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FINAT, REPORT

CULECTING AD PRCCESSING OF MICROMETEOROLCGICAL
DATA FOR THG SPRING, 19267, COOPERATIVE
FXELD EXPERYMENT AT DAVIS, CALIFORNIA

l. INTRCGDTCTICN
The cooperative field experiment is under the direction of

and sponsorad by the Heteorology Department of the U. S. Army

Eleatronica Rasearch and Development Activity, Fort Huachuca,

Arizcnd.

1.1 gbigghive. The program is a collective and coordinated
field study with the objective of gathering together instrumanta-
tion for tho measuremaznt of momentum, sensiple_haat and lateat
‘heat fluxes in the surface layer of the air, to colleét
camy;ahensive sota of data during two or three weeks of
cencentrated activity and to make conparisonz between the

resulis obtained by the saveral syetoms.

1.2 %ole of the Renaptment. of Motcoreloqy, Universifty of

Nisconsin. #lanning for the Cooperative [Mield Exparizeont

at Davis, California began afier the April 1856 meeting of
the contractoxs for the Metecorolcyy Department (USAERDA}.

It was decided that thg_Univarsity of Wisconsin, Depariment
of ﬁmteorolcgy'would conttibute hest by making profiles of
rean windspeod, wind divection, air tomperature aad moistura
at three sites arcund the othex instrqmenta on the Davis gite.
Gne of the purposes would be to detexmine, if possible, hcw

represantative the site actually ia.



pdditional measurements to be made by the Univefsity pf
Wisconsin, Department of Maoteorology would be net radiation
and goil heat £lux so that the flux of sensible and latent
heat to the atmosphere:could ba dotermined.
1.3 Theoreticpl Guidance. ‘Detailed windspeed, wind direction,

air temperature and moisture profiles located on a small unifoﬁn'
arca lend themselves to analysis in ways which ére selden
attenpted in micrometeorolegy. The cowbination of windspeed
and direction profiles at three points allows for the estina-
tion of divergence of velocity and momentum over the small area.
If these results should prove relizable then the divergence of
sensible and latent heat can be aeatimated. Only very limited
 aata is available in the lita-ature from which estimates of the
divergence of velocity, momentum and sensible and latent heat
may be made for small areas. |

The nodification of the windspeed, air temperature and
molsture profile as ths ailr moves over the aite from one mast
to another can be estimated. This provides a maasure of the
representativeness of the sita.

Cther partlcipants in tho field experlmcnt woutld be
moasuring such items as surface stress, sengihlg heat flux 2
and latent heat flu. The heat budget would usge tlhe Bowan
ratio technique for determining the fluxes of sensible and
latent hoat. The basic heat budget equation at the earth's
gurface is | | |

RO = So + Qo + Zo + Po



-

where Ro = net radiant energy received at the earth’sz surface,
So = heat conducted into the soil and grass, go = sensible
hoat £lux to the alr, Ho = iatent heat flux to the nir and
Po = heat flux reguired for photo chemical procebsem, which
will be neglected. Ro would be neasured by anet radiometers
and So by soil heat flux plates at each mzst site. Qo and §9~.
can be estimated by assuming that the eddy diffusivity for
seneible and latent heat are the same. The Bowen ratio Br
is equal to Qo/Eo and, if the eddy diffusivities for sensible
and latent heat ave the sams, Br = constant times (9/az) / (dg/dz)
where d6/dz is the potential temperature gradient and dg/dz is
the specific humidity gradient at the same height above the
gurface. The air temperature gradient and specific humidity
gradient would be measured at each mast site so that ccmpaxi-
song might be made between the three gystems and a more reliable
value for the average of Qo and Eo would be available for
ccmparison with ogher ingtrument sysotems.

Eztimates of-ZYB the surface stress or V* = (2?;4/0)h
where V¢ is the friction valocity an@,/’ the air density may
be obta?ned from the wind and air temperature profiles. The

basis equation to be uzed is
v = vr kL (In(1+2/20) + @v )

where k = 0.428 the karman constant, z is height above the
surface, z. is the roughrness parameter for the suviace and
_f?; is the integral diabatic influence function which is a
function of stability departures from adiabatic conditions.



Proa the windspeed, air temperature and moisture profile
it is possible to estimate the sensible and latent heat £luxes
by the aercdynamic methed which will be nearly independent of
the hext budget method mentioned above as neither the net
radiation or soil heat flux will enter into the equations.

Several wind vanes located on each mast would be used to
determine if the wind direction is constant with height over
the entire profile so that it can more safely be assumed that
V*, Qo and Eo are constant over the profile. Tha abovelassumption.“3
is essential to tha_aerodynaﬁic method of estiﬁating v¥, Qo and o
Eo utilizing all levels ofiprofile measurement.

The divergence estimzates over the area encompassed by the
three masts would yield an estimate of the mean vertical velocity
at the top level of the masta. To check this estimate it would
be desirable to have an'independent measure of the vertical
velecity. The vertical momertum transport would also be desirable.
Therefore, a supplemsntary measure of the instantancous vertical--

and horizontal velocity would be made at the level of the

uppaermoct anemometer.

P ._J_;B}‘;;'_.’_RUI;R?.‘MS AND RECORDING

rhe field sites were located by Mr..Dave Morgan of UCD,
Davis, Ca;ifornia bésedlon zn equilateral triangle 100 meters
on a side, oriented so that two masts were 50 m gouth and north
of the Davis 20 m tower and the third mast was directly west
_ of the Davis Tower and 100 m from the other two masts. The



Wiscensin masts were well within the field site, yet enclosed
all poscsible sites for other instruments. Fig. 1 gives the '
field laycut and tﬁo correzpording mast numbers which will be
referred to in the data.

Space at the University of California, Davis, field site
was not available for housing equipment or to serve as a wori
area. A 7 £t x 9 £t x 7 £t high hutment was obtained which
would fit on a 1% ton stake truck that cculd be rented from
the University of Wisconain car fleet. The hutment was wired
to servae as the recording shelter. A tardem trailer towed by
the truck was uged to transport equipmant to Daviuo California.

At Davis, Califormia the hutment was removed f£rom the
truck and placed beside an cbatructicn which was already
present on the east edge of ghe field site, so as to minimize
the disturbance to the field. The trailex, which was parked
Eeside the hutment, served both for storage and as a work area
during the week of inclement weather present prior to the
start of the field experiment. | N
2.1 Windprofile. 'The.factqrulimiting profile meuacurements
was that only 29 ancmometers were available (including 7 loaned
by Dr. C. B. Tanner, Dopartment of Soils, Univeraity of Wisconsin).
Since three masts were the minimum'vhich would provide an area
qover;ge~a:ound other iqatallations,‘qinqllayqlq_of wind measure-
ment were made at each mast }egv@nglywo apemqmgters.as spares.

The heights selected were 20, 40, 80, 120, 160, 200, 240 and
320 cm. The wind vanes were initially installed at 40, 80, 160,

240 and 320 cn.
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The wind speeds for profiles were measured by 3 cup

Thornthwaite anemcmetera using a recording system descriked
- by Stearns (1967). During each revolution of the cup a photo
cell is eclipsed from a light bulb by a shutter. The photo
cell resistance change is amplified operating an electro-
mechanical counter. The counters were photographed once each
minute and the counts for 28 minutes out of each 30 minutes
were noted commencing cne minute after the hour or half hour
and stopping one minute before the half hour or hours.

| After the field exporiment the ancmemeters were compared
to each cther in oxdar to establish their relative calibration
factors. The anemcmeters were mounted 12 at a time 50 cm
apart on a hqrizcntal_bar two meters above the water on Lake
Mendota. Comparison runs were made when the wipd was within
+ 30 dog:ees‘of being normal to the bar ugﬁil 3,000 or more
counts hedé becn reylotered for all anemometers. Then the
ancmometexrs wers ghifted one positicn along the bar with the
anemometer on positicn 12 removed and cne added at position 1
until allAanamomzte:g‘had been run at all positions on the bar.
A total of 34 ruas woze recuired as occasionzlly one anemcmeter
was not cperating properly. Table 1 presents the resulting
correction factor for each anemcmeter and the standaxrd deviation
of the correction factor for the comparison runs.

The average correction factor for each bar position and its

standard deviation is presehﬁed in Table 2. This wac calculated
frem the correction factor for each anemcmater on that position

and the average is the average of the correction factors for

evary ancmoreter.



2.2 Tepeerakture ¥ Frofile. Air temperature differences betwoen
levels were measuxed by 10 junction thermopiles. Each thermo-
piloy was encased in a 5 mm dia aluminum bulb 10 cm long
guysorted on a stainless gteel tube. The bulbs were shielded
g-om direct solax radiation by two concentric tubes covared
with aluminized mylar on the cutside and painted flat black oa
the inpide (Stearns, 1567). The resulting time constant of the
thermopiles was about 2 min when ventilated 5 m/sec by a blower.
The absolute value of the air temperature was detarmined by
measuring the temperature difference from an ice bath to the
20 cm and the 320 cm level with two junction thermopiles. Since
this signal normally was mOre than the amplification range of
+ 1 mv cculd handle, the difference between the thermopile
utputs and a milli-volt bias scurce equivalent to about 18.5°C
was amplified and recorded. The temperature at 20 cm and 320 cm
was determined by adding the recorded @ignal to the milii-volt
gource then the voltage was converted to a temperature difference
relative to zero deg C. Then ths temperature at the next level _
was founé by adding the temperature difference measuzed by the
10 junction thermopiles from the previcus level. Finally at tha
320 cn level two air tempexr atures were available for ccaparisons
cne moasured by surming the differences in temperature between
ecach level and the other from the two junction thermopile going
from the ice bath to 320 cm toking into account the bias source.
The air temperature data on Mast 1 was recorded omce each

minute cn Mast 2 and 3 twice each minute.



Table 1. Mean and standard deviation of the anemometer correction

factor obtained by comparison of 12 anemometers at a time on a

horizontal bar two meterxrs above the watef of Lake Mendota

during June and July, 1967.

varjabilifty dues to the differences in bar position.

ANEM. a
NO, RUNS

2 1

12

3 12

4 12

5 12

— 6 12

T 12

8 12

9 9

10 12

1i 12

12 11

13 11
14

15 12

MEAN

0.927 °

0.995
0.997
1.010
1.038
1.011
1.019
1.023
0.995
0.989
2993
0.959%4
1.701

1.0.26

STANDARD
'DEVIATION

0.00¢&
0.00¢&
c.017
0.008
0.011
0.002
0.C04
0.015
0.005
0.004
0.002
0.016
6.011

N 0\0014

ANEM.
NO.

16
> 17
18

—

13
20
21
22
v 230
24
25
26
27
28

L7729

RUNS

12
12
12
12
12
12

11
10
1X
11
11

- 10

8

MEAN

1.001
1.028
0.997
0.980
0.992
0.95%

[.ov®
‘000
6.995

-1.008

0997
(1.981
1.006
C¢.979
1,006

The standard deviation includes

STANDA!'D
DEVIATION

0.012
0.01€
. 0.012
0.011
0.007
0.008

0.C1l1
0.C11
0.016
0.011
0.0:3
0.011
0.003

-
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Table 7. The mean and standard deviation of the correction
factor for each position on the comparison bar obtained during
© June apd July, 1967 over Lake Mendota. The positions are

nunber :d £rom right to left facing the wind.

B suprss deaw  SIARRSD BAT' shwenss MEAN  Druravrow
1 27 0.992 0.021 7 24 1.004 0.024

2 26 0.994 0.021 8 24 1.007 0.023

3 27 0.998 0.021 9 24 1.005 0.023

4 27 0.999 0.022 10 23 1.007 0.020

5 - 27 1.001 0.022 11 25 1.000 0.021

6 27 1.006 0.023 12 25 0.990 0.025
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2.3 HMeisture Progilé. The difference betwecn the air tempoera-
ture and tha wet bulb temperature was meacured by a two junction
thermopile at each of ﬁhe nine levels on each mast. Two aluminum
bulbs 0.5 cm in diaﬁeter and 5 cm long were gupported on plexi-
glacs tubing. One aluminum bulb was covered with a wick moistened
by distilled wator fed by capillary action from a 250 cc reservoir.
The two juncﬁion thérmopile rneasured the temperature difference
between the wot and dry ﬁﬁibs. The unit was loccated in the
supporting pipe for the air teﬁperature probleq.and ventilated

by the same blowex.

The output of each wet-bulb-depression thermopile was
gwitched and recorded at nearly the same time as the air
tenperature at the same level during the first half of each
minute.

2.4 Wind Direction. Wind direction in the very lowest layers

of tha atmosphere hes been tco oiten ignored. Although very
conservative under lapse conditions, wind directional”changes
with height during stable conditions are known to ba qui.e
gignificant (Dalrymple, 1667). To rewmedy this probler. the
wind direction was rmeasured at five lavels on all trses masts
to detcrmine if measurable changes in wind directica occur
over the profile height.

*Tha signal from the potentiometer was passed through a filter’

with a 2 min exponential time constant. It was then amplified,
digitized and printed on paper tape.



Fifteen small wind vanes were designed by Debberdt and
Stearns and fabricated at the University of Wisconsin Mechanician
Shop. The high-aspect-ratio aluminum tail was counter-balanced
by & streamlined bragss ncae. The vertical shaft was mounted
in sealed-ball bearings and coupled to a one-turn, high resolu-
tion potentiometer.® Although né individual calibxations have.

as yet been made, the wind speed response thrcshhold is in the

neighborhced of 1 m soc T,

In the field the vancs were mounted one meter upwind and
50 cm to the left of the vertical mast structure so as to

minimize possible interference.

The calibration procedure was as follows: three distant
targets were selected the true bearings of which wﬁre known;
each vane was then sighted on a target for 10 to 15 minutes,
racqrdedp and calibration curves constructed for each wind vane
frcem the three sightings. It was later determined that fu#ther
refinemeonts were necesgarye. The.assumption was then made that
the wind direction was constant with height at each mast du;}ng )
strong lapse canditiona. the average departure of the wind
dircoction of each vane from the mean direction over the mast
during these periods wes used as an additional correction factor.
2.5 Mngt Construction. Tha use of three separate masts for
wmounting the gensors, for windspeed, direction, and air temperature
and moisture was rejected in favor of one mast which supported
all elements. On a central mast made of a two inch aluminum

pipe three meters high a horizontal arm oae meter long was

mounted at each level which would support the sensors. At the



end of the supporting arm a one meter long horizontal crcss arm
was welded to the arm. On the left end of the croaspicce the
wind vanes were mounted and on the right end of the crogspiece
the anemcmeter was mounted. The air temperature and moisgture
sensors were in the center above the supporting arm. The center
of the anemcmeter cup, the center of the air inteke nozzle for
air temperature and wet bulb depression, and the center of the
wind vane tail are at the éame level. The mast was'supported
on a base by four guy wires and could be turned menually so
that the sensors would bs directed into the wind.

The height to each level on the mast is given in the
program for the reduction of printer output in Appendix B,
C and D already corrected for thg height error given at zerxo

distance from the maat in Table 4.

2.6 Radiation Moasurements.. At @ach mast total ghortwave

;ncident radiation was detected by an Eppley pyranometer and
recocrded cnce each_yinute. The net radicmater, due to' its
ghort rosponse time, was sampled four times cach minute at about
15 sec iatervals. _

Ths net radiometerlyentilation was balanced by shielding
the sensing elcment from external radiation by a caxdboard
tube large encugh not to restrict the air flow. Then heat was
applied to each gide of the sensing element while the cutpat
wag monitored by a D. C. amplifier with meter output. ‘The
veptilation was adjusted until the application or removal of
the heat did not change the output signal. The radiometer was
leveled_according to a bubble level placed on the upper sensing

suriacea.



Mast 2 Mast 1

Mast 3

-14~-

Table 4 Height in cm to be subtracted from zero of mast height
£o obtain the height of the anemometer above the surface at
distances 0 - 9 meters from the mast in the indicated direction.

The surface reference is a % in. mast screen one foot square
resting on the grass.

Distance from mast (meter:)

Direction "0 1 2 3 4 5 5 7 8

South 1.1 1.3 4.4 5.4 6.5 10.0 11,0 12.1 12.5
Southwest 1.1 ~0,1 3.5 o Be7 8.4 1l..5 11ll.3 13.5
West 1.3 0.9 4,7 6.5 8.1 9.1 1l0.7 10.4 11l.1
Noxthwest 1.0 0.5 3.8 6.5 6.7 8.9 1l..5 11l2.5 11.0.5
South -1.5 1.6 2.4 6.2 6.3 8.3 .2 9.0 8.8
Southwest -3.0 <1.3 0.5 0.2 3.7 3.5 1e3 6.1 5.7
West -3.1 =2.3 0.1 3.1 4.7 6.0 1l:.3 11.9 S5l
Nbrthwest -0.8 -1,1 <-0.3 0.9 3.0 4.1 5e2 6.7 -13.1
South -0.1 2.0 4,6 5.0 4.9 6.0 7. 8.6 7.4
Southwest 0.4 1.0 3.2 4.0 5.6 6.8 .2 10.2 S.2
West -1.0 0.6 4.2 5.0 6.5 8.0 10.8 10.8 10.2

Noxthwest 1,2 0.0 - 1.5 2.6 2.9 5.5 £E.5 6,0 7.0

14.3
14.4
12.0
13.2

10.1
12,2

3,2
12.9

7.2
11.2
125

8.6



calibration of the net radicmeter was done in comparison
to the Eppley pyrancmeter recorded at the same mast. Thé
pyrancneter was shaded for five minutez by a 6" by 12" plece of
sheet metal covered with aluninized mylar and mounted on the end
of a 10 £t piece of electrical conduit. The conduit was mapually
held in a vertical position so that the shade shadow would £all
on the éyrancmeter element. After shading‘the pyrancmater;the
net radicmeter element was shaded in a gimilar manner for one
minute then the shode was shifted slightlg,so that the shade
ghadow was on the ground balow the secnsing elemant but not on
the element, for cno minute so that the effect of the ground
ghadow on the net radiomoter could be determined.

The calibration was carried cut whenever the cky was clear
and tha sun vas shining during the 1atter half of each hour
pericd. The three sets of radiation instruments woere calibzrated
in 30 minutes. During three days only four opportunities were
available for calibration of the net radicmeters.

2.7 Soil Heat flux. The soil at the Davis field gite wag

covered with a mat of rocts, dead grass and other debris wnich
made a layer of uncertain ccmposition and thickness. There
was little point in putting soil flux plates in the soil itself
because they obvicusly would not detect the actual heat flux
into the surface. EBacmuso of uncertainties about the thermal
contact bstween the litter and the flux plate the calibration
of the flux plates in terms of actual soil heat flux will be
vory uncertain (Fhilip, 1961), however, the saving feature is

that the soil heat £lux should be a amall portion of the total

~e=fnrm heat budget.
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Three 100 junction soil heat flux plates were used at
each mast location and recorded separately. The plates were
placed in the gurface litter by cutting a slit a few centimeters
deep, then a horizontal slice was made abcut 1 cm kelow what
appeared to be the top of the litter and the fiux plate was
placed in the glice and the litter pressed dcwne. Since the
litter was stiff a gallon Or 30 of water was put on the litterxr
over the flux plate SO that the litter would be softened and
make better thermal contact with the £lux plate. Very few
actual soil partlcles wexe present in the litter.

Tho three soil heat flux plates at sach mast were recorded
thrcugh the suitch~amplifier~digital voltmeter-printer systen.
2fter the data was on punch carda the raw values were plotted
23 a function of time for each of the individual flux plates.
Examination showed which plates were operating uniformly in -~
the expected proper phase with respact to the solar forcing
function and not exposed to solar radiation filtering through B
the litter. The flux plates which gscecmed to be operating properly
were used to dotermine the goil heat £flux using a calibration
fauctor of 3.9 mv 1y'1min- This was arrived at by agsuming that
the thormal conductivity of the litter was about 0.1 of the
flux plate which would mean that the flux plate would indicato
ebout 1.2 times the heat flow that was actually taking place
if the thermal contact were pexfect. Then 1t was assumed that
the thermal contact was 79% of perfect thermal contacte.

(Philip, 1961), (8tearns, 1967) . The resulting calibration
for the soil heat flux plates with 100 tharmééjunctiona was
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3.9 mv 1y'lmin which was the value used in processing the data
for all three masts. It could be in error by as much as f 25%.

2.8 Soil Hont Flux and Temperature Profila. In view of the

effort that was being put forth at Davis, Californin, it was
felt that it would be worth while to make a detailed study of
the soil temperature and heat flux at each of the three mast
cites. Three systems were constructed for burial at Davis,
California, and in Maxrch 19567, a trip was made to Davis to
bury cne system at each of the mast sites. The soil was wet
and after one system was rather poorly buried at mast 1l it was
believed that it would not be worthwhile to bury the cther two
gystexnc as they were unlikely to be succeszsful due to the
tendency of soll to ball. The installaticn at mast 1 left
mach to be desired.

An examination of previous data frcom the Davis site showed
that the amplitude of the diurnal varia;ion of the scil
temperature at =32 cm would ba about 0,4?@ which was selected
as the greatest depth at which measuremants would be made. The
13 positions available for recording the soil temperature and
heat flux profile limited the number of points in the goil
to six. The depths gelected were =1, =2, =4, -8, -16 and =32 cm.
A dcuble system was ccnatructed so that a failure in onc side
after burial would not cause the exporiment to fail. It is very
unlikely that both systems would fail at the sawma leval.

Two junction thermop%}gs were used to measura tha temperature

difference betwean adjaceant levels. Aluminum tubes one-eighth
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inch in diameter and 30 cm long were uzed ¢o house the junctiona
which were insulated and spaced about three centimeters apart
near the midpoint of the tube. Two tubkes were uscd at each
depth spaced two inches apart between the inner edgec. Thus
each row of tubes resulted in a ccmplete temperature profile
and were held in place by two plexiglass sheets drilled for the
tubes and located at each end of the tubes.

) The flux plates were constructed of microscope slides 2"
long and % wide upon which 60 turns of No. 36 congtantan wire
waere vound. The tuzna'ﬁere copper plated to the midpoint of
the flat side of the plate resulting in 60 thermojuncticns
wihich weuld measure the temperature difference across the slide.
The plated slides were coated with glyptzal varaish to improve
the thermal centact betwaen the glass plate and the thermo
juncticns and to insulate the thermo junctions fxrom the soil.
Each plate was checked by immersing the piate in water then
measuring the resistance between the water and the plate.after
lecada had been coldered to tha outer constantan turnsin order
to be sure the plates were well insulated electrically. Ths
flux plates were them glued betwcen the two aluminum tubes
houeing the tharmogduplga..qq“that_bpth golil temparature and
heat flux would be at the same leval. To partially compenscate
for the decrease in soil heat flux with depth more individual
flux plates were used at greater depths as follawp: -1l snd -2 ca
depth -four plates, -4 and -8 cm depth - 5 plates, -16 and -2 cm
depth'- six plates. Distribution of the plates along the |
aluminum tubing was adjusted so that the plates were not aligned
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in the vertical. It was believed that the stmggered distribution
plus the small size of the plates would mininmize the hinderance
to tha vertical flow of water. Two separate 1eada were brought
cut for each flux plate so that if cne plute were broken the
ccaplete set of measurements at that level would not be disrupted.
Two thermo junctions were brought out from tha ~32 cm depth
from eaéh gide to a refercnce bulb and similarly frcm the -1 cm
depth so that if there were a complete disruption of the syctem
at one level in tempsrature it woculd ke ﬁuasible to work down
and up to that level from the two sets of reference junctions.
Prior to recording the =oil heat flux and temparature profile,
each itcm was checked to see if it was operaticnal. One set of
thermocouples were open but the £lux plates all were operating
in a roascnoble manner except for some leakage to the soil.
The thermopiles from the separate systems at each level
were connected in parallel for recording. The flux plates

at one leval were connected in series for recoxding.

2.9 Bivane and Vertical Anemometer. A Gill bivans with
propeller ancmometer was mcunted at the 320 cm height near
mast 1. About 2 m awny & Gill vertical anemometer wos mounted
at 320 cm together with a set of fine wire thermocouples for
air toemperature measuremont which was roferencaed to an ice
bath lezs an adjustable bias voltage, which could ba changed
as the'gir tempsrature changes s0 that the fluctuations cnly

wore amplified substantially.



Thiz horizontcl anrd vertical angles of the bivane, the bivane
vropalliar, the vertical anemcneter and air temperature were
individually amplified to permit ranga-changing aznd reccrded

-

an & Visecorder 14 Channel ogcillograph at a chart spead of
3%/min. A filter of 5 sec exponential time constant was placed
in each cutput in oxder to smooth ocut the high frsguency
componeriis.e This would gerve to give zll systcms tiie gome time
conctant. as all are hormally quite different.

Ta: oatputs will ba used to determinae the vertical velccity,
wumentur and sornoible heat transport. This will reguirae »reducts
which have centributicns at fregquencys higher than 1/5 hz but
whis corntributicn weuld be lost. The irndividuzl tima constants
ara such that the actual contrikuticnz of the predusts would be
uncertain 12 the £ilter wasre not used.

Eragomyra Cradient MHeaguvremsent. Cne term which is always

Eeer 3

Ol

o

(3

miscing in micrometecrological measurements is tha horizontal
prezsure grodient at the eartihi’s surfece. An estim=te can be
made by 3lacing micrebarographs tens of kilemeters apart but the
puor recienge time of the instrurents and their inherent error
ol 4 0. b in zhsolute pressure limit their use for determining
soall scals: prescure gradients,

&n attonpt wvas made o make 2 measurcmant of the horvizontal
presgure gradlenic batwvecn the three masts at thae Bavis site.
Three sniw saucers were mounted cn and scaled to a wood bace
which his a 0.50 inch pipe fitting. Four holes 0.25 inch in
diamater were drilled arcund the saucer dome. GCnc dome Was

placed in the soil at eack mast zo that only the dene auitended

ihoie the soil surface.
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Plastic water pipe of 0.50 inch diameter was connected to:each

dcme leading to the reccrding shelter where a solenoid valve

switching arZangement ccnnected the pipes to a Statham differential

pressure gauge with a range of + 3000 dynes/bmz for + 10 mv output.
Recording was on @ 0 to 2.0 mv Honeywell recording potentio-

mater. The cycle of the pipe switching was as follows: the .

pressure difference between magt 1 and 2, mast 2 and 3, mast 1

and 3, and the gaﬁge zero. Tno gwitching system for the solenoid

switches was triggered evory 2.4 sec by the main switch so that

6 cycles ware obtained each minute.

0 2.11 Ewitching, 2wnlifying and Recording. At each mast was

locatzed a svitching and amplifying box which was buried in the
ground so as to provide the minimum disturbance to the wind flow
plast the mast. The switch was a 24 position eigbht deck unit
arrangad so that two decka were used to switch each terminal

and two terminals were used (one for each sidae) for every element
which was reccrded. The output of each channel was fed to a E
Sanborn 83875 Alfferential amplifier thon to a Hewlett Packard

405 digital voltmeter. Both channela for each mast were

rccorded on cne Hewlett Packard digital printer. Three systoms
were used, one for each mast. A total of 144 items could bs
recorded each minute. ' _

All switches wére atepped every 2.4 sec by a mastor clock
then 1.8 sec after switching the digital veltmeters were
triggered and the digital output was recorded cn thg printer.
After 24 poszitions had been stepped; the uni;s ware quiet for
2,4 pec until the 1 min clock turned the stepping mechanism on

for the ncxt cycle. Table 3 gives the recoxding order.
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Table 3 - Recording oxder for Mast 1, 2, and 3. Wet bulbs,
scil hea: flux, net and solar radiation were not recorded
until May 2, 1967. On May 2 the 40 cm, wind vane was placed
at 200 cn and positions 13 to 24, Channel 1, were used for
the soil “emperature and heat flux profile on Mast 1.

Switch tem - éhannel 1 Item - Channel 2
Position ' -

1 0.¢35 Millivolts ref. Short

2 Shcrt S 0.935 Millivolts retf.

3 Yce bath to 20 em temp. diff. Net radiation

4 40 ~ 20 cm temp. diff. 20 cm wet bulb depression
S 80 - 40 " i i 40 & o 5

6 120 - a0 " . " " go " " g i

7 l6C - 1:0 " = 120 ¢« = i "

8 20C - 1:s0 " " lgp » O 3 "

9 240 - 230 " " Net radiation

10 280 - 240 " & 20C cm wet bulb depression
11 320 - 2&9 " " 240 v " "

12 320 em tc¢ icebath tem. diff. 280 * = - N

13 -0.935 Millivolts reference 320 » » N .

14 Short Solar radiation

15 Ice bath to 20 cm tem. diff. Net radiation g
16 40 - 20 cm temp. diff. ' 40 cm wind direction

£7 80 - 40 " " " gy = = "
18 120 - 80 % " " 160 » " y
19 160 - 120 " e 240 * " "
20 200 - 160 " . 320 % v u
21 240 - 200 “ = Net radiation
22 280 - 240 o . Soil flux plate
23 320 - 280 " . " i i

N
[N

Ice bath to 320 cm tem. diiff.



2.12 Foppenings,.

Date

—iim e

4-15-67
4-16-67

4-17-67
4-18-67
4=24-67
4-26-67
4-26-67

4=~26-67
4-27-67
4~27--67

4-27-67
4=27-67
4-27-67

4-27-67
4=-27-67

4-27-67

4-28-67

4-28-67

Time

1301
2001-2129

2224
1131

1201-1301

1231-1259
1331-1352
1701-1959

1731-1929

1801-1929

- 2302-2359

0101-0231

0231-0259

Event

e

Rucsell Johnsen arrives at Davisg, Calif.
with truck, trailer and hutment.

C. R. Stearns and Tem Frostman arrxive
at Davig, California, car rented.

Start preparations for fisld experimént.
W:lter.Dabberdt arrives at Davis, Calif.
Ken MacKay arrives at Davis, California
Start recording wind profiles

Magt 3, 160 cm anemcmeter not working.
Bulb raplaced.

Rain began 80 rccording was stopped.

Recording started.

‘Mast 1, 240 cm anemcmetex aot workiac.

Bulb replaced.
Started putting wet bulbs on masZ 1
Finished putting wet bulbs on nast 1

Mast 2, 200 cm anemcmater not operatings -
Bulb rcplaced.

Fast 3, 120 cm ancemomster noi working.
Bulb replaced.

Moot 3, 200 cm and 230 cm an/mremetor
not working. Buiba roplaced.

Mapt 3, 80 cm anemcmoter not working.
Bulb replaced.

Mast 3, 320 cm anemometer rot werking.
Bulb ;eplaced,

Bias voltage on air temperature reference
ghorted out. Air temperaturs had bsen
off scala.



4-23-67

4-28-67

4-28=67

4-23-67
4-28-67
4-28~-67
4--28-67
4=30-67
5=2-67

5-2-67

5-2-67
5=2-67

5=2=67
5~-3=-67
5-3=67
5-4-67
5=5-067

5-5-67

0231-0430

0315

0731-0831

0830-0200
1101~-11591
1850

€530

0930-~1000

1000-1030
1130-1200

1500-1530

0930-1000

1231-14¢00

09230-~1000

02000200

0301-0359

Mast 3, 20 cm anemcmster not operating.
Bulb replaced.

‘Visicorder take unxzei plug shorted cut

tripping circuit bracker 2 cutting power
o clock and wind counters. Tims
thereafter is by Dsbberdt’s watch.

Mast 3, 40 cm anemcmeter not operating.

. Bulb replaced.
- Shorts on air texperature bias removed.

. Lining up wind vanes on mast l.

Stopped recoxding data
H. H. Lettau arrives at Davis, Calit.
H. H. Lettau leaves Davis, Calif.

Start recoxding

Shuded eppleys and anct radiometers
cn mast 1, 2 and 3.

Rocatnd masts to the northwest. Aligned

vanase.

' Shaded eppley and net radicmeters on

mast 1, 2 and 3.

Rotate masts to the scuthwest and aligmned
wind vanes.

Shaded eppleys and net radicmoters mast 2,
3, and 1. Photographer at mast l.

Mast 3, 40 cm ancmomoter misscing counts -
bulb changad.

Shaded eppleys and net radicomaters mast 1,
2, and 3.

Cbsexvaed mast 2 stepping switch was

mnissinge.

Misread mast 2 - 280 cm, Mast 3 - 20, 40,
80, 120, 160, 200 cm ancmcwaters.

\
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5~5=67 0550-0612 Switch off for all masts. Repaired
broken micro switch. Ncow makes 25 steps
per minute so every 25th cycle of data
will be removed.

5=~5-67 1200 Stopped recording.

5=5-67 1201 tarted diamantliﬁg equipment and
loading trailer and truck.

5-6=-67 Ruscell Johnscn started rotura trip to
Madison, Wisconsin driving truck with
hutment and tewing trailer. C. R. Stearns
leaves Davis, California

3. DATA RFDUCTION

The recording of data commenced at 1130 ECT on April 26,
1967 but the sequence was interupted at 2330 FCT on April 26,
1967 because of light rain showers. Rececrding commenced again
at 1130, April 27, 1967 and continued uninterrupted until 1830,
Aprll 28, 19267. The mocisture profiles, radiation, soil heat
flux‘and soil temperature and heat flux profiles were not in
orperaticn during the above recprding Periocds.

on April 26, 29 and May 1, 1967 the sdditional items listed
in the paragraph above were placed in opergtion. '

Recording commenced again at 0630 PCT, May 2, 196? and
ccntinued with only minor interruptions until 1200 FCT,

Moy 5, 196?. Cn the afterncon of May 5 the egquirment was
diamantlgdo the truck and trailer were loaded. On the morning
of May 6, 1967, the truck startgd for lMadison, Wisconsin.

Data was recoxded fcr.ahout 120 hrs. resulting in =about
6,000 28 minute windspeeds, 1,000,000 three digit numbers on
printed paper taps, 25 rolls of Visicordesr paper with five
traces which potentlally represent 2,000,000 three digit numbers,



10 rolls of Brown recorder paper representing another
173,000 potential three digit numbersz. The wind profiles
were photcgraphed once each minute and this data represents
a potential 195,000 three digit numbers. If all the data is
utilized in the nmaximum desired detall then about 3.4 x 106
three digit numbers were collected at Davis, California by
thc Depariment of Meteorolegy, University of Wiscongin.

3.1 Windepxofile Data Redugtion. The wind counts fox 23
minutes were recorded in a noteboock every 30 minutes. The two
minute time pericd allowed for reading the counters was
insufficient to allow for resetting the counters so it was
necesgary to subtract the previous reading fxcm the present
rezding in order to obtain the anemomoter counts for the
recording pericd. This operation was carried out after the
data was recorded providing a check on the operaticn of all
ancmorsters. Light bulbs burned out several times and these
were corrected usually im the next hour. 1@ missing data
wae filled in by tha ratio of the counts for the anemcmoter
above and belcw the missing anemometer Zor tho pericd of
mizssing data to the pericd before and after when all three
ancmometers were operating. Checks had showa that this
rmethod would duplicate the missing data within 1% of the
actual valua. Tha’list of events givés times and lccaticn

when ancmometer counts had to be estimated.
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The date, time of start, time of stop, mast number and
cnemometer counts for the pericd were recoxrded cn punch cards.
The correction factors £or each anemcmeter given in Table 1
wore used in the program “"Fast Air" in Appendix A for the
initial processing of the data. The progrom cenverted the
anemcmeter counts to cm/sec then ccuputed V¥, 2 and the
displacemant height assuming that the wind profile was
2diobatic. OFften a soluticn could not be found because the
bottem anememeter would ba ﬁelcw the ground lavel so the
program prints cut “The th iteration. Try other
initial guesses.” In other cases a solution would Le found
at displacement heights hundreds of meters above the surface
which should be ccnoidered ridiculcus. I£ the digplacement
height  is *+ 10 cm and 2 goiuticn iz obtained thea the V¥
and o, value should be reagonable.

 The progxam takes tha_value of V¥, &, and D calculates
a cmeoth windspeed prqfile,Athe speed.diffaranca bstwaen the
cmoothed spoed and the cbserved speed, and the ratio of tha
gmoothed spaed'tq the obzerved speed printing ng_the rosults.

During tho pe:icd Ap;il 26 to 28 the anemcaaters
remained in the same position, then for the periecd Hay 2 to 5
the ancwmcmeters previcusly on mast 1 wexre placed at the
gome levels on mast 2 and so forth.

Since slight differences in mcunting may alter an
anemomoter calibraticn it would be desirable to correct am
anemcaetoxr while mpunted on the profile mact. Frcm the

jnitial pacs at the wind profile data using the correction
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factors given in Table 1, ten profiles were selected under
lapse conditions and ten under inversion conditions for which
there were solutions with reasonable displacement heights.
The average of the ratio of the smocth spaed to the obéarved
gpoed was cobtained for each ancmcometer for the 20 profiles for
the pericds April 26 to 28 and May 2 to 5. Table 5 gives tha
jnitial correction factor for the ancmometer, the correctica
based on the smooth speed to the cbheerved speed and the final
correction factor for each anemométer. The final correction
factor is based on the assumpticn that the 20 profiles were
adiabatic and the correction factor cculd force the profile
towards the adiabatic profile. However, the corzrection
foctor for lapse and inversicn conditioas.waa_geherally of
the same sign and magnitude while the departures from the
adiabatic wind profile for lapse and inversicn conditicn
should bz of the cpposita sign. The program used for the
wind profiles is givean in Appendix A.

The program “Fast A@r" punches a card containing the
mast number in column 2, the number 1 in columa 4 which is
an identifier for windspeed, the date, time of start, time of
ctep and the windspeed at nine levels on the mast in order of
ascendaing neight.

3.2 PErinted Tapa Data Reductiop. 2Air tempzrature, wet bulb

deprecsion, wind vans angle, goler radiaticn, nat radiatiom

and goil heat flux wera recorded through the switch-amplifier-

digital voltmeter-printer system at ocne minute intervals.
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The mast number, card number, date and time, then 24 valucs

of pcinter output were placed on cne card. Since 48 values
were recorded on each printer each minute two caxds were re-
cuircd, hence the cerd number. For ease iam puching, alternate
channels were entered serially on the card as they were side
by side on the printed tape.

Tt was nccecsary to scan the data punched from printed
tape for errors in recording and punching. Recexding errocrs
were relatively easily corrected during the initial inspection
of tho tape when one minute times marks were indicated. The
punching @rrox which was most botherscoma and diificult_to
cczre;t for was the mispunching of, for exumple, a 1 ingstcad
of a 4. Scm2 erxors are gtill present in the data and as
they are corrected an errata sheet will be provided with tha
correctod values. '

A ccmputer program was written which would scan the data
and logk for a significant departure of a one minutae value
for each item fronm the'previous and next minute. I 8
departure was dotected, the.position.of the data point on
the card would be indicated. All crxors detected in this
MONNLEY Ware checked to see if the departure ware real, or a
punching or printing mistalke. I€ either, the coxrd was cor:écted.
The variability of goms data, such as net rodiation, was SO

large that it wao not poscible to make corrections for printing

errors.
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Cnce the data was on tab cards and scanned for cbviocus
printing and punching errors it was possible to do the actual
calculaticns on the data and serch for errors in measurements.
Each mast was considered seéaratelyp resulting in three ceparate
programs which are basically the same. Exenxnles of differences
between programs: one air temperature gradient wmight be
roverzed in sign cn cne mast or the recording order might be
different. These errcrs had to be found before final computations
could be made. Wiring errors are revealed in the programs in
Appendix B, C and D.

The ncminal heights of each level are given initially and
the georetric mean heights are computed. At statement 100 the
maon values are initiallv set to zero. The first card is read
in, checked to sea if it.ig the first card for the one minute
sequenca of two cards, and, if it is the gecond card for that
ninute, is read into the ccmputer. A check is made to see that
both caxde are for the samo mast, day and time. The electrical
zero is subtracted from each reading and the reading is adjusted
to the value of the reference voltage which is recorded once
each cycle.

The first item computed is air temperature. A check is
made to gee if tho bizs voltage of 1.516 mv in the reference
(ice bath) to 20 cm and to 320 cm level is shoxtcd cut. OCnce
dscided the alr tempeoraturce at succescive levelé iz ccmputed.

Gn maot 1 qnlyp the second sampling of air temperature on

Iy 2, 3, 4, and 5, 1567 has been deleted so that the soil
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temperature and heat flux profile coculd be recorded. The 2ir
temperature sum TM(J) and the sum of the squares Tiqv (I} are
n2da.

The date and mast number for one minute values are
writton together with the heights for each level. The difﬁefenca
batwean the two measured temperatures at 320 cm is ccrmputed
aleong with the 320-20 cm temperature differcnce. The air
temparature data is printed on one line labeled "air temperature
(deg c)" under the appropriate height. On tho right hand side
iy printed £irst the difference between the two tenparaturaes
maasuied at 320 cm and the difference in temperature betwsen
320 2nd 20 cm.

Wet bulb dapraasicno.radiation and soil heat £lux wore
not measured before May 2, 1957 so the program gkips to wind .
direction prior to May 2. Oa and after May 2 solar radiatien,
not radiaticn and soil heat flux are ccmputcd. The cne minute
r~lucs of solar radiation. net radiaticn, soil heat flux arnd =4
tho remainder frem net radiaticn and soil heat flux are printed.
Sums of each item are formed for the computatica of the average.

The wet bulb dopressicn is added to the air temperature
at the came level, then the vapor pressure ic determined at
each lavel. In gcme cases a wet bulb did not scem to be
cporating properly 56 the average wet bulb deprecsica for the
1avel akove and kalew wns uced for the wet buld depression. -
Oon other occasicns the wet bulb was dry which is cbvious ;n

the data as cne minuta values of the wet dbulb are printed, anrd,

if the wat buld and air temperature ars within 0.2°C then it
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is safe to assume that the wet bulb at that level was dry.
The profile of the wet bulb temperature does not vary gmoothly
either, 1£ onc wick is dxye. l .

Specific humiﬁity‘in gn/kg is computed from the vapor
pressure at each level and printed at one minute intervals.
Sums are formed for the mean and the standard deviatilcn.

The Bowen ratio is.ccmyuted between the 40-20, 80-40,
160-80, 240-120 and 320-160 cm levels. From the Bowen ratios
and the residue of the net radiation and soil heat flux, the
latent and sensible heat flux to the air are computed for each
Bowen rotio. The mean value of the sensible and latent heat
filux are determined frem the values at the five levels above.
The five levels and mean value of sensible andllatent heat
flux in ly/min are printed for each minute. Sums are formed
for computing the mean value.

~ Upon reaching either a 30 minute or hour time the pregram
forms means from the tims that a mean was last formz=d. The
haading is printed which includes the date, mast number, the
time of the first minute and the last minute in the mean
together with the number of minutes used to form the mean.
Eeights of the levels of measurement are printed.

The wean air temperature at each level, the difference
betwaen the two mean temperatures at 320 cm and the temperature
difference frem 320 to 20 cm temporature are ccmputed and
printed. A card is punched which is dated, timed for start and

stop, identified (a 2 in column 4 for air temporatura), tken



the air temperature at each level is punched in ascending corder.
The standard deviation of air terperature at each level is
computed and printed.

If the date is prior to May 2, 1267, the program gkips to
wind directiocn, otherwise the mean and standard deviation of
spacific hunidity are ccmputed‘and printed. A card is punched
as for air temperature except the identifier in column 4 is 3
for specific humidity. The printed values for specific humidity
are munched in ascending order.

Ican values of solar radiation, net radiaticn, soil heat
flux and the residue frcm'het radiation ard soil heat flux
are printcd. |

The mean values of the'seﬁsible and latent heat flux
deternined at ore minute intervals for each level and the mean
of all levels are ccmputed and printed. Then the Bowen ratio
is determined from the mean air tewperature and specific
humidity at five level pairs. Frem the residue ©f nean net
radiaticn and zoil heat flux another set of gsensible and latent
heat flux values are obtained at the above level pzirs, the
mean of the f£ive levels detormined and the results printed for
compariscon to the provious method of determining mean valucs of
censible and latent heat £lux.

A card is now punched identified by a 5 in column 4
centaining heat flux data. The punching order is solar radiation,
net radiation, soil heat flux, mean sensible heat flux fermgd

frcm cne minute values of sensible heat flux at five levels,



meanr sensible heat £lux determined from the mean airx
temperature and spacific humidity over the five pair of 1evelso
the mean latent heat flux determined from one minute values
at five level pairs, and the.mean latent heat £flux calculated
t five level pairs from the mean air temperature and specific

humidity using the mean Bowen ratios. &ll units are ly/min. -

The heights at which wind directicns were measured are
printed, then the mean wind direction at each level and the
mean of all levels are printed. The standard deviatica for
cach level and the difference from the mean are printed. A
card with identifiecr 5 in column 4 is punched with the wind
directicn at each level and the mean of all levels in orxder of
ascending height with the mean of all levels last.

Tablae 6 lists thé symbols used in the programs for the
air tcmperature, moisture and heat budget. The pregrams are

listed in Appondix B, C and D.

4. CONCILUSIONS

The accuracy of all measuremsnts is opan to cuestion.
The windapeed is based on calibration data supplied by the
ranufacturer of the ancememeters. The absolute value of the
air temperature is depan&ent upon the gain of an amplifier
and the value of a-bias voltage,if present. The air temperature
differences botwecn adjacent levels are dependent on the gain
of the amplifier as is the wet bulb depression, radiation and

soil heat flux. The amplifier gain wos checked by a reference



Table 6

np o

0

a(48)

K
IT(K)

REF 1
REF 2
B(43)

(L)
Tr{10)
THv (10)
DD

DoT

RS

List of Prcgram Symbols, Mast 1, 2, 3.

Eeight (cm) of sensor levels
geonmetric height (cm) between adjacent cengor levels
Mast number first card

Card number - must be 1 for first card of minute
DPate 26,27,28,2,3,4,5

Tima hours (1 to 24)

Time tens of minutes (0 to 6)

Time - minutes (0 to 9)

Mast number, second card

Card number - must be 2 for second card of minute
pate { 26, 27, 28, 2, 3, 4, 5)

Pime hourz (1 to 24)

Tima tens of minutes (O to 6)

Time nminutes (0 to 9)

Data on cards 1 and 2 minute congisting of 48-
three digit numbers

nunber of minutes rzad in to ba used to obtain the
number of samples for the monn value over a period
“of time ending cn tho hour or 30 mirutcs after the
hiour .

index for time-numerically ecual to P

are coaverted to time in hours and minutes

fhe time of all cards read in for a givea period
guch as 30 minutes .

value of reference voltaga cn channel 1
value of reference voltage on channel 2

Data on caxds minuc electrical zero corrected for
recorded value of reference voltage

Adx temperatura computed for 1 minute period.
sum of air temperature

sum of air temperature scuared

Air temporature difference at 320 am

Air temperature difference between 320 and 20 cm
Short wave radiation
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S0

RES

ROS
{ok]

S
T(3)
£5(9)
E(9)
SP(9)
SPM(9)
SPMV(9)
BR(5)
{6}
Q0 (5)
EOS{5)
EDSV(S)
GCs3(5)
Qesv(s)
"w{5)
Zi7(9)
-
WD{5)
wa(s)
v {s)
oog
or{5)
EQi3)

oM

EQM

Table 6 Continued

Net radiation

Scil heat £lux

Sum of short wave radiation

Sum of net radiation

Sum of soil heat flux

Difference between net radiaticon and soil heat flux
Wat bulb temperature T
Saturation vapor pressure of wet bulb temperature
Vapor pressure of the air

Specific humidity of air

Sum of specific humidities

sum of specific humidities squared

Bowen ratio

Latent heat £iuvse

Scnslble heat £lus

Sura of Intent heat £flux

Su 0f latent heat flux scuared

Sum of mensible heat £1ux

s of sensible heat flux squared

Vind éirection '

Height of wind vanes

Mean wind direction

Wind dircection difference from mean

sun of wind direction

Sum of wind direction zquared

Specific humidity difference between 320 and 20 em
flean temperature gradicnt

Mean specific humidity gradient

sengible heat flux computed from mesn air temperature

and specific hunidity -

Latent heat flux conputed from mean air temperature
and specific humidity :



voliage éuring each data cycle but the rxeference voltage

may also be in exror. NMet radiaticn should be qaesticnéd
gericusly as the calibrations left much to be desired. A
recheck of the net radicomster calibration will be made which
may result in changes of as much as * 20%.

Cccasionally a wet bulb was dry so these p@ints shoqld -
be eliminated from the cutput. The decision is simple but
was cmitted from the program.

Thao correction of the basic data and altering of tha
prcgrhm will continus under Grant No. DA-ANC=28-043-66-624.
The corrected results wili be forwarded to the Ebteorology
Department, Fort Euachuca, Arizona.

Several items which wera recorded are not mentioned.
The soil heat flux and temperature profiles are not yet ready
for preceontation. The soil temperature profile is excellent
for difforences belween levels but there is comz doubt about
the absoluto value of the temperature. The gsoil heat flusx
profilé ic erratic and at this time the results are dcubtful.

The vertical velccity, bivane and air temperature data
at 320 cn is baing read frcm the charts onto punch caxds at
the present time. The pressure gradient measurcments is tho
lcast likely of all data to ba useful but sclected pericds
will ba evaluated to dotermine if€ the scheme was measuring

any thing meaningful.



The data will be supplied as magnetic tape containing
the one minute data and the 30 minuts mcans, and puhch cards

containing 30 minute means of the data neceszary for further

computations.
B PINOONNMIL,

5.1 Daroconnel particirating in the field exreriment nt

Davic, California.

Russell Johnsen - electronic technician
Walter Dabberd:t - graduate student
Kenneth [acKXay = groduate student
Themas Froctman - grazduate student
Chorles Stearns - Ascistant FProfessor
Eoinz Lettau - Professor

5.2 .Porsconnel particirpating in the data reduction.

Walter Dabberdt = groduate student
Jack Kittridge - project aseistant
Mﬁry Schumacher -~ hourly halp
Eelen Tuten - hourly help

Ruby Turner - hourly help
Phocbe Winterbottcm - hourly help
Janet Ledin - hourly help



5.3

-40-

\ ¢ .
Data Analvsis in Prooress.

\
Alien Worcester - The temperature gradient vecteor and

mcdificaticn of the air as it moves
cver the surface.

Ceorge Fredericks = Divergence of wind velecity.

Walter Dabberdt - Variation of wind direction in the

vertical,

Charles R. Stearnc - Determination of displacemant
height, roughnezs length and
ghearing velccity.

/
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AYFENDIN A

Fortran pregrom for processing the wind profile data.



OGP

YIIGYYIPVR Y STEARNS sO/HN1/5/2=250620909000/0000, ¢
1PLFASE MOUNT TAPEZ S5AVIS WIAND AS LUN 1 .

" TETNL, P, :
c *ovdurn?luu Or WIND PROFILF PARAMETFRS 20V STARDFU
.
PRORAM FasYT AIR .1
¢

DIMINSION 2{(%5Q)

GZ{HB1oZ20(RY)sNFEU(T)

5 ST EINS TN 2013597

D’”‘fSIQN Al3s9)

222{398) 222127
sP{a)D{9)sF(0O) . ‘ .

TO/ERSICN VIgi . VD

(0} VRI{S)

2
T Fea.FE NTTIONS

C [\!Jlf}:PY‘JE"‘.(‘OQRFCTTOM FACTOR

e .Tj} ANFM,HF16HT .

c l= uwrv NUMRER

c T=LFVEL =

—z““
200

ST =WIND COUNtS IN THF PERIOD TE=T5 FOR THE J PROFJLE

DUTT=wTND VELOCTTY
NG 1 Lels

(CM/SEC) ) : : )

READ "(2e51) Ty (A
WRITE (1951? Joa

(J?I:DI‘ 109)
AlJsT)eI=199)

51 EORMVE{{T729%6c7)
REAC{2+50) Jv(?(JoI):T 129)
T O VIRIYE(1960G) Je(aidel)el=199)
an FORMATII?998.1)
199 N0 4 L=ls7
READ (2¢82) JsJAYaTSHTES(R(T)ol=199)
52 FORMATITI1 01201 1Fa0)
IF{J} Q@00:200,201 ’ ) -
201 [F{J=1)1200910R/3120
re WRITE(1050)
50 FORMAT (1HY)
12N DT=TF~TS
IF (D1=50e) 13021219121
121 NT=nT~40
130 [F {L=1) G99:131314
I IF (JAY-10Y 1355722,133 :
1213 WRITE (19%48) . JAYsTSsTF ' ’ s 5
‘8§ 4 FORIMAT (/77aH APRILI3vaHy TOE710Xo8HSTARTIFE009 10X 4HSTOPFG.0)
GO VO 740 ' :
12s WRITF (1987) JAYaTS»TF
57 FORMAT (/7765 MAYel20nH) 1967r12X15HS|ARt’ 5009 10X94FHSTOP+F6.0)
140 YRITF (1e85) J
55 FORMAT(1HO 230X s5HTCWERY IS)
NO 2 T=1-0
T CuAlJde Il ¥R{1I/0DT -
p D(TI}=2oR 18R C~=aNNNIOR#CHCHT 1,93 .
530 FORMAT (11HOMEIGHRT{CM)Ys 6X99F10e2)
WRITE (1520 {Z(JsI)sl=159)
54 FORNAT (1&H WInD VFLOCTTY23Xs971042)
' WRITE {1654 (D(T)sI=119)
o=y
_ raavs
a=TFE
509Q FOQMAT(“‘*ofﬂq)T=90"7 2) : ) .
T PURNCH 899:JsL 2y JAY sL29L&s (D{T)sI=1+9)"
r)0=100
NPN=4%
:./‘)1

SV=n,n



S2V=N, O
K=0

N0 AJNT=1,9 .
SV=SVan(1) : i .

500 SoV=582Vanivy s
S=0,

b P 0 Q

ave m
S\J HR g

RIS
SVEal,

Sz,
B0 AD?2 Y=19e9

EETAR I S DN T ' : .
TFEY. 81156112610 ' :
AIT  WRITETIVSET) K

541 FORMAT (1109 1C0RERROR AT  ol4939HTH ITERATION0~?RY O?HER_ZHITIAL'GUE

- R
GC TO &

9

—ET0 W SLGEETYS
17  SX=8%eX

AP RKan=R2

SYN=SVA+X*N{ 1Y

RalelY
Sm’ldq"rp

SVRzOVHSEwGU ] )
602 SAARSKR+ N R

T G VSVA=SVESRTGGT Y (SRA=SRFSR/Q, T =152 A=ORFS 279 1 H{SVA=57%5879,)
IFUS) 69355044603

504 S=fo

SOl .
RO7 O , - ..
GO 10 601 : ,
QU™ RICETS .
=Ky

FPETBOGA=GUARNT 7 TAN-GO
[F(AQSFINP=NN} =T 1615 ,675+54N8

6Ud AV=IN ' _ . -
GO=GN -
TR .
OM N

TFIK=1067 801+H50808
608 VST {SVX=EVRSH/ 05 ) /{SP2X=SKEH2/9,)

- IR = AVF{TER=-SVIVET) 79, )

RO {8aVW=SWiRo 0, )=VSTHI{ {2, ASVA~YST®So2X ) =SX# {2, 1SVY~V5I%E X)’Qoi
Thy o FORFATTING S (G L2ATE TTERATIONYSH  V STARZsCIBe60&n Unsuisebroll 2
1 ZiiRC=sE1%5:6217H SUM OF SQUARES=E1%.6) )
VET=VST R0 473 '
WRITF{1e5A2) Ky Vq790p°ZNT9R7
i} TRIVE (1052300 (Zideidei= iv‘#) 3
DO 810 T=ieQ .

V((7:V4r73¢u7R"LUGr((ZTJ{1)+DP)/?NTf
Vo{TaVOT)=D(T)

AT TR 1=V /D(1}
540 FORMAT{17Y EMCOTH VELOCITY +9710,2)

T WRITETT 8401 (VT Yel=]09)
Ka1 FORMAT(17H VELOCITY DIFF 9PF10e2)

) WHKETE(Tonall (UDT{ei=199)
Y PORMATI Y74 vr10€r°v RATIO 99%10a.4)9

P et et e e -

A LNV VA I S



C COMPLITE DFACCON -KO ®CR WIND PROFILF .

no AT T=t1aR »
EE T T TI=SORTE ((ZAIS [ I+DPI*IZ(J s T+1)1+DP})

NG R22 (=197
Y Y AN PR S N Y A TR AT B U

S0 08 T=le? . :

Se (Dl i 13-D(13}/7iD{T+2i=-DI1+1))

IFI5)8I9B1082
f1 DESECTY =N : =

S0 T0 0 ‘

A5 IR 1uL0GR S /LOGFIZE e T+ /78205 T) )
] ~ORYT IMUF ' . .
TGE0 CORMATIIHOSOHATIGHT» 10Xs 7F 1061} : -
RETET1e520) (22217101 =107) o
HEE] COnn s A1 9 LOMDEACHN NCos»6Xe TF10a3)
WRITEC1:621) (DEUITYI»l=le?) .

e e B v Y
o CUNT INUE

GO TC 100

CooGRrr\»‘;'H-Qooorlir) VS ZL{J 1)
c VAT VS 22{.0s1)
c 2Wlly VS ZZ(JeY)
c : PELLTY WS 2IZEJet)
— .
QuQ Pl Sy{Le 1 . '
€Ty we ROV ALR ' ' :
D
TEINDS -
pEXFCUTY )
T L GA  eGaH 1001 1e00> 976 16026 16025 1.072 10004 APRL
b} 167 “B:7 TGa3 119,32 1598 2005 260,99 28065 320.8 ]
> 1. 00f 209h  «ORY <000 o997 1034 1013 1028 0938 ABRT
5 20efl &0sS ACKQ 12702 16262 2019 248603 25%3u6 327404 :
3 2960 1000 997 LeNNG o999 1003 1002 17056 o956 ° ' APRT
3 10.1 EAH  T9.) 11067 15904 19@el 23906 28063 %393




APPENDIX B

Fortran program for processing ths air temperature, moisture

and wind direction profile data and the heat flux data for
Mast 1.



TGN T A2 TR/ GTEARNS 9 1 /HUD/0/HD1»3099G900/G0G0 ¢
1PLEASE MOUNT TAPE WAST 1-OUTPUT 1/9 THEN2/> IF MECESSARY AS LUN 1e

OFYNova’Fg

PRCGRAM ATR T

C

TOWER T TERVERATURE > M3 TSTURE, NADXArwN'. WTND D TRECTTON

DIMENSION A(4B)»BiaR)osT{10)9TW(9)22(0592Z2(8)9ZZ2(T)+¥(5)sWDI5)2ES(
-———-—‘r—vsoFIBT“SPrbf‘aRraasuM?]O)‘TMV(fb),wn(dw,WWVIS),SPHtQ) PNV ey

DIMENSTON 0EY(7)9PFH(7)9ZL(Q)eZW(5)le(6)vDT(RJ;O&(8)01T|100)

DTMENSTONTECTE Y s Q0181 3F0SVIE ) ACSVIET S .rosr &13QO518)
’(]3n1ﬂ 4

IV el 7
213,1\27“9".

l(ﬁ)ijjéoq

.ZG%’#I%#.R

FAEYEYIV Y
Z(T7y=240,0

cld1=e26049
2‘9’3120nﬂ

1164

DO 116 Jd=i08 '
2ZI N =SARTF(ZLIYRZII+1) 5

CITA e SURTFIZIR)Y*Z () )

A2 )=SQRTF(Z(7TI*2(4Y)

S

LU T=SURTFTZCQY RIS )

105 READ(2551) L1sL2sL2sLaslss5Ls
IFTL=4Y) {08 (NG 105
104 LawlLa®i0C+L5#10+LA

TFTCE=UTO0Y 105 107107

107

IF(L?2-2Y10%61009106

— L[00

=00
K20

DT 10T J=196
FOS(JYy=0,0

FOSVUJi=0,

~ 10T

WO =00
N0 102 Joi1eb

10>

WWUJI=D,0

WHY(JymOen

RSSﬂO.U
505=0,0 .

KUox0 40 .
NO 113 Ju1910

113°

TiAtJY=0a 0
TMV(J,R0.0

51

HO 114 Ju199
SPM(J%:O 0

FGRMAT(Q)To?!)o21197&r19?l

e

1

READT>29971) L1oL?leoLhoL%beo(&(JloJ=1 24)
IF(L?’I,OOOIOI

2

Riﬂ0(9QQJ) N]gM?yN?sMA'Mbo“SO(A(J)9J825w65)
“”";"{1. 2

Wtk 41 .
MimMa%] 00 M5 *]04M6

Laclax100+L5%10+L6
ITIKY=Ma

IF{l.1-M1)1¢Q¢39609
[F{M2=L2--1)80,4,900

[FINa<[3)00psKy00
IF{Ma~-L831UQ0k 409

Ala plx

COMPUTF MILLTYVOLTS



REF1=(A(A1=A(1)1%0.0
REFI2a{AL2)-Al4) ) #2700

NG 7 Jefe479? -
S{IVIc{A(J)=AL1))/REF) #,935

5

00 & J=36948s2
BE)2(A{J)I=A(4) ) /QEF 224935

500 -

[FIL3=5) 600+K049600
IF‘H‘G:‘*’.’.)()O" "101 '607

502
n03

1F{La-GOAN)RANL+BRNG AN

TIF(LA~T1RN0IANDYI 501 A NS

~501

TTTT=8(61%75:%17+5%14516

GO TO 810

T A/IG
610

T{1)=0(h) #25,
IFIL2~536099A144+609

=55
512

IFTBI24)+01)051126119512
IF(L4-~900)6149614561%

- -

BB E]
_s11

[FTLA=T800)611v6149614
T(10)2B(24)825,+12.5#16516

614

GO TO 615
7(10)=R(24) #25,

6%
1001

TF(L2--25)100121902+1002
T{2)aT(1)+R(R)% §,

T(2)=T(2)+((10) %5,
T(a)=T(3)4R(12) %5,

T(S):T(ﬂ)-%(la’*5.
T{6)1=T(5)140(14) %K,

Ti7)=T(6)+R(18) %5,
TIRI=T(7)+8(20)%5,

T =T(8)+R(27)#5,
GO TO 1004 :

160>

1(9):T(1)+(ﬂ(ﬂ)+%(17))§7.
TR =T(2)+(R(1N)I+8(26)I1#2,:5

T(o)=T(3)4+(B(12148(18))72 5
TI68)=T(4)=(B(141+8(3R)I#D,5K

T88)=T{5)+(BI1A)+R{GN)IRI 5
T(7)=T(4)+(B(18)+R(42))182,.5

TIBI=T(T)+(RIZD)+8(6L4))*D745
T{NeT(B)I4+(B(22)14B(4A))#2,5

"1003

DC 401 J=1-10
TM(J)=2TM(J)+T(J)

%01

TRVID) = TRV T (J) 555
JIF(L3=-25) ROy 802, QD)

566

FORMAT(6HOTOWER T4 925X 9 4HMAY - T4 56H» 196716» 5Xs6HRIF e 1Fbo3o9H
3o ?2F6,3) .

REF

a0

ARITE(19546) L19L10LA’REFlth=7

G0 TO 9012

RO?
804

MRITE(T986%) LIoL?ovaREFloq9=7
WRITE(19528) (2(J)eJ=199)92(9)

53

FORMAT{?2aH ATR TEMPERATURE (DEG C1s12F8.3)

OD=T7(2)-T(10) - ‘

DOTaT(9)=T(1)

VRITE(1953) (T(J)eJ=1910)99DsDDT -

g

‘FUNMAT(6HOT0WERI¢9?%X-&HAPR.1496Ho 196716v5Xv6H§f?. 1F6e355H
1o 7F643)

REF

1

YF1L1-26$11v11016
RSzR(27)#31,25

RO:-(H(5)+B(17)¥B(7°)+%(QI)l'1.62/4. =

50=3(a7)I%2,0/2,9

5=K0-S0O
RSS=RSS+RS

ROV "ROS+RO



61

Wi}z 1n?a’+|8(31)+-0ﬂﬂl/1.567*1000.
W{l)=W(1)1+Ne22

- —

WioYethio, 1+(ﬂ(?1)+.069)/1.61A51coo,
HWE21=211(2) 41,002

Wi »{R7e ﬂ+i“’55l+.n%43/1-660*1000.
WA aWl)~1 94

,W(q,ulﬁ?.54(8('77+.nA°)/lo647*10000

DAE({(21265~W{4)}P(1e05/70a))=003)

56

IT(DBR=0,2)%695695R
1°1DAR+147515T7157989

57

[ Alim=1,78
20 TO 3¢

LY
50

b—.ﬁﬁs("a"}o '
Wias=wWla)~NAR

Wi e182,,5+(8(33)4+,065)171e534%1000,
H{G)=W{S) =N 7T

r&L ER TR
Z!‘)’(?}uﬂo.

S 2WlaYeRan,

ZYii5)a320,
GO TO 69

60
62

IFIL3=2)620852+67
IF(La=1000)64264696%

69

84

IF{La=150015%80R60¢67
H(]1218?.°+(R(1?)+n"5)/301’&'1000.

W1 sW(1341.0013
w(?!~IQ7.1+(R(?5)+.10“)lﬂbIOHQIOOG.

HI2)aW(2)=10147
H{3)®1322+(R{71)+,CA5) /315471000,

WIS m1A2,24(R(27)4, 0073 /3,176#1000,

DABm{ {8212 5=W(4) )21 o08/70.0))=0e2) |

IF(NAR-063)1%6915691"A

156 TF(DAR+16.75)15791579159
157 DAB==1,78
GO 70 159
158 DAH:G 3 .
159 W(a=aid(4a)=nAR

Wi%)c182.3+(B(20)+, 111)/3 220%1000.
W% eW(B)~0,773

86

GO TN 51Q
H{1)m275 ,84(9(33)4,10%)/34154%1000,

Wi2i=27%e%+(8(35)4415")/3¢432#1000,
H(3)o2T75a%4iR(%1)4,127)/9,371%1000,

H(B12275o6+(R(3T7)+,161)/34412%1000.

WESIn2785e854+(B(39)40147)/36412%#10000 .

67 \

bQ 10 68
V(1) =275454+1D(33)=4110)/3154%#1000

FTD =W{11+1.27 _
W(2)=27545+(8(35)=41619/3+196%1000.

Hi2)sW{2)=0,78
Wi u2T75,64{R{31)1=0a1201/3.154#1000,

HWia)=W{2)1+0,%0
Wia)=275% ,84{R(37)=,180)/2,176%1000,

20

TIFiWiay) - 165o0’?010904’705
ﬁﬂﬂn-t 000

205

GO 7O 210
IFIR(A)=228,0)207+20R+208

— 208

60 TO 210

207

DAY a=GCotr+{W{&)=16%5e0)70e07



R S03=505+80 TR
C . COMPUTE WET AULR TEMPERATURE '

12 ES0=11G6F {60 105)

TR =T(1)-B(T7)#28, . )
— W 2y TTU2)1+R{Q} %5, _ ‘
TWH(2)=T(2)aR( 1 )8, -

TWia): T{a -1 #7%, .'
THLSI= T8-S5} ~R{19))1#17,5

— TRTGTATTRY~RUTQ ) %25,
S THL TR (2300, o

A SR R R LY
THEGT{Gi4B(28) #2727

——ﬂnr-—”FUW“NW"TRFWCT“GUY5 ?EVPERKiU§E 3% #Fe.?)
HWERITEL29540 (TW(J)oJm)40}

pg CGTE SPECTFIC HUMTDITY -
nO . IA =150

EE/ImEXPFIES(T))

BT TTeES0+ TS 2 ¥ VAUV (TH{T 42736 1~ 5 31*LUGF((TW(T)+273. )/27301'

S W A Ew;nfsa:»~.onnu6*¢1.4.oonls“1wxx,)*1000.“(r(x)-?w(xy)
ql(})ﬂo.5794=(1,

"Tﬂryzspﬁ(T)¥SPT!‘ . )
18 MNP I=SPMVITIaSP(T)Y*R] .

- v

—s7—F OGIRT TR SPECTFIC RUNTDTTY 5 8X59F 5 3)
ARITE(1957) (SP{J)edeleS) .

—C “CUMPOTE POWEN RATTO
BRUII=0AG2{TIZI=T{11)/7(30(2)=5P(1})

TTHRTY RO GE T UAT=T (Y Y 7TSPTST=8P(2T)
BRU2)2064MTi5)~T{2)I2IEP(8)=5P{4) )

ANTAT =068 T U =TTy 7TSPTTI=5P (%))
ARIG)=0,4%({T(0)=T(5))/(SP(0)=SP(%))

Iy FORWAT(TH BOWEN WATTO»12Xs5FH43)
,wRITEII'%n) (RR{IVeI=195) .
— R ) : -
. B0 P17 Jut:h _
AFIERGITTZUT 2T 1+ 700 .

209 TFIBREJI+1.121392119212

T3 EOTIVES7TTe+BR{JITT-
FW‘J,95/(114i0/"ﬁfu’?

EUSTITERUS TOYSEOTIT 7 K ' ' .
CDSLJ)=Q0S1J)+00¢ Uy - .

FOSYTI T rOSVIIISEO(J) #%7 : o
BOSY(J)1=00SV(J) Q0 J) ##2 : - ;

N Y
Anadl g

GO YO 217

711 PRIJ1=0,0
EO‘J,EOOG

. L"—U\J‘MUQO
_ 212 CONTINUR

EOSTaEO 1) +ECT2)+e0(2)+20(6)+EO(5)
COlA}3=C0(11+Q0(2)+00(2)+Q0(4)+QO(5)

S RV ) S ‘ o
Q0(5)=Q0 14 ) /X

—BERFUTIATCISH SERSTECE HEAT—)LUxo§X.Qr8 3
HRITE(1ea48) §Q0(J)YeIxnT198)

T %4Q FORRAYT17H LATENT HEAT rLux.vn.aFe.s)
VRITE(19840) (FO{JYeJuTer)

R4K FORMAT(1H »16HSOLAR RADIATIONsFAe3 94X 9 1aHNET RADIATIONsFge9
FSOIL HEAT FLUXoFRe294X926HLATENT PLUS SENSIBLE HEAT¢FB8e1)

26X914H

54

WHITE(198408) S ewRO0985D6S
C COMPUTE WIND DIRECTION=- TOW‘R ONE

14 IFiL2=2587800/09061



¥ o Y b TSRS WEROTE

-

“T210

M(AInH(6) +DAR - ]

Hi{6)n275454+({8(39)=0115)/3270%1000.
Hi(B)=WI(5)=1e50 ,
Wiyt X

&R

S

W =160 : .

ZW(" b «27D0,

f—f“xq"WMTTBTTT?“T?T?WTHT?W1a)+w(5))}R.

Wi 2280,
2W53=320,

00 &4G% Mule®

ME I aWW o\ L)Y

WVTEWEWEVTJTIW!Jaﬂﬁv R

56 FORMAY(24H WIND DIRECTION {DEG) 26FBe2)
— WNRIJEN 1’%“‘.KW([)0181’Q)OVM
LFELG3T00:701300
—go IFTE=GT Lo 10551 . .
401 [FILE~=3)20h 3080305 g - ; R
TN TARITF (Vo) ; . . LR
L 6Q - FORMATIRY)
= GO O i
2017 IF (L5330753040209 ) . '
'y FORMATIGHY TCRERTE IS K s 4HMAY K4 bR ISG 760 START LGSR STOPT6sF3e0)
501' FORMAT(&HiTG%ERIQoISXoAHAPR.InweH’ 1967+6H STARTIS9»5H STOP169F840)
— 4J4 TFILS~25? 12591200174 ' -
24 wR!TE(IvGOI)LI.L?vITIi)nITlK)sP
- GU TU 1¢% .
i”% CRITE(T13879L 1ol 2o i TE1Y o ITIK)HF
-k} FURNAT(IH SYOFAETGATTCMI S I3A s TUFBs 1) ‘
126 WRITEL]1953") (Z(J)eJ=199)92(9} .
—C TCHPUTE HME ANS AN R0 DEVTATION FUR AIR TEMPERATURE
| 00 760 J=7s10 ,
nMV(J)cbcﬁTFTTTMVTJT=THTUT¥¥2(P)/(P-l.7)
700 TME)IaTM(JY /P )
S EIRTE AR LA ST
DOTaTH(O)~THI1} . .
%20 FORZATI1VOs 1 6HYEAN TENPERATUREo?XvIZFG.S) ol
' WRITE(1e%20) (TM(J) »In121099DD-00T ~
FUNCH 59 5
3=
f'.‘ PUMCH%QQleoLQsﬁgalT(1)0!7(K39(fM(J)anloﬁj
8§21 - FCRMAT(IH o1RHSTANDARD DEVIATION»3X910F8e3)
WITTE 1196210 (iMviJT oJuiel0) T ’
’ 17(L3=-26113101339133 B
T 131 RS3aN55/P —
ROS«ROS /P
SUSeaUS/ P

SuROE-~-505 :
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APPENDIX C

Fortran program for processing ths air temperature moisture
and wind direction profile data on the heat flux data for
Mast 2.
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T TV nT{6Y+(R(18)+R(42))*2 .5
TiB)=T{T7T1+{BI20)48(44)1%2,.5

Y 91 =T I +(B(27)1+9(4k)I®)45 . .
1002 1) 4937 Je 7130 : .

— AT e TMI N+ (D)
401 MV I)) = TMV(J 4T Jy %8s

o

TFi{l.72=25) A&N1r 8C7, ®N> :
B&é . FORMATIAMOTOWERIA 928X o tHMAY 14 ob1y 19671695X 9 5HREFe 1F6e3y»9H REF

e 2TheR)

ROL YRITE(199646) L1sLAsLLyREF] sREFD

&5 TO /01 :
60 WRITE(1e%an) L1.l1;Lm.RfF1 REF2

T ROL WRITE(1983R) (2(J)sJd=119)+2(9)
53 FORMAT(24H AIR TEMPFRATURE (DG C),17Fe.1)

T ORDET(8)=T(10)
NOT=T¢S)-TL1)

WRITE(1953) (T(J)eJ=)+10)+DDNDT - o
505 _ FORMAT (AHOTOWERIL+25Xs4HAPRe T4 +AHy 196716+5Xv6HREFe 1FSe399H  REF

-

le 72F8e3)
[FIL2=28)Y124,12,14

~ ‘4 RSzRI2T)¥2.Ak
ROs(S(S)I+B(17T1-B(20)+R{41)}%3.4hK/4,

SO=x(R(43)-]{(48))/,0
gcﬂb“oo

f' 3o u! JJ‘,"F?S
ROS»ROS+RO -

S505=305+50
¢ COMPUTE WET auLsy TFMPCRATURE

") ESULOGF(6e 10K}
TWIY)aT(Y)=R(T7)#5% »

oW(?)-T(?)—ﬂl°!425.
THIZ)=aT(2)e{R({3)=Q(0))I%1D,4

YWinyzTlarsn(in) *oe,
THla1u T8y~ je)yoar

-thaa-1tay+qzaoy*7=,
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Y3 w(?)*w(ﬁ)°((26“.-W(17)§1.I7h.)*1.0 BEGPE)
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K0 TO 273
271 WA= {A)o2eN +0,7

577 CONTINGE : .
' T IRAET IS e PR LT 1,7 e ) -
— 15LHLR) =200, 12R02276227% T

27% IFIW(5)=260.)27A+274,281

~ PTG WU =W S =W (S I=200, 172N+ 1+%:8  +0.2
GO 7O 5% .

R0 W(53=1"31s,.8 +0 "
GO TO 285

TRI Wili)ewiB)1+1e0 4061
2R% COUTINUE :

T yws ),
Zrl)—)—Q)Q

“‘ TTER AR A0,
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GO D a¢
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LY 1“'A 1000364+ 654 ¢A/S

€% TFC 4m150C 1 Rh16R 15T ‘ :
64 Hi1le(173,1={B({333=4070373.111%1000)

— W7 e (1734 1~(Bl351+e1 7717343221000+
WIZ =(173,1={R(71]1)=,094)/3,27V*}Y(300. )

Wl =173, 3 =(A{17)=.N72)/7,.415%1000.)
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—

WP YeWl2)=2e621 4007
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166 WIS =WlA)=( (260~ WA} )43, /70,)+1,0 +N.3
GC 10 Y73
1‘7;‘? '.wl(:'!:‘ati(?l +0, 1
- GOTO 173
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173 cCUFINUE )
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’r«\ﬁ)~/00.)1qno17am176 , -
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1 COHTINUE
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W“'=(776.“ (Q(ﬁq)-.lﬂq)/w A})hlonh,; .

GC O &8
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S s ma——
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C CTHRECTTON ?ACTGFE‘?U“H'R‘U"?OUN FOR eo-zoo.zaoéﬂ LFVELS
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S e A = e — e —— —— —t e 4 e e . - Cas, T s i

w‘?)“ (7’ . =T e?

W(A)=W(3)=N,.821 -7.2 . o
B T VR RINY AR DAL 5 ) -Te? . . . . o

W{s)=w (5} —-7e? '

KA WY =90, !
IWi2)y=1K0,
TWT2Yy=200. 8
Zi&"a):?&ou h
T T AW ey 2320, - ’

A9 WMz (W1)+WI2)+W (A +W(4)+WI(S) ) /5,
HO W03 =15 %
WNtJy=wi(J)=w\

T T TRWW U =WW T AN T o

404 WV I =WWV(JY+W(J)*wo
TER . CFORMAT(Z2ZH WIRT DIRECTTION I{DECTYT — +6F8e27

WRITET 1368) (W{I)sl=135) WM
TYFTCRYAONYIN L AT
370 TFIL4=8)1208,
x0T T IF TR =Y AN 3045504

————

308 WRITT (1459} _ .
5~ FORMATTINT)
60 TO

—IOT T TF LA IO T O . :
519 FORMAT(AHITOWERTa 916X s HMAY T4 eoHs 19046T7v6H STARTIRe85H STOPIGsF8e0)
RO Y T FORVA™ WERTU S YEXGGHAPRS TG s6Hy YOKTe6H STARTTEySH STOPTIG+F 80T
304 IFILA=28) 17%,312%¢124 :
TIPCT WITTEN LAY TY ,YTTT)-TTtxs.P
GO T2 126
I T TWRTITET G S TSI U T T TS TTIR T P
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RN » 1€ i 3 Ee NS £°3 WD) N4 -
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o=
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APPENDIX D

Fortran program for processing the air temperature, moisture

and wind.direction profile data and the heat flux data for

Mazt 3.
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