' 9-10-99
' Basic code of Moore's Transfer functions for correcting eddy fl uxes
' CJ Moore. 1986. Boundary Layer Meteorol ogy.37, 17-35

' ESPM 298, Advanced Topics in Bionet and M cronet
' Denni s Bal docch

DECLARE SUB TRANSFER ()
DECLARE SUB SPECTRA ()

COMMON SHARED z, u, ZL, D1, D2, D3, PQ PCO PCC, PW D5

COWON SHARED PU, XT, XU, XCO XCC, DC, NS, S1, S2, S3, S4, S5, S6
COWON SHARED XQ US, @S, CCS, XCOs, DCX2, XL, UL, RAD, CCD
COWMWMON SHARED S7, S8, S9, S10, S11, S12, C, n, LF, B, cr

COMMON SHARED X1, X2, CU, CW X3, X4, X5, Y1, Y2, Y3

COVWON SHARED Y4, Y5, GV, VC, w, NU WJ, W, GD, tr, gp, ur

COWON SHARED up, W, TS, ga, gx, W, UW TT, WV UU

COWON SHARED Gl, &, &3, &4, &, &, G/, &8, (0, Glo, Gl1, @12

"OPEN "d:\m crom-1\transfer.wbw' FOR OUTPUT AS #1
"OPEN "d:\m crom-1\transfer.osu" FOR QUTPUT AS #1
OPEN "d:\m crom-1\transfer. bor" FOR QUTPUT AS #1

' LR I S I S I S I R R R I R I O I R I O I R I R R R

' TRANSFNC

' 7-3-98 (DDB) Transfer functions for flux covariance
conputations. Program adapted from Moore (1986) BLM 37: 17-35

This program corrects for signal attenuation due to a finite

path of the sonics, hygroneter and CO2 irgas. It corrects for dynamc
frequency response limtations in the T' sensor and for a finite
residence tinme in the cell of the closed path irga. It corrects

for the effects of sensor separation between w and x. Signa
attenuation effects due to digital high pass filtering, aliasing

are al so consi dered.

' EE R I I R I R I R R I I I R I I S R R S R R S I R I I I R R S R R

Z, height above zero plane, s

U w nd speed, nis

' ZL, Monin Cbukhov stability paraneter

' D1, thernoneter time constant, s

' D2, sonic anenomtinme constant, s.
(note in Moore's programthis variable is
di stance constant (m of a propellor
anenoneter) .

D3, time constant of | ow pass electronic filter, s

D4, time constant of ref. volune of p'2 sensor

' D5, residence tinme in closed path irga, s

' PQ path length of g sensor, m

PCO, path length of open CO2 sensor, m

' PCC, path length of closed CO2 sensor, m

PW path length of sonic anemo w, m



PU, path length of sonic anenp u, m

XT, separation distance of wand T, m

XQ separation distance of wand Q m

XU, separation distance of w and u sensors, m
XCO, separation distance of w and open CO2 sensor
XCC, separation distance of w and cl osed CO2 sensor
DC, tinme constant of digital high pass filter, s
NS, sanpling frequency, HZ

DCO2, diffusivity of CO2

XL, length of the irga sanpling tube

UL, flow velocity thru tube

RAD, radius of tube

covari ance transfer function correction factor
wt Gl S1
wg QR S2
uw &3 S3
tt 4 4
aq Gb S5
uu G6 S6
WW G7 S7
WC open (€3] S8
cc open (€] S9
we cl osed Gl10 S10
cc cl osed Gl1 S11
p'2 Gl2 S12

khkhkkhkhkhhkhhhhhhhkhhhkhhhhhhhhdhhhdhhhdhhhdhhhdhhhhdhdhdhkrdhrddhrrdrxd*x

set up neasurenent paraneters
"sanmpling rate

' 10.0 hz WBW BOREAS, OSU
Forest tower

NS = 10!

d =.75* 26

z =2 'Z=36-d " 'tower

u=15 'U=4

ZL = .001

D1 = .025 "thernmoneter tinme constant

D2 = .025 'sonic tine constant: over sanpling is done
D3 =1/ NS

D4 = .05

D5 = .56 ' 1/e residence tine in springis 0.56 s and .71 in fal
PQ = .15 "path size of water vapor sensor

PW= .15 "path of w

PU = .15 "path of u

PCO = .15 "path of open co2

PCC = .15 "path of closed co2

XT = .01

XQ=.4 '"IRGA is 40 cm from sonic

XCO .4

.5



XU
DC

21
400

"fall setup on I RGA Sanpling through a tube

DCO2 = 14.7 ' m'2/s

XL = 3400 " mm 2500mMm i n spring, 3400mmin fall

UL = 1130 ' mm's 1430mi's in spring, 1130 nmi's in fal

RAD = 2.25 ' mm

LPRI NT ™"

LPRINT " Z-d(m U (n's) ZL sanp. freq (Hz) digital filter"

LPRI NT USI NG " ##.#  ##. ###  ##. ### #itH. ##t #iH#H. #; z
u; ZL; NS; DC

WRITE #1, " Z-d(m U (ns) ZL sanp. freq (Hz) digital filter"

WRI TE #1, z, u, ZL, NS, DC

LPRI NT ""

LPRI NT " ti me constants, s"

LPRINT " therm stor soni ¢ anem"

LPRI NT USI NG " Hit. #HH# ##. ####", D1, D2

LPRI NT ""

LPRI NT " averagi ng path length of sensor, nf

LPRINT " sonic anenp hygroneter CO2 open CX2 cl osed"

LPRI NT USING " #. ## #. ### #. ### #. ###";, PU;, PQ
PCO, PCC

LPRI NT ""

LPRI NT " separati on between w and scal ar sensor™

LPRI NT " U T Q CX open CO2 cl osed"

LPRI NT USI NG " #. ### #. #H## #. ### #. ### #.###", XU, XT;, XQ
XCO, XCC

LPRI NT ""

LPRI NT " wt wo wu tt aq uu wWwW WCo cco
wee ccc”

LPRI NT " N Gl (€74 &3 €7} Gb G5 G/ €2} (€]
Gl0  GlL1"

| MAGES = "##. #####H#] #. ### #. #H## #. ### #. ### #. ### #. #HH #8808 # #HiH
#.HHH H#.BHHE HHAR HHEH B HE#H

WRI TE #1, " w, wg, w, tt, qg, uu, ww, wco, cco, wcc, ccc"
VWRI TE #1, " N, Gl, @, &3, 4, G, &5, G, &8,
@9, GL0, GL1"

call SPECTRA, this subroutine computes the coeffiecient
for use in the formul ae of Kai nal

CALL SPECTRA

"integration of spectra with Sinpson's rule.

"The logarithm c spectrumis integrated between
"the log frequency range of -5 to | og(nyquist freq)
"over 19 equal intervals.



0 10
O 4 STEP 2

— o

IF 13 > 19 THEN GOTO 500

14 =12+ (13 =1) + (13 =19)
' Call subroutine transfer. Convolutes the transfer
' functions onto the spectral fornul ae

CALL TRANSFER
"It will be assuned the nSwt = nSwgq = nSwc and

' nStt = nSqq = nScc, which

' is valid according to nmeasurenents by Anderson et al.
over oak.

integration with Sinpson's rule

' Sn = (h/6)[fO+fn+2 sun(fi)+4sum(fi-.5)]

S1=S1+14* G *W
S2 =82 +14* XR*W
S3=S3+14* G * UW
S4=S4+14*A*TT
S5 =S5 +14* &G *TT
S6 =S6 +14* G * W
S7 =S7 +14* G/ * WV
S8 =S8 +14* 8B * W
S9 =S99 +14* @ *TT
S10 = S10 + 14 * GIO * W
S11 = S11 + 14 * G111 * TT
' S12 = S12 + 14 * Gl2 * PP
S13 = S13 + 14 * gx * TT

LPRINT USING IMAGES; n; G, &; (3, A, &b, 6, G/; &B; X@¥; Glo; aGl1

WRITE #1, n, G, &, &, H, &, &, G, &, P, GO, Gl1

n=n?%*LF

NEXT 12
NEXT 11

'compute transfer functions

500 S1=C/ sl
S2 =C/ S2
S3 =C/ S3
S4=C/] &4
S5 =C/ S5



S6 = C/ S6

S7T =C/ S7

S8 = C/ S8

S9 =C/ 9

S10 = C/ Si10

S11 = C/ Sl11

S13 = C/ S13

LPRI NT ""

LPRI NT " SPECTRAL AND CO SPECTRAL CORRECTI ON FACTORS"

LPRI NT " WIr WO Uuw TT QQ uu WV WCO CCO
WCC ccc!

LPRI NT USI NG " #. ### #. Hit# H#. HHH  H.OHHE HHEE H#. HEH #. HHt#  H#. HHH
#. HitH #. #H##"; S1; S2; S3; S4; Sb; S6; S7; S8; S9; S10; S11

LPRI NT ""

END

SUB SPECTRA STATIC

conputations for tenperature sensor tine constant

'TC=DL/ (1 + 4.9 * (SQR(DL) * U) ~ .45)

TC = D1

TC = TC * TC

uc
uc

conpute time constant of sonic anenoneter

D2
uc * uC

‘square time constant of electronic RC filter

VC = D3 * D3

C = 4.115

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16

[cNeolololoNoNoNeNe]

[cNeoNoloNoNoNo)

initialize correction factors, S



| owest frequency, log(N = -5

n = .00001

LF = 2. 073

coefficient power, 5/3

B = 1.667

IF ZL >= 0 THEN GOTO 10

conpute coefficients for spectra under unstable conditions

' nSw(n) = (f/(1+5.3 f~1.667) + 16 f x1/(1+17f)~1.667) CW-1

nSuu(n) = (210 f/(1+33f)~1.667) + f x1/(x2+ 2.2 f~1.667) CU -1

X1 = (-ZL) ~ .667

' (z/zi)~(5I3)

X2 = (.001 * z) ~ B

CW= .7285 + 1.4115 * X1
CU=19.546 + 1.235 * X1 /| (X2 ~ .4)
GOTO 20

10 ' conpute spectral coefficients fromKaimal for stable conditions
normal i zed cospectrum form for heat and nmonmentum transfer

' nSwx(n) = f/(Aw + Bwx f~(2.1))

" A

X1

.285 * (1 + 6.4 * ZL) ™~ .75
Auw

X2

124 * (1 + 7.9 * ZL) N .75

Sxx for x=T,w and u

" 'nS(n) = f/(Ax + Bx f~(5/3)
Coefficients for stable conditions
A

X3 =.0961 + .644 * ZL ~ .6



Au

X4

X5

Bwx for x

Bx for

Y1
Y2

X=
Y3

Y4
Y5

20 END SUB

.838 + 1.172 * ZL

T,w and u

3.124 /| X3 ™ .667
3.124 | X4 ™ .667
3.124 /| X5 ™ .667

SUB TRANSFER STATI C

constants

omega, 2 pi n

w=6.283 * n

wavenunber, n/u

NU=n/ u
' 2 pi nlu
W =w/ u

W
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[cNeoNololoNoNoNeNe]

omega squared, (2 pi n)”"2

w* w
acqui sition sanpling transfer function

=0if n>ns/2

1 +(n/(ns-n)"b if n <= ns/2

>= NS / 2 THEN



Gl1
Gl2

0
0

'goto end of sub

GOTO 250
END | F

" Tranfer function for sanpling and accounting for
the ef fects of aliasing.

if n < ns/2

' G =1 +(n/(n-ns))"3
X=n/ (NS - n)
ga =1+ X* X* X

gain function for the digital filter |low pass filter
' Gd(n) =2 pi ntau/(1 + (2 pi n tau)~2/alpha)”.5

G =1

' &=1 for 1/2 pi n > tau, ie DC
X =w* DC
ALPHA = EXP(-1 / (NS * DQ))

"test if 1/n < tau and apply filter to higher
' freq. contributions

IF X < 6.283 THEN

DX = X * X

G =X/ ((1+DX) / ALPHA) ~ .5
D IF

- m
Z

' NO DC FI LTER APPLI ED
G =1

El ectronic filter transform

" (1 + (2 pi ntau)nr2)”r.5

e
ey

w * VC
1+G6G/* G/

'"'no filter is applied

Gv =1

Cospectral Transfer function of data acquisition system

Ga is the sanpling rate and aliasing transform
' & is the digital high pass filter transform



as applied for nean renoval.
Gv is the electronic filter transfor

gx = ga* G@D* GD* GV * G/

first order gain for dynam c frequency
response of tenperature probe

' G n) = TR(n)"-.5
' TR(n)

tr = (1 +W * TQ ~ -.5

1+ (2 pi ntau)”2

first order gain for dynam c frequency
response of residence tine in closed path irga

' G n) = TR(n)"-.5

' TR(n) =1 + (2 pi n tau)"2

cr = (1 +W * D5 * D5) A -.5

"First order gain for dynam c frequency response of
' anenonet er
ur = (1 +W * UQ ~ -.5

Transform function for |ine averaging scal ars

" Tp(n) = 3+exp(-x) - 4(1-exp(-x)/x)

x =2 pi f, f =n plu

for the hygroneter

ap = 1

X =W * PQ

IF X > .02 THEN

Y = EXP(-X)

gp =3 +Y-4* (1-Y) [/ X
qp = gp / X

END | F

' for the u conponent of the sonic
up = 1

X =W * PU

IF X > .02 THEN

Y = EXP(-X)

up =3 +Y-4* (1-Y) [/ X
up = up / X

END | F

for the w conponent of the sonic



transfer function for lateral and | ongitudina
separati on between a sensor and w.

for the tenperature sensor

> .01 THEN
EXP(-9.9 * X ~ 1.5)
F

Qs
X = NU* XQ

IF X > .01 THEN

QS = EXP(-9.9 * X ~ 1.5)
F

m
Z
O

for the open path CO2 sensor

XCos =1

X = NU * XCO

IF X > .01 THEN

XCOS = EXP(-9.9 * X ~ 1.5)
END | F

for the closed path CO2 sensor

CcCs =1



710 '

X = NU * XCC
IF X > .01 THEN

CCS = EXP(-9.9 * X A 1.5)
END | F

for the u conponent
Uus =1

X = NU* XU

> .01 THEN
EXP(-9.9 * X A 1.5)
F

IF X
Us =
END

Conmput e fluctuation danpening via sanpling thru a tube

CCD = EXP(-.021 * w* w* RAD * RAD * XL / (DCO2 * UL))

conput e the gains

GL =gx * TS * SQR(WP) * tr

& =gx * B * SR(W * gp)

& =gx * US* SQR(WP * up) * ur
A =9gx * tr * tr

G =gx * qp

G =gx * up * ur * ur

G7r =gx * W * ur * ur

& = gx * SQR(WP * cop) * XCOS
D = gx * cop

Gl0 = gx * SQR(WP * ccp * CCD * cr) * CCS
Gll = gx * ccp * CCD * cr
Gl2 = gx

conput e spectral estimates at each discrete frequency, f

F=N* z
FL=F "B
IF ZL <= 0 THEN

" if unstable conditions goto 710

nSw(n) = (f/(1+5.3 f~1.667) + 16 f x1/(1+17f)~1.667) CW-1

X1 = (-ZL) ~ .667
X2 = (.001 * z) B
WV=16 * F* X1/ (1 + 17 * F) ~ B

W= WV+ F/ (1+5.3* Fl)

" nSwt (n)

' 12.92f/(1+426.7 f)~1.375, f< 0.54

' 4.378f/(1+3.8f)"2. 4, f>= 0.54

IFF > .54 THENW = 4.378 * F/ (1 + 3.8 * F) ~ 2.4

IFF<.54 THENW = 12.92 * F/ (1 + 26.7 * F) ~ 1.375



"It will be assuned the nSwt = nSwg = nSwc, which
' is valid according to nmeasurenments by Anderson et al.
over oak.

IF F >= .2 THEN

UW=12.66 * F/ (1 + 9.6 * F) ~ 2.4
TT =6.827 * F/ (1 + 12.5* F) ~ B
END | F

IF F < .2 THEN
Uuw=20.78* F/ (1 + 31 * F) ~ 1.575

TT = 14.94 * F/ (1 +24* F) ~ B

It will be assuned that
' nStt = nSqq = nScc, which is valid according to
' neasurenents by Anderson et al over oak.

END | F

nSuu(n) = (210 f/(1+33f)"1.667) + f x1/(x2+ 2.2 f~1.667) CU -1

W=210*F/ (1L+33*F A"B+F* XL/ (X2* 2.2* Fl)
Ww=uw/ U
VWV = WV / CW

ELSE

'stabl e conditions

' nSwx(n) = f/(Aw + Bwx f~(2.1))

' nSxx(n) = f/(Ax + Bx f~(5/3)

F2=F~" 21

WE=F/ (XL + Yl * F2)
UW=F/ (X2 + Y2 * F2)

TT = F/ (X3 + Y3 * Fl)
WV=F/ (X4 + Y4 * F1)

W =F/ (X5 + Y5 * F1)
END I F

250 END SUB



