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INTRODUCT ION

;
~ie f lj i d’ Olt (1  ~20) ori j irial ly su IJCSt .H that t 1ie ‘l~~a~ of t .~rhu l I ’ r c e  in

the aL’i o ’.p her e, and the su rfaee boundar y li / f r ~iI part i f la r , Wd S ( ,Oi-

p lot  when the v i l u e  of the R i ’ h i r d on i I U i ; i [ , r i ’ Ri hI came cmi i ty .  Th is

,u— s. .il l td  c rit i~ al Ri~~ha rd on nusiber ~id s in e ’ been e t i r k i ted  to O u r

~rr i jwhn r ’  i n  the  range of 0 .04 17 • Ri cr i t  1.5.  A larIj I number of the

t ’s t i  a t ’ s  of the ‘~r i t i c a 1  R i c h a r d son number have been based upon some

f ü r ’ of a su r f aC e boundary layer hypothes is for a thermally stratifi ed

s tutl e rL’~ iIne , w i t h  Ri cri ~ 
tradi t ionall y I nf”rr d from the constant , ~~~,

~~ tk.. d ia bat i~ influ~n e  f unct ine . T h r  have been nearly as many

I~ S 1  dtl S of the inf luence funct ion constant as there have been for

~~cr i t~ 
A cursory revi ew of v intage and contemporary l i terature rI-

i~ .i is that 0.6 17 genera l ly ref lects the range of ~ , the inf luence

f ’~r r s t i o n  constant .  If Ri . = cT ’ , then the values for Ri tabu-cri t c r it
lated in Tab l e  1 as determined from the l i terature review are in good

-1 r e H c c f n t  w i th  tho s e of given in Tabl e II.

! f I ’  ahoy i rifor ir ia ti on s u~~es ts that Ri cri ~ 
sho i ld  be near uni ty

dod  that 15 ~ O1~ I ’ l i ke ly  a var iab le  rather than a constant .  The intent

ot t h i s  IIJper is to ‘/ . plor ’ these postul ates.

DYNAMIC SIMILARITY IN A STABLE REGIME
ftl ukh ov (1946) proposed a dyna r ic simil a ri ty theory for the surface

bounda ry layer where the depth of the sur face layer was character ized

by a uni que length L defined as

U~ c 3 ~~
L = -

kIJ If

2 
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TA BLE I

Estimates of the Value of the
Cri t ical  Richardson Number (0.66 7 — ‘. — 24)

Source
______ 

Cri ti ca l Ri
Schlichtinq7’1936) (See Schl ichtf ~~i~~

’
~T 0. 0417

Rusincii r (10r~~) 0 .105
Sverdrup (1936 ) 0.11
Ohukhov (~~1~~~) (1 .11

L.~. f ’ b i l ( lQ6 .~) 0.14
Hol ’r~an ( l9~~) 0 .lLl3
r)( a ( O f l  (lQ4~) 0.15
f l3 v is  (1957) 0.15
El lison (1957) 0.15
Luml ey and Panofsky (1964) 0.1t1 to 0.22
Busch (19 6 5 )  0.20
Businger (1959) 0.20
Webb (1970 ) 0.20
Businge r, et a ] .  (197 1 ) 0.21
i-i ,,nc~~ n ~~n d c , Tr n~ (1oc~I)~ ID

Golds tein (1931 ) ~~~~~~~~~~~~

Ludlam (1967) 0.25
Mi les (1961 , 1963 ) 0.25
Sieffert (1958) 0.25
Taylor (1931 ) 0.25
Kaimal and Izumi (1965) 0.25
Webster (1964) 0.25 to 0.50
Businger (1969) 0.25 to 1.00
Townsend (1957) 0.30
Oke (1970) 0.30
Wanta (1953) 0.33 to 0.50
Portma n et al . (1962) 0.35
Crawfor d ~i965) 0.35
Pider and Robinson (1951 ) 0.40
Lyons, et al. (1964) 0.50
Sutton (1949) 0.50 to 1.00
Ficht l (1970) 0.55
Calder (1949 ) 1.0
Pette rssen and Swi nbank (1947) 1 .0
Durs t (1933) 1.0
Endlich (1964 ) 1.0
IKronebac h (1964) 1.0
Richardson (1920 ) 1 .0
Zavarina and Yud in (1960 ) 1.0
Clodman (1953) 1.5
Jaffe (1963) 1.5
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TABLE II

Estimates of the Linear Influence
Function Constant (0.058 ~~~~~ — 1.67)

Source ~: H

Arya (1963 ) 10 17
Busch (1965) 5
Businger , et al. (1971 ) 4.7 4.7
Chal ik ov (T~’~ ’~ 3.77 to 7.44 5.17 to 7.19
Deacon (1955) 7.1 to 12
Deardorff (1968) 7 11
Fichtl and McVehi l (1970) 7
Gurv i ch (1965) 8.5
Hansen and Serna (1969) 7 10
Holzman (1943) 7
Luml ey and Panofsky (1964) 7
McVehi l (1964) 7
Mon in and Obukhov (1954) 0.6 0.6
Oke (1970) 5
Panofs ky (1967) 10
Panofsky, et al . (1960) 4.5
Plate and Lin (1966) 7
Rossby and Montgomery (1935 ) 11
Sverdrup (1936) 11
Webb (1970 ) 5.2
Zi l i t inkevich and Chal ikov (1968) 9.91 10 .4

va lues determined from temperature profile analysis

4



. 1 1 1 1 ’ u~ ‘i’ a t f i L t i o n  v e loc i t y , C
1 

tb ;p c i t i c  hea t r)t a i r  at I,00Std nt

ar ’ . , den i ty, o potent ia l  t ’ r r p rütu r , L Kar r : do ’ S cor r eta n t , 1j the

lr .v i  tat io nal  a c c ’ i  ‘r a t io n , and II the vI rti .al hea t  f l ux .  The sca l ing

1~ nj t h  L ve lve d from the i n t’q rd t i o n  of the Ri .hi rdson nu;’ LIer w i th  resp ec t

to ee l  bt  a’ a f unction of the di:, ’ ns i o n less ~‘j ind shea r and lapse rate.

Frm the .JLJ ULI iOV hypothesis , the deduct ion n a y  be lad that the wind and

tc~ ipera ture profi 10:1 in di f fe rent ia l  for: ar g iven by

• v  u~
kz (2)

and

~I1 (3)

w here lj is the mean horizontal I..J indspeed , z is height , 0.~ and 0 are the

di. .ensio nless shea r and lapse rates , res pect ive ly , and T* is a scal ing

temperature given by

(4)
ku~ c~ ü

T he eddy v isco s ity and eddy conductivi ty are then generall y wr i t ten as

KM = ku~z ~~

and

= ku~z O~ . (6)

If , in a stable regime , the transfer of heat and momentum are

assur nied to be a function of me chan ica l  turbulence only, as may be in-

ferred from Reynolds analogy and the vert ica l turbu lent kineti c energy

budget , generally stated as

~,Y +~ _9!L,_ _  
:~~

‘ - ~~~~~ ‘~~~~~~L O  (7)

5
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‘.1

where e is total ki neti c energy • p pressure , ‘ ‘~ the ‘ l i i i  ve r t i  cal  ‘ r ; ~~c rn ’ -n t

and the v iscou’ ;  d i ss ipa t ion  rate , then

K 11 
= m ’M ’ 0M =

and by def i ili t ion

z _ n . I1— i i  W M

‘ih re ~:,L is the f a c : i l i a r  Mo nin and ubukhov (1954) sca l ing  ra t io .  FrOL

LHuu t ion (8) , L may be redefi r i d  as

U
*

b ’ J V / ) Z

L - (9 ,
k 

~
j i ~ Z

c

Ri ~~~~~~ (10)

w ith 0., def i r i d  by Equation ( 2 ) .

Rewr i t in g Lq uat ion (2 ) as

‘Y~~~~ ~~ ( 1 1 )
Z kz Ri

then addi nj  and subtract i  fly 1 to z/ L (Ri ) — ‘  and multi p lying and d iv id ing

by z/ L y ie lds

k’ ~l +

~~~ 
(
~

-
~

)]. (12)

Defi rn n j  (z/L — RI ) (Ri z/L) as an arbitrary var iable n then i nte-

g rating Equation (12) gives

(13 )

where z0 is the roughness length and is the average ove r a layer

z = I Z 1 Z

6



it is elsi l v d inuns tr a t e d that ~ z/ L  - 1 so that Lquut iu n  (13 )  n: ~ j

he s t i t d as

1 = ~~~~ [~ 
‘ 

~
0M - 

~ (1 ‘
~~~

I t 0. = O
~
, tflen the 1fl t i ’ ,~ d t ’ 1  te ’ : j e i ’ a t u r ’  p ro f i le is

- ~ = H ~~ 

,, - 1)~ ( l u )

- n  r- ’~~ is the i c t i t i a l  t(’; pe r a tur’ at z0.
1v a l u a t i u r m  of the profile hjpoth - ’i’ is 1- p -nd n t  c : c n r c  f s t d b l i S h i r ; j

L ~ iu nl t ,’ ie r i c ’ ientdl ddta.  Equat ion ( ‘~
) show s thu t the only i n f - r r - ’ -J nti t j

is the f r i c t ion  ve loc i ty  u~ . A ll other par i : ’ ’ t - r c o r ’  constant or ’ ca n be

~a ’ i ly  measured. The f r ict ion veloc i ty  F i r m be eva l~ a t d  t y  fi r’ t  consid-

cr1 H j  the integrated for :; of the w ind profi in [ q u a t i o n c  ( 1 3 ) ] .  If the

- lean wind V at z 1 is s uhtr act nJ from ” speed V at z -~, where the ‘ ubsc ri pts

1 , 2 ,  3 f r  to adj aC ni t l v l s

r -i
= k L~ 

z + L - ‘
~ 1 

~
j— ( 16)

In a gee ~ t r ie  pi ’s j r sS i o f l  uch a’~ y = ar
0 

~iith a = 1 and r = 2, the re la—

ti e r - h i  n” bet~ e erc the 1 vel s ;maj be uxpres ed dS . = anj  Z = 1/

r c a , , 1 1uat ion (16) can be rewri t ten d’

: V , ~~ =
~~~~~ ~~ (

~ 
±

~~~~~~~

. (17)

F ron: th e pr o f i l e differential , the f o l l o~ n ;  can be determi n d :

u~~ r ~~ ~
3 _

V 3 1  k .n + n . U (18)7



F’ ro: ’ 1 Cdd ti on (17) and (18)

~~~3~~~~~~1 
. n - ~ ~~~~~

. . ( 19)

ub t i t u t ion  of Equation (19) in ( 1 7 ) ,  af ter rec a l l i ng  that V~ = u i/ k

[ n  z / z 0 z / L] and that for a given p ro f i l e  u~ ’k is constant ,

g ives

z , z 5
~~~~~~~ 

,n — - V n —
‘‘  Z 1 (20)

L 
— 

z 3
z~ (V ;n - LV 5 ,:)

The friction velocity for each profile may be found from Equation (13),

if the roughness length z 0 is known. For the two dat a s amp les use d i n the

evaluation , values of z0 were based upon those determined by Panofsky (1963).

VALIDATION OF THE HYPOTHESIS

Ir e h .pothesis  was validated by using thermally stratified stable regime

~t r ’~ t d  from the Great Plains Turbulence Program (Lettau and Davidson

1957 ’
~ ~~~ ~oj f 3~~t P r a ir i e  Grass (Barad 1958). All stable profiles (RI > a)

we re plotted as \/ , ~, = f ( , n z) and inspected for suspect erroneous data

points . The vertical gradients were determined such that the gradients

were tangent to the geometric m ean heights of the layers . Of the 163

profiles av a ilable , 103 were reta i ned for use. Friction velocities and the

scaling length L were calculat ed for each profile. Fluctuations in the

va lue of L with respect to height were smoothed by using an approximation

of the height der ivat ive in the form

8



- (~‘ “ t  ) . — ‘

- 

‘ 
= I = 1 ,2,3, . . . (21)

V~ 1 u ’  uf t O ’  d i i : i i -ns ion l ’ ’ ,s shear were c~ l ru l i t -d from Lquation (2).

ne Ri chardson on -n t -i” , for the profiles , averaged over ‘ u i  tab le in-

tervals , art shown as a fu ncti Oil of zJ L in Figure 1. The ba r- 1 repre ’ -nt

one st andard d v i  ati on about the cleans . The genera l charac ten s t ics  of

the profi 1 -  shape i ndi c~ ted that zJL as a functi on of RI was pa rabo l i c .

Con lu ni t ly , the • xpe n i i nnc ’nt al data were fi tt -d by least squares ‘ ‘thuds

to

a + b Ri + c Pr (22)

wn iJ i  leads to a = 0, b = 1, and c = 15, so that

= Ri + 15 Ri~’ ( 2 3 )

The solid curve in Fi gure 1 represents Equation (23).

V alu e- of for each profile layer were calculat ed from

zJL - Ri 24)- Ri z/L

After averaging, as a function of zJL and Ri was plotted as shown in

Figure 2. From Lquat ions (7) and (23),

- TTT~~T 2

and

= 1 + 15 Ri (26)

The curve in Figu re 2 represents Equation (25).

9
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THE CRITICAL RICHARDSON NUMBER

Richardson ’ s (1920) criterion , in terms of the production of energy can

be shown to be

= K~ (~
) [
~ 

- 

~ 

(27)

where dE(z ,t)/dt is the rate of increase of the mean turbulent kinetic

energy per unit time . Factoring KM/ KM and 0M from the right-hand side

of Equation (27) yields

~~~~~~~~~
Kt~i ( v ~

2 1~ ~ (28 )dt 0M \:rz) L M  L

which implies that the complete decay of turbulence does not occur until

z/ L approaches the value of the concurrent 0M• From Equations (23),  (25) ,

and (26), critical 0M and z/L appear to be about l6~ which can also be

inferred from Figures 1 and 2. This strong ly suggests that Ri crit  is

unity . Values of RI , 0M’ and ~ as a funct ion of z/L as calculated with

Equations (23), (25), and (26) are given in Table IN.

DISCU SSION AND SUMMARY

The character istics of thermally stl -.tified stable flow as deduced from

the Obuk hov (1946) similarity theory and inferred from the vertical tur-

bu l ent kineti c energy budget should account for the wide range of critical

values of the gradien t Richardson number reported in the literature.

Many values of Rl crit were evident ly based upon values of ~~~~~
‘ calculate d

from data observed over an extremely narrow range of RI or z/L. The

values of I extracted from the literature as a function of z/L are shown

in Figure 3. Again , the imp lication that ~~

‘ is variable is quite apparent.

12



TABLE III

I ii’ R ichardson ~unrm be r , IJ i i :mei i s ionl e - ,s ‘ heor , m d
as a Function of ‘/ ! for Stab l e  flow .

: 1  Ri

0 (1 1 15

0.0012 0 .001 1.0150 14 .78
0.Ofl?5 0 .002 1.0300 14 .56
0.0054 0 .00 5 1.0750 l3 .~)5
0.0077 0.007 1.1050 13. 57
0. 0115 0 .01 0 1.1500 13.04
0.0260 0.020 1.3000 11.54
0 .0435 0 .030 1.4500 10. 34
0. 0640 0 .040 1. 600~l 9 .38
0.0875 0.050 1.7500 8.57
0.10 0 .055 1. 8250 8.22
0.20 0.087 2.3050 6.51
(1.30 0.1120 2.6800 5.60
0.40 0.1335 3.0030 5.00
0. 01 0.1525 3.2875 4.56
0.60 0.1695 3.5425 4.23
0.71 0.1860 3.7900 3.96
0. 80 0 .2000 4.0000 3.75
0.50 0.2140 4.2100 3.56
1.0 0.2270 4.4050 3.41
2.0 0.3340 6.0100 2.50
3 .0 0. 4154 7.231 0 2.07
1.0 0.4845 ~I.2675 1.81

0.5450 9.1750 1. 63
6 .0 0.6000 10.0000 1.50
7 .0 0.6507 10.7605 1.39
2 .0 0.6976 11.4640 1 .31

0.7420 12.1300 1.29
10.0 0.7840 12.7600 1.18
11.0 0.8290 13.3600 1.12
12. 0 0 .8620 13 . 9300 1. 08
13.0 0.8985 14 .4775 1.04
14 .1) 0.9335 15.0025 1. 00
15 .0 0.9675 15.5125 0.97
l F .0 1.0000 16.0000 0.94

13
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The concepts explored in this treatise are all straightforward and

generally agree wi th the mean flow conditions observed in the surface

boundary layer in thermally stratified stable air. The results are also

in reasonably good agreement with the results of other experimenters , if

the linear influence function and Ri cr i t  of these studies are adjusted

to f it curren t results . The va s t range of cr i t i cal g rad ient

R ichardson numbers and the constant found in the literature tend

to su pport the author ’ s con tentions. An interesting sidelight of this

stu dy i s the ad iaba t i c value of ~ = 15, which coinc ides wi th the value

of ‘
~ 1 5 for the linear quartic form of the unstable profile , u s u a l l y

written as 0M 
= (1 - ~ z/L)~~”’ , as reported by many experimenters .

CONCLUSIONS

Two conclus ions may be stated : (1) The Critical Richardson number is

unity , and (2) no constant exists for the log—plus-linear influence

func tion.

15



i _I —

01 F 01 N I L S

5. 5. : I ~lb: , “S t ru .ture of Stab ly S t ra t i f ied  Turhul ( nt  Sounctd ry
L iv e , “I. hn ical Report CER h2—101 SP SA 1O Col lege of Engine - r ing ,
Co1~ rado State University , Fort Collins , Colorado .

Hrnd . M . L . : l9N~1, “ Project Prair ie Grass,  A F i e l d  Program in
Di t f u ’ , ion, S ophys ical Research Paper No. 59, A ir Force I i-n br idqe

‘ -r n t r , Bedford , Massachusetts , II, 209 pp.

c ’ - c h ,  N . E. : 1965 , “A Note on the Similari ty Hypothesis for Wind
“m i l e s , Eisa Rpt No. 100 , Danish Atomic Energy Coniiiission , Piso ,

Ths~ il (1 ’ , S n i a r k, 26 pp.

P :i- I, ,~~ r , J. A . 1P5 5 , “On the Structure of the Atmospheric Surface
L m y r , ” J . “N ’t e oro l  . 12, 553—561

Bis in n e , 3. A . : l°59 , “A General izat ion of the Mixing Length MO - pt , ’
1 . ~- ~- nro 1. 16 , L 1 6 523

E s  b Ie r , 1. A.  : 1(169 , ‘Note on the Cn i ti cal Richardson Number ,’ Quart.
- - c . i~y. “ ‘teo rol . Soc. 95, 653—654 .

En i- , i n p - r , 3. ‘i. et a) .: 1971 , “Flux —Prof i le  Relat ionships in the
A f c m o s : h e r i c  Sur~~ce Layer ,” J. Atnp~~~~ ic Sci . 28 , 181-189 .

Ca lder , K. L. : 1949 , ‘The Cri terion of Turbulence in a Fluid of Vari able
S’ nsity wi th Particular Reference to Conditions in the Atnnosphere ,”
Quart. J. Roy. Meteorol. Soc . 75, 71-88.

Crawford , T . V. : 1965, “Moisture Transfer in Free and Forced Convection ,”
Q~iart . J. Ro,y. Meteoro1. Soc. 75, 12-27.

Cha likov , D . V. : 1968, “Wind and Temperature Profiles in the Atmospheric
Surface Boundary Layer in the Presence of Stable Stratification ,”
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , USSR , No.  207, 170-173.

Clodmami , 3.: 1953, “Critical Values of the Richardson Number ,” Quart.
J. Roy . Meteorol. Soc. 79, 293.

Davis , F . K., Jr.: 1957, “Study of Time-Heigh t Variations of Micromete-
orogical Factors During Radiation Fog, “Publ . Cliinat ._ Johns Hopkins ,
Univ. 10 , 1-37.

Deacon, [. L. : 1955, “Turbul ent Transfer of Momentum in the Lowes t
Layers of the Atmosphere ,” Tech . Paper No. 4, CSIRO , Melbourne,
Australia, 36 pp.

D~ardorff , J. W . : 1968, “Dependence of Air-Sea Transfer Coefficien ts on
Bul k Stability ,” J. Geophy_s . Res . 73, 2549-2557.

16



‘Si rs t , C . S . : 1°33 , “Breakdow n of St ee p Si nd Gradients in m yers ions ,”
~uart . 1 . Roy . t e o o . 9, 1 31-1 35 .

[11 i son, T. H. : 1957 , “Turbulent Transport of H- a t mo d ‘-lorni ’n tum from an
Inf i t e  Rough Plane, ” 3. F luid M’ ch . S ,

od i ich, R. M. : 1964, “The M ,-soscale Structure of Some Peq io n~, of Cl ‘- i r
Air furbul ence ,’ J . /~p,pj~. Me teoro 1 . 3, 261-276 .

Ficht l , S . H.: 19 70 , “S hear Layer and Jot Ins tab i l i ty  in St ra t i f ied
-led ia , NASA Tech . Note D— 5633 , George C. Marsh a ll S pace Fligh t Center ,
Sar,h a l l , Alabama , 163 pp.

Fi - htl , G. H. and McV hi 1 , G. E. : 1970 , “Longi tudi nal and Lateral  Spectra
of Turbu lence in the Atmospheric Boundary Layer ,” NASA fe :h . Note 0— 5524 ,
Nation al Ae ronautics and Space Administration , Was hington , D.C., 41 pp.

Golds t i n , S.: 1931 , “On the Stability of Superpos ed Streams of Fluids
of Different Densities ,” Proc . Roy. Soc ., A , 132 , 524-548.

Gurvich , A. S.: 1965, “Vertical Temperature and Wind Velocity Profile s
in the Atmospheric Surface Layer ,” Izv. Atmos ._ and Ocean Phy~ ., Vo l.
No . 1 (Eng. Ed.), 31-36.

Hansen , F . V. and Serna, 3.: 1969, “A Dimensionless Solution for the Wind
and Ten~oerature Profiles in the Surface Boundary Layer ,” ECOM— 5627 ,
Atmospheric Sciences Laboratory , Wh i te Sands Missile Ranqe , New Mexico ,
162 Pp.

Holzman , 8.: 1943, “The Influence of Stability on Evaporation ,” An n. N. Y.
Acad. Sci. 44, 13-18.

Jaffe , A.: 1963, “Wolkenfreien Turbulence and Richa rdson—I’ ri terium ,”
Flugwissensch aft l iche Forshunysanta l t e.v . Muni ch , FFM-Beri cht, 52,
6 1 pp.

K a it - nal , 3. C. and Izumi , V. : 1965, “Vertical Veloci ty Flu ctuations in a
nocturnal low -leve l Set ” J ,ppj .Meteoroi. 4, 576-584.

Kronebach , I . L4. : 1964 , “An Automated Procedure for l o r m ’ d s t i n l  C lea r  A i r
Turbulenc e,’ J .~~ppj.Meteorol . 3, 119-125.

Lettau, H. H. and Davidson , B.: 1957 , Lxpjp~~~~~the Atmosj~iere ’ s F i r ~ t
Mile, I and I I , Pergarnon Pres s , New York .

Ludlam , F . H.: 1967, “Cha racteristics of Bi l low Clouds and The ir
Relations to Clear Air Turbulence ,” Qu a~t J .~~~y._ £‘leteorol . Soc . 93,
419-435 .

17

I ~~~~~~~~~~~ 
- .— 



L.  and Pa nofs ky , H. A. : 1964 , S t r u ç~tu r ~’ of I\trniospheric
Tum ’I cL -n e , ‘ . Si 1ev and Sons , New York , 239 pp.

Lyons, ~~~., Panofc~- y , H. A • , Sollaston , S.: 1 914 , “The Cri ti cal Pi (ha rdcon
Nun -h r and I t- ’ E’~pl ica tion for Forecast Problems , “ J . I~pn1 . ‘l et - m c i
3, 136-14 , ’ .

h i  1 , C. E .: 1921 , ‘Wind and Temperature Prof i le ;  ID-ar the Ground in
Stah l ’ -  S t ra t i f i ca t ion , ’ Qua rt. J. Roy~, Meteorol . SQL . 90, 131- 140 .

lil s , J. S. : 196 1 , ‘On the Stabi l i ty  of He terogeneous Shear Flows ,’
.J. F lu id  Mec h.  1, 196—5 1)2.

“Silos , J. 4.: 1963, “On the Stability of Hete rogeneous Shear Flows ,
Part 2,’ J. Fl uid Mech . 16, 209-227.

Mo n in , 1’. S. and Obukhov , A . 1.: 1954 , ‘Basic Regularity in Turbul ent
M i x i n g  in the Surface Layer of the Atmosphere ,” Trans ._ G~-o~ 1~~ . Inst.
,(Jru,~y~~Acad . ScL, USSR , 24, 163-187.

9hukhov , A . M.: 1946, “Turbulence in an Atmosphere of Non-Homogeneous
Temperature ,” Trans. Inst. Theor. Gj~ p~y., USSR , 1 , 95-115.

Oke , T. C.: 1970 , ‘Turbulent Transport lear the Ground in Stable
Conditions, ’ ~~~~ p~~~Meteoro1 . 9, 772-786 .

Panofs ky , I-f . A . :  1963, “Determination of Stress from Wind and Tern pe r , it ur ’
t-~easurements ,” qyart . 3. Roy~~Meteorol . Soc. 29, 25-9 4.

Panofskv , H. A. : 1967, ‘A Survey of Current Thought on I-iind Pro1ierties
Pelevant for Diffusion in the Lowest lOOM ,” Symposium on the Theory and
Measurement of Atmospheri c Turbulence and Diffusion in the Planetary
Boundary Layer , Albuquerque , NM, 47-52 pp.

Panofs ky , H. A., Blackadar , A. V., and McVehil , C. E. : 1960, “The
Ni abatic Wind Profile ,’ Quart. J . R  Nle teorol . Soc . 26, 390-3.

F’ tterss n , S. and Swinbank , W. C. : 1947, ‘On the Application of the
Richardson Criterion to Large Scale Turbulence in the Free Atmosphere , ’

~ya~t. J._3o~~jleteorol. Soc. 73, 335-345.

Plate, E. 3. and Em , C. W.: 1966, “Investigations of the Thermally
Stratified Boundary Layer ,” Fluid Mechanics Paper No. 5, Fluid Dynamics
and Diffusion Laboratory , Colorado State University , Fort Collins ,
Colorado .

Portman , 0. J. et a l.: 1962, “Some Optical Properties of Turbulence in
Stratified Flow Near the Ground ,” 3. Geophys. Res . 67 , 32fl-3235.

13



i -I

01 ;irl ’ en , L . F .: ] 17fl , ‘‘The Supp ly of n - m y fror and to A t roo ph -r i c
E d d i c , ’ 1ro o~ . So( . , A , ‘17 , t ,4~,37 3

S . L. ~o in Robinson, 6. D. : 1~ 5l, ‘A Study of the Transf e r  of
‘~~t and Siter ,‘ anour Ab ove a Surface of Short Grass, ” (S Ia rt 1 , Soy .

‘
~ ‘~ oro 1. ‘

~~~~~~~ . 17 , ~7 - l f l1 .

Eoss hv .  C.  S . and ‘1ont on ’ ery , R . B . : 1935 , ‘Th ø ’ I a ve r  of F r i c t i ona l  InfI i,- c ’
b e  ‘ ‘ j n c ~ and f l r e r m n Currents, ” Papers in Physica l fl cr-a noi r ap hy a n d  ~N-t-
neo logy , “I~ and t-~oods Hole Oceanographic Inst i tut ion,  Sd . 3, Sn . 3.

- h , icht ing. H.:  1265 , Bo undary Layer Theory , McGraw-Hi l l ,  ID~-i Y o r k ,

SiffS’rt, R . i - . .~ ]95;:, “Richardson Number in a Compre ssib le Flow Probl em ,
m r l i” inary Note , ’ J. Meteoro l . Vol 9, No. 7.

Sutton , 0 . 5 .: 1249 , Atmos~~~,~,jc Tu rbulence, Methuen ’ s Monographs on
Physical Subjects, Methuen 7~ Co. London , 111 pp.

Sv’ ~‘drup, H. U.: 1936, ‘Effect of Variation in Density on the Stability
of Fi e ld ,” Ge,,çfy~J s ke P u b 1 .  Vol 9, No. 7.

Taylor , C. 1. : 1931, “Effect of Variation in Density on the Stability
of Superposed Streams of Fluids, ” Proc . Roy. Soc. ,  A , 132 , 499-523.

Thwn sc ’nd , A . A .: ln57, “Turbulent Flow in a Staaly Stratified Atmosphere ,”
3. F luid M” h. 3, 361-372.

Santa, R. C.: 1953 , “The Onset of Turbulence in an Elevated Layer Near
Sunrise, ’ Quart. 3. Roy. Meteorol. Soc . 7(1, 3(12-4(12.

W eb b, C . K.: 1970 , “Profile Relationships: The Log—Linear Range , and
Exte nsion to Strong Stability ,” Quart. J. Roy~j~~teoro l. Soc . 96 ,
67-90.

Webster , C. A. 6.: 1064, “An Experimental Study of Turbulence in a
ensity-Strati fied Shear Flow ,” J. Fluid Mech. L9, 221-2 .

Zavarin a, M . V . and Vud in, M. I .: 1960, “Elaboration and us of the
Richardson Number in Detecting Aircraft Bumpiness 7ones ,” Meteorol .
and~~yçi.r. 2, 3-10.

Zil itink evich , S. S. and Chalikov , 0. V.: 1968, “On the Defini tion of
the Univ ersal Wi nd and Temperature Profiles in the Surface Layer of
the Atmosphere ,” Izv . A tmos. and Ocean. ~~~~ Vo l. IV , No. 3,
224-302.

‘9



4 TM~ SI II ER ! ( ’ S ( ’IEN( ‘ES RESEARCH /~APER S

I I . int lhe rg  . 1 1 )  ‘ ‘ .-\n I r n p r  ‘~ ‘n i en t  t o  a \le th , ’d f o r  Mea sur ing t he Absorption (‘ (,e f ’f i(’i ent (,f
i i i ’  -“p i n - r i ,  I ) i i~~t and ‘‘t her -St r , ’ng lv Absorbing Powders ,’’ E(’O\I -SShA . . Ju l v

ir a , Hr ’ ’ r i , I’ , ‘ \h ~ ~, ‘ a I& ’ \~ i nd SIu- , t r ~ I )eriv ed from Thermal  Winds , ’’ E(’OM ‘5~’hh ,
-J t i I ~’ 1975 ,

( ‘ ‘ riut ’ i . R i c h a r d  H , . and .1’ ‘si p h H , l er luiss i , ‘‘I ncomp lete  G a m m a  F u n c t i on
.A pp r’~x i m i t  ion t , , r King ’ st rong-Line Transmittance Model ,’’ E(’OM-5567 ,
- lii! 197-5

Blan c ’ ’ , A . .J , , and H F , Engeb s , ‘ ‘B al l i s t i c  \~ ind Weighting Function s for Tank Projectiles , ’
~
‘ ( ‘ ( )M ,,, a ;,s August  1 9 e

l a v l ’ ’ r . i’ r e dr ic k -I . ,  - J ack  n i i th , and ‘l ’h ,,mas H , P rie s . “C rosswind Measurement s through
f a t  t e rn  l {ecognit ion l ech ni qu es , ECOM .55f9 , .J ul y 1975 ,

‘S \Va l t , ’ r — 1 ) 1 . . ,  ‘ ‘ ( ‘ r ’~~ ivi n d Weight ing  F’uri c t i ( ns for Direct-Fire Projectiles , ’’ ECOM.5, 571) ,
.Augus t I 9 7 n

7 I un,-~n I .~‘tii ~ 1) ., ’’ An improved Algorit hm for the Iterated Minimal Information Solution
f ’,r R em ’’te Sounding of ‘l’ emperatur e , ” ECOM-5571, August 1975 .

R’ hi ’iaiii Ravniond I.., “‘I’actical Field I )emonstr ati on of Mobile Weather Ra dar Set
.\N ‘I’l’*Il at F,,rt Rocker , Alabama , ” E ( ’OM -557 2 , August 197 .

\I ier s , B .. ( . Blackman , I ) . L anger . a nd N . Lorimier , “Anal y sis of SMS/GOES Film Data , ’ ’

E( ‘OM - i572 , eptem her 19 75.
ID . \ I anq in - r o , ( ‘arl ’ s . I . ui ~ l) un can . and R u fus Bruce , ‘A n  indication from Satellite Measure-

rnent~ ‘‘ l Atmosp h er ic ( ‘ ( ) .  Variabi l i t y , ’’ E( ’OM-5574 , September 1975 ,
1 1 .  l ’ et r ac -ca . C a r m i n e , and .Ja in es I ) . Lind be rg, “ Instal lat ion and Operation of an Atmospheric

P ar t i cu la t e  (‘ o l l e ct , , r , ” E( ’ OM -5575 , September 1975.
12. Av Ira . Elt ’’n I’ , , and George Alexander , “ Empirical Investigation of Three Iterat ive

\let h ” d s f i r  Invert ing th e R a diative Transfer Equation , ” EC OM-55 76 ,
) c t ’’ber l t t 7 ,

~ari der . ( e ” rge I ) .. “ A 1) ig i ta l  I ) a t a  Ac q ui s i t io n Interface h r  the SMS Direct Readout
;r ,un d t a t h ’n  ( on cep t and Preliminary Desi gn , ’’ ECOM -55 77 . October

I I ‘ a n t ’  ‘r . J~r~o -I , ‘ ‘ E n h a n c e m e n t ‘ d I “‘ m t Source ‘I ’herm al Radiation I ‘nder Clouds in a
N ’ n at t , ’ r u , i a t  ini g Medium , E(’ OM -557~ , October 1975 .

CS . N r i ’ ni , I ‘
, ‘Ihu rn . and G lenn H,ii dal e , ‘‘The I ) iurna l ~‘ariat ion of Mixing Height by Mo nth

ov er W hit ~ Sands Mi ~si Ic- Range . NM , ” E( ’O M.5579 , November 1975 .
I ~ - \ ‘, i r a , Elt ’ ’n  P . , ‘‘ On th e Sped rum .‘\~i~ l~ s~s ‘‘1 Binar y I ) ata , ’’ ECOM - 5 i iM k ) , November 1975 .
17 . I a ’ ~ j r . f r ede r ick 1 ., ‘I ’ h ’’mas I i .  l’ r i es , and ( ‘hao -Hu an Huang, “O ptimal Wind Velocit y

Est m a t  ion. ’’ E( ‘( )M 5~~ l , I )ecem her 1975.
A ’, ar .  I’S i n I’ , “~~ i n c  Ef ’h’ct~ ‘d .- t ut , ’ci , rre l ated and (‘ r oss-(’ orr elate d N ose on the

,‘\ n a l v sms  of Varianc e , ’ I’S ‘O\l - 5M2 , I )ecemb er 1975 ,
I a  ( ; lIc ’ .~, tt - , P att i S ., R I . ,  Ar m stron g. and Ke n neth 0. White , ‘‘The Spectral Characteristics

a nd At r i ,  ~p hi ’r ii  ( ‘( )~ Abs ‘rpt ion ~f the Ho ’  : YLF Laser at 2. 05gm , ’’ EC O M .
I )ecem her 1975 ,

2I~ N ~ in . l ) a v i d  .J ., ‘An Empi r i c a l  M ethod of F orecastin g Thunderstorms for the White
a nid ~ M i~~i le Range , ” E ( ’OM 5584 , Februar y 1976.

2 1 .  \ ‘, n r a . E lton P . .  ‘‘ Rand ’rnii , , a t i ’’n Effect- ’ in Hypothesis Testing with Autocorre lated
N use . ’’ E( ‘OM .SSMS . F ebruar y l971i

22.  W11t k in ~ . ‘~, t ’ n i d t ’ l l  I t . ,  ‘‘I mprovements in Long Path Absorption Cell Measurement . ’’
E( ‘ ( )M ,-,,‘,ai;, March 1 97h

25 . J ’ u ’ ’ nmi i ~ , .Jot’ , (D ’ ’rgi ’ I ) . Ale xander , and Marvin I )u hh in , “SA’VFEL — An Army 1)edicated
MeD ” r ido gieal I ’ elemetrv S’,-st ~’~m i , ” E(’OM-558 7 , March 1976 ,

I Kenni’dv . B ruce W . , a nd Delbert I3vnu ni , ‘ ‘Army I ser Test Program (or the R1)T & E-XM-
75 \li ’teo r , ’ log ical Roc ket , ’’ E( ‘ OM ~5f ’88 , April 1976.



2.” H a r n , ’t t  - K t n n c ’t  h \I , ‘ ‘ .‘\ I) esc r ipt ion ‘f t h e  Art 11c r ’ . \ 1 , - t+ - ’ ’ r ’ik ’g i ca l  I ‘ ‘ ‘r n p a r i ~ ’ ’ n i ~ an \‘c h i t , ’
S , ni , I~ \ l i ” s i l , -  Range . Octob er Ji l T i I ) ~- , , ‘ nn l ,er 197-1 ‘ l ’ .A~~~ I ’ r ’ ’ i ’ , t \  p,
Ar t i l lery Met,’ ’,rologicall Srihsv-’t,’m ), ’ EC( )\1 S ’~~i’ A pri l 197 ’

‘ i \J 5’ r \\‘ ,, l t , - r  ft . ‘‘ l’re linunarv Ania l v ~ i — ’ ‘f Fa l l - ’ ’ f  ~ I i ’ , t  f’ r omni I’ r’’je, i, ~~~~~~~
‘ :1 ’ ’ \ pr i l 1: 17 ’;

, , r ., . E l r , ’ n i  I’ ,, ‘Err ’’r A n i a l v s i - ’  ‘I \ I i n i n i c i t n  I n f o r m a t i o n  and Sm i t h ’ s Di rect \ l e th ’ d- ’ ( ‘or
I n v e r t i n g  t h e  R.’i d i a t i v i ’  i’r , ,n~ f t ’ r  E q t i a t i ’ n , ’’ ECO\ l 559 1 - A p r i l  197’S

~ ‘‘‘ ‘, \ “‘ i i mi ~ I’ . la n c - s I )  I J ’ , r n i , and ( eiirge Alexande r ,  ‘‘Svn ’’p l ic Thermal  Wind
I ‘~ I i ’u !a t ; ’ , n i s  f r , ’ t n  R a c l i , , s , , n i , l e  Observat ions  ( ) v c r th e  S , i i i h w , ’,t , ’r n I ‘n i ted
S i . i i , -~ . }~5’O\1 “595 , \ l av 197’;

I ) u n i i , i n , I , ’ i i i s  J I , ,  and \ i a rv  A nn  S i -agrav i ’— . ’’ App l i ca t i ’ i n s  , ‘t  Empi r i c a l  ( or r e r i i ’ ,n s to
N O \ \  I \‘ I ’I ’H I )hs erva t  , , n i s , ’ E (’ ( )\1 “.515 . Ma s 19715

d l , Al , r —  Bruce i’ , and S i t - ’ . , -  W eaver . ‘ A pp l i ca t ions  ‘f Meteor ’’h ’gic ’a l Sa t e l l i t e  I ) a t a  to
t~ eaf her  Seii ~~it i ’ . ’ e  Arm ’.  ) pe r at ion s , ’’ E( ’ t ) M .5.59.1 May 1971; ,

:11 ‘-‘h , i r c -n i , ’w  \ l -~ ’, ’~ . ‘ Rt- li- ~ ign and I n n pr t ’ven ie n t  f Balloon ML-5 66 , ’’ ECO\l ,’, ii , 5 , J une
I S I

:12 } I i n ” i ’ n . Fra n k  \ ‘ , ‘‘i’ht’ I ) ep t h  ‘t t h e  Sur f a ce  B oundary Lay er , ’ E(’ OM.5596 . .June 1976
:i:i . I ’ i n n i i , k . H I . .  an d H H St e n m a r k . ‘‘ Ht-sp ’ nse (‘ a l cu l a t i ’ ’n s  for a ( omm erc n a l  L ight .

S , , c i t e r ~t 1g ,\ er ’-’,’’ l ( ‘t i t i n te r , ’’ H( ‘ t i M  .‘5~97 , .Ju ly 19715
11 \l N’ ’n ) .J , ; in cl G B .  J I ’ ida le .  ‘ ‘Vis ib i l i t y  a-~ an f ’ : st imna tor  ‘‘ I In f ra red  Trans m i t t a n c e , ’’

I t  \1 ~~~~~~ .1 u lv  1 976 ,
a.” B r in’ ,- , Ru fu s E, . I , ’ u u i - ’ I ) .  1 ) u i u u ,  in , and .J ’se1ih 11 Pi er lu is si , ‘ ‘Experimental  Stu d s ’  ‘‘I the

R e l a t i o n s h i p Between Radios ’ n ’h ’ Temperatures and R a d i t im et r ic -Area
I ’c ’tnp e r a tu re s . ’ E( ’( )M -“.599 , A u g - i ” t  1976 .

; i ;  I ) i immc a n , I , ‘, i i i s  I ) . , ‘ ‘Stratospheric Wind Sh ea r  ( ‘~um p c i t e d  f rom Sate l l i te  Thermal Sounder
\ J , ’a—u r em enh , . ’’ E( ‘ I )\1 551 ) 1) , ~‘‘p i i ’rnhe r  1976.

:;7 ‘I~~. I ’ r . F .. I’ . \ l ’ ihan , P. ‘Jos~ 1il~ and ‘1’ . r u t - -’ . ‘‘An Al l  I ) igi ta l  Au tomated  Wind
\Ie ;t5ui r i ’ment  Sv st eu iu  ‘ E( ‘OM ~ ‘1 , September  1976 .

‘b ar b - s . ‘ ‘ l ) e ve l u ’pn i en t  of S ;n -c t r ’ ’p h -uu ’  — t r ( ‘W and Pulsed Radia t ion  S , , u i r , ’c’s , ’’

El ‘( )\ l -“502 September P 1715
P t I h i n t - a n , I , , ‘ u i i ~ I ) ,, and \ larv An ii S, ’uig ra ’ .  ,-~. ‘‘Anon her Method f u r  E s t i m a t i n g  Clear

I “ , lu m n  Radian ces , ’’ E( 1 )\ 1 “s( a , I )ct ober  1976 .
i i i , ’ ,  Al i l , -  .1 . , ari d Larry }~ ‘I’ r avl or , ‘‘A r t i l l e r y  Meteorological  Anal y s is  of’ Pr ot ect Pass , ’’

I’S - I ) M .551 )4 ( h ’ tu ih e r  197’;
I I  \1 i l l e r , Wa I t  t ’ r , and Bernard EngeIriii ’~. A \ l at  he nn i a t  ical St r u c ture  f ’ ‘r Ref ’inem ent ‘ a Sound

Rang ing E s t i m a t e ” , ’’ E( ‘
~ IA!  ‘,~o5 , N ovemh er , 1976

I s  ( i I  u ’ ~~)~ l~ ’ . J a n u s  B ., ar i d ~James I )  I u u u i I u i r~n ‘ \ Met hod to Ob ta in  Diffuse Reflectance
\ t t ’a - . u u r em en t s  f r om 1. ’ ’  t o  I i  ~~~r : i  I ‘si ng a ( ‘ nr~- 17! SpeC-t ro phi t om et er , ”
f~

( ‘ I tA!  5~0h, \ ‘ ‘v enn her i I T t

R u h i ’ , . Rt ’ h , ’r i , , , . u u u d R ’’ l i er n (5 Olsen , ‘‘A ~st i i ’ .  i nbc’ E f f e c t s  ‘ i f  l’emp er at u r e  \‘ar i u t i ons on
Ra dio \Va ’. ,‘ \ }~s’i r p t i t r n . ’ ’  - . 1 ( )\1 ‘~~5 u ’ T , Novem b er  1976.

I I  Ba l la rd , Haro ld N , ‘‘‘l i -  i n p i - r a t u i r t -  \ I t - , i su i r ennu i : ’ ’ in the  .~tra t o sph ere f rom H al l o , , n -B ,urne
ln~r r u m e n t  I ’ I a t t ’ ’ r n n i s , I I ” S  197 - .

‘‘ V( ‘O\l 55o~ , December 1 9 0
I , ” \ I - u , u u a n . 11 , 11 ‘ \n  .\ i~pr~ a u h  t ’’  t h e  S h ’ i r t - R , , u u a t ’  P r e d i c n i i in  ‘f E a r l y  Morn ing  Radia t ion

J’5 ’ ( )\1 T’,51 19 J a n u a r y  1977
;6 I n n ’ ’ t ’  ‘~~ Bernard I- ra n , i— . ’ In t r o d u - t i ’ ’ n  t ’ ’  \ l u l t  pIe S ta t e  M u l t i p le A c t ion  I) eci sion

‘I ’ h , ’,,r ’. 111 ( 1 I t ’~ Re l a t i ’ ’ n  t o  M i x i n g  ~ t r u I i ’ t u i r , - s , ’ ’ E(’OM. .58Ii) , .lanu arv 1977 .
IS I .  ‘c  H i i h u i r i l  I )  }f ‘ ‘ I ’ S f c- i ’ts , , f  Cloud P ar t i c le s  on Remote Sensing f r om Space in t he  it ) ’

a r - n a - i c r  I n f r a r e d  Rm ’gi , ’n i . ’’ E( ‘ t )M 5$ I I , .Janu arv 1977
l~ H i , , ’  I ( ’’ l i er t  S - , incl  H.  N & - w t ’ i n .  ‘‘App li ’  i t i o n  of th e  AN GV S- 5 Laser Rangefinder  to

( ‘ Ii ‘iid Ba’u ’ I l i - u g h t  Me , i su i r emnt ’n t s , ’~ E( ’OM 5512 , Februar y 1977 ,
s I t u i h i ’ ’ . R ,, h * - r t ’ ’ , ‘ ‘ I . id ar  I ) e t e c t i i ’n  ‘f Su l i v i s i h l c ’  Reentr y  Vehicle Erosive Atmospheric

M a t e r i a l  ‘‘ E( ‘ I )\I ,’csl :t , March 1977 ,
I , ’’ . ’. R icha rd  11 , 11 , amid  . 1 1 )  Horn , ‘‘Ales ’ s, ale Determinat ion  ti f ’ ( ‘loud ’’Fo p Height :

P r , ih lc ’mnis  m i d  S’,l~i t i , ’ n i i ~, ’’ E ( ’( ) \1 5514 , March 1977 ,



1. I ) i i n i , m n ,  I ‘ i i i - , I ) . .  mn d \l ir v  An n  Seum gr aves , ‘ ‘Evalua t ion  ui f t he NOA- \ ~4 \“I ’ I’R ‘I ’hern’n al
W i ’u ds fu ’ r  N u c l e a r  I” a l l ou t  Predictions . ’’ E( ‘OAI 5~ 15 , March 977

H u m m i u i h a wa  J i ’ i r  S - Al [zquic’rdo . ( ‘ a n ’  s Mel )onald ami d Zvi Salpeter , ‘ ‘Strat ’  ‘spheric
I ) ,, , n , ’ I ) c ’ns i ty  as Measured Ii ’.’ a ( ‘hemi lum inescen t  Sensor Dur ing  t he
Sir . i , ’ t ’ ’ nn  \ ‘I ,~ I ” l i ght . ’ E(’ O”.l “‘~ l6 , A pril  1977 .

H u i ) i i ’’ , R~ la - r i  i . and A l ike lz quic ’r d i i , ‘‘A-leasu re inenn s of Net At mosp h er ic I r radiance  in t he
I ’  7. ‘ 2 5  \ l i e r ’ i n m i e t e r  In t r a r e d  Region , ’ E(’O M - 551 7 . May 1977 .

“ I  Ba llard . Harold N. ,  .li ,sc-’ M . Serna , and Frank I’ . Hu dsiin (‘ onsu l t an t  fo r  ( ‘h en ci c a l  K i n e t i c ” ,
‘‘( ‘ ah’ u la t i on ~‘f Selected At m ’’sphe r i c  ( ‘ o mmi p ’ s i t i on  I’ ui r a n u u s ’ t c - r - ’  for  t b ’  Mid
I.u i t  i t u d e , Se~u t e m I t e r  Stratosphere. ’’ E( ( )M .SS j s , M ay  477

A l i t ,  h~’ll . ‘ I I  ) , , H . S Sagu i r , and H O , Ols n . ‘ ‘Posi t ive loris in t he  Middle  At  mospflere
I ) u i r i n g  Sunr i se  (‘muni d i t n i ’n s , ’’ E( ‘OM .5519 May 1977.

Vu b i t t ’ , Kc- nn e t  h ( I , Wendel l  H . W a t k i n s , S tua r t  A. Sc’hleusener . and Ronald 1.. .Johnson ,
‘ ‘Sol id-Sta te  Laser Wavelengt h Ident i f ica t ion  t ’ si ng a R~’ference Absorber .’’
I’5 ‘( lAl T~~’2c u , ~June  19

“7. Wai k i n ’., \\ t ’ni ( lc ’ l l H. - and Richard  ( - I ) ix on ,  ‘ ‘Automat ion  ‘ a Long-Path  Absorpt ion (‘el i
\ l c ’ u i s u r c ’ m i u t ’ n u t s . ’’ E( ‘ ( t AT .,5$ 2 1 , June  1977.

- ‘. ‘l a ’. Ion , S I’S - .1 A l .  I )av is , ami d .J . B. \ las , ,n , ‘ ‘Analy s i s  of Observed Soil Skin Moist ure Effects
n Ref lec t am i ce . ’’ E( ‘OM 5522 - ‘June 1977 .

‘- a I ) u i n i c an . Louis I) , and Mary Ann Seagraves . “F’a l l out  Predicti ons (‘omputed  from Satel l i te
I )en ived \ \ in ( I s . E( ’OM .5-~’25 , .June 1977 .

S u u i , ls ’ ” . I ) , E .,  I ) .( . Mu r crav , F ,H . M u r c r a v , and W ,.1, Will iams , ” Inv est igat ion of High ’
A l t i t u d e  Enhanced Infr ared Background Emissions ’ U ) ,  SECRET ECOM .
T S 2 1 . .Ju ne  1977 .

‘d . 1)uh h in , Marv in  I i .  and I) enni s  Hall , ‘‘Synchronous Meteorological Satellite Direct Readout

~r~und Svs t en i u  Digi ta l  Video Electronics , ’’ ECOM-5825 , ~June 1977 ,
‘ ‘ 2 .  A l i l l e r  Vu’ ., , m n i l B. Engebi ’s , ’’ A Pre l iminar y  Analysis of Two Sound Ranging Al gori thms . ’

S IM ~‘ss ; , ‘Jul y 1977 .
c;,4 , Kenned y , Bruce W , and .Jarnes K , Luers . “Ba l l i s t i c  Sphere ‘l’echniques for Measur ing

Atmosp heric }‘a r amne ’t ers , ” E( ‘OAT -5527 , .Jul v 1977.
I I hu m , in . I .~ u i i ’. I ) ., - ‘ Z eni m li Angi e  V a n i a t  ion of ’ Sa te l l i t e  ‘I ’hermal Sounder Me a surements , ’’

El I )Al ‘ ‘2~ , Aui ~’~i st 1977 ,
65, I I a n i ~ , ’m m , F r a n k  V ., ‘‘ ‘l ’h t ’  I nut  i c -al  Richardson N u m h e n , - ‘  E(’OAl -5529 , ~ej ) tc ’ nill ) er 1977


