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PREFACE

This fina l report was prepared by the Operating Location , Air Force
C iv i l Engineer ing Center , Kirtland Air Force Base, New Mexico 87111,
under Program Element 63723F, Project 2103. Dennis E. Compton (DEE) was
the Operating Location Project Officer-in-Charge.

This report has been reviewed by the Information Officer (10) and
Is releasable to the National Technical Information Service (NTIS). At
NTIS it will be available to the general public , including foreign
nationals.
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publication .

~~~~~~~~MICHAEL J.14IARRISON DONALD G. SILVA
Captain , USAF It Col , USAF , BSC
Project Officer Director of Environics

B~AND0N HENDRICK D MOL
Technical Director It Col , USAF

Coninander

J.
(The reverse of this page is blank)

. . .—.,*— .... ._~~. — — 
~~~~~~~~~~~~~~~~~~~~~~~ 



TABLE OF CONTE;Ts

Section Title Page

I Introduction 1

II Sinnary of the F-ill Birdstri ke Hazard. . .  . . . .   4
III Potential Al ternative Solutions and Problems 12
IV Rec o n inend a t 1ons . . . . . .~~~,~ 15

ill



LIST OF ILLUSTRATI ONS
Figure Title Page

1 BIrd Strike Impact Forces . . . . . . . . . . . . . . . . . 2
2 Bird Strikes by Month, 1971-1974 at Cannon, Mountain Home,

Nel l is, Pease, and Plattsburgh AFBs 4

3 RelatIonship of Bird Strikes to Flying Hours 6

4 Cannon AFB Bird Strikes , 1971—1974 . . .  .   8
5 Cannon AEB Bird Str ikes, 1971-1974, by Time of Day . . . . . 9

6 Mountain Home AFB Bird Strikes , 1971-1974 10
7 Nellis AFB Bird Strikes, 1971— 1974  10
8 Pease AFB Bird Stri kes , 1971-1974  10
9 Plattsburgh AFB Bird Strikes, 1971-1974. . . . . 11

LIST OF TABLES

Table Title Page

1 F—ill Bird Strike Rates . . . . . . . 5

iv

- ~~~~~~~~~~~~~~ ~~~~~— 
— 111 ~~i~r



SECTION I

INTRODUCT ION

Aircraft flying within a high density bird environment have a great
potential of experiencing bird strikes. As flight speeds increase and
flight altitudes decrease bird/aircraft collisions become a serious hazard.
The F-ill aircraft because of its ‘l ow-level, high-speed flying mission has
experienced a high Incidence of bird strikes.

The F-h i Is an advanced tactical fighter bomber designed to penetrate
enemy defenses by flying at high speeds and at altitudes below the levels
easily monitored by radar. Each F-ill base utilizes several low-level
routes to train and maintain the proficiency of F-ill aircrews. The low-
level training routes average approximately 175 to 225 mIles in length,
passing over a variety of habitats and terrain. The F-ill aircraft fly
these routes at altitudes between 200 and 1500 feet above ground level
(AGL) traveling at speeds of 500 to 650 miles per hour.

Most bird flying activity occurs at altitudes below 5000 feet AGI and
the highest concentrations of migrating birds are often found within the
500 to 1500-foot range (Reference 1). Over 75 percent of the migrants
often ‘fly at altitudes below 3000 feet (Reference 2). The probability of
a bird/aircraft collision is greatly increased whenever aircraft fly at
altitudes coincident with high bird densities and activity.

The greater incidence of bird strikes to the F-ill is apparent when
the available bird strike data is reviewed. While the overall bird strike
rate for all Air Force aircraft (lncludinq F-ill) during 1974 was one
strike per 8036 flying hours, the rate for the F-ill was one strike per
2098 flying hours (Reference 3). The high speeds flown by the F-h i
compoun,~ the potential problem because of the significant Increase in
impact forces. Figure 1 is derived using the formula:

F KW/3 V (Reference 4)

where s 3 i8W/3; 9 32.2 ft/see; K • 0.705;

W Is the average weight in pounds of the species ; and V is the aircraft
velocity in knots tndicated airspeed (I(IAS) at 1000 feet AGL . From
Figure 1 it Is apparent that an~increase In aircraft velocity is the mostimportant factor in the magnitude of the impact force. Doubling the
weight of the bird results in an increase of only about 1 .6 times greater
impact force , whereas, doubling the velocity results in an Increase of
four times the impact force.
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The serious nature of the problem is evidenced by the records of past
bird strike damage and/or loss of aircraft. The feasibility of several
alternative solutions needs to be examined to determine the most successful
and cost-effective methods for reducing low-level enroute bird hazards.
This study analyzes the possible means of reducing the problem and recom-
mends alternative courses of action .

3
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p SECTION I I

SU*tARY OF THE F-ill BIRD STRIKE HAZARD

Flight testing of the F-ill aircraft began in 1967 but It was not until
1971 that extensive flying was underway at several bases. Currently, F-h is
are assigned to three Tactical Air Coninand bases in the U.S. located at
Cannon AFB , New MexIco ; Mountain Home AFB , Idaho ; and Nehlis AFB , Nevada .
The Strategic Air Coninand operates two FB-lll bases at Pease AFB , New
Hampshire and Plattsburgh AFB, New York.

Bird strikes have occurred at each of these bases but the intensity and
characteristics of the bird strikes differ from base to base. During the
period from 1971 through 1974 bird strikes occurred in all months except
December. Figure 2 shows the cumulative distribution of bird strikes by
mc~~h from 1971 through 1974 . Forty—nine percent (34 of 70) of the stri kes
occurred during September and October of the fall migratory season.
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H Figure 2. BIrd Strikes by l’onth, 1971-1974 at Cannon, Mountain Home,
Nellis, Pease, and P’lattsburgh AFBs
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Although some of the bird strike problems are similar , each base must
be considered individually to obtain an accurate evaluation of the bird
hazards . Figure 3 shows the number of bird strikes in relation to the
number of hours flown at each of the five bases, and Table 1 lIsts the
respective bird strike rates. From these data it is clear that the
Intensity of the problem varies greatly from base to base and even from
year to year at the same base. Each base and Its respective how-level
routes are located within different geographic regions with differences In
habitats , topography and l and use . Different species of birds may be
found in the respective areas at various times throughout the year.
Depending on specific local conditions the major problem at a base may be
either on the airdrome or enroute. The approach to the problem must be
adapted to each base’s specific circumstances.

Cannon has experienced the highest bird strike rate of all F-ill bases
wi th one bird strike per 1568 flyIng hours during the period from 1971
through 1974 . During this same period, Mountain Home had the lowest bird
stri ke rate with one bird strike per 6982 flying hours . Although bird
strike rates are a good indicator of the bird hazard at a given base , i t
should not be inferred that this should be the only cons ideration. The
size , behavior , distribution and abundance of all potentially hazardous
species of bird must be considered as well.

TABLE 1. F-Ill BIRD STRIKE RATES

______________ 

(F LYING HOURS/NUMBER OF BIRD STRIKES) 
_____________

AF BASE 1971 1972 1973 1974 CUMULATIVE

Cannon 832 1727 3700 1217 1568
(4 ,991/6) (8,633/5) (14,800/4) (17,036/14) (45,460/29)

Mountain Home - -— 15, 211 6187 5260 6982
(1 ,045/0) ( 15 ,211/1) (18 ,560/3) (21 ,041/4) (55,857/8)

Nell is 3303 4733 7422 - -- -  5091
(29 ,726/9) (28 ,396/6) (14,844/2) (13.586/0) (86,552/17)

Pease 2415 2586 6906 3828 3304
(4 ,829/2) (10,345/4) (6 ,906/1) (7.655/2) (29,735/9)

Plattsburgh 3505 — — —- 9623 2189 5153
(3,505/1) (11 ,999/0) (9,623/1) (10,944/5) (36,071/7)

All bases l isted above from 1971 - 1974 3624
(253,675/70)
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A base that has had severa l strikes on the airdrome with small ground-
dwelling passerines (songbirds) cannot be equated with another base that
has had only a few recorded stri kes , but a serious potential problem wi th
relatively large species such as raptors , cranes or waterfowl .

Cannon , Mountain Home and Nel lis AFBs are tactical fighter wings and
fly similar missions , al though over different geographical regions. Normal
enroute flight altitudes average about 1000 feet AGI and the length of
sorties average about 3 hours with 1/2 to 1 hour in the low-level training
route. Pease and Plattsburgh AFB are fighter bomber wings and have a
slightly different mission and fewer flying hours. Both bases are located
in the same geographic area and use the same low-level training routes.
The length of sorties average about the same as Tactical Air Coninand F-ills,
however , enroute fl ight altitudes are somewhat lower at about 500 feet AGI.

Recorded bird strikes and pilot reports of bird sightings are the only
a va i la ble sourc e of empir ical data~ however , most of the Important para-
meters are either unknown or have not been listed in the reports . Exact
locations , specific routes, or general geographic locations have often not
been recorded. If this information were ava i la bl e, it woul d ena ble a mo re
accurate evaluation of bird hazards. Similarly, time of day is of ten not
listed when at least a time span or simple day/night classification migh t
be given for that particular mission . The species of bird involved in a
strike are also rarely identified In the reports. Al though there are many
instances when bird remains are unavailable , the presence of only a few
feathers are usua l ly  enough to be identified by the U.S. National Museum
of Natural History. Species identi fication is necessary to determine
whether migratory or local species are involved . All information con-
cerning bird strikes and bird sightings should be recorded as exactly and
specifically as possible under the circumstances.

In subsequent paragraphs a suninary of the bird strike problem Is given
for each F-ill base wi thin the United States . Most of the data have been
suninarized from the computerized bird strike records on file at the Air
Force Inspection and Safety Center (AFISC) , Norton AFB , CA (Reference 5).
Additional information was obtained from Cannon to suppl ement the AFISC
data . Similar data should be obtai ned from each of the remaining bases ‘o
Insure accuracy and obtain a better understanding of that base ’s problem.

F rom 1971 through 1974 Cannon experienced 29 bird strikes (FIgure 4).
Sixteen (55 percent) of these stri kes occurred during the month of Septein-
ber and seven (24 percent) during January and February. In the 4-year
period Cannon did not have any strikes during the months of Apri l, May,
June and December . While more hours were being flown during the day, 59
percent (17 of 29) of the stri kes at Cannon occurred at night with only 41
percent (12 of 29) occurring during the day . As shown in Figure 5 the
distribution of night bird strikes has been limited to the migratory sea-
sons. The strikes have been equall y distributed between the airdrome and
enroute environment. At Cannon 48 percent (14 of 29) of the strikes have
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Figure 4. Cannon AFB Bird StrIkes , 1971-1974

occurred enroute, 38 percent (11 of 29) in the Cannon area , 7 percent
(2 of 29) near the Melrose Bomb Range and 7 percent (2 of 29) at unknown
locations. Cannon has the highest bird strike rate of any of the five
F—lll/FB—1l1 bases (Table 1).

During the same 4-year period, although relatively few hours were flown
In 1971 (FIgure 3), Mountain Home AFB had only eight strikes with 50 per-
cent occurring during the fall migratory season (Figure 6). No strikes
have been recorded from November through March. These data may indicate
reduced bird populations and activity during the winter in northern
latitudes . Mountain Home AFB has the lowest bird strike rate of the five
F—ll l/FB—lll bases (Table 1).

The 23 strikes reported at Nelils (Figure 7) are equally distributed
throughout the year , although September, October, November and April
account for 57 percent (13 of 23) of the reported bird strikes.
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Figure 5. Cannon AFB Bird Strikes, 1971-1974 by Time of Day

Pease AFB had nine strikes from 1971 to 1974 (Figure 8). Seven of
these (78 percent) occurred during September and October. Pease has not
had any strikes from November through May .

The probl em at Plattsburg h AFB, as indicated by the strike record, is
a migratory and sununer problem (Figure 9). Forty-three percent (3 out of
7) of the strikes occurred during October. The remainder of the strikes
occurred from May through August. No strikes occurred from November
through April.
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Figure 6. Mountain Home AFB Bird Strikes, 1971—1974
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Figure 7. Nellis AFB Bird Strikes , 1971-1974
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FIgure 8. Pease AFB Bird Strikes, 1971-1974
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Figure 9. Plattsburgh AFB Bird Strikes, 1971—1974

From the limi ted data available , nearly all the bases ha ve their
greatest problem during the fail migratory season. During the months of
March through June , few strikes have been recorded (Figure 2). None of
the bases have experienced any stri kes during December. The three bases ,
Mountain Home, Pease, and Plattsburgh, located in the northern latitudes,
did not record any strikes during the 5-month period from November through
March. This may be an Indication of reduced numbers of birds and reduced
bird activity In the northern latitudes during winter months. Excluding
December, Cannon and Nellis experienced strikes over the same 5-month
period from November through March. One possible explanation may be that
Cannon and Nellis are located within the winter ranges of a great number of
species.

Although the problems may be similar at the different bases, it is
important that the bird hazards at specific bases and their routes be
considered separately due to differences in habitat and species . Because
of natural variations In species composition, populations and distribu-
tion, all potential hazards should be considered as well as the known prob-
l eins Identified by previous bird strikes .
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SECTION I I I

POTENTIAL ALTERNATIV E SOLUTIONS AND PROBLEMS

Several means for reducing the F-ill bird strike hazard are available;
however, each base must be cons idered separately and methods adapted to
the specific problem, mission of the base, and available options. Although
this report Is concerned primarily with the enroute problem, the airdrome
problem must also be considered if the total bird strike hazard is to be
reduced. Methods for determining and reducing the bird problem of the air-
field have been outlined in an earlier publication (Reference 6). Analy-
sis of the aIrdrome problem should also Incl ude the area surrounding the
a irfield , especially the approach and departure corridors. Nearly half
c/f all Air Force bird strikes occur within these areas. A thorough
knowledge of the birds and potential hazards in the inunediate area Is
necessary to determine effective methods of control. Bird species
behav or , quantity, status and relationships to the airfield should be
identified . Upon close examination of the problem it may be found that
certain changes In fl ight schedul ing or modifications in local tra ffic
patterns would significantly reduce the bird hazards on the airfield from
some of the local species. -

The enroute problem is generally more serious than the airdrome problem
and much more complex . Greater areas must be considered with the poten-
tial of more species and greater numbers of birds encountered. Enroute
airspeeds are higher, greatly Increasing the potential for damage. Species
distribution and concentrations within a route will vary with the quantity
and quality of specific types of habitat. Environmental, seasonal and
biological changes will continually alter the overall situation.

Most bases have a number of routes available that they may fly to
accomplish a specific training mission. Each of these routes cross over
different geographic regions and habitats exposing aircraft to a variety
of bird species and concentrations. Consequently, the potential bird
hazards will differ within the respective routes. It is feasible that
certain routes may be available that have a lower relative bird hazard
during a particular season or as a result of the quality and availability
of certain habitats. Aside from some of the more obvious differences in
bird hazards among the various routes , a thorough evaluation may be
difficult when considering the number of routes , the many variables
(habitats , seasons , species , etc.) and the constraints of the flying V

mission. At most of the F-lil/FB-lll bases much of the low-level flying
activity terminates at a practice bomb range. Certain of the low-level
routes are more convenient for this type of operation and hence are flown
more often. For example, during 1974 Cannon flew 16 different routes .
Five of the routes (ICC 207, ICS 289, OB 18, FMN 288 and ICC 279)
accounted for nearly 80 percent of the total flying. Two of these routes
(TCC 207 and TCS 289) accounted for over 60 percent of all flying. If a
base has few alternative routes available within relatively confined

12



geographic regions it will be more difficult to find signifi cant differ-ences in the bird hazards among the various routes .
New low-level routes are becoming more difficult to establish because

of the Increasing amount of air traffic and more restrictions due to in-
creased environmental concerns and greater dispersal of human populations.

Bird hazard evaluation of low-level routes would have to be considered
at each base. In the opinion of the author the potential success of
evaluating the bird hazards within each of the individual routes will becomplex. Although species and numbers of birds vary depending on the
available habitat (Reference 7), each of the low-level routes encompasses
so much area that some segments with high concentrations of resident or
migrant species will almost always be crossed. Furthermore, the status
of bird populations within an area is continually changing throughout
the year due to dispersal and migratory movements. Consequently, poten-
tial bird hazards are also changing and may be difficult to adapt to.

Detection of hazardous bird concentrations presents another possibility
of reducing the enroute bird strike hazard. The use of radar for the
detection of birds has been well documented (Reference 8) and its use with
respect to reducing bird/aircraft collision hazards has been described
(Reference 9). The greatest value of ground based radar would be In
detecting migratory bird movements and the intensity of migration,
al though local movements may be picked up throughout the year. Existing
radars would not be very effective in determining enroute bird hazards
outside of the migratory season except In a few isolated instances.

Radar detection of birds beyond 10 or 15 mIles from the radar
antenna is limi ted to birds flying at altitudes of 1000 to 1500 feet AGL.A high percentage of bird migration occurs between 500 and 1500 feet
AGL (References 1 and 2). Consequently, a single radar can provide infor-
mation on migration occurring within the altitude range of the F-ill for
only a small portion of an entire low-level route. Access to a number of
radars along the route may be necessary to determine the potential hazard
under most circumstances . Each radar site could effectively sample
migration within a 25 to 50 nautical mile radius. Provided that an
adequate number of radar sites were available along a route, the intensity
of migration and potential bird hazards could be accura tely determined.

Radar could also prove useful on a short term basis on the airdrome
and bombing range environment if flying operations could be adjusted
according to the changing levels of migratory activity. Problems may beencou ntered here, however , due to extensive training conmiitments. For
radar to be effective, flying operations would have to be modified within
hazardous areas during times of high bird activity. This would involve
operational changes during the spring and fall migratory seasons .

13



The final consideration Is to develop the ability to predict bird move-
ments. If possible, this would give the advantage of allowi ng time to en-
able better scheduling of flying operations. Previous studies have already
attempted to relate the effects of weather on migration and to predict when
migration may occur using general weather patterns and the synoptic weather
(References 10 through 20). Most efforts have resulted in indifferent suc-
cess. The great number of species and many variabl es tend to make any pre-
dictions very complex . For predictions to be manageable, the num ber of
species would have to be l imited to not more than one or two particularly
hazardous species at each base. Even in studies where only one species
has been considered, the accuracy of the prediction has been less than 80
percent (Reference 10). Al though reliable predictions of migration would
provide important information to help reduce the number of bird/aircraft
collisions , it is unl ikely predictions could enable more than general
warnings of potential migratory activity . The specific times, locations,
numbers and altitudes of migrating flocks would also be necessary to suc-
cessfully divert aircraft from hazardous situations.

The potential success of any of the preceding methods is dependent upon
the flexibility of the F-ill flying operations. The flying mission of the
F - i l l  makes It more susceptible to birdstrikes, e.g., high-speed, low
altitude flight , high numbers of sorties, takeoffs and landings. Missions
are flown during both day and night (16 sorties/day and 8 sorties/night)from about 0900 to 2400 hours each day . 5 days a week , throughout the
year. Training schedules require a certain amount of flying to be con-
ducted within a given period of time. All of the available methods dis-
cussed require that modifications can be made in the training schedule,
e.g., if radar displays heavy migration in an area, flying activities
should be reduced or terminated until conditions improve. Similarly, if
one route Is known to have particularly high bird concentrations during a
certain time of the year then flying activities should be reduced or
terminated within that route as long as the increased bird hazards exist.
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SECTION IV

REC0~VIENDAT IONS

DISCUSSION 
-

The greatest obstacle to reducing enroute bird hazards at this time
appears to be the infl exibility of F-ill flying operations. The ques-
tion is whether scheduling modifications can be adapted at the F-lu
bases without seriously degrading the quality of the training program.
Some seasonal adjustment in flying will be necessary if one hopes to
significantly reduce bird hazards. F-ill flying activity during the
migratory season would have to be adjusted so flights could be directed
to routes with lower bird concentrations during times of reduced migra-
tory activity.

Because of the complexity of the problem, a step-wise approach would
offer the most effective means for reducing low-level enroute bird hazards.
A single F-ill base should be selected as a trial case and enroute bird
strike reduction techniques tested and refined. With the experience
and success gained at one base, the techniques could then be effectively
adapted to the remaining F-lll/FB—lll bases. A test base should be
selected that has an enroute and airdrome problem involving migratory
and local movements of birds . From the data, Cannon AFB , New Mexico,
appears to offer the most challenging problem and would be the author ’s
reconinendation for the experimental base.

After the overall feasibility of reducing enroute bird strikes has
been established and tested at Canno n , the problems at the remaining
F-ill bases should be studied , training options and flexibility deter-
mined and agreements reached with operations personnel outlining
al ternative courses of action to reduce bird strikes. A thorough analysis
of the bird strike hazard at each of the F-h i bases will be necessary
to provide the reliable data to determine the best approach to the pro-
blem according to the requirements and available options.

Improvements will be required in the future collection and recording
of bird strikes and bird sightings as outlined in Section II. Exact
records of species, loca tion , time , and altitude are necessary to enable
an accurate evaluation of the problem and to adopt the most effective

V strike reduction techniques. Complete cooperation will be required
from aircrews In order to Improve the source 0f empiri cal data on bird
strikes and sightings on the low-level training routes.

An ini tial survey to establish local contacts and make preliminary
f observations of the airdrome and enroute bird hazards should be made by

the Air Force Ci vil Engi neering Center Bird/Aircraft Strike Hazard (BASH)
Team in cooperation with the U.S. Fish and Wildlife Service and the
respective state game and fish departments . Subsequent seasonal surveys
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should be made to determine the bird hazards throughout -the year.
Specific considerations should incl ude the geographic location of the
base ,, topography, land use , location of routes, habitats associated with
low-level routes, route usa ge , charac ter istics of the base fl ying miss ion ,
the relationship of the base and routes to known migratory flyways, an
analysis of the seasonal changes In the numbers of hazardous bird species
and populations and the determination of potentially hazardous behavior.
Each of the bases should respond with a listing of available resources
and the flexibility of their flying operations.

Each base should assume the responsibility for impl ementing the bird
hazar d reduc tion techn iques with consul ting ass istance from the Air Force
Civ il En gineer ing Center. These techn iques inclu de the use and evalua tion
‘~f radar to detect bird migration and the determination of scheduling
and route changes to coincide with the times and areas of least bird
activity .

The relationship of available training routes to habitat , spec ies
abundance and occurrence should be studied to determine potential bird
hazards and to - evaluate the relative hazards on each route. The feasi-
bility of using prediction models to forecast intense migratory activity
should be studied to determine the potential effectiveness and
practicability for use on an operational level .

The objective of all phases of the study should be to provide flying
unit conunanders with necessary data and procedures to evaluate potential
bird hazards throughout the year. The decision to fly a given route
should be based on a combination of empi rical data, training re-
quirements and the availability of other flying route options.

SU*IARY

Select one of the five F-ill bases to test and refine enroute bird
stri ke reduction techniques .

Conduct initial and seasonal surveys to obtain a thorough analysis
of the bird hazards .

Determine th e latitud e and flexibility of the flying mission at
each base.

Conduc t studies of the routes to determine the relationships of
habitat to species abundance and occurrence.

Perfect the use of radar to determine migratory bird movements.

Formulate a prediction model to enable forecasting of major migratory
movements .

Implement bird strike reduction techniques at the remaining F-ill
bases as they are perfected at the test base.

16

_ _ _ _ _  V - V



REFERENCES

1. Behlrose, F.C.., “The Distribution of Nocturnal Migrants in the Air
Space” , The Auk, Vol 88, pgs 397-424, April 1971.

2. Able, K.P., “A Radar Study of the Altitude of Nocturnal Passerine
Migration”, Bird-Banding, Vol 41 , No 4, pgs 282-290, October 1970.

3. Personal Coninunication Major A. Driscoh i , AFI SC (SEFA) , Norton AFB,
CA , August 1975.

4. Mitchel l , J., More Thoughts on Forces Associated With a Birdstrike,
Field Note No 37, Associate Comittee on Bird Hazards to Aircraft ,
Na tiona l Research Counc il of Cana da , Ottawa , Cana da , March 1966.

5. Accidents/Incidents: 1967 to Date in F/FB-hll Ai rcraft When Bird-
str ike O~curred, (FUR OFFICIAL USE ONLY), AFISC Norton AFB , CA,
28 May 1975.

6. Sobieraiskl , R.J., Ecolog~ica1 Aspects of Bird Aircraft Strike Hazards,AFWI-TR-71-94, Air Force Weapons Laboratory, Kir tland AFB , NM ,
March 1972.

7. Udvardy, M.D.F., “Ecological and Distributional Analysis of North
American Birds”, The Condor, Vol 60, pgs 50-66, January 1958.

8. Eastwood, E., Radar Ornithology , Methuen and Co., Ltd , Lon don , 1967.

9. Gauthreaux, S.A., Jr., The Observation of Birds with Weather and Air-
port Surveillance Radars, AFWL-TR-74-57, Air Force Weapons Labor-
atory, Kirtland AFB, 1*1, Apri l 1974.

10. Blokpoel, H. and M.C. Gauthier, Predict ions of the 1974 Sprin g Goose
Migration at Winnipeg International Airport, Field Note No 67,
Associate Committee on Bird 1{azards to Aircraft, Na tional Researc h
Council of Canada, Ottawa, Canada , February 1975.

i i. Hassler, S.S., R.R. Graber, and F.C. Beilrose, “Fall Migration and
Weather , A Radar Study, The Wilson Bulletin , Vol 75, No 1 , pgs 56-77,
March 1963.

12. Able, K.P., “The Role of Weather Varia bles an d Fli ght D i rection in
Determining the Magnitude of Nocturnal Bird Migration , Ecology.
Vol 54, No 5, pgs 1031-1041 , late Summer 1973.

13. Curtis, S.G., “Spring Migration and Weather at Madison Wisconsin ” ,
The Wilson Bulleti n, Vol 81, No 3, pgs 235-245, September 1969.

11

- 

_ _ _-_



14. Lack, D., “The Inf luence of Weather on Passer ine Migra tion ”, The Auk,
Vol 77, pgs 171-209, 1960.

15. Beason, R.C., A Review of the Influence of Weather on Bird Migration,
AFWL-TR-74-196, Air Force Weapons Laboratory, K i rtlan d A i r Force Base ,
NM, March 1975.

16. Brooks, W.S., “Effect of Weather on Autum Shorebird Migration in East-
Central I l l inois ” , The Wilson Bul l etin, Vol 77, No 1 , pgs 45-54,
March 1965.

17. Richardson , W.J., “Spring Migration and Weather In Eastern Canada:
A Radar Study”, American Birds, Vol 25, No 4, pgs 684-690, August 1971 .

18. Richardson , W J . , “Augum Mi gra tion an d Wea ther in Eastern Cana da :
A Radar Study”, American Birds, Vol 26, No 1 , pgs 10-17, February 1972.

19. Nisbet, I.C.T., and W.H. Drury, Jr., “Short-term Effects of Weather
on Bird Migration : A Field Study Using Multivariate Statistics”,
Animal Behavior, Vol 16, No. 4, pgs 496-530, 1968.

20. Bellrose , F.C., The Effect of Short-Term Weather Conditions on the
Migration of Waterfowl, Federal Avfation Agency, FAA-RD-74-72,
April 1974.

18



V V

INITIAL DISTRIBUT ION

4 Hq USAF/PREE 1 Defense Research & Engr/AD
Hq USAF/RDPS 2 OASD/Health .& Environ 2
Hq USAF/SAFOI 1 Chief of R&D /Dept of the Army
Hq USAF/PREV-P 1 Nat Science Foundation
Hq USAF/XOO 1
Hq USAF/ ISC 1

Hq TAC/DOV 1
Hq TAC/SEF 1
Hq TAC /DEV 1
Hq 12th AF /DOV 2
AFSC/DE 1
AFSC/SD 1
AFSC/DEV 1
AFSC/ SGB 1
AFSC/DASR 1
AFSC /DLCAM 2
AFSC /LJ 1
AFSC/ IGF 1
AF I SC /SEFF 1
AFISC/SGMS 1
AFISC /SES 2
CINCSAC/DEPV 1

AU / LDG 1
AUL (AUL/ LsE-7o-239 ) I
AFOSR 1
AFAPL 1
AFAL / TSR 1
AFFDL/TST 1
AF ML/DO (L ibrary ) 1
USAF Env ironmental Health Lab 3
AFWL /SUL (Tech Library ) 1
AFGL / XOP 1
USAFSAM/ EDE 2 V

AFRPL /Llbrar y 1
ASO/ENESS 1
ASD/ ENFPA 1
ASD/SMKF 1
AFATL/DL.OSL (Tech Library) 1
AFCEC/XR (Tec h Lib rary) 1
AFCEC/EV 1
USAF Rgn C i v Engr 1
USAF Rgn C l v Engr 1
USAF Rgn Civ Engr 1
SAIIMA/MAGCB 1

q 27th TFW /CC 5
Federal Aviation Admln 1
AFPCB/NEI S 1
DDC/TCA 12

19
(The reverse of this page is blank )


