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by
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A computer program in Fortran IV language was written to determine
d and z, for wind speed and air temperature profiles collected at Davis,
California during the April-May 1967, Cooperative Field Experiment spon-
sored by the U.S. Army, Department of Meteorology, Fort Huachuca, Arizona.
The program is written with several subroutines each of which perform closely
related parts of the program. Many of the subroutines can be used without
alteration for other data sets in computers that can use Fortran IV, V or
63.

The logical unit code used in the read/write statements is one param—
zter which may need to be changed for a particular computer whether the in-
put data is on cards or tape and the output is desired on cards, tape or
printer. The read/write statement format, for example, is Read/Write (N,M)
(data list) where N is the logical unit number (cards, tape, printer type-
writer) and M is the format statement used for the data list. N will depend
upon the particular computer system used. The initial program statement is
a common statement which is also contained in most of the subprograms. This
makes the call statements for the subroutines shorter and reduces the possi-
bilities of interchanging variables. The definitions of all variables in
the mainline program and subroutines are listed and are somewhat related to
the variables used in the theory so that the remembering of meaningless sym-
bols is reduced.

The theoretical profile structure is contained in the subroutines LOM1,
LG2, PHI, CAPPH, and DUET and can easily be altered to other concepts about
profile structure.

The performance of the program depends on initial guess for z, and
d. If the initial guess differ greatly then a fatal error may be indicated.

Tien another initial set of guesses at z and d must be tried. An error



may be returned using one set of measurements but not another. It depends
upon the manner in which_ZEi = Z{Vi - V*k-l[ln(zi +d + zo) - 1n z, + ¢i]
varies with d and z There may not be a minimum value of EEi within the
requirement that d + z not be greater in absolute value than the height of
the lowest measurement level. It might be desirable to vary d in increments
of one cm or so, then vary z, in increments of 10% of the expected value for
a given value of d, call the subroutine ZFIX modified to calculate 262 and

i
then print out d, zo, V*, and Zsi to see if there is a minimum present in

Eei. If so, then two initial estimates of d and zo could be based on the
values of d and z winich bracketed the minimum for Eei.

The tolerance on d and z, would be dependent on the desired accuracy
in the friction velocity V* and can readily be determined from the results
above by determining the change in V* with respect to d and z - A rough es-
timate for the tolerance for d would be 0.1 cm since this is less than the
error in the height determination for the profile levels. An estimated toler-

ance for z, would be 1% of the expected value.



SYMBOL LIST -- COMMON

z(J,1)

DZ(K)
2Z(K)
D

zo
2ZD(K)
V(I)
VD (K)
T(I)
TD (K)
S(I)
SD (K)
RI(K)
CPV (T)

CPT(Y)

™
V3T
CLM

ZD(I)

.

Number of measurement levels on mast

Mast number

Index for measurement level on mast

Height of measurement level

Index for height of gradient measurement
Height difference for gradient measurement
Height of gradient measurement
Displacement height d

Surface roughness

ZZ{L) + D + 20

Wind speed at I level

Wind speed shear at K level

Temperature at I level

Tenperature gradient at K level

Specific humidity at I level

Specific humidity gradient at K level
Richardson number at K level

Integral diabatic influence function for wind at I level

Integral diabatic influence function for temperature at
I level

Mean profile temperature
V*, the shearing velocity
L-l, Lettau - Obukov - Monin length scale

ZD(I) = Z(J,I) + D + Z0



MAINLINE DAVIS PRO

The mainline program calls the subroutines as needed and selects the
number of levels of wind speed and air temperature which will be used to
determine z and d. This is carried out in the DO loop (DO 611 L = N, M, P)
where N is the number of measurement levels used for the first trial, M the
number of levels for the last trial and P is the increase in the number of
levels for the next trial. In the listing of the program N =5, M =9, P = 2
so that for the first trial the lowest five levels of wind speed and air tem-
perature are used then seven levels and finally nine. The parameter LL se-
lects the assumption abo;t prof?ée structure such that if LL = 0 then Kth_l =1
and if LL = 1 then Kth = ¢ 5

If the subprogram ZZero returns a value of V¥ = VST = 0, which means
that a determination of d and z  was not made, then the output subroutine
TAVT is not called.

If the Richardsons number is greater than 1/B where B is usually taken
as 18, then the subroutine LOMl, which uses the assumption that Kth_l =1,
will not be able to determine 1/L. The assumption that Kth_l is bypassed

and only the assumption that Kth_l = ¢-1/2 will be used.



SYMBOL LIST - MAINLINE PROGRAM

B

IDAY

ITS

ITE

LL

12
31
220

611

99

KEYPS edquation constant (18)
Date
Start time

Stop time

Key to assumption about Kth-l

Number of profile levels to be used
Nuuber of profile levels

Number of gradient levels on mast

DIMENSION WD(9),HF(9)

DIMENSION Z(3,9),DZ(8),Z2(8),2ZzD(8).V(9),vD(8),T(9),TD(8),S(9),SD(18),
RI(8),CPV(9),CPT(9),2ZD(9)

covMer z,bz,z2,2zD,V,VvD,T,TD,S,SD,RI,CPV,CPT,T,VST,Z0,D,0LM,J,ZD
CALL ZMAST

B=18.

L=0

N=9

NN=N-1

CALL DATUM(IDAY,ITS,ITE,L,WD,HF)

LL=0

IF(IDAY)99,99,12

IF(RI(9)-1.0/B -.005)31,611,611

CONTINUE

CONTINUE

Z0=0.9

CALL ZZERO (N,NN,LL,B,JIJ)
IF(VST)7,7,13

CAILTAVT (N,NN,LL,IDAY,ITS,ITE,B)
D=0.0

20=0.9

CALL ZFIX(N,NN,LL,B)

CALL TAVT (X,NN,LL,IDAY,ITS,ITE,B)
LL=LL+1

IF(LL-1) 99,220,3

STOP

EiD
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SUBROUTINE ZMAST .

The Davis, California data consisted of nine levels of wind speed,
air temperature and moisture, and 5 levels of wind direction on three masts
at the corners of an equilateral triangle 100 m on a side, ZMAST reads data
cards which refer to a particular mast and the heights of each successive
level on the mast starting with the lowest level. The heights may be included

in the subprogram rather than read from card input.

SUBROUTINE ZMAST
DIMENSION Z(3,9),DZ(8),ZZ(8),ZZD(8),V(9),VD(8),T(9),TD(8),S(9),SD(18),
RI(8),CPV(9),CPT(9),ZD(9)
coMMON Z,DZ,2Z,2ZD,V,VD,T,TD,S,SD,RI,CPV,CPT,IM,VST,Z20,D,0LM,J,ZD
M=5
DO 2 L=1,3
500 FORMAT (12,9F6.3)
2 READ (M,500)J,(Z2(J,I),I=1,9)
DO 4 I=1,9
4 Z(3,1)=Z(3,I)+2.
RETURN
END
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SUBROUTINE DATUM .

_ The Davis, California half hour mean data recorded on tab cards was
identified by mast number (J = 1,2,3), item number (l-wind speed, 2-air tem-
perature, 3-specific humidity, 4-heat budget results, and 5-wind direction),
date, start time, stop time, then the data for the particular item starting
at the lowest level on the mast. The potential air temperature calculation
at each level replaces in storage the actual air temperature initial read
from the cards.

Occasionally a wet bulb sensor was dry so a check is included to see
if the specific humidity is close to the saturation specific humidity of
the air (+ 0.2 gm/kg). If close to saturation, the specific humidity at
that level are also set to O.

Upon completing the data reading and the above operations the results
are printed under a heading giving date, time and mast number.

The desired wind speed, potential temperature and specific humidity
gradients are determined together with their geometric height and printed.
The selection of the intervals over which the gradients are calculated will
determine the degree of smoothing applied to the gradients and should be
done carefully.

Initially, adjacent levels were used for the Davis, California, pro-
files, but the maximum separation was 40 cm and the determination of a gra-
dient for height differences of 40 cm, particularly between 280 and 320 cm
for moisture, resulted in large and unrealistic values do to the imaccuracy
with which small differences could be determined. The smoothing used may
be seen in th2 subroutine. The gradients are printed so that they may be
reacdily examined.

Richardscn number is calculated and checked to see if it is in the
range of 0.2 to -1.0. If outside the range, RI is set to the limits of the
range. The reason for this is that if the gradients are not smoothed, as
was initially the case, RI values outside the above limits consume large
amounts of computer time attempting to determine values of ¢ which are unre-
alistically large. The initial mistake cost one hour of time on the CDC
1604 computer.

Richardson number is printed and control is returned from the subroutine

to the main program.



The profile data necessary for determining d and I is now in storage

and available in common.

SYMBOL LIST-DATUM

A(I) Input data

K Identifier for input data

B Specific humidity for saturation at air temperature
HF(I) Heat flux data from heat budget

WD(I) Wind direction

M Logical unit number for reading or writing
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SUBROUTINE DATE

Heading information containing date, start and stop time, mast no.

and the assumption about Kth-l is printed before a determination of z, and

d are made.

5021

2027

2037
530
531
5307
4073

4074

SUBROUTINE DATE(IDAY,ITS,ITE,LL,B)

COMMON Z(3,9),D2(8),ZZ(8),Z2ZD(8),V(9),vD(8),T(9),TD(8),S(9),SD(8),
1rR1(8),CPV(5),CPT(9),T™,VST,Z0,D,0LM,J,ZD(9)
FCRMAT(1H1,5HAPRIL,I3,5H,1967,5X,5HSTART,I5,5X,41ISTOP,15,10X, 7HMAS
1NO, I13)

M=6

IF (IDAY-25) 2037,5 ,2027

WRITE(M,5021) IDAY,ITS,ITE,J

GO TO 5307

WRITE(M,5022)IDAY,ITS,ITE,J

FORMAT (1H , 7HKH/KM=1)

FORMAT(1H ,18HKH/KM=1/SCRTF (PHI))

IF (LL-1) 4073,4074,5

WRITE (M, 530)

GO TC 5

WRITE(M,531)

RETURN

END
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SUBROUTINE ZZERO

The determination of d and z are made within the desired tolerance.
Two values of d and z are initially chosen to start the approximation proc-
ess. The initial selections for obtaining the first estimate of d and z,
should be as near the expected value as possible and preferably one slightly
above and the other bzlow. An error is indicated if the value of lg_+ zol =
z(J,I) the height of the lowest sensor or if more than 20 trials are required
to estimate d or z . The tolerance on z, is .01 cm and on d 0.1 cm. If mcre
than 20 trials are required for estimating z,  or if the estimated z <0
the results of the previous trial are used for estimating a new value of d.
If the routine is terminated with a fatal error then the condition that V¥ = 0
is set and used as a test in the main program to determine if a solution
was obtained.

If d and z are determined within the above tolerances then a return
is made to the main program with the resulting values of d, z, and V*,

Given a value of d, the subroutine uses the two initial estimates of
z to calculate a third estimate, continuing to cycle until the new estimate
of z differs from the previous estimate of z by the tolerance of .0l cm.
Then, using the second estimate of d a new z, is obtained as above and used
to estimate a new d. The program cycles until the new estimate of d differs
from the previous estimate of d by less than 0.1 cm. A new estimate of z
is made for each value of d.

The subroutine LOM1 is called with the assumption that Kth_l

=1
to obtain the value of L-l for the several values of Ri determined from the
initial data for the number of levels used. If the assumption that Kh/Km =
¢.1/2 is used, then subroutine LOM2 is called to obtain L-l. It is in these
two subroutires thszat the nominal height z of each level is replaced by z,
+d+ Z

The integral diabatic influence functions ¢ and @T are determined in
the subroutine CAPPH. Given the value of L-1 obtained from subroutine LCM1
or LOM2, ¢ is determined in the subroutine PHI called by CAPPH. Since ¢
cannot be solved for directly from (zn +.d * zo)L_l, an approximation is
made until the error in L-l is less than .0001l. Given the value of ¢ a value
of & and @T are determined. The subroutine ZZERO then solves for V#* using

the value of ¢ determined at each level where wind speed is measured.
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SYMBOL LIST ZZERO

M
I
JD

DO
D1
D2
SD
200
201
202
JZ
Sz

Logical unit number for reading or writing
Index for level of measurement

Number of cycles required for displacement height determin-
ation

First estimate of displacement height

Sezond estimate of displacement height

Third estimate of displacement height

Selection of initial estimates of displacement height
First estimate of surface roughness

Second estimate of surface roughness

Third estimate of surface roughness

Number of cycles for surface roughness determination
Selection of initial estimates of surface roughness

Value of ¢ at the I level
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Va=0QeU
V5=0.0
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IF(J2=20154+5+6

GL1=0
202=(Z200%GZ1-201%G20)/(GZ21=GZ0)
IF(Z02)6+6951

ITFUABS(ZN2=-/01T=e001) 8e84 7
Z200=201
GZ20=G21

L01=LVU2 .
20=202
GO 70 4

[6)

50

CONTINUE
FORMAT(1H 98HERROR ATsI5438H ITERAT

1)

—

IN

DETERMINING Z0 AMD

v

WRKITETM 507 JZ
VST=V3#,428/W
V2=0.0

V4= eJ
V5=0460
DO 20 I=1sN

ARSACOGTtZDT )
CX=P(I1)/ZD(1)
V2=V2+4V (1) /AX/AX*CX

17 L0)+CBVIT)

VG=VGFVIITFCK
V5=V5+AX*CX
G=V3#VL4VI#V2+V2#V3xVE/WaV22V 33V /0

IP\VSJV ) 4UZ 4029403
GDO0=G
D=D1

SEDER
GO TD 400
JD=Jn+1

ITFUJD=20) 4
GN1=G
D2=(N0*GN1=N1%*5DU)/ (GD1-~N0)

I21L940U31 6408

404

IFTABS(D2-D11=e017 11511554012
DO=D1

GD0=GD1

DI=
D=D2 |
GO TO 400

<

(NS I] I

WRITE(MeDZU) JD
FORMAT(1H 914HFATAL ERROR ATsI5527H

VS5T=0e0

IM

DETERI

HINING

™~y

L1
12

CONTINUE
RETURN
END
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SUBROUTINE LOM1

Given values of Ri, and z, + d + z subroutine LOM1 determines L-l =
n —i i o -1/4

Z _1 S 1 -1 = = —-—
121 ¢i Ril(zzi+d+zo) assuming Kth 1 where ¢i (1-B 311)
is the geometric height of the levels at which Ri was determined. A check is

and zz,.
i

included to see if Ri > g™t which would result in a negative value for 1 - B
Ri and the fourth root could not be taken by the computer.

The return is made to the main progrom with an average value of OLM =

-1
L for the number of measurement levels used.

SYMBOL LIST LOM1

PP ¢ estimated from Ri

SUBROUTINE LOM1 (NN,B)

DIMENSION Z(3,9),DZ(8),22(8),2zD(8),V(9),VD(8),T(9),TD(8),S(9),SD(18),
RI(8),CPV(9),CPT(9),2ZD(9)
DIMENSION RT(8)
comMoN z,0z,2z,2zD,V,VD,T,TD,S,SD,RI,CPV,CPT,TM,VST,Z0,D,0LM,J,ZD
OLM=0.0
DO 1 I=1,NN
IF(I-2)4,4,5
4 RT(I)=RI (I)*ZZD(I)*ALOG(ZD(I+1)/ZD(I ))/DZ(I)
GO TO 6
RT(I)=RI (I)*ZZD(I)*ALOG(ZD(I+1)/zZD(I-1 ))/DZ(IL)
IF( RT(1)-1./3)2,3,3
PP =1.0
OLM=0.0
GO TO 1
2 PP =SQRT (SQRT (1./(1.-B *RT(I))))
OLM=0IM-PP *RT(I)/ZZD(I)
1 CONTINUE
W=7
OIM=0LM/WW
RETTRN
EXD

w o n



SUBROUTINE LOM1 (HNeB)

DIMENSION Z(10)9sDZ(10)sZ2Z(10)94ZD(10)sVI(10)sVD(10)sT(10)sTD(10)sRI
1(10)sCPVI(10)sCPT(10)s20(10)

DIMENSION RT(8)

COMMON Z9DZ 922572720 e VsV sT s TDeRIsCPVeTPTsTMsVST9Z0s0s0LMsZD
OLM=2e0

DO 1 I=1sNN

RT(I)=RI(I)*ZZD(I)*ALOG(ZD(I+1)/72ZD(1))/DZ(1)

IF( RT(I)=1e/B8)293,3

PP =140

OLM=0e0

GO 7O 1

PP =SQRT (SQRT (le/(1le=B *RT(I))))

CLM=DLM=-PP  #RT(1)s2ZD(1)

CONTINUE

WwW=NN

OLM=0LM/WW

RETURN

END.
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SUBROUTINE LOM2

Given values of Bii and zz, +d + z where zz, is the geometric height

i i
of the levels at which Ri, was determined subroutine LOM2 determines L'-l assuming
-1 =-1/2 B

Kth = ¢ . The equation solved is

-1 _n -1
L = 3 ¢i gii(zzi+d+z°) i
i=1
/2 -4, -1 :
(1-¢ ')B ~ cennot be solved for ¢ in terms of Ri easily an
-1/4

Since Ri = ¢-l

initial guess is made on ¢ based on ¢i = (1-B Ri,) for lapse conditions

and = 1 + 22 Ri, for inversion conditions. Then additional approximation
St -1/2 -4, -1

(1-¢ ")B ~ is less

to ¢ are made until the difference between Ri, and ¢
than 0.0001. Then the value of ¢i is used to determine L—l.

Return is made to the main program with L—1 = OLM average for the number
of levels used.
SYMBOL LIST LOM2
PP estimation of ¢
PP2 estimated value of Ri based on PP
E differences between Ri determined from profile data and es-

timation of Ri from PP



SUBROUT INE “LOM2 (NN,B)

DIMENSION Z(10)sDZ(1U)9Z2Z(1C)+ZZD(10)sV(10)sVN(10)sT(10)sTP(10)sRT
1(10)sCoVI(10)sCPT(10)+ZD(10)
DIMENSINN RT.(9)

COMMON LoDl osZlLsZLD sV sVD 9T s TNaRTeCPVer DIl o1 4eVQT 972 9sNDsOLMZD
OLM=0e0

O [=1sNN

RT{IN=RI(I)I*ZZLD( T ) *ALOG(ZD(I+1)/ZD(1))/DZ(1)
IF(RT(1))292+3

N O
—

PP=SART (SQRT (le/(1e=B ¥RT(T))))
GO TO 4 ‘
PP=1.+22¢#RT(1])

CONTINUE

Lad

4~

AA=SQRT(PD)

T=PP2
(E)=e01%ABS(RT(I))) 55555

AN I
d— > A

[0))

YO m o

1]

DF I FEHE /(. 7AAR (L. 77 %A T)

=
Q
&

r—roO 9O M u| oW

D W

M=OLM=SART (PP)%*RT(1)/7Zp(1)

wn

ONTINUE

J=AIAl
™

v
OLM=0LM/WW

O = (<

UIEER)

Z B

inA
o
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SUBROUTINE CAPPH

Given d, zZ» L-1 and zi the subroutine CAPPH determines a new height

ZDi =z, +4d + z, calls the subroutine PHI to determine ¢i for each ZDi'
Then using ¢i the integral diabatic influence function ¢ for the wind profile
and ¢,r for the potential air temperature profile assuming Kth-l = ¢-l/2 are
determined in the following manner
- -1 - -
o =18 (-1 (14387 ™ e 6
and
2 -4, - -4 -
o, = R 2 are™ e ash )

where ¢ = 1 at z+d =0. ¢ andﬂ% are determined by series expansion of the
integrals then term by term integration. Sufficient terms are retained to

determine ¢ and ¢T within the desired tolerance.
If ¢>1 then (-0 H T =1+¢ 4 +98 4+ ... (3)

-1

If ¢<1 then (1-¢~ 1)1 = = ¢*1+6%44%5...) %)

(3) and (4) are substituted in 1 then integrated term by term. Using as an

example (3) one obtains the series

o = 12 47 o1 ™ e g

=9

= g g™ 00084070 Ly ag (5)

Term by term integration of (5) with insertions of the limits yield
b T -3 -
¢ = (¢-1) - 2nd +‘(¢2§§1),- 4(p -1)/3 + 4(¢p -1)/4

- 47 7-1)77 + 4¢"%1) /8. .. | (6)
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A similar procedure is caFried out for QT when ¢>1 and for ¢ and ¢T when ¢<1.
" It can be readily secen that when ¢=1, ¢=0 in (6). The term by term integra-
tion is carried out for 22 terms in the subroutine CAPPH. Since 22 terms did
not actually reach a good limit rapidly a small residue (.016, .024) was added
or subtracted from ¢ or @T to account for the discrepancy at values of ¢ dif-
fering appreciably from one. The error in ¢ due to the residue of the series
is insignificant compared to errors in 2n[(z+d+zo)/z°] and probably could have
been neglected.

Return is made to either ZZERO or ZFIX with values of Qi and QTiat each

level where ¢ has been determined. ¢ and QT- are available in common for use

.
by the subroutine TAVT.

SYMBOL LIST CAPPH
BB Duinmy variable for B used previously in other parts
P(I) ¢ at the I level

A,AA,B,C,F,E,X are all dummy variable used to represent recurring terms in
the series expansion for ¢ and @T.



w

SUBROUTINE CAPPH(NsBBsP)
DIMENSION P(10)
DIMENSION Z(10)sDZ(10)9Z22(10)9Z2ZD(10)sV(10)sVD(10)sT(10)sTD(10)sRI
1(10)sCPVI(10)sCPT(10)s2D(10)
COMMON Z9DZ9sZ2Z92ZD9sVoVDsTsTDsRIsCPVsCPTsTMoVSTsZ20s0s0LMeZD
CALL PHI (PsNsZDs@LMsBE)
DO 5 I=1,N
IF(B(I)-1e) 33,4
TA=le/P(I)%x%3
AA=A/P(1)
B=AA
C=A#*SQRT(P(I))
F=83-1e
E=ALOG(P(I))
CPVI(I)=P(l)-1e=E+0.016
CPT(I)=2e/3e%(P(1)#C/A-16)—E+e024
X=1e
DO 7 L=2,12
CPV(I)=CPVI(I)+F=4e#*(A=1le) /(L4 e¥X—=10)
CPT(I)=CPT(I)+F-8e#(C~1le)/(Be*X=30)
A=A*AA
B=3%AA
C=C*AA
X=X+1e
F=(B=1la)/X
CONTINUE
GO TO 5
AA=P (] )#*3%4
A=AA
B=A*¥P (1)
C=SQRT(P(I))
C=B%*C
F=A=1s
34 *ALOGIP(I))
J=E=3e*¥(P(I)=-1a)=a01lb
J=E-2e#(C/A-1le)—e024

© 0
— <L

NT XM O im
T O
e — —~ o
—t -

<
—
-r

+F=4 e (B=1e)/(LeitX+1s)
+F=Be#*(C-1le)/(Bex X+324)

OO N
A< =
’\AN
]

U U

CPT(I)
A=AxAA
B=B#AA
C=C#*AA
X=X+1le
F=(A-l.)/X
CONTINUE
CCNTINUE
RETURN
END
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SUBROUTINE PHI

Give a value of z; +d + z, and 1/L the subroutine PHI determines ¢
to a tolerance of .0901 for (z+d+z )L

The expression d(1-¢~ )B = (zi+d+zo)L-1 cannot be solved easily for
¢. Therefore approximations are made to ¢ as ¢, = [1 + B(zi+d+z°)L-1]~1/4
for lapse conditions and ¢ =1+ 9. 0(4+D+z )L for inversion conditions.
Then the eztimited ¢ is used to determine ¢ (1- ¢i )B l The error (zi+d+zo)L

- ¢i(1—¢i )B E is used to estimate a new ¢i and the cycle is repeated un-

-1

til the error is less than 0.0001.
When ¢i has been determined for all levels then a return is made to

the calling program.

SYMBOL LIST PHI

NN number of levels to be used
I level

P(I) ¢ at the level I

PR1 (zi+d+z°)L_l

PP estimated value of

PR2 estimate of PR1

E error in PR1

SUBROUTINE PHI (P,WN,AZD,OLM,B)
DIMENSION P(9) ,AZD(9)
DO 1 I=1,NN
PR1= OLM*AZD(I)
IF (OLM) 3,3,2

2 PP=SQRT (SQRT (1./(1.-B  *PRL)))
GO TO &4

4 PR2=PP*(1.-1./PP*%4)/B
E=PR1-PR2
IF(ABS(E)-.0001*ABS(PRL))5,5,6

6 PP=PP+E*B /(1.+3./PP**4)

GO TO 4

P(I)=PP

CONTINUE

RETURN

END

= W



SUBROUTINE ZFIX

Upon occasion it may be desirable to select a value of displacement
height and surface roughness to determine V%. Then the result may be used
in the subroutine TAVT and DUET to determine the profile parameters.

The subroutine may be altered to determine the error squares for vari-
ous values of d and z, to see if there is a minimum error squares within the

expected range of d and z -



SUBROUTINE ZFIX (NsNNsLL9B)

DIMENSION Z(10)sDZ(10)s22(10)sZZD(10)sV(10)svD(10)sT(10)sTD(10)sRI
1(10)sCPVI(10)sCPT(10)s2D(10)

DIMENSION P(9)

COMMON Z9DZsZ2ZZ97ZD sV eVl osTosTDeRIsCPVsCPTsTMeVSTsZ0ssCLMsZD

20=140
C 20=0e9
0D=0.0
DO 409 I=1sN
409 ZD(I1)=2(1)+D+Z0

DC ¢11 I=1sNN
411 ZZD(I)=SQRT((Z(I)+D)*(Z(I+1)+D))+Z0
400 IF(LL=1)412s414411
412 CALL LOM1 (NNsB)
GO TO 415
414 CONTINUE
CALL LOM2(NNs3)
415 CALL CAPPH(NsSeP)
V3=90e0
DO 1 I=1,N
AX=ALOG(ZD(I)/2D)+CPV(I])
1 V3=V3+V(I1)/AX
VNX=N
V3=Vv3/VNX
VST=V3%,428
1 RETURN
END
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SUBROUTINE TAVT

The purpose of the subroutine is to print or punch the data in a desir-
-1

able form based on the values of V¥, L 7, z and d from either subroutine ZZERO

or ZFIX. The surface stress is calculated as Ty ™ V*szflPRd—l where T is
the mean of the tempcrature over the profile, P (dynes cm ) is the surface
pressure and Rd is the gas constant for dry air. In the program a surface
pressure of 106dynes cm_2 is assumed. Tys V* and L_l are written. From L~
and V* an estimate of the sensible heat flux is made and written in units of

1y ulin-1 and watts mfz. A second estimate of the sensible heat flux may be

-1

made using the temperature gradients and the appropriate assumption about Kth
The results are written in the same form as the previous estimate of the sen-
sible heat flux. Since several levels are used to obtain the sensible heat
flux the standard deviation for the sample is calculated and written.

Since it is very likely that one or more measurement levels may be in
error, a synthetic wind profile is calculated and compared to the original
data as a percentage of the synthetic wind speed. This would then be the cor-
rection factor required if one anemometer were consistently in error by the
same percentage. A standard deviation on wind speed error is calculated and
written. The output sequence consists of height, synthetic wind speed, and
V%, real wind speed, percent error on the real wind speed, and the standard
deviation of the difference between the real and the synthetic wind speed.

A similar procedure is followed with the temperature profile except that the
difference between the measured and the synthetic potential temperature is
written along with the standard deviation. The synthetic temperature profile
is based on L-1 and the appropriate assumption about Kth_l. The surface po-

tential temperature at the height zg + d = 0 is obtained by extrapolating the

temperature profile to the height Z . The order of writing is surface synthetic

potential temperature, synthetic potential temperature, and the standard de-
viation of the difference. Since two values of the sensible heat flux are
available, two synthetic temperature profiles are calculated with the first
utilizing the first estimate of the semnsible heat flux densities.

Two estimates of latent heat flux are available: the first based on the
assumption that KeKm—l = 1 and the second based on KeKQ-l = 1 utilizing the

second estimate of sensible heat flux. The results are written in units of
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1y m:l.n-'l and watts m-z..

An additional summary of the results is written and may be punched on
cards or written on tape. The list includes, the mast number, date, start
and stop time, number of levels used, the assumption about Kthfl used, dis-
placement height, surface roughness, surface stress and two estimates of the
following; sensible heat flux, latent heat flux and the extrapolated tempera-

tures at ZO .

SYMBOL LIST - TAVT

N number of measurement levels

NN number of gradient levels

TSI T*

TAU Surface stress

Q3 Sensible heat flux density in units of ly min-l

Q4 Sensible heat flux density in units of watts m

Q2 Standard deviation of sensible heat flux density in percent

VS(I) Synthetic wind speed at the I level

A Difference between synthetic and real wind speed

Vi1 ZA

VEIS £

VS(I) percentage error in wind speed

MS standard deviation of wind speed error in units of cm sec:_l

TO1 z  temperature using sensible heat flux density

TT(I) synthetic temperature profile

AB s?andard deviation of air temperature difference from synthetic
air temperature

E2 latent heat flux density assuming KeKq_l =1

E22 E2 in units of watts m-2

EO z, specific humidity using latent heat flux density

SH(I) synthetic specific humidity profile



=& W

53

77

50 FORMAT (7Li0STRESS,T6.3,1510 DYUES/Cil/Cil

SUBROUTIHE TAVT (W,NN,LL,IDAY,ITS,ITE.B)

DIMENSION Z(3,9),DZ(8),2Z(8),ZZD(8),V(3),VD(8),T(9),TD(3),S5(9) ,SD(18),
1RI(8),CPV(9),CPT(9),2ZD(9)

DIMENSION P(9)
DIMENSION VS(9),TT(9)
DIMENSION SH(9)

27

coinioN, z,0z,zZ,ZZd,V,vD,T,TD,S,SD,RI,CPV,CPT,Til,VST,Z0,D,0L11,J,ZD

M=6

My=1

TS1=Ti/0. 0.4/0.24%2.887/VST
TS1=-TS1
TAU=VST*VST/Til/2.887

Q1=0.0

Q2=0.0

CALL PHI (P,N,ZZD,OL,B)
DOl I=1,NN

Qli= T(I)/100.%2ZD(I)/P(I)/TS1
IF(LL-1)4,3,4
Q11=Q11/5QRT(P(I))

QL=Q1+Qll

Q2=Q2+Q11%Q11

W=N

WW=NI

Q2=Q2-Q1*Q1/Wi

Q2=SQRT(Q2/ (Wi-1.))

Q1=Q1/WW

Q2=72/Q1%100.

Q3=Q1%60.

QT=Q3

Q4=Q1%41350.

WRITE (il,50) TAU,VAT,OLM,Q3,Q4,Q2

1 ,6H 1/LOM,F8.6,3H 1/CH ,9HSENS HEAT.F6.3/10H LY/MIN
2 WATTS/il/i1  ,GHSIGMHA ,F7.2)

TORMAT (14 ,20HHEIGHT (Cil) ,10F9.4)
WRITE (ii,53)20. (ZzD(1),I=1,N)

Vii=0.0

ViiS=0.0

DO 5 I=1,N

AX=VST/0.40 #(ALOG(ZD(I)/Z0)+CPV(I))
VM=ViHAX

VMS=VEHS+AKXSAX

VS (I)=A¥/V(1)*100.

COUTTIIUE

VIIS=VIS-VIl#Vii/W

VMS=SGRT (VHS/ (W-1.))

FORIAT (1H ,29HSYNTHETIC/REAL WIND SPEED ,10F9.4)
WRITE (i, 56) (VS(I),I=I,N),ViIS

T01=0.0

TS=TS1*QL

DO 9 I=1,u

IF(LL)24,77,5

TOL=TO1+T (I)-1S* (ALOG(ZD{I)/ZC Y+CPV(I))
GO TO 9

,5HVSTAR,F6.1.10H Ci/SEC

+F¥6.1,13H
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TO1=TO1+T(I)-T9* (ALOG(ZD(I)/ZO0 )+CPT (1))
CONTINUE
TO1=TO1l/W
AC=0.0
A5=0.0
DO 10 I=1,X
IF(LL)24,11,14
11 TT(1)=TO1+TS* (ALOG(ZD(I)/20 )+CPV(I))
GO TO 13
14 TT(I)=TO1+TS*(ALOG(ZD(I)/Z0  )-CPT(I))
13 TT(I)=T(I)-TT(I)
AC=AC+TT(I)
AB=AB+TT (I)*TT(I)
10 CONTINUE
AB=(AB-AC*AC/W)/(W-1.0)
AB=SQRT (AB)
57 FORMAT (1H ,29HDIFFERENCE ,10T79.4)
WRITE(i1,57) (TT(I),I=1,N),AB
12 CONTIWUE
17 TST=T01-273.16
IF(IDAY-25) 20,20,23
20 COWTIWUE
E2=0.0
X=0.0
A2=.6/.24*QT
DO 22 I-1,NN
IF(SD(I)) 21,22,21
21 X=X+1.
E2=124+A2%SD(I)/TD(I)
22 CONTINUE
E2 =E2/X
E22=12 *(97.2
589 FORMAT (14 ,29HLATENT HEAT KL/KQ=1 (LY/MIN),F10.3,10X,128 (WATTA/M
1/1),F10.3,9%X,12HSENS HT FLUX,F10.3)
WRITE (if,539) E2 ,E22,Q3
ES=E2%2,887*Tt/ (.600%.428*%VST )/60.
X=0.0
E0=).)
25 DO 26 I=1,N
IF(S(1))24,26,27
27 X=X+1.
IF(LL)24,28,29
28 EO=E0+S (I)=ES* (ALOG(ZD(I)/Z0)+CPV(I))
GO TO 26
29 EO=E0+S (I)+ES* (ALOG(ZD(I)/Z20)+CPT(1))
26 CONTINUE
EO=E0/X
DO 30 I=1,N
IF(LL) 24,31,32
31 SH(I)=EO0-ES*(ALOG(ZD(I)/Z0+CPV(I))
GO TO 30
32 SH(I)=EOC-LES*(ALOG(ZD(I)/Z0)+CPT(I))

O @
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54

35

34

33

55

23

24

59

CONTINUE

FORMAT (31H SYNTHETIC SPECIFIC HUMIDITY. ,10F8.3)

WRITE (M, 54) (SH(I),I=1,N),EO
w=0.0
AB=0.
AC=0.0
DO 33 I=1,N
Ir(s(1))35,35,34
SH(I)=0.0
GO TO 33
W=W+1.
SH(I)=SH(I)-S(I)
AB=AB+SH(I)*SH(I)
AC=AC+SH(I)
CONTINUE
=11
AB= (AB-AC*AC/W)/(W-1.0)
AB=SQRT (\B)
FORMAT (20H HUMIDITY DIFFERENCE ,12X,10F8.3)
WRITE (M,55) (SH(I),I=1,N) ,AB
GO TO 24
COLTINUE
E2=0.
E0=0.
CONTINUE
K=6
FORMAT(272,13,11,14,11,14,9F7.3)

WRITE (MM, 59) J,K,IDAY,N,ITS,LL,ITE,D,ZO,TAU,QT,TST,EZ,EO
WRITE( ,50) J,K,IDAY,N,ITS,LL,ITE,D,ZO,TAU,QT,TST,EZ,EO

CALL DUET (N,LL,TS)
RETURN
END

25
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- SUBROUTINE DUET :

The profile curvature for wind speed and potential air temperature,
and Richardscn's number are calculated and written along with the height.
Theoretical values of the flux Richardson number, gradient Richardson number
profile curvature for wind speed DEU and for potential air temperature DET

are determined as

DEU = ¢~ 4(1+39™% 7t

and

DET = 1.5 DEU -0.5.

SYMBOL LIST - DUET

DEU(I) Deacon number for wind speed profile

DET(I) Deacon number for potential air temperature
BD(I) Geometric height of DEU(I) and DET(I)

RQ(I) Richardson number calculated for the height B2(I)
DEU(I) Theoretical Deacon number

DET(C) Theoretical Deacon number

RQ(I) Theoretical gradient Richardson number



'FORsSIZ DUET

SUBROUTINE DUET(NsLLs1S)
SUE ST oH Z(10)sDZ(10)922(10)92ZZD(T0)sV(17)aYN(17):sT(10)+sTD(10)sR]
1010)sCPVI10)sCPT(10)52Zn(10)

JREEIERIE) | DEUULR) «DET(8) o) 9270( Q) erR(8) () s AVH (8]

D —4

COMMON Z9DZ s ZLsZZDsVoVDsTsTNsRTsCOVePT T sV T 9Z%40s0LMIZD
49 FORMAT(10H HEIGHT 8Rs7F10.3) '
50 FORVMATTIOH HEIGHT GDs/F10e3)
51 FORMAT(7H DEU s7F1043
52 FORMAT(7H DET s 7F1043
53 FORMAT(TH RI s 7F1043)
54 FORMAT(TH XH/K' 3s7F1043)
M=6
jzl?o
K=0
M=
Nii=N=1
DO 3 I=19sNN
ZZD(I)=SORrT((Z(TI+1)+D)#(7(T)+D))+2"
vDUTI=(VIT+1)=-V{TI)Y)/ DZTT1)
ToOlI)=(T(I+1)=T(I))/DZ(1)
3 CONTINUE
pu 1 I=1sNE
AA=ALOGI(ZZD(I+1)/22ZD(1))
DEU(T)=ALOG(VDILT)/VD(TI+1))/AA
JET UL I=ALDGUABSUTID(T ) ZTD{T+YI)Y T T /7AA
3D(I)=SQRT{(ZZN(I+1)=-20)%(ZZD(1)=70))+ZN
6 AZ=Zn(1+42)-72D(1) :
BRUTI=CnaFRTUTZTT I +0T7#(Z U 14+2)+00) ) +2
AT=T(I+2)-T(1I)
AV=V({I+2)=V (1)
o} RGUII=98Ue*AT/( FAV¥T VAL
AKHM(I)=e423%TS*AV/ (VSTH#AT)
1 CONTINUE
RITE(M S50 ) (BD(I ) 9 I=1sn™)
5 VRITE(M4ST)Y(DEU(I)eI=10sM)
IRITE(11952) (DET(I),I=1snt)
R I TEVA a2 ) (Ral{ [ e ]=T19i.7)
NRITE(M9s54) (AKHMUT)oT=14NI") )y
CALL PHI(PsNYBDsOL9B)
15 CuMTINUE
DO 2 I=1+8M
A:‘\:l./.")([)-‘(—%f—/;
DEU(I I=Ge* A0/ V] e+36 %xAR)
IF(LL)9+2410
9 DET(I)=DEUI(T)
KRGl I=({1le=FA) 7
AKHM(I )=1,
GO TO 2
10 AP=SnP I (P(1T)
RO(IN=(1e—-AA)/R%AR
DET(I)=1e5%DEU(TI) =45
AKHM{ ] )=14/4
2 CONTINUE
RITE(MsSI)(DEULTI)aT=19Mu1)
RITE(Ms32) (DET(I)eI=1> )
RITE(Ma523)(RPulI)sI=1s;"")
e AR U 194 ) (TTs17=1. ]
12 o 1 I
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SUBROUTINE TEST 4

It is necessary to check all computer programs for punching and dupli-
cation errors. The purpose of subroutine TEST is to tzke a value of L-l, cal-
culate ¢, ¢ and QT using subroutines CAPPH and PHI, determine Ri from ¢, for
Kthfl = 1, call subroutine LOM1l and see if the same value of L-1 is returned.
Then, determine Ri for Kth_l = ¢—1/2, call subroutine LOM2 and see if the
same value of L-l returns again. When first tried the subroutine revealed

that the tolerance in subroutines LOM1 and LOM2 was not small enough and there

were several errors in the subroutine CAPPH.

RI, DEU, Ri, DET, and xhxm'l for each

a set of profile parameters ¢, ¢, @

T’
value of (z+zo)L-1.

The value of L-l was changed slightly each time LOM1 or LOM2 was called..

The order was LOM1 then LOM2.

It will also provide as output

LAPSE INVERSION
Initial value of Mk 0.0060000 -.00100
LOM1 0.0060043 -.00099
LOM2 0.0060036 -.00099
LoM1 0.0060066 -.00098
LOM2 0.0060062° -.00098
LAPSE INVERSION
Initial value of 0.0006000 -.000100
LOM1 0.0006002 -.000099
LoM2 0.0006006 -.000099
LOML 0.0006008 -.000098
LOM12 -.0006008 -.000098

It was concluded that the error in estimating L-1 from Ri and z + z,
of less than 1% was insignificant and the operation of the subroutines PHI,
CAPPH, LOM1 and LOM2 was satisfactory.



'FORsSI TEST
.SUBROUTINE TEST
COMMON Z(359)9DZ2(8)92Z(8)+ZZD(8)sVI(9)sVD(8)sT(9)sTL(8)sS(9)+5D(8),
IRI(8) sCPYV(9)sCPT(9) s TMsVSTsZ090+0LMeJsZD(9)
DIMENSION P(F)sDEU(2)sDETI(9)
J=1
3=20e
QLM=.006
D=0.0

>Z N
nn o
=0
—
L]

De
DC 1 I=1,N
A=A%*¥SQRT(24)
ZZD(1)=A

1 2(JsI)=A

4 CONTINUE
CALL CAPPH(NsBsP)

50 FORMAT(1H +s9F10e3 +F20e10)
WRITE(6+50) (ZD(I)sI=1sN)sOLM
WRITE(6s50) (P(I)esI=1yN)sB
WRITE(6+50) (CPVI(I)sI=1sN)sD
WRITE(6950) (CPT(I)sI=1sN)sZ0
DO 2 I=1,N
A=le/P(I)*x%4
RI(I)=(le-A)/D A

2 DEU(I)=b4e*A/(1le+34%A)
CALL LOM1 (NsB)
WRITZ(6950) (RI(I)sI=1sN) sOLM
WRITE(6E+50) (LDEU(I)sI=1sN) 2
DO 3 I=1,N
RICIN=RI(I)*SQRT(P(I))

3 DET(I)=1e5%DEU(I)=465
CALL LOMZ (N»sB)

WRITE(6450) (RI(I)sI=1sN),0LM

WRITE(6+50) (DET(I)sI=1sN)
B=B=2.

"IF(R=84)594 94

5 IF(OLM) 69797
i OLM==-40C1

GC TO 4
6 RETURN

END



(. QININCT IC WINv AnNe ILidFCRAITURE rliurieco
5 DIMENSION P(LU)sVA(LO) o TA(LO)sTTA(LIO)
DIMENSION Z(1U)eDZ(10)sZL(10)9ZZ0(10)sVI(10)svVD(10)sT(L0)eTD(10)sRI
LlaU)oasrVVvLUlea~r t VLUl eLI o J)
COANMCN LoDL 9ZLsZZT ov oV 9T 9T oI s TPV eCF T oTiiovST al0soe LMD
b=1Ce
N=7 .
NN=N=1
LURT=U
1 1 o9=y
Iic=0
ilo CONTINUE
J=Uewv
LJ=1leu
Z({L)=cUe
Ll i=€CnNtilTLn)
[(1)=del
VIl)=Uel
DRV 1 d =4 914
Z(1)=Z(I=-1)#SGRT (2
Zull)=2(1)+20
LNl d ) =Ow b VaGX s JF LN L4 )
u{_(i—L)—IL\A)_A_\; :L:
LLU(1I-1)=2Z(1-1)+20+0U
| L1 )=Ved
VI1l)=UeU
L CONTINUE
o o 1B FURMAT L LmAL)
PrRINIDo5D
L'\:’J
< CuUIN | LiNUE
401 FURiMAT (DF1Ces )
RCAU G0Llsiieimnusuwo
LlrlIAY) F799795
3 CONTINUE
fOL=1TM
WUEWU /70D se
ly CONTInuE )
Vvl‘buh'\lHuWrm“CQCDl;
. CUINT LINUE
|J"||"‘|"‘CQOOI‘N‘\:UI\.—+¢C“oé.%~“'\/bi)
i o==105
oL ;_:\:UQ‘.*L«;"".;-;i.-/ lo«;*‘Véz.I.:?VDl‘:vDA} i
OLM=0LM*Q0
Q1=0C*60e
Q=G o*41020e
XV FORMAT(1H 96H43TRESS s 10eZ95X958 VSTARIT10e295 K06 +/LCMeFc0el0)
PRINT 209 TAUIVIT sUL
o1 ronvAal (1 sZUdioovs i CUALLY /i liv) 97 iUes9sA91zZii \WATI1O/Zt0/i) 9 20 et s
lyAReord TS AR LUeD )
PXINT 5190193297135
DL ,“\,H'v‘rl(;» L AV s u::: I \j': 9-.{_ 7-‘:
PRINTS71920(22(1)sI=1sN)
CALL CAPPHr(iNesce~)

VU & KN=L1o99in

AA=ALJIG(LUu(R) 7y




VA(KJ=V57/.4Z§*(AAfCPy(K)) A
TAIK)=TS#*(AA+CPV(K) ) +TC1 V
jo TTA(RKI=TS*(AATIPT(K))+T01
<+ CUNLAINULD
272 FORMAT(1H 927ASYNTRETIC WIND SFEZCD (CM/SECL 10T
101 FORMAT(1A 920RAIR TeEMP=-KR/NM=1 s 10FYe3)
FRAint DI ZeVVALL) 9L =L 9Ny
PrINT 101e7O1ls(TACL)eI=19\)
140 FORMAT (1R 92CHAIR TEZMP=-XH/KM=1/F 9 10F 7e3)
PRAND L4UusiuraliiAlL)ei=19)
IF{Q3) 59696
> CCNTINUE
Vu Yi=19N
T(L)=T(L)+TTA(L)®e>
VII)=v(I)+VA(Il)*e3
7 CUN | aNJULC
LL=1
GU 70 8
o DU Le L1=1sen
T(L)=T({I)+TA(L)*e5
VIil)=v (I)+VA(L)*e>
L& CUIN o INUE
k=t
ol CONTINUL
CALL JUCITIINYLLY I O
[FILLK=1) 14sids35
14 LL=1
2 L £ A
15 CONTINUE
DU 17 1=1¢iNN
VuoliLi=«VviliTii=vil)i/vali L)
TOCL)=(T(I+1)—-T(1))/s02(1)
RICII=F8Uex (T lLI-2 )= (I )% i)/ vims(vuil+1)~-v(I
d CwIN L LNV
PRINT 572e(V(I)elI=1eN)
DRINT 1C1eTC1lo(T(I)elI=1eN)
L5 CALL vUZ | LiNsLLY (D)
CALL £ZcxU (iNsiNnivesLiL o)
Lr (VST )iesTelo ‘
-2 CALL 1AV livsiiinoLL s LvATsL oL Yo )
7 D=0euU
L0=1aeVU
CALL 27 IX(NeiNiveaLLe_ )
CALL TAVT (NofNobLLsICAY s [TSeITESZ)
GO TO 16
7Y SiTur
ENU

L R |



