6U10. 

'O.S"" PERCENT  (V) AS'APPL 1    NOTE;     "DATA NOT AVAILABLE.     «LESS THAN 0.5 DAY,  0.5 OR  0.05  INCH,  OR CABLE. 

| FLYING WEATHER  (%FREQ . H( )URS (LST) 1 JAN 

5* 

JFE 

1 5 

8 MAR!APR 1 MAYJ JUN j JUL | AUG SE 

1 

P |( JCTINOV DEC  ANN|EYR 

(M(- 00-02        1 1 27 13 1 1 9Ö|9 6 34 J 55 
45!  58 
55 ! 64 

. 65 !   29 1 
1!                   Uas  t!mr.                    '           U3-Ü5 S7 55 35 19 1 12  | 15 1 .14 |   16     24 -651.35] 

3000 fr.-i          1      o^a 
and/or                     ^         09-if 

VGBY                       '          ^-^ 

01 57 M5 31 1 20  1   24 I .23     28 ; 4i 6b . 43 1 
Ci' 03 51 30 20  1 21 22 25 j   42 | 57 !  68 71 1 45 1  _,_ 
05 1 51 M 19 13 1 12 J 11 .13 1   25 ! 47 1.63 . 70; 36.1 

lean Ui' n                            1-5-1.7        1 'JO ! 50 2Ü 12 -3 I 9. .7 -6 1.14 34 ]  58     67 ,  30 . 
31.1 SI..! 62 j   27 1 - 3 ".He                              1Ü-Ä 50 "♦9 25 11 5 7 1 6 -. 5 1.12.1. 

53 1  ^5 22 9 . 5 7 7, 6 1  12 i 29 1  51 i 64     26 ^      j 

ALL HOURS 59 53 34 18 11 13 1 12 13  '   23 :   42 1   59 1   67      34 i   20 

Cir,                  : 

1                        1»«<i   t>«n 

00-02 
03-05         1 

3^ 
3;' 

35 
1 39 

17 
22 

6 

9 
3 
^ 1 

5 j    3 
9      9" 

5 j  U 1  27 1   37 i   43 '   19 , 
11 |  J!31  35     1-0 I "46 '   24 1 

I               1500 fe.<t                t        0^0        | Ul 1 ^ 33 19 14   1 16 17 21 35 1. .46 J   47      49 .   32 ,.__,. 

1                 and/or                             "9-11        | 3U   1    -V 37 ; 17       9 10 9 15 32 | 47 j  53 1  55 1  32 1   . 
1                        VSBY                       ■          IB-l1» "5 1     "i 2H   |      I J 1 ..24 ...3 .__5 16 ,34 1  43 J 51 ,   23 1   ._ 

i                lese thdn                 •         15-17        , U 1     ^ 16 1    3 2   1 2 2. (-•- 2 8 .26 1  39 1   49   ;    10   1 

3 mile:.                   t         1Ö-ÜO 39 35 10  1     "» 2  J 2 2 .2     -9-1 25 1 J4 *k \ 18-1 __. 
,         21-ÜJ  30 1-32 14  !    4 ■    2  1 4. 2.. _ji.|.e.4. 23 1-34 j.  44 ,   17J. ... 

_33 1   41 f  48 i   23 ,   20 1                                                   AI/u HOims   1  Ul 1  39 22  !^Li 5 1 6 6 ,   0 1 17 I 
1                                                                      OO-Oi?         1   21* 1   21   1     ö  i     2 1   ! 3       1 3 1    5 1   17 i   23 i 30 1 12 ; 

Cla                                 03-05        1   2» i  21» i 11 !    1» 3 ! 5].  3 1    6 1   10     25 '   27 32      15^ 
j                less thR'i                          0b^)d        1   ^7 :   21) 20 i    9 '    <> ! 7 1    7 11      23      30      32 j 35 '   20 
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HELO SKE FOREWORD 

I 
4 

The following HELO SKE report was compiled by 

representatives of Sierra Recearch Corporation in response 

to innuiries concerning Helicopter Stationkeeping 

development since I966.  The report is presented in its 

original form to insure authenticity and context of 

meaning. The future capabilities of N/AWS technology is 

included. 

The information contained in the HELO SKE report 

is subject to the provisions srtforth in the Proprietary 

Rights nnd Privileges st;ilement on pnge 18 of this study. 
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HELO SKE 

« 

* 

f The application of stationkeeping (SKE) to helicopters has been examined 

and evaluated by Sierra Research since the mid 1950s.   The concept of SKE de- 

notes operating in one particular formation with a time-ordered system, in 

^ which a separate time slot is associated with each aircraft for the purpose 

of time-shared multiplex operation.   This is accomplished by providing 

synchronized stable local clocks in each SKE. 

The first Sierra SKE system was the AN/APA-161.   This was a combina- 

tion of search radar and two way, L Band SKE for the Navy HS-1 and HS-2 

helicopter.   The two-way connotation refers to the fact that time-ordering 

was utilized only to prevent mutual interference.   Range formation was ob- 

tained in the classic beacon interrogate/respond manner. 

In the mid 1960's Sierra developed the first one-way stationkeeper, the 

SNS-64.   This system has clocks with very good stability, and accomplishes 
9 

automatic synchronization to the order of 3 parts in 10 .   The result is a 

system in which synchronization is required infrequently and each member can 

compute range from all other members by measuring the time of arrival of a 

known transmission.   Without the need for many interrogations and frequent 

synchronization, it is possible to determine accurate range (±200 foot) free of 

multipath.   Moreover, because of the high stability clock, short term loss of 

the synchronizer (Master) can be tolerated.   This one-way system became the 

^ AN/APN-169A, AN/APN-1S9B Intraformation Positioning Set (stationkeeping) 

and the AN/TPN-27 Zone Marker. 

The early SNS-64 system was also testeu (i965) in the Army's UH-19 
t 

helicopter.   This system was designed for the C-130 airlift aircraft flight 

characteristics with an update period of 1.5 seconds.   This data rate proved 

too low for the flight profiles utilized in the UH-19 tests.   Sierra recognized 

this situation before the tests began but with the press of Southeast Asia, agreed 

to demonstrate the equipment.   Since the Army was not able to modify the 

helicopter flight requirements, the system was deemed unacceptable. 
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Sierra developed the SNS-64 into the production configuration APN-169A, 

B for the C-1D0 and C-141, adding along the way the Track-While-Scan, 

altitude data transfer and data transfer features.   Sierra also began and has 

continued a study of the technical problems associated with flying helicopters 

in close formation. 

The complexity of SKEs for helicopters is related to the required spacing 

between the vehicles.   The following figure, which is rot quantitatively 

derived, can provide a simplified picture of the problem. 

A 

(0 
o 

t>sT3 ;> ~   S K « 
QJ   a» 

SJ3 
I 

0 *J 
U c 

/} 

a) E 
TJ a 

?-.' •a 0 
i <'4l 
i, > 

« 
t T3 

100 500 1000 2000 

Spacing Between Hi Copter in Feet 

■saMiudäd ySiifünflBnütiiiiiiiM "—"a^ ■J>^^Ti»iifiiiiiftiiiiaiiittriWi^ 



'    r "      rv:i     ' ^ZVSfTf^^K^-r -•■'■■::*.!?;:' ^a-^.r-^^^^^^s 

^ß^^^ff^^i^^v :.^^'--I,^.f;.,w,.. ..,,.„..,. -^^'/■•-"«'^^■■■Vi'v-'-^r-lV";-   ■■■■-■ ■,--■■.■■■- 

|      'f 

111 
The figure shows that with spacings of 2000 feet, for which the existing 

APN-169B/TPN-27 equipment has been designed, the system can be made 

to do the helicopter stationkeeping job with very little effort.   Indeed it may 

be that spacings down to 1000 feet can be obtained for the same effort.   As 

the spacing decreases to about 100 feet, the problem complexity increases 

manifold. 

At the longer spacings (1000 to 2000 feet) the 169B type equipment will 

accomplish the Helo SKE Mission.   There are certain installation problems 

to consider - equipment location, weight reduction, and antenna location. 

In addition, certain growth features may be of interest, such as multiple 

channel operation, and spread spectrum waveform.   The spread spectrum 

technique permits low level of rf radiation thereby reducing the probability 

of detection.   The technique can also be employed to provide a more secure, 

less jammable system.   Both of these growth features have been engineered 

at Sierra for future applications.   Neither the installation or growth modifi- 

cations present a serious technical or budget impact. 

As the spac;ng decreases the complexity increases to the point where a 

169 type SKE will not suffice.   In the following, the requirements for a 

minimum spacing (100 feet) SKE shall be discussed.   Between the two spacing 

extremes a blei.d of the existing 169 type SKE and minimum spacing SKE can 

be made.   For the sake of brevity, we will not go into those combinations at 

this time. 

To analyze the close formation problem, Sierra in 1970, spent considerable 

time researching the then existing helicopter formation techniques.   Directives 

such as the U.S. Army Helicopter Flying Special Text, ST1-10D-1 from Fort 

Rucker were studied.   A portion of an internal Sierra Research technical memo 

dated 16 April 1970 is attached as an appendix.   Let us assume for a moment 

that although procedures may have changed, the basic SKE requirements as 

distilled from the 1970 techniques are still adequate. 

From this study the following table was derived: 
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OVERALL EXTENSION OF TWO-COMPANY-FORMATION OF 

32 UH-1 HELICOPTERS 

(All dimensions in feet) 

SPACING 100 300 500 

Roto Diameter (approx.) 

Flight diameter 

Diagonal length of 
one company'  ' 

Spacing between companies 
(1-1/2 flight diameter) 

Length of second company 

Diagonal length of two companies 
in echelon formation 

40 

300 

1,950 

450 

1,950 

40 

900 

5,850 

1,350 

5.850 

(1) 

40 

1,500 

9,750 

2,250 

9,750 

4,350        13,050        21,750 

Computations are based on figures 2 and 3 of the Appendix. 

The SKE functional requirements were analyzed for all spacings.   The 

following is a compilation of the requirements derived for the 100 foot spacing 

SKE case which presents the most difficult situation. 

SYSTEM REQUIREMENTS 

1. Each helicopter shall determine the position of all the other helicopters 

of the formation in relation to own ship and shall transmit his compass heading 

to all the other helicopters. 

2. The stationkeeping equipment shall be capable of handling a formation of 

32 helicopters (two companies). 

3. The updating rate shall be 5 samples/second. 

4. The coordinate system for the formation display shall be oriented to own 

ship's heading. 

5. The coordinate system for the tracking display shall be oriented to the 

leader's heading. 
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6. The compass heading data must adequately be filtered to provide stable 

display of position data during turbulence. 

7. A selector for leader identification number and command position 

coordinates shall be provided. 

8. Using leader position and compass heading data and command position 

coordinates, follower position (in relation to command position), heading 

error, and relative bearing, with respect to leader shall be computed. 

9. From present follower position, the predicted position, shall be . . 

computed, based on the tracker equations. 

10. Smoothing time shall be 1 second, prediction interval shall be 5 seconds. 

11. The follower's closing rate shall be computed. 

12. Proximity helicopters entering own ship's collision warning sphere shall 

be detected. 

13. The radius of the collision warning sphere shall be variable.   The values 

shall correspond to the desired spacing. 

14. The stationkeeping system shall be capable of transferring preparatory 

and execute flight commands from le? ler to follower.   The following commands 

shall be transferred: 

(1) left turn (standard rate) 

(2) right turn (standard rate) 

(3) minus (slow) 

(4) plus (fast) 

(5) pop-up 

(6) let down 

(7) formation break-up 

(8) landing 

(9) execute 

I 

I 

15. Roll and pitch data stabilization is required if the measured location data 

depend on own ship's attitude. 

16. The Stationkeeper design shall minimize the probability of enemy inter- 

ception and vulnerability to false signals (jamming). 
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17. The weight of the system, installed in the aircraft, shall be approxi- 

mately 30 pounds. 

18. The effects of aircraft structure shadowing shall be considered. 

DISPLAY REQUIREMENTS 

1. Range and bearing of all helicopters of the formation in relation 

to own ship shall be displayed on own-ship-centered CRT indicator (formation 

display, PPI mode). 

2. Present smoothed position and predicted position of follower shall be 

displayed on command-position-centered CRT indicator (tracking display, 

command mode).   Displayed on the same indicator shall be the position of the 

leader (which is fixed in relation to the center of the CRT) and the positions 

of any proximity helicopters within the proximity sphere.   Maximum range of 

the tracking display shall be 800 feet. 

3. Altitude separation* heading error, and closing rate of the follower, 

shall be displayed. 

4. Symbols indicatmg transmittal and receipt of flight commands shall be 

displayed. 

5. A warning signal shall be generated when proximity helicopters are 

entering own ship's collision warning sphere. 

6. The collision warning sphere shall be displayed in the form of a circle 

around own ship. 

This list although long and impressive is not beyond the state of the art. 

Indeed several of the required features are in the 169B design.   It should also 

be noted that the list refers to Sierra's minimum spacing case interpretation, 

which would require refinement with the Army.   In any case ii is obvious that 

100 foot separation is more difficult than 2000 foot separation.   Indeed the 

2000 foot spacing system is available with only installation modifications 

required. 
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APPENDIX D1-D8 

D-l SKE COMPONENTS 

D-2 PPI 

D-3 FGI 

D-4 SILENT COMMAND 
SIGNALLING 

D-5 ZM 

D-6 ZM COMPONENTS 

D-7 ZMG 

D-8 ZMG CONTROL PANEL 
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NOTE: USED WITH AN/APN-169A SYSTEM PART NO. 6803-0001-4 AND SUBSEQUENT 

figure 1-11A.   Flight Command Inrtlcatcr Part  No. 6803-7000-3 
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Figure 1-1.   Drop Zone Marker Prototype, Deployed 
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Figure 4-2.   Depl<»yn:t'nt oi Zone Marker Group 
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GLCSS/RY OF TERMS AND DEFINITIONS 

ADVERSE WEATHER (D)D) 
Wt-nthpr in which military operations are generally 
rcfitrictod or impeded. 

U.S. Air Force Glossary of 
Standfirdizod ^erms P.4 (Here after 
known ny AFM 11-1) 

ADVERSE WEATHER AERIAL DELIVERY SYSTEM (AF) 
The precise delivery of personnel, equipment, and 
supplies during adverse weather, utilizing a self- 
contained aircrjift instrumentation system without 
artificiFil ground assistance, or use of ground 
navigational aids. 

AFM 11-1 Pg. 4 

AIRBCRNE STATTCNKEEFING (AF) 
The UKP of air in-plane radar capability to maintain 
n t;pociric po«i.tion  in close t'ormaxlon during night 
and   infitruinrnt flight conditions. 

AFM 11-1  P^.  8 

AIRPCRNE STATICNKKEPI^G  AliROACH  - ASA 
An airbornfi  ruinr approach   (ARA)  usinr airbrono radar 
i^ljit tonkocpinf; equipment ^SKE) and a SKE equipped 
aircraft or a Zone Marker (ZM) prepositioned en the 
doBtinat.ion airfield. 

Sierra Research Corporation 
Marketing Literature 

ARMY AVIATION 
A term uoed interchangeable with Army helicopter 
and helicopter. It identifies the rctor-wing 
segment of Army aviation. 

Author Interpretation 

CEI11NC   (PCD) 
The luMfht nbovo   thp ; ,. le's surface of the lowest 
l;e.<M   o!" rloudr or obrjcurntion phenomena that is 
repotted    :■. "broken",  "overcast", or "obscured" and 
not cl-ar t lied a;: "thin"  or "partial". 

AFM 11-1 Pg.  41 

CCLLISKN AVOIDANCE SYSTEM - CAS 
A system det;igned to warn when an intruder aircraft 
hna ontt red a proscribed safety zone surrounding 
the UEcr aircraft. The system incorporates a 

124 
ilt'~'%i$i-.*:,.^.^-. 



' ■■• • ^ . 

V-i .v!^ 
■ ^'■''^»y^w^y «»MMUW ■üI>WB* 

■■*. 

■^ 

•'. > 

«i- 

^"'^ 

rf . 

(ff^ 
* • % 

1J^ 

warning io advise the pilot of an impending collision. 
Sierra Research Corporation 
Marketing literature 

COMBAT MULTIPLIER (A) 
Supporting and subsidiary means that significantly 
increase the relative combat strength of opposing 
forces while actual force ratios remain öonstanti 
e.g., economizing in one area to mass in another, 
surprise, deception, electronic warfare» 
psychological operations, and obstacles. 

Reading Bulletin (RB) 100-7 
Pg, 21 Army Command and Genez«! 
Staff College 

COMBINES ARMS TEAM (A) 
Two or more arms, each providing a mutual shieldittg 
of vulnerabilities, supplementing oach other's 
capabilities through the systematic employment of 
its own special capabilities anu weapon systemsi 
usually consisting of tanks, infantry, field 
artillery, air defense artillery, engineers, and 
tactical air support. 

Dictionary of United States Army 
Termsi Short Titlei AD (Here 
after known as AR 310-25) Pg. 126 

COMMAND AND CCMTROL [DOH) 
The excercise of authority and direction by a 
properly designated commander over assigned forces 
in the accomplishment of his mission. Command 
and control functions ar® performed through an 
arrangement of personnel, equipment, conununications, 
facilities, and procedures which are employed by 
a commandor in planning, directing, coordinating, 
and controlling forces and operations in the 
accomplishment of his mission. 

Mm  11-1 Pg. 49 

COMMONALITY (AF) 
A term applied to equipment or systems which possess 
like and interchangeable characteristics. Equipntnt 
and systems are common wheni they possess 
compatibilityj each can be operated and maintained 
by personnel trained on the others without 
additional specialized training» repair parts 
(components and/or subassemblies) are interchangeable 
between them, 

AFM 11-1 Pg. 50 

CPIMUNIGATICN DECEFTICN (DOD) 
Use of devices, operations, and techniques with the 
intent of confusing or misleading the user of a 
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communications link or a navigation system. 
AFM 11-1 Pg. 51 

CONCEPTUAL PHASE (AF) 
The initial period when the technical, military, 
and econoniictboses for acquisition programs are 

* established through comprehensive studies and 
experimental hardware development and evaluation. 
The out-puts nre alternative concepts and their 
characteristics (estimated operational, schedule, 

I procurement, costs, and support parameters) which 
serve as inputs to the Development Concept Paper 
on major systems, memoranda on smaller systems/ 
equipment, and to HQ, USAF decision documents 
(Program Management Directives) for programs that 
do not require OSD decisions. 

AFM 11-1 Pg. 54 

COST EFFECTIVENESS (AF) 
A comparative evaluation derived from analyses of 
alternatives (actions, methods, approaches, equipment, 
weapon systems, support systems, force combinations, 
etc.) in terms of the interrelated influences of 
cost and effectiveness in accomplishing a specific 
missi on, 

AFM 11-1 Pg. 59 

CRITICAL POINT (DOD, IADB) 
A key geographica] point or position important to 
the success of an operation, 

AFM 11-1 Pg. 62 

DEAD RECKCNIKG (ASCC) 
Finding one's position by means of a compass and 
calculations based on speed, time elapsed, effect 
of wind, and direction from a known position, 

AFM 11-1 Pg. 66 

DEAD SPACE (DOD, NATO, SEATO, IADB) 
An area within the maximum range of a weapon, radar, 
or observer, which cannot be covered by fire or 
observation from a particular position because of 

M * intervening obstacles, the nature of the ground, 
I or the characteristics of the trajectory, or the 

limitations of the pointing capabilities of 'the 
f  a weapon. 

f An area or zone which is within range of a radio 
I trnnsinitter, but in which a signal is not received. 
I The volume of space about and around a gun or 
I guided missile system into which it cannot fire 
I because of mechanical or electronic limitations, 
I AFM 11-1 Pg. 66 

MiiaiairfiMiMiiMiBeH^^ 



^0^^^S^^%'' 
*-ai w^^-'^^-'^p^f^h 

127 

€ 

DEFENSE RESEARCH, DEVELOPMENT, TEST AND EVALUATION (RDT&E) 
ON-LINE SYSTEM 

Searches and documents a wide range of R&D background 
studies with little time and effort. 
Gives projects a head start and enables researchers 
to avoid areas of duplication. 
Answers questions that evolve from new discoveries. 
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(KULTI-rUKlCSE) WEAPONS (DCD.IADB) 
Weapons which possess the capabilities for effective 
application in two or more basically different 
mililarv function and/or levels of conflict. 

AFM 11-1 Pg. 78 

ELECTRCMC  JAWvilNG   (NATO,   CENTO,   I/iDB) 
The deliberate  radiation,   reradiat.1 on,   or reflection 
of clectroinagnetic  signals with  the object of 
impairing  the  u:;o  ol# electronic  devices by the  enemy, 

AFM 11-1  Pg.   79 

ELECTRCNICS SLCPHJTY (UOD, IADB) 
The protection resulting from all measures designed 
to deny unauthorized persons information of value 
which might bo derived frcm their interception and 
study of noneommunications electromagnetic 
radiations, e.g., radar, 

AFM 11-1 Pg. 80 

ENVIRCNMENTAI TECHNICAL APPLICATIONS CENTER - ETAC 
A USAF Agency whose mission is to provide 
ouantative advice and studies on the effect of the 
natural environment en military plans, weapons 
systenc, facilities and intelligence activities 
in support of the USAF, US Army, and other 
agencies as directed by the commander USAF Global 
Weather Central. ETAC has a centralized 
capability to collect, store, retrieve, and 
process those aeorspace environmental data 
necessary for customer requirements. 
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FORWARD EDGE OF BATTLE AREA - FEBA (DCD, NATO, CENTO, IADB) 
The foremost limits of a series of areas in which 
ground coimx't units are deployed, excluding the 
areas in which the covering or screening forces are 
operating,, design.'itod to coordinate fire support, 
the positioning of forces, or the maneuver of 
units. 

AFM 11-1 Pg. 93 
AR 310-25 Pg. 232 

HIGH THREAT ENVIRCNIVlENT 
An enemy combat posture wherein modern sophisticated 
weapons and techniques create a highly lethal 
situation.... Such a posture could include armor, 
field, and antiaircraft artillery, surface to air 
missiles, radar, infrared, optical, electro-optical, 
and visual means, and might be supplemented by 
electronic warfare methods to include interception, 
jamming, and deception. 

FM 90-1 Employment of Army Units 
in a High Threat Environment 
(Draft) Glossary 

INSTRUMENT P1IGHT (DOD, NATO, SEATC, LENTO, IADB) 
Flight in which the path and altitude of the aircraft 
are controlled solely by reference to instruments. 

AFM 11-1 Pg. 112 

LIFE CYCLE COST (AF) 
The total cost of an item or system over its full 
life. It includes the cost of development, 
acquisition, ownership, (operation, mainxenance, 
support, etc.), and, where applicable, disposal, 

AFM 11-1 Pg. 122 

MARGINAL WEATHER (DOD) 
Weather which is sufficiently adverse to a military 
operation so as to require the imposition of 
procedural limitations.  (See also Adverse Weather) 

AFM 11-1 Pg. 128 

MEACONING (NATO, SEATO. CENTO, IADB) 
A system of receiving radio beacon signals and 
rebror.dcasting them on the same frequency to confuse 
navigation.  The meaconing stations cause inaccurate 
bearings to be obtained by aircraft or ground 
stations. 

AFM 11-1 Pg. 131 

MOBILITY (DOD, NATO, CENTO, IADB) 
A quality or capability of military forces which 
permits them to move from place to place while 
retaining the ability to fulfill their primary 
mission. 

AFM 11-1 Pg.   137 
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NAP-OF-THE-EARTH FLIGHT - NOE 
Flight as close to the earth's surface as vegetation 
or obstacles will permit, while generally following 
the contours of the earth. The pilot pre-plans a 
broad corridor of operation based on known terrain 
features which has a longitudinal axis pointing 
toward his objective.  In flight, the pilot uses a 
weaving and devious route within his preplanned 
corridor while remaining oriented along his general 
axis of movement in order to take maximum advantage 
of the cover and concealment afforded by terrain, 
vegetation and man-made features. By gaining 
maximum cover and concealment from enemy detection, 
observation, and firepower, nap-of-the-earth flight 
exploits surprise and allows for evasive actions. 

AR 310-25 Pg. 3^3 

NAVIGATIONAL AIDS - NAVAIDS 
Electronic/mechanical devices designed to enhance 
air navigation. 

NIGHT/ADVERSE WEAl SYSTEM - N/AWS 
A system, when incorporated, that would provide the 
Army helicopter with a night/adverse weather 
capability. An acronym that represents a capability 
rather than any one specific aircraft subsystem. 

Author Interpretation 

OPERATIONAL ENVIRONMENT (DOD, IADB) 
As pe^tuins to the military, it is a composite of 
the conditions, circumstances, and influences which 
affect the employment of military forces and which 
bear on the decisions of the commander. 

AFM 11-1 Pg. 150 

OPERATICNALLY READY (DOD) 
1. As applied to a unit, ship, or weapon system - 
Capable of performing the missions or functions for 
which organized or designed.  Incorporates both 
equipment readiness and personnel readiness. 
2. As applied to equipment - Available and in 
condition for serving the functions for which 
designed. 
3. As applied to personnel - Available and qualified 
to perform assigned missions or functions, 

.'.FM 11-1 Pg. 151 

PATHFINDEHS (DOD, IADB) 
A radar device used for navigating or homing to an 
objective when visibility precludes accurate visual 
navigati on. 
Terms, air deJivered into enerny territory, for the 
purpose of determining the best approach and 

'■'•,:.ä. ■■■>. ^:Ä±,,m&ttMsi ^^a^^^^öeÄgöSäkaä^rt ! ^ifijh^iifpa^*-*1*—-::^*J^ -■- 



fffi^'S»*»!?»^ 

130 

J 

withdrawal lanes, landing zones, and sites for 
helicopter-borne forces. 

AFM 11-1 Pg. 156 

PENETRATION AIDS (AF) 
Techniques and/or devices employed by aerospace 
systems to increase the probability of weapon system 
penetration of an enemy defense. Examples arei 
low altitude flight profiles, trajectory adjustment, 
reduced radar cross-sections of attack vehicles, 
improved vehicle hardness to effects of defense 
engagements, terrain avoidance radar, bomber 
defense missiles, decoys, chaff, electronic 
countermeasures, etc. Penetration aids are used 
by an offensive system to penetrate more effectively 
enemy defenses. 

AFM 11-1 Pg. 157 

PLAN POSITION INDICATOR (NESN, NFSN) 
A cathode ray tube on which radar returns are so 
displayed as to bear the same relationship to the 
transmitter as the objects giving rise to them. 

, AFM 11-1 Pg. 160 

PREVAILING VISIBILITY (AF) 
The horizontal distance at which targets of known 
distance are visible over at least half of the 
horizon. It is determined by an observer viewing 
selected dark objects against the horizon sky 
during the day and moderate intensity unfocused 
lights at night.  It is reported in statute miles 
and fractions thereof and does not necessarily 
represent the visibility along the runway. 

AFM 11-1 Pg. 163 

PROXIMITY WARNING (AF) 
(SKE equipment) Signal light and horn advises the 
pilot that another aircraft has penetrated a 
selectable range airspace about his aircraft. 

Sierra Research Corporation 

RADIO NAVIGATION (NATO, SEATO, CENTO, IADB) ■ 
Radio location intended for the determination of 
position or direction or for obstruction warning 
in navigation. 

AFM 11-1 Pg. 172 

REQUIRED OPERATIONAL CAPABILITY - ROC (AF) 
A formal serially-numbered document giving a general 
description of operational capabilities deemed 
necessary at a specific time in the future 1 
outlining the capability desired rather than the 
means of accomplishment; describing the objective. 

.-JSakt-a^iiia.: ■^ä&ljfeßiäÜ^Bäie»^*!.-.- V-sa«;;. . ^*j£j&*tMskj&£iä!&i*ä,m ^iri^ifeMttii^ffTi tr rröt ••■m»ättrtiiM>i-r^''M^*^-- ^'tf.^ii^sriat^±^^MjfctA^A>^^^.r.^:s.' 
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operational concept, expected operational environment 
and other pertinent factors to be considered. 

AFM 11-1 Fg. 178 

REQUIRED OPERATIONAL CAPABILITY - ROC (A) 
The ROC ia a formal requirement, with an implicit 
commitment to an eventual production decision and 
normally will not be established until a thorough 
advanced development program has been conducted 
under an LOA. The advanced development program 
will include testing of components and/or 
prototypes to demonstrate adequately both its 
technical feasibility and its operational 
feasibility. 

KB 101-3 Pg. 3-5 

RESEARCH AND DEVELOPMENT TEST (AF) 
An experiment or operation designed to measure, 
verify, assess, and provide data fjr evaluation of» 
research investigations or experiments carried on 
beyond the laboratory bench; progress in 
attainment of accomplishment of development 
objectives; and performance capability and/or 
operational suitability or systems, subsystems, 
components, and equipment items, 

AFM 11-1 Pg. 179 

SPATIAL DISORIENTATION (AF) 
Durinp flight, illusions result from false 
information or misinterpreted sensory impressions 
created by inflight forces acting upon the organs 
of enuilibrium and balance. When a pilot cannot 
determine the location of the surface of the earth, 
he is said to be suffering from spatial 
disorientcition, also commonly called vertigo. 

Air Force Manual 51-37 
Instrument Flight 

STATE-OF-THE-ART  (AF) 
The level to which technology and science have at 
any design?ted cutoff time been developed in a 
given industry or group of industries, as in "the 
missile's capabilities were determined by the 
state of the art at the time it went into 
oroduction". 

AFM 11-1 Pg. 197 

STATICNKEEPING EQUIPMENT - SKE AN/APN 16QA 
Designated the AN/APN 169A, airborne avionics 
equipment which permits maintenance of accurate 
spatial relationship between aircraft. 
SKE designption is as follows? 

.v«t.^^,,^Jaj.!i.^.^....»«a^>.W^...^A.M^^ 
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A -  nomenclature will be assigned to complete 
N  sets of equipment and major components of 
/  military design. 
A - Airborne Installed and operated in aircraft. 
P - Radar 
N - Navigational aids 
1 - Specific 
6 -  Numerical 
9 -    Identifier 
A - Modification letten component modification 

suffix letters will be assigned for each 
modification of a component when details, 
parts, and subassemblies used therein are 
no longer interchangeable, but the component 
itself is interchangeable physically, 
electrically, and mechanically. 

Sierra Research Corporation 

SURVIVABILITY (AF) 
The capability of a system to withstand a man-made 
hostile invironment without suffering an abortive 
impairment of its ability to accomplish its 
designated mission. 

AFM 11-1 Pg. 204 

SUSCEPTIBILITY (DOD) 
The degree to which a device, equipment or weapons 
system is open to effective attack due to one or 
more Inherent weaknessess. 

AFMU-l Pg. 204 

TACTICAL INSTRUMENT FLIGHT (A) 
Tactical instrument flight is defined as flight 
under instrument meteorological conditions in an 
area directly affected by the threat.  It is used 
as a normal means to complete assigned missions 
when ceiling or visibility conditions preclude 
visual flight or normal regulated IFR flight. 

F. 1-5 Pg. 22-3 

TECHNICAL PROPOSAL - TP 
A technical proposal is industry's reply to a 
ROC or SOR.  This is a prototype of equipment 
which meets the specifications set forth. The 
equipment is tested with conclusive data 
supporting the testing. 

Training Circular Pg. 5/0 
AR 310-25 

WEAPON SYSTEM (DOD, NATO, CENTO, IADB) 
A weapon and those components required for its 
operation.  (The term is not precise unless 
specific parameters are established.) 
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{Note:  The Air Force definition indicates 
that the Air Force parameters aret a composite of 
equipment, skills, and techniques that form an 
instrument of combat which usually, but not 
necessarily, has an aerospace vehicle as its 
major operational element.  The complete weapon 
system includes all related facilities, equipment, 
material, bervices, and personnel required solely 
for the operation of the aerospace vehicle, or 
other major elements of the system, so that the 
instrument of combat becomes a self-sufficient 
unit of striking power in its intended 
operational environment.) 

APM 11-1 Fg. 226 

WEATHER 
The conditions of the atmosphere, such as 
temperature, windiness, wetness, or dryness, 
and clearness, or cloudiness, which affect man's 
environment. 

Encyclopedia Americana 

ZONE MARKER - ZW AK/TPN 27 
Avionics equipment which operates on the same 
principle as SKE.  It is capable of independent 
battery operation In a portable ground mode or 
air mode. 
Designation is as followsi 

A - Nomenclature will be assigned to complete 
N  sets of equipment and major components of 
/  military design. 
T - Ground, transportable. 
P - Radar. 
N - N a v 1 r n t i o n a 1 a i d s . 
2 - Specific numeric 
7 -   identifier. 

Sierra Research Corporation 

ZONE MARKER GRCUP - ZMG 
A combination of SKE and ZM eauipment operating in 
a ground mode. 

Sierra Research Corporation 

PARENTHETICAL SYMBOLS EXPLAINEDi 

(A) Army Source 
(AF) Standardized for use within the U.S. Air Force 

only. 
(DOD) Standardized for use within the Joint Services 

and Department of Defense. 
(I) U.S. Government interdepartmental approval has 

been achieved for national usuage. 

Wäiitimiiai&inrirnfiiiiri'riiinriiii- aiaflfiiiiiririiitlfliifiiiilü«{ii11i ilimiim&SuiJItMei ^^.^-.^^ii^ii,^ 



:.»•■< 

'> 

M>Wff%^B?ii«W'i*' '-v^^mar-^-' •?" 

I 

134 

(NESN) Standardized for use with the English-speaking 
nations of NATO. 

(NFSN) Stnndnrdized for use v/ithin the French-speaking 
nations of NATO. 

(NATO) Standardized for use by all NATO nations. 
(ASCG) Standardized for use by the American, Australian, 

British, Canadian, and New Zealand Air Forces. 
(SEATO) Stnndniodized for use within the Southeast Asia 

Tropty Organization. 
(CENTO) Standardized for use within the Central Treaty 

Organization. 
(IADB) Adopted for use by the Inter-American Defense 

Board. 

- Denotes acronym 
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