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~
ABSTRACT
N '
. . ®
A sisple radiative-conductive model is developed to

' investigate the thermal characteristics of a saall urban

valley. The behaviour of the model is studied by varying

[ ]
parameters such as friction velocity, slope inclination, and

soil diffusivity.
_,_’—d

The non-linear flat-plane boundas,-layor equations are
applied to the valley, and integrated numerically. Since
vind is not predicted by the model, leas;relents made in the
lowest 5 meters are used. Stability effects on thetlai
diifusivity are aCﬁPunseA for vith sinilarity‘theory. The
flat-plane equations aro\;odified for use over a gently
inclined surface. 1In the domain of the slope wind, a
neutral wind profile is supe;ilposed onto the plane-wind
profile.

It is found that'the inclusion of the neutr?l slope
layer explains 4 of the 5 C° observed slope-rim teamperature
difference. This conpates’}Q,érZ Co difference predicied
using the unmodified plané'theory. The effect of decreasing
the f;iction velocity is to @ecrease_evening cooling at the
1 meter level by as much as 2 C° while sisultaneously
increasing the inversion intensity between the 1 meter level
and the surface. Decreased soil diffusivities lead to an
almost 1 C° increase. Evening temperatures rearly 3 Cc©°

lover result froas more steeply inclined slopes.
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CHAPTER o

-

INTRODUCTION

1.1 Geperald

Many cities are situated in a river valley. The vallay
1s often the heart of the city, containing the focus for
heavy industrial, commercial, and recreational activities.
The air quality in such an urban valley will, among other
considerations, depend on its micrometeorology. In cities
where the valléy is used for parkland and as a main tracsit
corridor, there is mounting public concern over the
continued compatipility of these diverse uses. 1In this
respect, it is most important to identify the meteorological
factors aflecting both the dispersal and entrapleng of
vehicle pollutants in a valley environment.

Onder normal conditions, the concentration of
pollutants is not greatly influenced by the presence of
these valleys, mainly because of their small physical
extent. Perhaps this is why so fev studies bhave been

coapleted on small urbanm valleys. However, the formation of



an ioversion in the valley acts to lupptozz/ctlo-photlc
turbuleace and thersal aixing, reducing both the wiad speed
and its variation. This process allows the concentration of
pollutants in the valley. Thus one major consideration in
deteraining the pollution potential of an urbau valley is
the evolution of its tesperature tield. This thesis

develops a simple radiative-conductive sodel, and uses it to

study teamperature in Bdmontoa‘'s river valley.

1.2 Edaonton's Biver Yalley

The City of Edadcoton is lacated at latitude 53933\,
longitude 113°930'W on the banks of the North Saskatchewan
River 1in central Alberta. The Edmonton location is 1deal
for conducting a study of ao urban valley. The valley
1sself is steep sided and vell defined vith am average depth
of S0 meters and a vidth varying between 100U meters and
1500 meters. It is cut into a fairly level unifore plain
that slopes gently from the southwest to the northeast
(Pigure v.1). Purther, it is removed from the influence of
rough terrain and large wvater bodies. The valley is
generally coaprised of parkland, roadvays, and residential
areas. Little industrialization 1s present. These
particular geographical cEftactetxstics favour the
identification of the true valley amicroaeteorology.

To date, thirteen field experiments have been carriad

out by Hage (1979) in Edaonton's river valley. 1Ivo
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priscipal sites have been used to collect the data: &
nortl-iu river section near Davsos pridge, indicated

as (A), Pigure 1.1, and an east-vest river section bear the
High Level Bridge, indicated as (B) , rigure 1,3V, IB
addition certain data fros Bdsonton City Tover, NaBao
Airport, sunicipal Airport, and International Adgporte,
indicated as (C), (YBD), (YXD)., and (YBG)., Tespectively, io
rigure 1.1, are available to asgseat the experisental data.
In this thesis, atteation vill be focussed on the three
experisents carried out in the vicinity of Dawson bBridge
during the susser of 1978. To ensure that the
aicroclimatology of the valley would dosinate the
observations, it vas attempted to conduct these experiments
oo days vith clear skies and light wipds. Under these

conditions the boundary layer is sufficiently decoupled froa

the synoptic flow aloft.

1.3 The Dawson Bridde 3ite

The locations of the experimental observation statious
at the Davson Bridge site are indicated 1d FPigure 1.2. &is
station 8 vas situated atop the east river bapnk OB an
exposed short jrass location avay fros any .obstruction.
Slope station 9 vas located in approxisately 1 peter high
grass >f the more steeply inclined vest-facing slope. Slope
station 11 vas situated across tbe river in ap almost level

interruption of the east-facing slope. Upslope of the

{
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, f

stetios vas 1ightly forested, and further dovaslepe vas o
ssall resideatial ares. Statios 11 vas loceted 130 seters
dovaslope fros the cia at & depth ot approxzisately 30 ssters
belov plaias }evel (FPigure 1.3). The average slope at e
stetion vas deterained to be 16°., The orientation of the

valley at this poiat ves estisated to be 1)° east of North.

1.6 Jastcansatatien

The iastrusestatios at each atation is gives in
Teble 1.1. The height of the imstrusentation above yJround
is shova io Table 1.2. The thersographs vere alvays housed
in a Steveason screes, ehd vere either of the Casellatl or
Thies? type. The tespecature profiles vere seasured vith
chroael constantaa thersocouples ot 0.07) silliseters
diameter?. Vinds vqre seasured vit® Bieco CSIBO® cup
anesoseters apnd Gill® propeller anesoseters. Hechanical

isp@lse counters® vere used vith tbe cup anesoseters, and

¢ ®

Gustfak chart recorders’ vith the propeller anonouotor]ij:://

L ]
cospfebensive description regarding the electionics,

iCasella aodel I9150/9158

2Thies model 2.0602.00.20

30mega 0.013 milliseter 1iameter chrosel constactacr (type E)
thersocouple

sRiaco Coassonwvealth Scientific and Icdustrial hkesearch
Organization model AS!I

$Gill Propeller Anemoseter sodels 27103 atd 27004

SGersaa Post Office message counter 12 Volt 6 Aapere Type
B16.11Y

TRustrak Instruseat Company aodel cusber 218C
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Table 1.1 HMeteorological Instrumentation

Station Eraneter Instrumentation

8 wind speed and cup and vaLe anemometer
direction

screen teamperature thermograph

9 slope wind propeller anemometer
Screen temperature thermograph

11 wind speed profile Cup anemoleters
slope wind \ propeller aremometer
valley wind propeller anemometer
temperature profile thermocouples
screen temferature thermograph

Table 1.2 Instrumentation Height

Instrumentation Station Exper itent Height (meters)
thermograph 6, Y, 11 8, 9, 1 1.2
cup 9 ) 8, 9, 11 2.64
anemometers L 8, 9, 11 1.70, 3.84, 5.84
propeller 9, 11 &5, 9, 11 0.6
aneaometers
thermocouples 1 8 0.34, 2.¢0, 5.06,
7.10, 9.45
9 2.44, 4,82, 7.1u,
S.45 -
11 0.12, 3.72, 6.8y,
AN 14.73
N

<



calibration, and characteristics of these instruments has
been detailed previously (Paterson, 1978), and will not be

included here.
”

’

1.5 Micrometeorologicgl Characterjistics of the Valley

() -

Under conditi&ns of light winds and clear gkies,
observations froe different field experiments conducted in
Edmonton's river valley showed remarkably comsistent
results. This section describes the general characteristics
of the valley micrometeorology deduced from these
observations.

Throughout the afternoon lapse conditions prevailed.
Alr was well mixed, both mechanically; and thermally.
Edmonton City Tower data indicated that superadiatic lapse
rates (typically 2 or 3 times the dry adiabatic lapse rate)
extended to at least a height of 90 meters (the top of the
tover). Temperatures over both of the valley slopes were
generally higher than those along the rim. Winds withirn the
valley were consistently weaker than thoée observed on the
rim. This was likely due to the sheltering and aspect
characteristics of the valley. These lighter winds would be
responsible for weaker mechanical mixing and less efficient
transport of heat out of the lowest levels of the boundary
layer. Hence the higher slope temperatures that were
recorded. JYaximum temperatures were recorded in the late

afternoon or early evening.



A one-to-one relationship, vith considerable scatter,
existed betwveen the wind speed at the rim stations and that
observed atbthe Municipal Airport. Wigd speed normally
peaked in the mid-afternoon and then decreased tovards
sunset. Wind directiom was not necessarily that of the
prevailing flow. This was due to the presence of channel
effects and conpgnsating flovs (Paterson,1978).

By early evening, the effects of decreased -insolation
became apparent and the screen temperatures began declining
within one to two hours before sunset. The air in the
valley generally became isothermal prior to the air above

—the plain. Similarly, after sunset, the formation of an
inversion in the valley preceded that over the plain.
Further, the inversion was observed to be stronger oa the
rorth- and east-facing slopes. On some occasions the
inversion was observed only on these slopes. Valley
temperatures were often coaparable to the rural temperatures
reported at the International Airport, while rim
temperatures compared favourably with the Muniqipal Airport
observations (Hage, 1972). The earlier onset df cooling
over the slope is presumed to be caused by the difference in
solar radiation extinction between the slope ard the plain.
After the sun has completely set, the continued maintenacce
of the slope-rim temperature difference is believed to be
due to the presence of the slope wirnd which is responsible
for both the drainage of cooler air down the slope, and the

presence of a shallov neutral layer just above the slope. A

10



neutral layer has a greater thermal diffusivity than a
stable layer.

Slope winds vere observed ¢gn both walls of the valley.
The slope wind bégan on the bank shaded first (the porth-
and east-facing slopes) at or near the time of slope sunset.
Speeds of up to 0.9 a/s vere recorded for these winds.

There appears * e a vweak 15 to 20 minute periodicity
associated with oscillations in the recorded speed
(paterson,1978). Purther, it is possible that the wind
speed periodicities are correlated to those recorded for
temperature. This gives rise to the interesting possibility
that there exists a brake on the slope wind due to @
competition betden radiational cooling, advection, and
Bixing. However, the resolution of the temperature data is
such that further investigation is precluded. The slope
wind is measured at the 0.8 meter level, hence its vertical
extent is at least this value. Paterson (1978) has
established that the vertical extent can reach at least

3 meters at & location half way up the slope, and at least
15 meters over the flood plain.

Th;re‘is some evidence for the existerce of a
downvalley wind. Thus there is the possibility of a helical
double vortex circulation below rim levelﬂi,If this is in
fact true, the potential for pollutant concentration within
the valley under inversion conditions is enhanced.

In addition to the valley inversior forming prior to

the urban inversion, it wvas found that the valley inversior

LR
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&
vas usually more intense. Inversion gradients up to

189C/100 n.have been tecordoa over the slope. It has also
been postulated by Paterson and Hage (1979) that the urban
inversion can 'drift' over the valley giving rise to a
double structure inversion. The exact influence of the
urban environment on the liCtoieteorology of the valley has

yet to be ascertained.



CHAPTER 2
/

THE THEOREBTICAL MODEL

pPresented. This set of equations vas solved Lumerically by
employing a finite-difference Scheme on ap aPpropiate mesh

of grid points.

pProblem when finjite differences are used. There are two
approaches available to overcome this difficulty,

The first, due to Estoque (1963), is to introduce ‘a
constant-flux layer into the first 50 meters of the boundary
layer ang to interpolate the temperature and wing Profiles
Selov this height. Interpolation is accomplished by using
the 'minus one-third power layt (Lumley and Panofsky, 1964) ,
Oor by using the flux-profile relationships of Businger, et

al. (1971), or by some other appropriate technique.

13
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v
The second approach, adopted by zdupkowski (1971) and

others, is to esploy a fenser network of grid points close
to the ground thereby wséce properly accounting for the
changes occurring near ;ho surface.

The natuf§ of the observations froa the river valley
dictated that predictions at points below 50 setbrs wvould be
required. Purther, model performance in the lover levels
vas of greater interest than in the upper levels. Hence the

use of Bstoque'} constant-flux layer technique vith inter-

L]
L]

polation in the region of interest wvas less desirable. Sone
authors, for example sellers (1965), mairtain that it 1is
only permissible to assume a constant-flux layer in the
lovest meter, and even then only under certain conditions.
Thus the second approach vas adopted. 1In the first 100
meters, a logarithmic spacing was used. Logarithmic spacirg
was employed so as to be compatible with the logarithaic
nature of the temperature and vind profiles.

The top of the boundary layer was chosen to be 2000
peters. This is similar to the value of 2050 meters choser
by Estoque (1963). Other investigators have chosen
different values. For example Zdunkowski (1971) chose 3000
aeters, and Thorpe and Guymer (1977) chose heights ranging
petveen 600 and 1200 meters. Accordirg to Shir (1973), 2
grid 2000 meters high should exceed the top of the real
boundary layer on most occasions. More specifically, for a
station with Edmonton's latitude, the grid will be adequate

for friction velocities less than 0.5 m/s. In any case, it

14
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vas assused that the heijht of the top of the boundary layer
chosen wvould not be crucial since interest is maialy

confined to the lowvest 100 meters. The grid spacing betveen
the 100 seter level and the top of the model is con;tunt and

equal to 100 meters.

2.2 The Prediction Eguations

For present purposes the planetary boundary layer can
be described using the Navier-Stokes Equation, the
thermodynasic energy or heat equation, the specific-humidity
equation, and the continpuity-of-mass equatiorn, in
conjunction with the equation of state and Poisson's g

equation. These equations can be written, respectively, as

<v

> o > 10 > >
Tt (VDU o= - 2dp -0 - 28V
vs, (e-ﬁ,,,)“7 |
. i 3
i] Ax) { Xi (2.2.1)
14 R/C
30 ; I SN N R S . R
EYI V-7 8 1y %, ( &1 3%y | o 'p ) 3z
j p
R/c
) _1_{&1} P s
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7t + V.V q 1§ axj Lel q 3,(1 } (2.2.3)
TV =0 (2.2.4)



p - QRT (2. 2-‘))

tp (2.2.6)
where, after Zdunkowski et al. (1576) ,
Ky is the parameter ized microturbulent diffusivity for
either moaentua, teaperature, Or specific huairdity,
Py is the pet flux density of short- and long-wave
radiation,
1 is the vater vapour flux demnsity Jue to phase
changes, and,
S is the sum of heat sources Oor sinks.
The remaining symbols bhave their usual meanirtgs. It is
understood that a repeated Latin index isplies a summation
with respect to that index, and that the indices taxe on the
values 1, 2, and 3 corresponding to tke familiar x-, y-, acd
z-directions in space.
The necessary kiaematic boundary conditions are
V(zg) = O (2-2.7)
V(zp) =V, ' (22.8)
where z, is the roughness height and z, is the height t> the
top of the‘goundary layer.
A There are tvo methods of introducing the surface
temperature into the model. The simpler method is to use a
prescribed function for the surface temperature. This

approach has been used, for example, by Fisher (1961). The

second method, vhich has the advantage of Leirng more

16



tealintic, is to cospute the surface temperature froas given
profiles of the air tesperature, 8, and the sojl
teaperature, T,, in conjunctiog with the beat Lalance
equation. The heat baiance equation is a statesent
regarding the flux densities through the air-soi1l interface.
This method rejyuires the addition of a 5011 layer to the
sodel vherein the soil temperature equation is given by

B TP ﬁ‘rs

ot S 4z (2.2.‘1)

The heat palance approach has peer used, among others, by
Estoque (1963), and Xrishna (1963), and Sasaror: (1970).

The heat balarce equation 1s a cousequence Of an
application of the lawv of heat Conservation apglied to a
column of soil. The column is bounded at the top by the
41r-soil interface. The lover boundary 1s takem to be that
surface below which vertical heat exchange is negligible.
For soil it can be assuamed (Sellers, 1965) that the net
horizontal transport of heat through the coluan 1s zero.
Thus the net rate of Change of heat 1n the so1l coluar wili
pe equal to the sum of the vertical flux densities across
the air-soil interface. This amounts to the irsistence of
continuity in heat flow between the soi1l and air. The
Systea is closed by requiring

To(zo) = =(z,) (2.2.10)

The boundary conditions isposed at the top and bottos



of the syste® ace
. o(zr) e const (2. é. 1)
Talzgy) = conwt (2.2. V2)
vhere zsa' the depth to the soil bottos, is the level belowx

vhich vertical heat exchange is saall.

2.3 sdaplification of the Prediction Eguatious

TLe prisary aras of the model 18 to describe the
evolution of the teamperature tieldﬁat and near the surface.
This model would then be gloved vith a Second model
(Stovel, 1979) to yield a time-dependent aodel capable of
predicting both the valley vind and teaperature fields.
Thus the prime concern of the present study vas temperature
prediction. Therefore, it vas decided to input observed
vinds ioto the model and resove €he momentus and contiruity
ejuations from the prediction set.

The potential temperature equation vwas simplified with
the following assuaptions:

1. no advection,

2. no flux divergence near the grouni,

3. no changes of vater phase,

4. no heat sources or sinks, and,

S. no horizontal diffusion of teaperature.
Therefore the potential temperature egquation becomes

38 3| 38
at dz | “n dz

|
j (2-3.1)



The model is sostly concerned vith 4ry susser days. Thas,
after Sellers (1265). the latent lout‘tlux density vas
pacraseterized { eras of the sensible heat flux deasity,
and the lpoctgxc husidity eguation cesoved f1os the set of

prediction eguations.

-
»

Therefore the set of equations of direct concern to the

aodel is

T PR L NP (2.3.2)
S

E1 PR U &

Y S 3¢ (2-3.3)

vith the boWndary conditions

Tg(z,) = »(zy) (2.3.4)
g(;T) = const (2.3.9)
Ts(lc,a) = const (2.3.95)

and the isposition of the heat balance equation to guarasotee
continuity of beat flov. ”

A further simplification wvas made to the continuity of
teaperature and heat flov across the air-soil interface.
After 2dupkowski (1976), the height of the air-sotl

interface vas taken as z=0 rather than z=1%,.
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2.8 Ihs Neat Balaace

(

Recalliag the previous sisplif ications, the heat

balance eguation takes the fors

Psw * Poo, * v s " T " Tsus T T O (2.8.1)

vhere I, is the short-vave radiation to the grousd,

'co, is the long-vave tradiation to the ground due to
carboa dioxide,

I,y is the loag-vave rediation to the ground due t>
vater vapour,

Fsy 18 the sensible heat flux density to the
atmosphere,

Py 1is the latent heat flux density to the
atsosphere,

Pous is the heat flux density to the soil, ac.d,

Py is the long vave radiation fros the ground.

The carbon dioxide flux density car be expressed as a
kpovn fraction of the terrestrial .ong-vave radiation
(Hess, 1959) and, for tesperature values near .0°C, this
fraction is approximately 0.18. Thus

FCO2 - FLU = - 0.82T1" (2.4.2)

vhere T is the surface temperature.

The atmospheric lomg-vave radiation due to wvater vapor

)
can be evaluated as

re JEy Iw
Fo, =  oT" (& = dz
LW '

0 v’ 3z (2.4.3)

4

vhere B is the eaissivity due to vater vapour, and, v is the

optical depth due to vater vapour. Por the model purposes,

20
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the atsospheric losg-vave rediation vas assesed constast
over the foresast period, and tltogtotod,qtcyixcnlly eaing
the Blsasser chart pudlished by the U.S. I;ctbor Dureas.
After Koadratyev (196€9), the ateocspleric leeg-vave tadistions
intercepted by the slope a8 & fraction of the hesispheric
long-vave radiation is

cosl(al)
vhere 1 is the i1aclination of the slope. The grapbical
inteqration is described in Appendiz A.

The sktort-wvave flux density 1s a ;;nctxon of the solar
constant, *o solar bour angle, the solar decligation, the
latitude, orientatioa, aad inclination of the slope, and a
coabined albedo, turdidity, and diffuse solar radiation
factor. The precise expression used 1s

Fow = Satl-u) stn(@)cos(n§.f'\u-(%)-tn(c)co-(HAN-vt-HAT0>
(2.4.0) @
This expression is derived ia Appendix B. Values of
1353 W/m 2 (Paltridqge apd Platt, 1976) anoid 0.39
(Houghton, 1958) wvere wsed, respectively, for the solar
constant and for the cosbined albedo-turbidity-diffuse solar
radiation factor for clear sky radiatioa.
The expressions for the sensible heat flux and the soil

heat flux Jdeositigs are given by ’

@
[« -]

(2. “.5)

)

]
~N
)
(<]

FSH - :cplh

(2.8.6)
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~
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2.5 The Eddy Diffusivities

When the atmosphere is completely at rest, the transfer
of physical properties such as heat and momentua is
accomplished at the molecular level. The transfer process
takes place accordimg to such familiar concepts of molecular
theory as molecular nean‘free path and kinematic viscosity.
The major hypothesis in molecular tramnsport is that the mean
flux of a quantity is directly proportional to its gradient.
The proportionality in the case of momentum transfer 1is the
kinematic viscosity, and in the case of heat transfer is the
thermometric conductivity. However the atmosphere is rarely
completely at rest, even under extremely stable conditions.
When the atmosphere is turbulent, transport is accomplished
by turbulent transfer processes. The simplest turbulent
transfer theory is a quasi-afalogy to the molecular transfer
process. The turbulent flow is said to possess a granular
structure in which small chunks of fluid or eddies can break
away from the mean flow and act as vehicles for heat and
momentum transfer ip a manner similar to molecules 1in the
molecular case. The hypothesis is that the eddy flux of a
gquantity is proportional to its gradient. This theory 1is
known as the Flux-Gradient Hypothesis, and the constant of
proportionality as either the eddy diffusivity or the eddy
exchange co-efficient. The eddy diffusivify for momentunm,
also called the eddy viscosity, is the analogue of kinematic
viscosity. Similarly,“the eddy diffusivity for heat, also

called the eddy conductivity, is the analogque of
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therlongthic condgctﬂ}ty. The turbulent analogue of the
nqleculltﬂzean free path is the characteristic eddy length
scale or mixing length. This quantity can be interpreted as
the distance over yhich the significant eddies will maintain
their identity. The mixing length, and other eddy +
parameters, are not solely properties of the fluid but also
of the flow. In other words, although it is characterictic
of the local turbulent mixing, the length scale is also a
function of its positjon in the flow,‘the mean velocity of
the flow, and the history of the flov's'turbulent structure.
These characteristics demonstrate the prime weakness of the
Flux—Gradie;t Hypothesis: turbulence cannot be properly
treated as a property of the fluid. - However, according to
Plate (1971),\the theory is adequate if the local turbulence
structure develops in the same manner as the mean flow. The
nodel proceeds on this basis.

The diffusivities are generaliy complicated and unkrown
functions. The usual approach is to determine the
diffusivity for momentum under neutral atmospheric
conditions and then transform it into any diffusivity under
ary stability condition using the corresponding universal
profile function. -Monin and Obukhov (1954) have postulated
the existence of such universal profi.  functioms, and
several experimental determinations of these functions have
been published by various authors, for erxample Wekb (1970),

pPaulson (1970), Businger, et al. (1971), and Carl (1973). o

Several specifications of the neutral exchange
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coefficient Ky have been suggested. Ekman (1905) proposed
Ky to be constant and independent of height, and derived,
for the ocean surface layer, the now well known ‘'Ekman
spiral' velocity distribution. For present purposes there
exist three possibilities for the evaluation of the neutral
exchange coefficient.

The first expression, due to Blackadar (1962), is

[o%]

- kz 2 G
Ky [1+kz/x) "a?g’ (2.5.1)

vhere X = 2.7*10"|Vg|/f is the free atmosphere eddy mixiag
length, and, k is von Karman's constarnt. Free atmosphere
mixing length refers to the characteristic size of an eddy
at heights where surface friction is no lornger an important
consideration, ie. the eddy is free of surface constraints.

Physically, the effectiveness of turbulent transport is
determiped by two factors: shear and eddy size. A larger
eddy wili act over a greater distance, and a larger shear
will wake available to the eddy more turkulent energy for
the transfer process. Blackadar's expression for Ky <
reflects these tvo factors if the bracketed quantity, vhich
is dimensionally a length, is interpreted as the
characteristic eddy size. The behaviour of the length scale
is appropriate. Near the ground, the eddy size is of the
same order of its distance froa the gr‘d; and, at greater
heights, the eddy size approaches a fixed value.

The second possible formula for the eddy viscosity,



based on the KEYPS® (Sellers, 1961) expression, is

K = kzu, {1-€R} ¥ (2.5.2)
vhere u, is the friction velkfity = (/o)
1 = surface stress,
B, is the Richardson number : %(%3/(%52, and,
€ 1s a constant determined experimentally and ranging
in value from 9 (Pandolfo, 1966) to 18 (Panofsky,
Blackadar, and McVehil, 1960).
The KEYPS equation is really an interpolation formula for
the diffusivity in both the neutral and unstable regimes.
The first term is the contribution due to forced convection
arising from mechanical mixing. The second term represents
the contribution due to free convection arising fron
buoyancy.

The last parameterization is due to Skir (1973) and is

given by '

KN = ux kz_z { e_l‘z/h + (1 + 1()(2/?\)11:6 )_1 } (2.5.3)

wvhere h = .455u,/f is th2 height of the boyndary layer.
This particular parameterization arose from one of the first
successful atteapts to model atmospheric turbulent flow in

the planetary boundary layer. The equation rerresents the

best curve fit to the numerically computed neutral eddy

8from the initial letters of the investigators who
independently proposed the formula: Kazanski and
Monin (1956), Ellison (1957), Yamamoto (1959) ,
Panofsky (1961), and Sellers (1962)
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diffusivity.

The present model does not predict the winds at every
level but uses instead observed vinds at distinct levels.
Hence a choice of the least vind-sensitive paraseterization
for the exchange coefficient seemed the most desirable.

Thus Shir's parameterization was adopted.

2.6 Ihz’&nhlg and Unstable Regipes

It is assumed that the diffusivities can be extended
froa the neutral regime by
\ Ki = Ky / ¢4(2) (2.6. 1)
wvhere ¢ = z/L is the dimensionless height,
L is the characteristic Obukhov length, arnd,
¢, is the Monin-Obukhov profile function for either
temperature or aomentua.

It is further assumed that expressions determined by

Businger, et al. (1971) froa the Kaasas data for °i are

applicable
s (<0) = (1 - 15¢) * '
m 9 (2.6.2)
¢m(c>0) = 1+ 4.7 ¢ (2.6.3)
e
¢h(c<0) = .74(1 -9 1) (2.6.4)
¢ (220) = .74 + 4.7¢ (2.6.5)

These relations also provide an expression for the
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Richardson number; namely

b
74 (1 -
Ri(c) = ‘(‘1(_ 90’2‘) » Ry <0 (2.6.6)

T4 + 4.70)
Re(g) = 5(% - ,‘.m‘r T (2.6.7)

In the model, the Richardson nuaber is computed, and then
used to determine the non-dimensional beight ¢ from the
Previous eguations. The value of ; obtained is used to
Calculate the Monin-Obukhov functions, and hence the

diffusivities, for the appropriate stability regime.

2.7 Method of sSolution

To recapitulate and Clarify the general method of the

nodel, the following steps to solution are presernted:

. using initial observed temperature profiles for the
air and soil, calculate the surface temperature via
the hea} balance equation,

2. advance the profiles in time at al} levels but the
surface,

3. calculate the surface temperature at the rLew tiame
froa the new profiles for that time, ard, -

4. repeat steps 2 and 3 for desired length of forecast.

In the model, only the surface is alloved to absorb angd
re-emit radiation. The remainder of the boundary layer is

assuned transpareat to radiation.



According to Estoque (1963) the assusption of
transparency is reasonable since the radiative teamperature
changes in the boundary layer are ipsignificant in
coaparison with the coantributions to teamperature change by
eddy diffusion. However, if the boundary layer is polluted,
Zdunkowski (1976) has showvn that a less internse and less
extensive inversion will result vhen radiative flux
divergegce calculations are neglected.

It is assumed that the present model atmosphere is
unpolluted. Hence the assumption of transparency is
applicable. The atmospheric long-wave flux density is
therefore deemed to originate at the top of the model
boundary layei, even though there might be some water vapour
contributing to this flux density within thke boundary layer
fhereby invalidating the assumption of transparency. Thus
model heating (or cooling) due to radiation takes place only
at the surface and the rest of the model atmosphere is
heated by 'conduction®, with the rate of mixing determined

by the diffusivities as a function®of stability.
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CHAPTER 3

THE COMPUTER MODEL

3.1 Geperal

In this chapter the equations of Chapter 2 are
presented in their numerical form for use in computational
algorithms. The model is one dimensional i1n the sense that
profiles are generated in the vertical for a poirt on the
surface. The model predicts two such profiles: one for the
rim of the valley (plain), and one for the sloge.

It is necessary to run the model in extended precision.
The diurnal variation of temperature during summer at
Edmonton is 10 to 15 C9%/day. To re conservative, it is
assumed that the smallest rate of temperature change is 100
times smaller than this rate. This corresponds to a rate of
0.0003 C° per S5 minute time step. Agaim, to be on the safe
side, the iteration scheme assumes that a zero rate of
ctange has beer reached when the charge is another order of
magritude smaller, ie. a rate of charge of 0.00001 C° per 5

ainute time step. Potengial temperature is generally near
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borne out by Lettau aad Duidl”’jl%h.

3.3 The Rinite-Diffecence Bauations

According to Saith (1965), equations of the fora

I(z,t) L 3%¥(z,t)
3t K327 o (3.3.1)

are unconditionally stable and convergent in their

finite-difference fora

S+l k aldt k+1 k+1 k+]
¥ = ¥ + - 9 .
i j 31,2 K { v1+l ‘v’ + v’_l }
bAt .k k k
+ i - 2¥ + !
2822 j+1 1 -1 (3.3.2)

1f a+ b=1, and 1 < Db < 2. Subscripts and
superscripts are used to identify space and time increnments,
respectively.

Both the air and soil temperature equations are

parabolic partial differential equations of the fors

¥ I v EA t)
B_QLEL - ‘)_z.. L K(z)_g_g.)_). ] (3.3.3)

it

For an irregularly-spaced grid, this equation, in finite-

difference form, becomes (see Pigure 3.2)

k+1_ ket k+1_ k+l
k+1 k , adt ¥, - v, -v
= Ey 1 i - | i-1
T e, Ry, . fy- }
ko _k ko k
bét LW v, -¥
ey v 1 K -1
¥ 6z { * 34y —1:g—~1~— J-B"ljg;‘L" ! (3.3.4)
4, a
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Figure 3.2 PFinite-Differeaces on an Irregularly-Spaced Grid
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It is assumed this finite-difference equat ion is also
unconditionally stable and convergent for

a ¢b= 1, and 1 < b s2.
zduakovski (1976) has foead this to be valid tqf the values
a = 1.5 apd b = 0.5. These auabers vere adopted in this

sodel.

3.6 Calculation of the Eddy Daffusivities

The neutral exchange coefficient Ky vas calculated
according to the finite-differeance foram of Shir's
parameterization, equation (2.5.3), vwith the ipnclusion, for
completeness, of the molecular viscosity. This expression
is

i -

Lby-1
J+h

4

/h)

KNJ+B j 4+

2
* Kool (3.4.1)

vhere h = O.uSSn*/t, and, K is the molecular diffusivity

wol
of air. The friction velocity, ui, obtained from the
observational data, wvas periodically input into the model at
a predeteramined time interval ':‘'. This friction

velocity wvas calculated fros the observations using

(Businger, 1973)

u, - kﬁ/log[-z-:—ozn) L

(3.8.2)
The model vas started at local noon. This was usually

several hours before the observed valley data vere
's
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available. The earlier sodel start-up vas desitabdle for tvo
reasons. Pirstly, Lf pecessary, the sodel bas tise to
settle down prior to the cosparison vith the observatioas.
secomdly, profile isitializatios can better bde accosplished
at this tise.

The noos sodel start-up tise cosplicated the
calculatioa of the friction velocity for the ris, since

values for the sean vind at 2.64 peter height vere not yet

available. To this end, it was assused that the vind at tlLe

Municipal Airport could be taken as the ris viad at

2.64 seters. 7The airport vind is measured at 10 seters

using a short-period averaje value OB 4 Sslow-response

aneposeter. The error doe to measu gt at different

beights is expected to be masked error due to %oth
the resoved location and less sensl acemoseter.
Further, because experience has shown that cals conditjons
rarely prevail in central urban distracts, and because of
the relatively high threshold value of the airport
anesometer, a cala reading at the airport vas assigned the
value of 1 m/s. Hunicipal Airport data vere aiso used vhelL
it was desired to run the sodel past the end of the
observation period. Whemever the actual ris viaod
observations vere availaglc they vere used. Thus the
friction velocity for the rim vas calculated by

- 2.64 + 0.01
ua_ o7 0.4T tog( ——45 51 ) (3.8.3)

vhere Von Karman's constant is taken as 0.4, tbhe surface

1)



roughness as 0.01 meters, and, the mean wind as either the
neasured valf%y rin wind or the airport wind.

During the observa;ion periods, comparison between the
recorded 2.64 meter vind at the rim and the wind
interpolated to the same height over the slope showed the
slope vwind to be weaker than the rim wind on the average by
an amount

n = avef Gslope / Grim }
of the rim wind. It wvas assu;ed that this fraction, n , vas

valid outside the observational time frame. Thus the

friction velocity for the slofe was calculated by

2.64 + 0.25)

= 0.4 nG / rog( 0,35

u*SlOpe rim (3. 4. 4)

vhere the slope s&gface roughness 1is taken as 0.25 meters.

Hence
Y*s1ope
__slope = 2.28 n

Ug-

rim (3. 4.5)
These friction vglocities, calculated at the 2.64 meter
level, were used in calculating the diffusivities, KNj+5 '
at all model levels. Im practice, the friction velocities
were calculated at ome—-half hourly intervals and then
seoothed with a three point running mean.

.

The kinesatic viscosity used for air (Sutton, 1953) is

K = 1.5%10-% n2/sec (L u4.6)
mol

Once the neutral eddy viscosity has been calculated,
the desired diffusivities are determined by equation LS

(2.6.1). This equation requires the evaluation of th
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Monin-Obukhcv profile functions.

3.5 Calculation of the Mopip-Cbukbov Profile Functioaps

The Businger relations, equations (2.€.4) and (2.6.5),
are used to evaluate the Monio-Obukhov profile functions for
heat. The equations require the dimernsiorless height
which may be calculated, via equations (2.€.6) and (2.6.7),
from the Richardson nuaber. Thus the kichardson rumber must
Le computed. {

The Richardson number has previously been defined as

Ry = %’( Qﬁ_) / ( %% ) (3.5.1)
Usingy this fcrmn of the Richardson nuater poses a problen.
Strictly speaking the wind shear and hence the wird must be
known at every level. But wind is mot predicted Ly the
model. Further, only observed winds at‘;ne level are 1input
into the modél. To overcome this difficulty, the ruik
Biéhardson number, in conjunction with stability relations

similar to those of Golder (1972), was employed. The bulk

Richardson number (Lettau and Davidson, 1957) 1is defined by

g z2
B ’g(—)rz
u (3.5.2)
wvhere z is the geometric mean height betveer the top and
bottom orf the layer considered. 0©nly one wind measurement

is required to deteraine the bulk Richardson number. The

bulk Richardson number is related to the Richardson
Pl -



number by

Ri o §2y @32__ﬁ2
B dlog 2z (3.5.3)

Also the Businger profile functions for momentum may be

integrated (Paulson 1370) to yield -
ku
— = og(z/z -y
Us o) m (3.5.4)
vhere 1 + ¢ -1 1+ ¢ 2
b (e<0) = 220g ( m ) + togf m )
2 2

- 2tan-l( ¢m-1 ) + n/2

and -
v, (5>0) - 4.7 g

Equations (2.6.6), (2.6.7), (3.5.3), and (3.5.4) may be

coabined, remeabering that

@m(C) = Ugx 9Z
to give
B{rog(z/z ) - v }(1’94)-5

1 . Q 7deA7 , ;<0

74T (3.5.5)
&

! B{log(z/zo) - Ygl? , - >0

c(.74 + 4.77) {3-5.6)

These stability relations differ from those of Golder (1972)
in that the ratio of the exchange co-qﬁflcxents is not
assumed to be unxty.gﬂgnete 13 only one unknown in the above
equations,,and that’ 1§‘the dimensionless height ¢ . If the
bulk Richardson nhumber is negative, ¢ is solved for
iteratively using Newton's Nethod (Conte and de PRoor, 1572).

A

-4
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By taking the bulk Richardson number equal to the
dimensionless height as a first guess, solution to within

5 per cent of ; is usﬁ%lly encountered in three iterations.
If the bulk Richardson number is positive, the solution for
¥ 1is analytical. With a value for % now deté%nined, the
profile functions, and hence the diffusivities can be
calculated.

To guard against the possibility of the diffusivities
inappropriately assuning'éb . &i;i values, a ainimunm
friction velocity and hence ;i;iiﬁ; o is determined from
the observed data, and then, if a ¢h is computed that
exceeds this maximum, it is reset to the maximua value. In
the actual computations, the formula for the eddy viscosity

is recast (Businger, 1973) as

»

Km = ul / ( 3d/3z ) (3.5.7)
The exact procedure to determine the maximum @h is as
follovws
1. deteraine Uspnin Yi@ equation (2.4.2) using the
minimum u observed,

2. determine Ky via equation (3.5.7), .

min

3. assume Ky = K, neutral 1S given by K, at sunset, and
determine K via steps 1 and 2 using observed
sunset values, and,

4. using equations (2.6.1) and (2.6.3), calculate

Ky

cmu-[Km 1)/4.7

min

5. hence calculate ‘h
max

39
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3.6 calculation of the Surface Iesperatuge

The method used to calculate the surface temperature
follows the same procedure as Jacobs and Brown (1973). The
heat balance egquation is recast as

- - - - - —xl

0 T - { ( Fgy + Fy Fou(D = F (D - F o (T) )/.820 }

(3.6.1)

This is an isplicit equation in the surface temperature, T.

bifficulties arise in solving this equation iteratively.

The quantity in brackets can take on values less than zero.

To overcome this problem, let T. be the temperature at which

the quantity in brackets becomes zero, ard define a function

. }'X‘L'
T - {(st + Foy - P (D - F (D - Foug(T)/.82g1 . TeT,
g(T) =
T . ToT.

(3.6.2)

The real root of g(T) = 0 determines the surface

temnperature. For T < T., the root is found iteratively

either by Newton's Method (Conte and de Boor, 19% or, if

- ®

the root lies in a region vhere g(T) is not continuously
differentiable, by the Secant Method (Conte and de

Boor, 1972). For T > T., the Reguli Falsi Method (Conte and
de Boor, 1972) is used. If T happens to be greater than

T. on the first iteration, an initial value of T = 250 °K is
used in the Reguli Falsi method. This value is usually
smaller than any Edmonton summer surface temperature. Thus

bracketing of the root is accomplished.



The sensible and soil heat flux densities are of the

form

3z | .o . (3.6.3)

Due to the logarithasic nature of temperature pear the
surface, a second order Taylor Series expansion is used in
the finite-difference approximation of the derivative,

nazely

2 - 22 - 2 _ 2
- z25T(z)) = 2IT(z,) (zz 23] T(0),

Yz Z2=0

zZy 2, (zz - zl)
(3.6.4)

The latent heat flurx density is parameterized in terms
of the sensible heat flux density (after Sellers, 1965) in
the following manner

F = Fsue Fsu :
-0.% Foyo Foy <0 (3.6.95)

3.7 Prediction Procedure for the Temperature Profiles

The atmospheric temperature profile is approximated by
the temperature values at N=NZPTS discrete points. It is
assumed that the temperature at the top of the profile (the
top of the boundary layer) is constant. Similarly, the soil
temperature fprofile is approximated by values at N=NZSPTS
points, and the soil bottoa temperature assumed constant.
Further, the temperature at the interface is deterained by

the heat balance equation. Thus the temperature is only



forecast at N-2 points, namely 2 through N-1. Equation

(3.3.8) can be revritten as

k+l k+1 k+1
A Y + BV + C, ¥ = D . 7.1
[ e 3 Y31 j (3-7.7)
C
This set of equations forms a tridiagonal matrix for the
\ ]
interior points, and can be solved (see Appendix C) using

Gaussian elimination, ie.

kL by A Fivl R - €y S+
i By + A, G B, + A, G 13-l
(3.7.2)
- F
co. TN T
G
3 Bj * Aj j+l1 (3. 7.3)
G . - C.1 G °
T A
LS I I (3.7.4)

Thus a procedur2 to find the profile at time t ¢+ (k¢1)at is

1. assume surface temperature changes little over oane

. k+1
,time step and take Tl = Tk,

1
2. solve for T:+1, §=2,4...,5-1 by equation (3.7.2),
3. using the new profile obtained in step 2, calculate
a nhev T:ﬂ . and,
4. advance one time level, and repeat steps 1 to 3.
@

This procedure has an inherent veakness. Due to step 1, the
time step mpast be serall. Hovever, this problem can be
overcome by employing an iterative proce#ure. Before

advancing to step 4, sismply repeat step--’ *0o 3 until the
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surface temperature calculated at the most recent iteration
differs from that obtained from the previous iteration by a
predetermined small amount. As sentioned in section 3.1,
0.00007 C° is an appropriate difference, and this value vas
used. With this approach, time steps as large as 20 aminutes
have given consistent profiles. Hovever, the settling-down
time needed for the model increases vwith the size of time
step. A tise step of 5 minutes generally ensures stable
results after half an hour. This can be reduced, if
desired, by re-initializin; tbe model after 2 or 3 tiae

steps. Generally, the oscillations initially p}esent are

not severe and damp out quickly.

3.8 Inclusiopn of a Neutral Slope Layer

By late evening, the model consistenly predicts a
one meter slope temperature that jies close to the rin
temperature. This is contrary tb a 3 to 6 C° spread
observed when there is a slope wind present; The behaviour
of the model is not surprising siLce no provisior for the
increased mixing due to the slope wind has been
incorporated.

In Chapter 1, it was indicated that the slope wind had
an effective deptﬁ of at least 3 meters and possibly as
targe as 15 meters. Por model purposes, the slope vind was
taken to be operative up to the tenth grid point, or a'

approximately 4.6 meters. It was then postulated that the
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profiles for belov the 1.2 meter screen height vere then
extrapolated using screen height temperatures. The initial
profile betveen 1.2 meters and 850 millibars vas detersined
by assusing a constant lapse rate betveeh the teaperatures
at these two levels. The initial profile above the 850
millibar level vas determined solely from the radiosonde
data. It was assumed that the 850 ab teaperature at
radiosonde time would not differ greatly from its
teaperature at local anoon.

The values for the soil thprmometric and therasal
conductivities used in the mod vere also those of the

Plains data, namely 1.5%10-7 m2/sec and 0. 25 J/a/sec /°K.

4.2 The Ataospheric Jemperature Profile

The temperature profile from the first experiment of
the Plains Pield Programme is plotted, with the 0.1 meter
temperature subtracted fros every value, in Figure 4.1.
Superimposed is a similar plot obtained from the third
Plains experiment. A straight line is fitted visually to
the data (given the magnitude of the assuaption made, a more
accurate fit was deemed unnecessary). The axis of the graph
vas then shifted so that a tesperature difference of zero

-aligned with the screen beight. Hence Table 4.1 vas
constructed. The last eatry in the table for 0.0 meters was
obtained by linearly extrapolating between 0.01 and 0.05

Re ters.
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Table 4.1 The Interpolation Table for the Initial
Atasospheric Tesperature Profile

b - — —_—

Height Difference froas tne

Screen Teamperature
(m) (€°)
1. 29 0.0
1. 90 0.2
0. 46 0.8
J. 22 1.5
0.10 2.2
J. 05 2.9
0.00 “.6

48



-2

Thus the sodel faitialization procedure is to take the
sCreea teaperature at local soon and usiag Table 8.1 arrive
At a guess for the teaperature profile in the lovest
1.2 seters. The discretizatioa of thJ’xapnt profile aeed
not aliga with the grid. The model has the capability of
iaterpolating grid point values fros the inpet profile. The

input profile is converted to poteatial tesperature by

(P \-TB6
" —_—
! [ pj I (8. 2. 1)
v here -
) glz -2 ‘w'lﬂ
Py T Ppers ) |
(0.2.2)
T, +T
T _"_f_‘_.?-.a.s,o
(8.2.13)
r
sfoc sf(
° T%f(‘ " "L“\'—z—*’g‘ (..2'0)

4.3 The Soil Tempecature Profile ‘

f‘gtp a fashion similar to that of Section 8.2, the Plains
data (Lettau and Davidson, 1957) vere used to comstruct
rigare 4.2 and Table 8.2 for soil. 1In Pigure 4.2, the curve
fitted to the data belov 10 cs vas Justified or the basis
that the data belov this level was aeasured by a different
observer vith different instrumeats. The trend of the curve

is still saintained.
-~
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Table 4.2 1The Interpolation Table for the Initial Soil
Temperature Profile

Soil Depth . Difference from the
Surface Temperature
(cm) (c°)
0. 00 J.0
0.50 - 2.1
1. 04 - U.2
2.15 - 6.4
4,47 - 8.7
9. 28 -10.9
19.30 =131
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The initializatiofl procedure is to take the temperature
obtained for the surface in the preyious sectponp, and use
Table 4.2 to arrive at a guess for the input'soi{ profile.
As with the atmospheric input profile, the points-of the

input soil profile need not be co-aligned with the soil

grid.
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CHAPTER 5

RESULTS

5.1 Gepefpal

In this chapter the results from the computer
sisulations of Experiments 8, 9, and 11 are presented. The
res}lts are discussed in relatioh to the observed data, and
observati&ns pertinent to the model are also included.
Occasionally recourse is made to observations pot obtaisned
at the Dawson Bridge site. In addition, the viability of a
dcuble structure inversion in the valley is examined, and
the differences between urban and rural cooling is studied.
Further, sensitivity to certain model parameters 1is
considered. In each experiment, the model was run for a
period of 12 hours starting at local noon. The grid
employed by the model throughout all simujlations is given in
Appendix D. Appendix E lists the para?éti‘s which wvere
coamon to all the experiments, and &k egdﬁx F lists the

I

prograpse for the model. :



™=
5.2 The iagnl&§ for Experipert B8 '

5. 2.1 General

ExPeriment 8 wvas conducted ou 27 June 1978. <C(onditiowLs
vere vef} {avourable. No significant synoptic or aesoscale
activity existed in the vicinity. Scattered fair-weather
cumulus prevailed during the day, and, occasiorally,
scattered altocumulus occurred during the evening. Tre
progression of wind and temperature throughout the day was
almost ideal. At noon the surface wirnds were light. Then,
as insolation incited hwoyaocy in the boundary layer,
convective overturﬁ}nd mixed the stronger winds aloft
downward. A mid-afternoon maximum of 6 m/s was reached.
Finally, by sunset (approximately 1453 MST), with the
decrease of surface heating, the winds again recame light.
Temperature throughout the afternoon was essentially
constant although small variations, likely due to thermals,
were present. A maximuam of 26.5°C (at the Municipal
Airport) was regched in the late afternoon, and a definite

steady temperature decline began within two hours of sunset.

5-2.2 The Qbservations

The winds and temperatures from the local airports are
given in Table 5.1. Valley winds are givern Tables 5.2

|
and 5.3. Valley temperatures are presented in Table 5.4.
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lable 5.1 1be Temperatures and Winds from the Local
Airports on 27 June 1978
— —
Airport
Yunicipal Namao International
Time Temp Wind Teap Wind Tenmp Wind
(SNT) (°C)  (°/ w/s) (°C)  (°/ umss) (°C)  (°/ wss)
1800 22.9 300/3.1 21,8 290/6.2 21.6 .290/4.6
1909 22.17 283/2.1 22, 8 280/6.2 22. 4 280/2. 6
2000 22.9 310/5.7 22,7 300/7.7 22.6 310/5.7
4;100 23. 1 280/6.2 23.7 270/6.7 23.3 2730/3.1
2200 24,1 290/3.1 23.S 260/6.17 24,2 270/4.1
2300 24, 4 270/2.0 24,2 310,4.6 25.1 273/74.1
2400 24,8 320/3.1 24,2 310/2.6 25.2 250/2.6
0303 24,6 323/2.0 23.9 320,4.6 2. 4 273/1.9
0100 24,0 260/1.5 23,8 210/1.0 24,2 0
3230 23.5 2719/1.0 23,6 280/1.0 23.1 010/2.1
0300 22.6 -0 20.8 0 18.7 0
0400 21,7 ) 19. 4 0 16. 4 0
0500 20.2 180/1.0 18. 8 020/1.0 14,2 120/1.0
0600 16.3 J 17. 4 0 13.6 160/1.0
0700 16.5 0 13.0 360/1.5 12.9 150/1.0
0800 15.7 J 15. 4 0 12.5 310/3.6
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Table 5.2 The Valley #®inds (a/s) on 27 June 1978
Mean Wind Mean Wind
, Station 11 Statioo 8
Tise @ Height (m) Height (m)
(8DT) 1. 2. 84 5.84 2. 641 2,64
~411530-165'0 3.95
1605-1630 4. 16
1630-1700 _ 3.30
1700-1730 ’ 3.70
1730-1800 1.17 1. 26 1. 28 1.21 2.96
1800-1830 0.86 0.91 0.94 0.88 3.36
1830-1900 .89 1. 00 1.04 0. 94 2.51
1900-1930 0.76 0.89 0.98 0.82 230
1930-2000 0.52 9. 55 3.61 0.53 2,25
2000-2030 0.61 0.57 0.53 0.59 1.89
2030-2100 0.43 0.35 9.30 0. 40 1. 66
2100-2130 0. 41 9. 42 0.28 0.41 1.25
21’6-2200 9.28  0.25  0.17  0.27 1.05
2200-2230 0.20 0.32 0.29 0.25 ) 0.79
2230-2300 2. 11 0.33 .26 0.21 2.80
2300-2338 9.15  0.25 0.23 0.19 1.54
2330-3400 2. 06 0.08 0.07 0.09 1.26
0000-0030 0.79

linterpolated linearly from 1.1‘.r and 2.84 m winds.



Table 5.3 The Slope (Drainage) Win t Station 11
on 27 Jane 1978

e 4

Time Mean Wind Time Mean Wind

(MDT) (n/8) (GHT) (a/s)

1915 -0.041 2145 0.64
20 -0,041 50 0.63
25 0.06 55 0. €4

1930 0.96 2230 J. 66
35 0.38 . 05 0.70
40 0.28 19 0. 60

1945 0.11 2215 .0.56
50 .21 20 0. 66
55 0.38 25 0.58

2000 0.15 2230 0.71
05 0.5¢ 35 0. 51
10 0.21 40 O. 60

2015 0.68 4245 0.70
20 J. 42 50 0. €€2
25 0.62 55 0.622

2030 0.71 2300 U. 572
35 0.27 05 0.53
49 J. 49 10 Je 49

[}

2045 0.71 2315 J.43
50 9. 70 20 Je €2
55 0.54 25 0. 64

2109 J0.85 2330 J. 45
05 0.72 35 0.53
190 0.66 40 0. 58

2115 0.79 2345 0.47
20 0.80 50 0. 36
25 0. 71

2130 0. 86
35 0.81
49 . 0. 68

lminus sign indicates an upslope wind.
2linearly interpolated valae.



Table 5.4

The Calibrated Valley
28 June 1978

—

Temperatures (®C) on

Station 8 Station 11
Time Height Heiglrt
(8DT) (m)
1.20 0.36€ 1.20 2.€60 5.06 7.10 9,45
1530 26.0 ‘
45 25,4
1600 25.6
15 2¢.9
30 25.4
45 25.6
1700 26. 6
15 25.3 27.9  25.1  25.6 25,4 25, 3
30 26.2 2609  25.0  24.5  24.9 25.1
45 26.5 27,1 25,6  25.3  25.3 25,1
1800 25.8 27.0  25.6  25.6  25.5 25.3
15 25.8 26,7  25.3  25.3 25,7 25,5
39 26.0 . 25.9  24.6  24.5 25.3  25.2
45 26. 6 25,7  25.6 25,2  25.3 25.2
1900 26. 4 23.4  25.1 4.2  25.3  25.3  25.1
15 26.1 23,1 24,5 24,17 2549 25.3 25. 2
39 25.9 2.0  23.1  23.8  25.4  25.4 25. 4
ud 26.3 20.8 22.6 24,1 25,1 25.2 25. 1
2000 25,1 19.3 21.6 22.0 35.1  24.5 24,7
15 25.4 18,7 21,5 22.6 24,7  2u.6 24,3
30 25.8 18.1  20.5 22.8 23.4  28.2  25.1
45 25.3 16.7 19.6  20.6 21.7 21.71  22.8
2100 25,0 16.1 19.4 20.2 21.6 22.3  23.8
15 24.5 15,1 18.5  21.6  23.5  24.0 26,8
30 24.3 15.4  18.0 19,7 22.0 23.5 24.3
45 23. 4 13.8 17.4  23.9 21.1  21.3  22.1
2200 22.9 13.4 17.0 18.2 19.8  20.8 20. 7
15 22.1 1.5 16,5  49.2 19.5 19. 4 20. 0
30 21. 17 10.8 15.9 17.8 18.8  15.6 20.2
45 21.5 10.6 15.5 17.7 18.3  18.7 19.3
2300 20.17 1.3  15.0 16.3 11.6 18.0 18. 8
15 20.0 10. 8 14,7 16,5 17.4 18.3 18. 8
30 19.6 10.4  14.3  16.1 16.6 16.8 17.8
45 19. 4 10.2 14,0  16.0 7.2  17.2 1794
0200 19.2 10.8 13.8  16.2 16.1 16.2 16 8§
15 18.8 R
30 18.2 ks
45 17.7

&)
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5.2.3 The Hodel Pacansiers

The parameters used in the coaputer sisulation have
been cq’culated according to previously Jdetailed procedures,
and are listed in Table 5.5. The start-up teaperature
profiles for the atmosphere and soil are specified in
Tables 5.6 and S5.7. The 2.64 meter winds required by tbhe
model are given in Table S.8. The slope friction velocity
vas calculated according to equation (3.4.4) using an n of
0.27 determined from Table 5.2. The drainage winds required
be the model were extracted from Table 5.3. The value for a
missing entry was linearly interpolated froa its nearest
neighbours. Further, in the interval betveer the
termination of the experimental observations and the model

termination, an average slope vind was used.

S.2.4 The Model Predictions

In this section, the model predictions for Experiment 8
are discussed. Evidence for the validity of the calculated
flux density profiles is presented; the characteristics of

N
the temperature profiles are shovn; and the possibility of a
double structure inversion is proffered.

Generally, the magnitudes and trends of the predicted
flux demsities as a faunction of time vere consistent with
the literature (see, for example, Lettau and Davidson 1957).

However, proper evaluation of the flux densities produced by

the numerical model was difficult since it was not possible
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Table 5.5 The Model Paraseters for Experiment 8

M

Parameter Prograame Val ue
Name
Declination DEC 239 18.8"
Equation of Time EOT < ain 54 sec
Suun’s Hour Angle at HATO -1° 14,3 ‘
Model Start-up
Maximum ¢, PHILIN 1.069
Slope Wind sStart Time TSLE 16.58 hrs M31
>
Sur face ?2ressure F3 922 &b
L ]
Average Layer jiemperature TAV 293.06 ©C
throughout period
Atmosplkeric Flux Density TLWA 265 Wp— 2




Table 5.6 The Initial Air Tesperatule Profile
for ELxperiment 8

M

Height Teaperature
(m) (°K)
2000. ) 278.96
108. 290. 16
1. 20 295.96
1. 00 296.16
Jo 46 290. 76
Jdo 22 297.46
J. 10 298. 16
0.05 298. 86
J.00 300. 52

Table S.7 The Initial Soil Teaperature °rofile
for Experiment 8

e ———— e e ——
e ]

Depth Temperature
(cm) (°K)
J.39 300.52
0.50 298. 42
1.04 296.32

2. 15 294,12
4.4 291.82

L Y

9,28 289.62
19. 30 287.42

4J.00 286.32




Table 5.8 The %odel ¥inds (a/s) for Experisent 8
b ...~ —

Tise Head ¥ind  Hean ¥ipnd Hean Nind Frictioa IFrictioa

(GAT) (Neamicipal) (Observed) (Piltered?!) Velocity Velocity
(Rim) (Slope)

1800 3.99

1900 2.06 3.60 .258 . 159
39 4,12 « 295 « 182
2000 5.66 ‘ 4.63 .332 . 204
3 4.99 <358 . 220
21090 6.17 5. 34 .383 .236
30 4.95 « 355 <219
2200 8. 20 4.55 « 346 . 201
30 4. 07 «292 . 180
2300 3. 28 3.56 «2517 .158
3 3. 35 <240 . 1648
2000 3. 26 3. «223 . 137
39 2.98 <214 « 132
2130 2.8 2.85 .204 .126
R 2.58 . 185 114
0290 2.52 2.30 . . 165 .102
3 2.01 EYY . 089
0309 1. 61 1.72 <123 .076
30 1.42 « 102 « 061
0490 .03 1.12 .080 .049
3 1.05 <078 QU6
0509 . 1 0.917 .0170 .083
3 Je 917 «079 «043
0630 1. 16 0.9%6 . 069 082
30 1. 01 <072 .4y
2709 1.002 1.05 .075 46
3 1.03 <074 . 045
0800 1.002 1.00 .072 Y Y
3 1. 00 072 . 0ug
0900 1.002 1.00 .072 <04 G

1a three-point Bartlett filter vas used.
3chi;icad1ng assigned a value of ' u/s as per section 3. 4.
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to Qbtain aay flux measurements in any of the :u.‘auo,

experisents. Nevertheless, aa atteapt to do.ou-t;.to that
- the nedel flux densities ato’igcooncblo vl undertakesa.

Neasured net radiation aasd solar radiation data® for

1977 are availabdle tr’ Stoay Plais, a location

approxisately 35'Xiloseters west of Rdmonton. Withip
certain lisitations, the assessaent of the predicted ub)‘t

flux density can be accomplished using this data. Errors
arising %rom differences in location vere presused t
uniaportant. Errors due to the one year time difference
vere sore forsidable. Astronosically, the solar radiation
reaching a certair Point at a particular tise 1s constant
fros year to yélrg- Thus aay difference 1s due to
atpospheric ottccts»v\;h cloud cover in particular being a
-aior.factot. ;oftun(toly, in late June the rate of change
in tyb Sud’s déélination is a siniaum. Thus, it can be
assuped that QE’ solar radiation is sigilar in a ten day
period ;toé.&1ng ?nd folloving the 27 Jure 1977. rurther,
‘it is assumed that the variable mature of cloud cover will
Qn;ute th;t'ehch of the 2§ ioutly observation slots vill be
élond-f:cc.ni least once durinq the period considered.
Henc; a goéd‘éstilation Oof the solar radiation can be maile

by taking, for each hour, the saximua value recorded. This

procedure vas carried out, and the results plotted in

*This data 1s published ia the Monthly Radiation Sussary,
ISS¥ 0027-0482, by the Atsospheric Environment Service,
Enviropsent Canada. y
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Figure S.1. The solar radiation measured at Stony Plain
consisted of the total downward direct and diffuse solar
flux; no ie%surelent of reflected solar radiation was made.
Thus a standard reflection of 20 per cent was adopted. The
solar radiation calculated by the model is also plotted in
Pigure 5.1. Given the nagnitud; of the i.‘h-ptions‘lade,
the agreement is quite reasonable. The observed maximusm
calculated betveen 1100 and 1200 local time may not be real.
significanﬁly lover‘data.valuéé vere recorded before and
after this maximum, making its selection suspect;

A similar comparison vas carried out for the net flux
of rad;ation reaching the earth's surface. The results’are
shown in Figure 5.2. Since the net flux densit; is not
necessa}ily synmetric, and since the computer simulation was
for a 12 hour period, qnly twelve hours of the Stony plain
data are plotted. The results are not out of line. The net
flux demsity cal.lated by the model makes nol allowvance for
cloud cover. Thus the smaller afternoon amplitude in the
calculated observed curve is likely due to proceﬁural
inability to remove conpletely the effect of cloud.
Typically suamer mornings and eve&ings are cloud-free, while
the aftgrnoons develep fait-veafhet cuaulus. !

lThe model-predicted latent plus sensible heat flux

\densities to the atmosphere, and soil heat flux density to

. L)
the ground are given in Pigures 5.3 and S.4, respectively.

Unbhappily, the Stony Plain data does not include thesé flux
. P

ncasutelengé. Hovever, the verification of the model solar

rd
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and net radiative flux densities, and the general
acceptability of the magnitude and trend in the reaaining
model-predicted flux densities indicate that tézse flux
densities are sﬁfgiciently reliable.

The evolution 05 the model-predicted temperature fields
for both the rim and slope betveen 1235 and 0035 MST is
presented in Figures 5.5 &nd 5.6§ In order to more closely
scrutinize the results, attentiJ; will be focussed on two

’
aspects of the output: the varjiation of the telperzgpr‘ t

a particular level throughout the period; and t
of the temperature in .‘the vertical at a particul

Thé progress‘n of predicted rature wit

the 1 meter level over the slo R is shown in

Figur; 5.7. The observed scre ‘ture curves are also
plotted in t he figure. The agre between the.observed |
and ‘ctqd rim temperatures is quiteﬁd. The predicted
curve, although generally almost one degree warmer, is
congruent to the observed trace, and the ti’of Ra ximunm
temperature coincide. Only after approxi‘agply 2300 MDT
does the predicted trend diverge froa.that observed. The
slope traces do not agree tg the saame extent: Initially tte
agreelenti%f géﬂ‘i’.ﬂovover, once Ehe slope (drainage) v;nd
is inigiated, iio trend is not p}esgrved, and by 2400 MmDT,
there Is a 5 degree difference be:veen the observed and
predicted yalues. The inchEion of a neutral layer in the

regime of the spre vind tended to alleviate this probdlen.

As demonstrated in Fri¢¥e 5.7, the trends of the observed

69
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and predicted curves are considerably closer. Although the
absolute values of the predicted tenéotatutea are
discouraging, the 4.5 degree difference predicted between ,
the ris and the slope stations is Yery close to the 5 degree
difference observed. Presusably the remaining difference,
and%the actual "qnitudo of the teaperatures, could be
accounted fof with the inclusion in the model of both
advection and a more sophisticated mechanisa of lixin; by
the slope wind.

The vertical teaperature profiles are corsidered at
four times: 1615, 1800, 2000, and 2200 MST. The
model-produced profiles for the slope are displayed in
Figure 5.8. The observed profiles below 10 metres were
actually recorded. The 'observed! profiles between 10 and
90 meters vere deterained trOl'the Edmonton City Towver data
of 1977. The procedure wvas to select a day most closely
reseabling the day ot‘Bxpetilent 8 amd, assuliné the v
teaperature gradients between 10 and 90 meters at the
appropriate times are applicable, use them to Calcplate an
estimation for the observed profile. Short gashes display
these crude estiiations in Pigure 5.8.

Comparison of the computed profiles with thome observed
shov that the match vas not pgrfect. Hovever, many
essential features were duplicated. The trends in the 1615
MST curves vere in good agreement even though the computed

curve vas about 1 degree too waram. Agreement betwveen the

1800 MST profiles wvas poorer. Again the computed trace is
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varser thaas the observed. In the lovest 10 seters, the
observed profile indicated that the forsationm of the
inversion vas vell under way, vhereas the cosputed profile
vas just approaching neutrality. Purther, the observed
curve sarked a much more uanstable trace between 10 and

S0 meters than did the computed profile. Hovever, this say
bave beep a result of the extrapolation used to arrive at
the observed curve im this region. Sisilarly, comparison of
the 2000 and 2200 MST coaputed and observed profiles show
that the trend was duplicated, at least in the lover levels,
and that tbe computed curves continued to be wvarmer. It is
disconcerting that the trends above 10 meters did not align
more closely vith observation. This is difficult to account
for; and, again, the methodology otlthe extrapolation is
offered as the explanation.

The distribution of heating and cooling in the soil
layer follows a very regular course. The model results (see
Figure 5.’) are exactly those expected for a soil layer vith
a constant thermosetric conductivity (see, for exa-pl‘{
Sellers 1965). During periods of maxisum heating, the
Yppermost layers in the soil are the varaest. The
temperature profile is essentially linear wvith depth. The
lowest layers are at minimum values. Gradually, the surface
heat wave propagates dovwnwards through the soil. Meanvhile,
tie surface 1iy¢rs have begun to cool. By late evening the
result is a zone of maximua teaperature about 10 ca deep \ ;’jﬁ

vith cooler soil above and belov. The temperatures in this
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z0ne ate not nearly as Migh as the sid-gfterncon saxisess,
for the teaperature vave, as it* soveys &ovnvardc. ddl"dl by
coaductioa of heat to the cooling lnt(q’ adove and the
cooler depths boloy it. verification of :ﬁo sodel soil
Ptedictioas, otl.l;tlll tbi fect that ptop.t_ﬂrlliSOOt of
the profiles is exhidbited, vas not poasibdle.

It is unrealistic to expect that the ptofile generated
by the model for the slope vould be legitisate much above
I$Y ] loJ;l. Advection and sizing betvees the more extensive
4lresass over the plain, as represented b; the ris prot\lo,
and the air over the valley above ris level should ensure
ttat the slope profile vould lose itslidonttty. 1t ig;
aodel ria and slope profiles for 2200 MST are saperiaposed
a4s if the air over the ria had drifted over the valley and
simed only 10 a 10 seter cushion ¢ach side of the ria level,
then a double structure inversion results (Pigure S5.10).
This structure vas observed by Paterson and Hage (1979), and

.

the results agree qnclit.tivoly.

5.3 Hodel Semaitivity to Slope

Ia Experinent 8, the nodol-calcnlﬁird sunset timq vas
18:53:29 8ST. This tipe was dctosnin“'nsinq a flat waifors .
slope. No accouat vas sade }ot terrain irregularities. rho‘
ptodictod tolp.tatutos near the slope surface vere

consistontly lc Ser thaa obmerved. A possible explamatios

for this tread is that the extiaction of solar «adistios
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actually took place earlier due }é the shadiig/fto- trees.'
‘Alterqatively, it.cdnla be that the slope vas actgglly
steeper than tﬁat'uﬁéd in' the model. To éest”thé viability
of 'these gxnlanationl% the sensitivify of the .model to the
value used for the inciipation ot'thé slope was examined. A
run for Experiment 8 was conducted'in'thich the élgpe vas
doubled. 9 coaparison of the 1 meter te;peiaiure
progression for both slopes is presented jn Figure 5.11.
The slope sdnset ;t the doubledlvalue vas 17:09:06 MST,
approximately an hour and three-;uarters earlier.. The
figure shows that cooling for thg doubled slope preceded
that of the regular slope sy abbut the same time. fhe
'slightly lover initial temperature fo; the doubled slope is
expected in light of the decreased insolation received
throughout the afternoon. inth it§ earlie} onset of‘
cooling, the steeper slopé yields a temperature more than
2.5 degreeé lover by midnight. This result is not
unanticipated. T;e'trends of the two curves did not gquite
agree around 1800 MDT. This is due to-the fact that no
allovance was made to start the model slope wind at an
earlier time. Other than this hiscrépancy, the
characteristics of the two curves matched. Furthe;, as can
be seen from Figures 5.7 and 5.11, the predicteé cooling
ratés near sunset for both slopes vere essentially in.
agreement with those observed. .Ehus it is concluded that
the model hid not exhibit any undesired semsitivity to the

value of the slope used, and that the model was only
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s
unl’in to slope ia that it detersines the tine for the
oaset of cooling. Nence the higher predicted éogpo:atufol
ne4r the lltfec. can indeed be due to an Liptopo: \
consideration of the physical aipocts of the valley and to
an isprecise slope value. It is also suraised ‘that the -
orlontution of the slope, vhich affects the onset tilo.fof
cooling, is responsible for {hc lover temperatures and
stronqntlinvotsions recorded over the east- and north-facing

slopes. A

S-Q\ngdgl 5325;&111&1 to the Soil Diffusivity

L

To determine the modtl semsitivity to the soil
diffusivity, the run for Experiment 8 vas repeated using a
thersal conductivity of 0.10 hl“l;"in place of the .
previous 0.25 Wa-1K-1 valuoe, and a corresponding thersal
diffusivity of 0.6¢10-7 m-2s-1 in lieu of 1.5¢10=7 a~#s~i.
The resulting 1 meter slope teaperature curves are plotted
in Pigu;e 5.12. PFigure 5.12 indicates that prior to sunset,
the ﬁodel experienced very little s?nsitivity to the soil.
However, once the atmosphere becase sfpble, and the sensible
and soil heat flidx dengities becase the dominant teras in
the heat balance eghation, a slight sensivity to.the soil
diffusivity became upparent. By 2400 MDT, close to 0.5 C°
differences in the 1 metdr teamperature vefe found vwith the
4o per'cont lover soil diffusivity.

The lover temperatures predicted were in agreement vith
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the phnta ot no -0«3. uuu the cmug, %l tlo
-uu»u nd sedl bon. flax “utuu are uncm tovards
the ouuco. 1t the sagaitede ot n&-u £l0i dpastty ig
Mrouoa. then the beat directed to the smrfece asst be

hanuu. aad the resaltiag suslade wtm loweced.
BY cond-ctton, the lower secface tonpo:ntnoo 11014- lover

ﬂ 1 aeter teaperatures.

-

These chaanges ia evening teaperatures indicate some

model c;nsitivity'ia the stable tegine tethe ;alnd chosen

)
for the soil diffesivity.

S.% Model Seamitivity to the Priction Yelocity

s L

Figare 5.13\2&:p1.ys the 1 meter teaperature curves for

tvo cases: the observed friction velocity under stablo i

conditions (abont 072 a/s), lld onc-quattot of this

trictlon velocity. The cngvos are divorgont, apd by
aidaight lorg thaa an 1.5 A&grcc discrepancy vas apparent.
In addition to predicting a decreased cooling rate at the

1 meter level for the lover ftictiﬁn velocity, the model
also predicted a 15 per éont more iptense inversion between
the 1 meter height and the sgtfaco. These r‘snlts indicated
that the model is quite sensitive to wing, aﬁd that a major
source of error vill be the error in tbhe observed vinds.
This ercor is difficult to estimate given the non-lipear

numerical relatioaship betveen the wind and the

diffusivities.
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llt§o\'h the seasitivity to vind wader stable

coaditions'is large, it is lot'lloxpoctid: Za the stabdle
éllb,'ihn thetsal diffusivity is vor} saall, and {t is
possidble thét not ail the heat availabdle for siziag will get
aized. 1Is sech 'c sitsinies, the pi'liuu'ot'uo' thersel
diffesivicy is cvnixal.v'stuco~tbg thermal diffusivity is
.s‘ontiatly pﬁ‘sottional to the frictionm velocity, the model
wtll be mﬁ @ to this viad paraseter. Upder unstable

conditjons, this seasitivity does not arise. uaably,

the sizing is alvays sufficient so that,

change in the diffusivity, all of the availa

coapletely diffused.

5.6 Coflparisqa betvsea Ucban and Eucal Cooling

In Ciaptor 1, it vas stated that the rural teaperatures
and nocturnal cooling rates vere coaparable to those vithip
the valloy.. Yet the aechanisas iavolved appear quite
‘distinct. The urban environment is generally vindier, and
the soil diffusivity, because of concrete, is higher.
Purther, on the valley slaopes there are the drainage vinds
and earlier extinctioa of solar tadid&ion. To ascertain
vhethet_}ho Bodel was capable of accounting for the rural
temperature decline, an eveniang run vas made. The run used
the previous v’inoa of vind and soil diffusivity for the ria

station, and, at the rural station, used one-quarter of the

urban wvind, and one-fifth of the soil diffusivity.
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Geiger |1?66) fadicates that the diffusivity for soil is >
about ana orde» of sagaitude smaller thas that of coacrete.
The exact coatributios of concrete to the effectived .ot
dlt!ngivtty is aot kaowa, so tho‘rlr:l soli)l difusivity vas
arbxtfuttxy clhosesn a.‘ooo-tttth the urban value. The
results " for the 1 setef t.lpétltlt.l are displajged ia

Pigure 5.16. It is eacouraging to see that the rural cerve
vas indeed lover than the ris trace. Hovever, the
difference ia the cooliag rate, approxzisately 0.16 °C/hr,
vas smaller by half thaa the average rate of 0.32 °C/Ar
observed for the same period (calculated froa the
International and Hunicipal Airport tesperatures in Table
S.1). VTFurther, the absolute sagnitudes’of the predicted
teaperatures were disappointing. At 2800 MDT the predicted
teaperature of 21.2 °C vas such larger than the 17.1 °C
teaperature predicted for the vllioy. In fact it vas only
aboat 0.8 °C lover tham the predicted ria teaperature.
Hence, it msust be concluded that, to explain the rural-arban
difference in a more satisfactory vay, the sodel needs

additiomal physics.
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éffects. Iaitislly ne sigaificust syasptic or sesesesle ;
sctivity existed Aa the ares. Scsteesed fair-vesther
cusules proveildd ia the early aftersesm and oped un

scattared tomng duaules by late aftecaecon. 8 the nt
omn' all convective activity halted, nt uo n)
coaditien for the resainder of the oz’.ttlnlé coasisted of
fev taaths of stratocumsles “‘» utocuuu. with sese thia
cirres. Duriag the afteracea the vtlla IO!‘ tntttally
1ight, thea iacreased to a sid-afteracoa peak (3.8 a/s pt
1600 MDT), after which they gradeally decreased, becoaisg
light just before sunset. However, ai about 22Q0 MDY the
~d1i3d begas to iacrease again teaching aa oweraight sazisea
of 3.6 g/s. Purther, after the experisent had .tersinated,

the stzatocesslus thickesed sp to a brokes conditioa, asd at,

sidaight she Buaicipal Airpoct recorded a light shover. The
exact asture of this mesoscale ,ctiv;éy,i. act kaowa. fh‘-
conditions for Bxperiseat 9 vere aot-as 160:1_.. for
Experimeat 8 for three reasoas: firstly, the cttooé;c
aftecrsoon cOuvogttv' activity iadicated aa afteraocoa lateat
beat flux deasity greater thaa the ideal case assused by the
sodel; seceadly, the nid-eveasiag iacrease ia viad resalted
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vith o mhuml prodles. TAes the valley data had to bde
sugaeqted farther vith airpect data.

S.7.3 Zhe Nedal Razasesecs

¢ -

the mpit'.ot u'auuai for Bxpeciseat 9 used a set of
pacaseters -unur te Rxpeciseat 8. These paraneters vece
cacnutod i as idestical u,tu. aad L d gtul 4 °
uuo S.13.. The stact-eup prefiles feor the nuoqphto and
soil are specified is Tadles 3.18 a.l s.is. The 2.68 peter
vinds required by the model are gtv_cl ia Table S.,%. M n
of 0.82 vas detersined froa Tadle 5.10, and nb}o S.19 also
lists the é&rainage th- seeded by the nodel. !oc lhdl’
valees, uutnlatiu m eztrapolatioa proceduces u'iuu‘l
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Winds (m/s) on 04 July 1978
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Table 5.10 The Valley
Mean Hinq‘ ’ Mean Wind
Station . Stati¥on 8
Tine Heidht (i) Height (m)
(ADT) 1.70  2.84 5. 84 2. 641 2. 64
1500-1530 2.48 v ¢
1530-1600 239
1600-1630 1.52
1630-1700 1. 11 1.17 1.20 1.14 179
1700-11230 Q. 96 1.09 1. 14 1.02 1.48
1730-1800 1. 20 1.27 1.29 1. 23 2.27
1800-1839 2. 93 1.02 1.36 9.57 1. 40
1830-1909 J. 82 9. 86 0.93 0.83 1. 51
1900-1930 0.62 0.72 0.78 0.66 0. 71
1930-2000 .57 0.58 0.55 0.57 1.07
2000-2030 9. 54 0.50  0.46 0.52 0. 44
2030-2100 9.53.  0.38 0.43  0.u6 0.052
2100-2130 0.33  0.31  0.24 0.32 0.022
2130-2200 0.23_ . 0.19 0.09 0.21 0.28
2200-2230 9. 43 0.59 .58 0.4€ . 2. 34
| 0.41

2230-2300

linterpolated linearly from 1.70 m and 2.84 m windé'.'~

2guspect;

not used.



Table 5.11 The Sjope (Drainage) Wind at Stationm 1
on J4 July 1978

W

Tine Mean Wind Time Mean Kind
(MDT) (n/8) (GNT) (a/s)
‘1835 -9.291 2035 0. €5
40 -0.561 40" 0.62
1845 0.02 2045 0.58
55 ~0. 151 55 0.71
1990 0.06 2100 0.68
05 0.02 05 0.74
10 0.19 . 10 0.€8
1915 . =0.041 2145, 0.€8
20 0.22 20 0.72
25 ~0.38 25 0.59
1930 0.00 2130 0.57
35 0.42 35 0.62
w0 0.62 40 0.73
1945 3.79 2145 0.%54
50 0.26 50 0.54
55 0.34 55 0. 66
2000 0.1% 2200 0.46
25 0.38 05 0. 30
19 0.47 10 0.57
2015 0.32 2215 0.1
20 0.56 1 2 0. 19
25 9.53 5 0. U5
2030 0.56 ~

tminus sign indicates an upslope wind

- A
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Table 5.12 The Calibrated Valley Telperatures (°C) on

Ju July 1978 —
— e ———————— — T ——
Station 8 Station 11
Time Height Height
(4DT) (m) ////’Ei\ (m)
- 1. 20 20 2. %4 4,82 7.10 9.45
1600 29.3
15 27.9
30 29.0 29. 4 27.7 27.4 28. 1 27. 6
45 28.7 29.3 28.2 28.0 28.3 28.4
1700 29.1 29.5 28.7 28.0 28.2 27.8
15 29.6 29.4 . 28.2 28.0 28. 4 28.3
30 29,2 29. 4 28,2 =~ 28.1 28.6 28, 2
45 29.4 29.3 28.5 28.2 28. 4 28.2
1820 29.3 29.90 28,6 28.9 29.0 28.5"°
15 29.2 29.0 28,04 28.1 28.3 28.0
33 28.9 28.17 27,6 28.V. 28.1 28.1
45 29.1 28.1 28. 2 28.3 28.6 28.2
1900 29.2 27.4 28.4  28.2 28. 2 28. 1
15 29.5 26. 4 27.4 27.4 . 21.8 27.1
39 28,7 25.6 26.0 26.7 27.1 27.1
45 28.0 24.0 26. 2 26.17 27.90 27.2
2099 28. 4 24,7 23.5 25.8 27.1 27.2
15 28.0° 23.2 24.9 26.6 26.6 26. 8
39 ©28,2 22.5 22.2 23.4 23.9 25, 2
4s 27.4 21.9 23.6 25.8 25.6 26.3
2100 26.5 22.0 22.3 25.7 25.6 2€. 1
15 25, 21.0 21.5 24.3° 25.4 25.9
39 25. 20. 1 21,2 22.6 24,1 20,9
45 25.3 19.3 22.0 23.6 23. 4 2
2200 24,3 '19. 6 22,2 22. 8 22.8 23.7
15 22.2 » 20.8 22.0 22.3 22.3 .  22.1
30 21.5 20.5 21.5 21.3 21.3 21. 6
45 21.3

2300 21.1




Table 5.13 The Model Parameters ror Expévinent Yy

Parameter Progralne, Value
. Name

Declination DEC 229 51,30
Equation of Tinme EOT 4 main 15 sec
Sun's Hour Angle at HATC -10 S4.7¢

Model Start-up
Maxiaum % = PHILIA 0.740
Slope Wind Start Time . TSLP 18.58 hrs M4ST
Sur face Pressure PB 922 mb
Average Layer Temperature TAV 295. 34 oC

throughout Period

Atpospheric Flux Density FLWA ¢ 280 dk—2




Table 35.14 The Initial Air Teaperature Profile
for Experisent 9

W

—~ Height Teaperature

(s) (*°K)
2000. 279.83
702. ' é;z.tl
1.20" - . 29476
1.00 298.96
0. 46 . 299. 56
0422 300. 26
%.10 _ 300.96
9.05 301. 66
0. 00 ' 303. 32

—iP—

Table 5.15 The Initial Soil Temperature Profile
for Experiment 9

—
———

Depth Teaperature
(cm) ‘ (°K)
9. 00 303.32
0. 50 301, 22
.1.04 299.12
2.15 296.92
4,47 294.62
9.28 292. 42
19. 30 290. 22
4. 00 289. 12 ,

Pan)




Table 5.6 The Nodel Wisds (a/s) for Rxperiment 9

Time HNeasn Hind Nedn ¥Wiad Hean ¥ind Friceion Irriction
(GAT) (Bunicipal) (Observed) (Filtered}) Velocity Velocity
' (Rim) (Slope)
1800 1.54 : '
1900  2.06 2.23 ¢ 160 153
30 2. 40 .e 172 « 165
2000 3.09 2.87 « 100 <176
30 2,79 <200 <191 .
2100 2.57 3.00 <215 .206
39 2.78 <200 <191
2200 3.35 2.56 . 184 <176
30 2,54 .183 <175
2300 1.77 2.52 . 181 <173
30 2.17 . 156 o 149
0000 2.43 1.81 <130 . 124
39 1.8 . 130 <124
0100 1.22 1.80 .129 <124
30 1.57 <112 <108
0200 1. 7% 1.33 .095 .091
30 1.30 .093 .089
0300 1.03 0.012 1.27 .091 .087
30 1. 24 . 089 .085
0400 1.03 0.542 ., 1.20 .086 .082
30 1.72 .123 118
05Q0 1.54 0.052 2.23 .160 <153
30 2.49 <178 arv
0690 4. 12 2.74 . 196 .188
30 3.09 221 . 212
0700 2.57 3.43 .246 .236
39 3.17 .228@5 218
0800 3.60 2.91 .209 <200
39 2.83 .203 . 194
2990 2.57 2.74 . 196 .188

'a three-point Bartlett filter was used.
2suspect; not used.



those of Bxperiseat 8. S

e

S.7.4 Ihe Nedel Rredictions |

This section discusses (be model predictions for
Bxperisent 9. The main inteatioa is to.-8emonstrate that the v
conplt‘or- sodel vas not tuned specifically to Bxperisent 8.
The forecast teaperature fislds bivees 1235 and 0035 ase
for the ris and the slope are showa ip Pigures 5.15 and
5.19. It is seen tha® the sodel behaved pt;potly: the
gonorgl t.qturcd vere consisteat with the observations. The
_progression of the 1 aeter teaperatures with tise is given
Figure 5.17. Again there is a reasonable cafyelation
betveen the predicted and observed trends. ﬁovovcr,.tho
absolute values predicted wvere discouraging. wear 2208 MDT
the observed temperature 1nctcased.u Increagsed lixtné,
attributed to gho‘inCtoase in obsotv;d vind at this tisme, is
believed responsible for the increase in the observed
teaperature. Grcater.-lxtng transports the varamer air is
the inversion dowa to éh._snttaco. Because of the effect of
the threg—point snoothing eaployed, the model winds vere not
increased until after 2300 HD1. Thus the predicted

teaperature increase by the sodel vas delayed.
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5.0 The Masulss Cox Bxssciasas )

5.0.9 gansral : | < o

Experiment V1 vas coadected o 20 dugest 1978. ’l
egaia, veather coaditioas oi the day vere tnttlnlxi
favourable. The eacrly aftarnocom sav scattered cuaules
Clowds vith fairly brisk viads hovering near the § a/s n.;k. ‘
By sid-afterscos cumslontmdss clowds had donlopod i ¢he
area and by 1700 NDT there vas a lipe of thendershovers to
the north. At approxisately 1815 MDT the vind, whbich bhad
been slovly decreasing, shifted froas the aorthuest to the
northeast and picked up to 4.7 l/l.ln strength. v
Sisultaneously, the teaperature dropped nearly 2 degrees in
about 10 minutes. Virga vas observed in the distance.
However, by 1900 ™MD T, this mesoscale disturbance appearel ‘to
have aoved cospletely through the valloy.mnld the usual cate
of decrease in both wingd speed and teaperature resumed.
Hovever, at 2300 BST the viad again picked up before
dropping to near cala values for the resainder of the
period. Thus conditions for Experiment 11 wvere not
coapletely ideal, again for three reasous: firstly, the
significant convective activity indicated an afternoon
latent heat flux density greater than the ideal case assuned
by the amodel; secondly, the sesoscale froatal passage
introduced a 2 Co drop wvhich the msodel can not take into

accouant; and, thirdly, a late eveniag increase in the wind



W

ctesulted 12 o huoi-tln-“ul diffusivity for that pecicd.

3.0.2 Zha Qhsarvatioas

The viads and teaperatures froa the local aicports are
givea ia Tabdle S5.17. Valley viads are displayed in
Tables 5.18 and S.19. fable 5.Y0 préseats the valley

teaperatures.

.
™ .
.

S.6.3 The Neded Raranesess -

A set of paraseters siailar to QQ:’Q of the pﬁod‘cn-
tvo experiseats vas wsed. These are listed in Table S5.21.
The start-ap profiles for the air and 80i] are given in
Tables 5.22 and 5.23. The 2.64 meter vinds required arce
given in Table S5.248. ann of 0.25 vas deterained }tOl
Table 5.18. Table S5.19 specifies the drainage (slope) winds
used by the sodel. Por sissing values, the previous

interpolation and extrapolatioa procedures were used.

5-8.8 Ihe Nodel Rredictioas

In this sectios the podol predictions for
Bxperiment 11, like xxpotilolt 9, are very briefly
Presented. Again the pain inteation is to show the model
capablity uader different situations. The forecast

temperature fields betveen 1235 and 0035 MST for the ria and



‘H“ll 'S

2

¢

Tadle 5.17 2he feapecasares asd Uisds fros the lesal
Adcperts o 20 Augest 1970

0900

¢ Adcpect
SBusdcipeald 'l:m istecsatiosal
ZTiee o) viad Tesp "ind Tenp. »
(ent) (°C) (%/ ofe) (°C) (®/ w/8) (°C) " (°/ we)
1890 17.9  310/8.6 18.8° 29044.2 17.% 206872.¢
1900 19.8  200/5.1  19.%  290/5.7 9.V 280/8.¢
. 6s.?
2000 - 19.9  290/5.1 V0.2 290,5.7  19.7  290/8.1
| 89.)
2100 1.7 300/8.6 19.6  290/6.2 19.6  300/5.1
' G10.)
2200 20.8  290/5.7  20.% 290/5.1  20.2  290/%.7
8.7
2339 20.8  330,8.1 20.6 3@@/8.1  20.2 320/€.2
0000 20.5 310,8.1  20.84 350/5.7  20.%  290/8.9
. , Git.3
o100 - 18.1 020/3.6 ., @3 330731 5.8 320/3.6
4299 17.0  0N/2.1 j 6.4 310/1.5 7 08/V5
R 0300  15.2 010/1.0« a2 280/1.0 (1363 o
0429 15.2  043/3.9 12217 36d/8.0 10. 95 0
~ 0500 iz:v 270/%.5  11.8  050/1.9 9.9 0
0600 . 11.8 ‘ ) 12.6 050/1.0 TS BRI
0700 -~ 11.6 0 1.1 0 .8 190/1.0
0892 10. 3 0 9.9 0 (,7.°o |9o/1.5/
g : 1.3 0 1.3 0o » 6.9  20042.1
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Sable 5.10 The Valley Viads (a/m @ 20 degest V970

Sesn Oiad Seed Wad
ssatien 19 Ratien 0
) T TR el b P A
. — ——

150-1600 ‘ ' (W 1
1600=9430 ; . «~el
1630-1200 .2
1200~1730 .22
1730-1800 .20 %33 w1 1.2 3.3
1909-1830 .02 1,00 1.3  1.09 L2908
1830-1900 .16 1,33 1.8 V.22 3. 06
1920-1939 .07 w3 n13 1.2 %72
19 30~ 2000 .70  0.93 9%  0.80 2.98
2292-2030 .46  0.83 4,5 0.8 1.08
2039~2100 0.57 __ 0.87  0.37  0.%) 2. 00
2132-213) 3.83 /0.81  Qg.aa  0.82 .77
21302200 023 [/ 0.35  0.e%5  0.20 0.9
2200-223) 0.3v/ 0.% 0.37  0.33 1. 62
2230-2300 0.3¢  0.33 0.37 0.3 2.98
2308-2330 357  0.88  0.58  0.%0 2.0
2330-2620 0.3%5  0.82  0.8%  0.38 1. 91
0200-0030 0.15  0.08  0.0%5  0.12 .92
0030-0100 1. 02

liaterpolated liaearly fcoe 1.70 » aad 2.64 @ viads.

€
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Table 5.19 The Slope (Drainage) Wind at Station 11
. on 28 August 1978

Time Mean Wind . Time Mean Wind

-(MDT) (a/s) (GHT) (n/s)
&,1830 0.00 . 2115 0.17 ' (
35 . -0107‘ 10 0. 12
40 0.00 25 0.17
1845 ‘ 0.00 2130 0. 15
50 0.12 35 0.21
55 0.00 40 0.19
1900 0.04 2145 0.19
25 -3.041 50 0. 20
10 0.12 55 0.05
/
1915 0.12 2200 0.06
20 9.02 05 0. 30
25 012 10 0.23
1930 0.21 2215 0.31
35 0.33 20 . 0. 16
40 0.22 25 < 0.10 .
1945 0.32 2230 0.23
50 0.45 35 0.30
55 0.49 40 0.27
2000 0.41 2245 ° 0.41
05 0.52 50 0.40 :
10 0.48 55 0.42
2015 0.59 2300 0. 48
20 0.5% 05 0.44
25 - 0.48 10 0.44
2039 ' 0.44 2315 0.36 ~
35 0.43 , 20 0.33 ~
49 0.31 25 0.42
2045 0.29 2330 0.33
50 0.33 35 0.28
55 0.36 40 0.23
2100 0.32 2345 0.23
05 0.25 50 0.32
10 0.22

* 55 0.26

lpinus sign indicates an upslope wind
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Table 5.20 The Calibrated Valley Tonpecatutes (°C) on .
27 August 1978
J -L—t — S

Statién 8 n " Statiom 11
——
Time Height ’ Height
(MDT) (m) . . (=)
1. 20 0.12 1.20 3.72 6.89 14,73
_ .
1515 19.8 .
30 20.5%
45 20.7
1600 21,0 -
15 20.9
30 211
45 21.1 ,

1700 21,2 22.3 . 2813 24. 4 23.5
15 21.1 20.3 22.1 20.5 20. 4 "18.8
30 21.1 19.7 21.b 20.6 20. 6 20.7
45 21.6 19.8 21.1 20.6 20.7 21,2

e

1800 21.4 18.7 20.8 20.7 N, 21. 3
15 21.4 17.6 20.0 . 20.5 iE 21.3
30 - 19.3 1842 18.6 18.7 16, 1 19.0
45 18.5 18.2 18.0 18.7 16. 6 18. 9

'1900 18.6 I8l 4 18.0 18.9 18. 9 19. 2
15 18.6 17.9 17.9 18.6 18. 8 18.8
30 17.7 1742 17.2 18. 3 18. 7 19.0
45 17.9 15.1 16.3 17.8 18. 4 18. 7

2300 17.9 13.0 15.90 17.0 17.1 18. 6

“\I5 17.2 12.6 14.1 16.8 18.3 19.1

© 16.8 13.3 13.9 15. 6 18. 1 18. 7
4 16.8 12.2 13.7 15.9 17.0 17.5

210 16.4 1.7 13.0 14,6 15. 6 16. 6

1 16.2 1.6 12.6 14.2 15.5 16.9
) 16.0 10.6 12.4 14.0 14, 7 16. 4
45 15.8 10.8 12.0 13.9 14.8 15.9

2299 15.8 nisg 12.3 misg misg misg
15 15.1 10. 4 11.8 13.4 14.6 15.3
3 14,4 9.0 1.7 12. 8 13.6 14,6
45 13.9 10. 2 11.3 13.0 14.0 14. 6

2390 13.5 8.7 11.2 13.7 14,4 164, 5
15 13.2 9.1 10.6 12.5 13.5 14,2
30 13.0 8.7 10.2 12.8 13.4 14.0
45 12.6 8.3 10.1 11.9 = 12.5 13.5

0000 12.5 8. 1

10.0 11.5 1.7 12.7
15 12.4 '
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Table S5.21 The Model Parameters for Experiment 11

Paranmeter Programme Value
Name
Declination DEC Go 37.7'
Equation of Time EOT 1 win 11 sec
Sun's Hour Angle at HATC -0° 11.1¢
Model Start-up
daximum ¢, PHILIM 1.824
Slope Wind Start Tiae TSLP 18.58 hrs MST
surface Pressure PB 930 mb
Avefage Layer Temperature TAV 266.96 °C
throughout Period
Atmospheric Flux Density 245 wm—2

FLWA
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Table 5.22 1The Initial Air Temperature Profile
for Experiment 11

== — o ———
Height Tesperature :
(n) (°K)
2300. 275.49
14917, 278,96
983. 282.176
708, 284,.9€
1.20 292.85
1. 00 293,05
3. 46 293.65
Jo. 22 ‘ 294,35
] 0.10 295.05
0.0°¢ 295.175 \
0.00 297.41

Table 5.23 1The Initial Soil Temperature Profile
for Experiseat 11

— o —  ———————————— —————————
Depth Temperature
(cm) ) (°K)
0.00 297. 41
0.50 295.31
1. 04 . 293. 21
2.15 . 291.01
4. 47 o 288. 11
9.28 . 286.51 .
19. 30 284,31

40.00 283. 21




\
Table 5.24 The Model iinds (ma/s) for Bxperiment 11

en————

——re e

r——

st —

Tise MNeanl vind Mean ¥Wind Hean Wind Friction [Friction
(GMT) (Municipal) (Cbserved) (Piltered?) Velocity Yelocity
- (Rim) (Slope)

1800 4.63

1990 5.14 5.06 .363 .207
30 5. 14 .368 .210
2000 5. 14 5.06 .363 .207
30 4.89 .351 .200
2100 4.63 , " 4.66 .33 .190
39 4.63 .332 .189
2200 ) 4. 80 4.53 .325 .185
30 : 4.45 .319 . 182
2300 4, 22 3.96 .284 . 162
30 3,38 L2642 .138
0000 2. 58 3.26 L2346 . .133
39 3,72 .267 . 152
0100 4o 72 3.85 .2176 . 157
30 3.19 .229 .131
0200 1. 86 2.29 . 164 .093
30 1.89 .135 L0117
30 1,46 .105 . 060
0499 1.€2 1.72 .123 .070
30 _ 2.32 . 166 .095
0500 2. 80 2.29 164 .093
30 2.08 . 149 . 085
0690 1. 92 1.48 . 106 .060
30 1.31 .094 .054
0709 1.002 1.01 072 .0u1
30 - 1.00 .072 . 041
0800 1.002 : 1.00 .072 . 041
30 , 1.00 .072 . 041
0500 1.002 1.00 “.072 . 041

1a three-point Bartlett filtef wvas used.
2cala reading assigned a value of 1 m/s as per section 3. 4.
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th; slope are shovn in Pigures 5.18 and 5.19. The rosnltsv
again demonstrate that the main tnaturouIUQto con istont
vith the obaotvation?. Por closer inspection, (hc evolution
of the 1 meter teaperatures is giion in rigure '5.20. 1t is
seen that vhen the 2 degree cooling, which occurzed with the
mesoscale cold front, is feloved froa the observations, the
relationship betveen the predicted and observed curves vas
very close to those of Experiments 8 and 9. After 2300 MDT,
the pridicted rim curve ;epicts a decrease in the cooliag
rate, ahd the predicted slope curve shows a temperature
increase. This is consistent wvith the increased ladel winds
used for this period. Why this varming vas not more
strongly reflected in the observations (a decrease in the

- cooling rate only is detected) is not known. Presuamably it

can be attributed to other processes neglected by the model.
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CHAPTER 6

SUMMARY AND CONMCLUSICNS

6.1 SYUERarLyY

-

Thirteen experiments vere carried out ic the North
Saskatchevan River Valley in Bdmonton during 1977 and 1978.
The aim of these experiments was to determine the major
characteristics of the valley microclimate, and to use this
inforasation to create a general sismulation model ultimately
capable of predictinjy the pollutant distribution in the
valley. The evolution of the valley temperature field 1s an
importarnt component in such a matheamatical sodel. This
thesis has concentrated on providing the temperature
component by developing a sigmple radiative-eonductive model.

The present radiative-conductive model met with lisited
success. Hovever, the overall or gross characteristics of
the valley temperature field vere sisulated by the model.
yell-mixed afternoon conditions and poorly-mixed evening
conditions vere replicated. Vertical temperature gradients

under both stable and unstable conditions vere reproduced.
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Stronger iaversions and lover tesperatures over the north-
ang east-facing slopes than over the opposing slopes vere
accounted for. The timing of maxisua tesperatures and the
onset of cooling vas good. The perforsance of the aodel in‘
predictisg a significast differeace betweed aa urbas aad a
tural station vas disappointing. Hovever, the model 444
predict slope-rim tesperature differences which vere close
tc those obvserved. ;n this respect, the inclusion of a
neutral layer above the slope vas partially successful in
accounting for the effect of the slope wvind. The viability
of a double-structure idwersion above the valley in the
evening vas demonstrated. Geaerally, the sodel reproduced
all the main micrometeorologécel features, but did so wvith

limited accuracy.

€.2 conclusions
L

yrho most isportant conclusion concerns the applicatiou
of flat-plane profile theory to an incliped surface. It has
been desonstrated that, for gentle slopes, the use of the
flat-plane theory is quite adequate in the vell-mixed
unstable regime. In tbis situatioa, the slope vind vas
veak, and the error in neglecting the advective cosponent is
spall. Hovever, during the evening vhen the boundary layer .
becomes stable, and cooler draining air initiates the slope

vipd, the use of flat-plane theory becoses gquestionable.

Once the slope wind becomes well established, the



116

logarithsic vind profile of the flat-plane theory is not
observed ia the lovest levels. 1Ia aa atteapt to correct
this discrepancy, a second vind profile vas introduced io

t osain of the slope vind. This profile vas deesed to
have properties sisilar to the flat-plase profile with the
only differeace being one of scale. Dus to the aechanical

'rxatnto of the motion, the profile vas assigoed neutral

stability characteristics. The results have indicated that
this procedure vas reasonably successful.

In additidy, the importance of advectios and drainage
flov has been irferred from the results. The predicted late
evening slofe temperatures were consistently higher than the
observed. It is felt that this difference was aainly due to
the absence of an advective component in the model, and that
the inclusion of an advective tera wvould improve the
results.

The lodel radiative components were generally adequate.
On fair-veather days, the atmospheric long-wvave flux
densities calculated from morning and afternoon radiosonde
observations differed by less than 2 per cent. This is less
than the accuracy of the coaputation. Hence the assumaption
of a constant ataospheric flux density is good. The effects
of excluding specific humidity as a predicted variable in
the model, and using a rough parameterization for the latent.~j>
heat flux density are not completely known. Although the |
flux densities vere not unreasonable, this remains an area

for future improvement. Oo ideal cloudless days the solar



vas adequate. The time and rate

deasity vas 1{‘o:t¢at.' Ia
o the sodel vas seasitive to the

aclisation gpd

sensitivity
This was heart ACOe }ho soil parameter vas assused
constant vith depth aad iadependent of soil moisture.

The nodel proved sensitive to vind, Whenever an
observed wind vas input into the sodel (every 30 ainutes),
it vas reflected ia the output. It is suspected that this
sensitivity vas sostly due to model shock, and that the
incorporation of wind as a predicted variable would

alleviate the problen.

\

6.3 Scope for Ruture Hork

In any vork involving boundary-layer smeteorology the
inter-relationships between the teaperature and vind are
coaplex. Thus the determination of stability functions,
such as the Richardson nusder, should not be based on the
explicit separation of these tvo variables. In this
tospeci, a priority for tntut: work is the incorporation
into the model of vind as a prediction element. uotoovo;,

the model could be expanded into two dimensions to include

o~

/

"y



the effects of advection, and the drainage and poeling «
gooler aicr. . Asother possidilirny !vot fetucre vork is teo
‘apgrade the radiative cospoaecats vith the faclemien of h;tl
Cloud a0d specific hupidity. 1Iaclusios of clowd veuld be
dapectant net oaly ia adjusting the shect- and Lleng-wveve
radiation received at the surface but alse, ia the case of
cusulus developaent, as an 1nikc¢tot~spt tefiniag the latest
hest fluz deasity cofrections. Also isportast are the
oxtonlxoa; to & polluted avhosphecre ia which a
radistive-fluz divergesce tecs vould dbe locoiaorys and t;
vinter 1q/3tlxon coudifisns. The imcorporation of viad as &
ptodlctod;vcrtnblo is likely to be the sost jiaportaat of all
the suggestions. Its iaclusioa has the potestial to isprove

dramatically the accuracy is the perforsance of the sodel.
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APPENDIX A

x:auuxcu. INTEGRATION
OF THE ATNOSPHRGIC LONG-WAVE FLUX DENSITY

In section (2.4) the atmospheric long-wave flux density
due to vater vapour that reached the earth's surface was
expressed by
Py J oT® (.g—g) :—:dz (A.1)

0

wvhere E is the emissivity due to water vapour and v is the
corrected op;iéal depth. Strictly speaking, this equation
is only valid in a plane stratified atmosphere. It is
derived (see, for example, Fleagle and Businger, 1963) by
summing the monochromatic flux density contributions from
all the differential volume elements a arbritrary level
over all levels and enittiaq.uave 1engi' Using the
hydrostatic equation in conje@ction with the definitions of

specific humidity and differential optical thickness, this

equation may be recast as

g u (3E:

WV g ) qT (aw) dp (A.2)
The rate of change of flux emissivity with optical thickness
is experimentally known, and the vertical profiles of
specific humidity and teaperature as functions of pressure

can be obtained from an atmospheric sounding. . Thus equation
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(A.2) may be computed numerically.
)

Alternatively, the guantity Q= % q'r“(a-%] aay be plotted

as a function of the pressure, and the area under the curve,
vhich represents the flux density, deteramined graphically.
The ¢-P plot is not unique. By a suitable change of
variables, Elsasser (1942) constructed a nomograam, known as

the Elsasser diagram, in which the abscissa was a function

of temperature, and the ordinate a function of the corrected

optical depty. This chart was particularly convenient: the .

isotheras vwere straight vertical lines, as wvere the
isopleths of zero and infinite corrected optical thickness.
Further the isopleth w=0 coincided with the upper‘edqe of
the chart, and the isopleth vw=~ vith the borizontal axis.
standard curves of constant optical thickness are pre-drawn
on this chart. A schematic version of the Elsasser diagras
is given in Figure A.1. properties of this diagram have |
been detgiled by Elsasser. The only property pertinent to
present purposes is that the cross-hatched area 1in

Figure A.1 represents the downward atmospheric long-wave
flux density due to water vapour. Recall allowance has
previously been nade (Section 2.4) for the long-wave flux
density due to carbon diorxide.

In determining the corrected optical depth, a square

Coot pressure correction vas used. Never empirical evidence

indicates that a linear correction may be more appropriate.

However, Houghton (1954) states that, in the computation of

the net flux density, the metbods differ by only about 3 per
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Figure A.1 The Elsasser Diagran
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cent. Thus BElsasser's original correction vas usod.'

Por sodel purposes, the ataospheric radiation vas
assuaed constant over the forecast period, and vas cosputed
using the tadio-ohdc {fta taken fros Stony Plain. The
specific bumidity vas gtnphicallyicalculntod froa the
tolperatuto and dev point data using a tephigras.

Tables A.1, A.2, and A.3 list the radiosonde data and the
corresponding calculated specific husidity and optical depth
for Experiments 8, 9; and 11. Using these tables, the ;-r

curves vere plotted on an Elsasser diagras, and the

long-vave flux density determined vith a planimeter.
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Table A.1 The Atmospheric Sounding for Experisent 8

Pressure Teap. » Devw Specific Corrected
(ab) (°cy - Pojat Humidity oOptical Depth
(°C) (9/Kg) (g/ca)
922 24.8 10.9 10. 4 0.00
870 18.6 6.6 8.0 0.486
712 4.0 - 0.3 5.5 1.43
655 - 0.5 - 9.5 3.2 1.64
629 - 3.1 -23.1 1.3 1.69
613 - 2.9 ;}1.9 1.4 1.70
493 -13.5 —432.5 0.70 1.80
479 -13.9 -27.9 0.98 1. 81
450 -17.9 -35.9 0.53 1.82
400 -25.5 -34.5 0.59 1.84
313 -39.3 -47.3 0.13 1.86

Table A.2 The Atlosphgfic Sounding for Experiment 9

—_—— ————
Pressure Temp. Dev Specific Corrected
(ab) (°C) Point Huaidity oOptical Depth
(°C) (9/Kg) (g/cn?2)
922 24.6 8.8 9.4 0.00
808 14.0 3.0 6.8 0.88
697 3.4 - 1.6 5.2 1. 46
680 2.0 - 9.0 3.3 1.53
577 - 7.1 -18.1 1.9 1.74
462 -16.1 -34.1 0.56 1.85
305 -40.1 -54.1 0.06 1. 88
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T7abie A.3 The Atmospheric Sourdirg for Exrerisent 11

Pressure Teap. Dew Specific Corrected
(ab) (°C) Point Humidity Optical Depth
(°C) (3/Kg) (g/ca?)

930 19.6 6.6 7.7 0.00
850 11.8 2.8 6.1 0.53
828 9.6 1.6 5.8 0.65
778 5.8 5. 8 3.'8 0.87
700 - 0.1 9.1 3.1 1.1
637 - 5.7 -13.17 2. 4 1.25
589 - 8.9 -27.8 0.84 1.31

- 9.9 -20.8 1.5 1.32
500 . -17.1 -32.1 0.62 1.38
400 -28.17 -44.6 0.15 1.41
376 -32.3 -36.1 0.50 1.42
321 -40.1 -44.6 0.15 1.43




APPENDIX B

THE SOLAR FLUX DEMSITY

in section (2.4) the expression used to evaluate the
solar flux density vas given as

F = So(1-u){ sin(8)cos(¢) + cos(8)sin(f) cos (HAN-wt-HATO) }

SW
(B. 1)
vhere S, = solar constant
4 = albedo-turbidity-diffuse solar radiation factor
§ = declination of sun
£ = angle between celestial pole and slope Lormal
HATO = hour angle of sunat t = 0

HAN = hour angle of slope normal

w = earth's angular rotation

t = tise
This equation results froas the cosinhe law for radiation,
namely

F = F_ cos(y) ‘ (B.2)

vhere F, 1s the radiative flux densaty through a surface
vhen the‘flux beam is normal to that surface, and Y is the
angle of incidence between the bean and the surface normal.
It is clear that P, can be identified with So*(1-v). Thus

4 R . . . .
it rezains to show that the angle of incidence is given by

Yy = cos-l { sin(8)cos(£) + cos(§)sin(f)cos(HAN-wt~-HATO) } (B.3)

Fros the spherical geometry illustrated in Figure B.1, the
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folloving relatioaships hold N

cos(y) = sin(8)cos(§) + cos(8)sin(£)cos(H) &J (8. 4)

| = HAN - HAS : (b.5)

If the model is started at tise t = 0, then the hour angle
of the sun vili be

HAS = yt ¢ HATO (B.6)
vhere HATO is the hour angle of the sun at t = 0 (initial
bour angle). vanen ejuatioas (B.5) and (b.6) are cosbined
vith equation (B.4), the expression for the angle of
incidence given by eguation (B.3) results.

In the model, the zero hour was chosen as 1235 ¥sT.
This time is very clqpe to local noon, and hence the initial
hour angle is very close to zero. Values for toth the sun's
declipation and initial hour angle vere extracted fros the
1977 Nautical Alsanac! 9 and corrected appropriately.

Sunrise or sunset, ne€glecting both atmospheric
refraction and the sesi-diameter of the'sun, will coincide
with a solar flux densaity of zero. Fros eguation (B.4),

this sust occur at

- -1 tan($ \
HAS - 4+ cos [ - tan(&) , + HAN (B. 7)

This expression, im conjumction with eguation of tise anmd
longitude corrections, vas used to determire sunrise and

sunset over the slope. ,Values for the equation of tisme

- - W WD A - D W -

1o0puklished by the U.S. Goveranment Printing Office,
¥ashington, D.C.
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COorrections vere also takea frod the almanac. DJetveed

senset and suprise, the calculated solar flex density vas

geset to texo.
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ApP38D0IX C

GAUSSIAN BLIRINATION OF A TRIDIAGOBAL NATRIX

This appeadiz describes the solutioa by Gasssian
elisipatica of the set 0f equations
Aijﬂ + .jyj + C,Y’_‘ - D’ . j*l,...,N ‘C.',

vhere Y, apd Yy are kaova.
Since Yy is kaova, equaation (C.V) can te solved for

j = N-1 in teras Of ome upkpown Iy.; , ie

Yoor ® oy v Gneq Y2t
D r - Gy >
vhere Fyy ° i!:LTT:!fl E - S T W —
N-1 M- -1 ¢ Ay On

&

LT S

Using this expression

G - 0.
d N

1°¢ oquaiion (C. 1) for 3I=B8-2

becones
Yeoo = Mo 0 Ge2 Yees
- F -
Jhere P o D2 7 A2 T . ) Cr-2
N-2 B2 * Aoz S N-2 -2 * A2 Sy

This procCess of deteraining Yy is terss of one unkpove 'j-l

is continged yielding '

- ‘
Y, SRR I
. -c
vhere ¢ =« Di AL'm .. G, = 3 +Aic
Byt A Gy : TR B T3

Ultisately j = 2 is reached. Since 'j-bd is kaown, !2-15

14

deterniped. Back substitetiom of Y; then yields Yj. This
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'
process of back substitution is continued until all values

[
of IJ are determined.



APPENDIX

THE MODEL

D

GR1D

The values for the grid points €aployed in all

computer simulations are given in Tables D.1 and D.2.

Table D.1 The Grid Point Values wathin the Boundary Layer
Grid Height Grid Height
Point (n) PointL (m)

1 0.0 18 ) 5.000 *10+2
2 1.000 *10-2 19 €.000 *10¢+2
3 2. 154 *10-2 20 7.000 *10¢2
4 4o oU2 *90-2 21 8.000 *10¢+2
5 1.000 #1012 22 G.000 *10¢+2
6 2. 154 * Q-1 23 1.000 *10¢+3
7 4,642 *10-1 ’/ 24 1.100 *10+3
’ 8 1. 000 25 1.200 *10¢3
9 2. 154 26 1.300 *10¢3
, 19 4. 642 27 1.400 *10¢3
1M 1.000 #10¢1 28 1.500 *#10+3
12 2. 154 *10+1 29° 1. 600 *10+3
13 bu.euz %01 30 1.700 *10+3
[ 1.000 *10¢+2 31 1.800 *10+3
15 2.000 *10+2 ' 32 1.500 *10¢3
16 3.000 *10¢2 ~ 33 2.000 *10¢3
17 4. 000 *=10¢+2
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Table D.2 The Grid Point Values within the Soil lLayer
grid Depth Grid Depth
Point (m) Point (m)

1 0.0 5 -4.472 *10-2
2 -5.,000 #1703 6 -9.283 *10-2
3 ~-1.038 *1(0-2 7 -1.927 #1101
u -2.154 *10-¢@ 8 -4.000 *10—1?

135



136

APPENDIX E

—~ MODEL PARAMEIERS

’
Table E.1 details the model parameters coamon to all

computer simulations.

@l Parameters

Table E.1 Cosaon

e — —

Parameter ' 4 Programae Value

Name
Latitude ALAT 539 33'N
Longi tude ALON 113° 30'%
Slope Elevation A 16,259 ¢
Slope Orientation B 103° E
Reference Height ZNO 0.0V ®m .
Height of Suk-Layer 2TV 100. = A .
Height c¢f Boudary Layer 212 2000 m

Nuaber of Points between
ard including

a) surface and ZNO NPGNO 2
b) ZND and ZIT1 NPNOT1 13
Grid Spacing above Sub-Layer D22 100 =
Depth to Soil Bottos ZSB -0.4 nm
Soil Reference Depth ZINJS -0.005 =
Number of Points betveen
Surface and Soil Bottoa NZSPIS 8 ®
Start-up Time TO 12 hr 35 min DT
Termination Time TF 24 hr 35 ain MDT
Time Step . 1 S min
Solar Constant SO 1353 ¥ a2
Carbop-dicxide Correction CF .82
Albedo-Turbidity-Diffuse : .
Solar Radaition Factor ALB «39
Stepbhan-Boltzsann Comstant SIGHA 5.67%10—8 jEgp—20K-+

Earth's Angular Rotation W 71.292%10-% secv?
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Table E.1 Continued )
w

Paraaeter ' Progranmae Value
Name -
B
_Eddy Viscosity KHOL 2.2%10~S m—-2sec—?
© “goil Diffusivity KHS 1. 5#10-7 a-2sec-?
Density * Heat Capacity ‘ Layd 1.2%10¢3 Ja—39K-1t
Soil Conductivity LaNsS 2.5%10-1 Np—19K~1
Error Limit for Surface DER2 « 00001 ©°C
Teaperature Iteration
Maxisus Number of Iterations NITB 100
for Surface Tesmperature
Error Limit for Temperature DEEK 4 .00001 ©oC »
Profiles Iteration

Maxiaus Nuaber of Iterations NITC 500 .

for Profile Determination .
N

Weights for Implicit Method

a) for Air A AL, BE 1.5, 0.5
b) for Soil ALS, BES
Displacement Time f¢§r TN «5 hrs
Friction Velocity Data
Time Interval between TL «5 hrs

Friction Velocitx Data
t

Von Karman's consta VKC 4 0.4
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APPENDIX F

THE COMPUTER PROGRAMME
¢

d
¢
The folloving pages of this appendix list the FORTRAN

code for the coaputer wmodel.
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IMPLICIT REAL®8 (A-H,0-2),INTEGER (I-N)
LOGICAL®Y P (1) /%%%/
DOUBLE PRECISION KN(10),KNN(50,10),KH(10),KBH(50,10),

LAM,LAMS ,KMOL,KHS

coMMON /AV/I,J

"/A2/70,T7,DT,T,TN,TL

/83 /ALAT, ALOW

2874 (10) ,B(10) , IDATE, IDUM?

/AS/SST (10) , SRT (10) , ZET(10) , KA (10} ,DBC, 2OT

//A6 /NSNS ,NEPTS , NLPTS1, NL PTSA, NPGNO ,NPNOT 1,
¥ZSPTS, N2SPT1

/l7/ZN°,ZT1,ZTZ,Dzz.ZNOS,ZSB

A8/ (50) ,25 (10)

/A9/THET (2,50,10) , TS (2,10,10)

/l‘O/ﬂzz,ﬂ‘Z,ux.HSZZ,HS12.HSX

/l11/LlM,LAMS,SIGMI,CP,DERZ,NITB,NITZ

L12/KN, KN /A13/KH, KHH

/A‘“/PLH"(1°)'rS“,PSH,’SHS,’LH,FLH

/115/DZK(50),DZB(SO),DZC(SO),CZ(SO),C3(50)

“A16/DZAS (10) ,DZBS (10) ,DZCS (10) ,€25 (10) ,C35(10)

/l17/50,“,5‘10,ILB,DER“,NITD,NIT“

/A18/UST‘R(10).VKC,KHOL

/119/RI,PHI,BRI,UB

/A20/K,IDON .

/121/PHILIH,TSLP.JSLP,IDUMZ

D1R(X)=X‘.17“532925199“3290-01

RD1(X)=X/.17“532925199“329D-01

DZR(X)=(AINT(SNGL(X))O(X-IINT(SNGL(X)))‘100.DO/60.DO)
. %,.1745329251998329D-01

D3R(X)=( AINT(SNGL (X))

*( (X-IIIT(SIGL(X)))‘100.DO
-(X‘\OO.DO-IINT(SNGL(X)‘100.)) ) /60.D0
+( X*100. DO-AINT (SNGL (X) #100.) )/36.D0 )
*.17653292519943290-01

HZH(X)=AINT(SNGL(X))0(X-AINT(SNGL(X)))‘100.00/60.00
H3H(X)= AINT(SNGL (X)) .

+( (X-IINT(SNGL(X)))‘100.DO
-(X‘100.D0-lINT(SNGL(X;‘100.)) ) /60.D0
+( X*100.DO0-AINT(SEGL(X)*100.) ) /36.D0

CALL SUN

DO 100 I=1,NSTNS
WRITE(7,P) SRT(I),SST(I)

CONTINUE

CALL GERD

139



110

120

130

.
140

O™

140

READ (4,P) HATO, 10, 17,DT, !
so,H,SIGUA,CP,ALB, FLUA,
KMOL, KHS, LAN, LAMS,
DER2,DERS,
NITB,NITD,
AL,BE,ALS,BES,
T™,TL,VKC,PHILIM, TSLP

T =0.D0

HATO =D2R (HATO) ¢D1R (EOT*15.D0)

T0 =H2H(TO)

TP  =H2H (TF)

DT =H2H(DT)
NSTPS=IPIX (SHGL ( (TP-TO)/DT*.5)) ¢1

DO 110 I=1,NSTNS
PLUWV (I) =FLWA®DCOS (A (I)/2.D0) #DCOS (A (I)/2.D0)
CONTINUE

DO 120 J=1,NMZPTS
WRITE(7,F) Z (J)
CONTINUE

DO 130 J=1,NZSPTS
WRITE(7,P) ZS(J)

CONTINDE

H22 = 2(3)*Z(3)

H12 = 7(2)*2(2)

EX = (2(3)=2(2)) *z(3)*2(2)

HS22= 25(3)* M (N).
HS12= 8S(2) #L8{2)
HSX = (ZS (3f-17S (2)) *25(3) *25(2)

CALL FVEL

v

DO 140 J=2,NZPTS1

DZA(J) =2(J) ~=2(J-1)

DZB (J) =2 (J+1)-Z(J)

DZC(J) = (DZA (J)+DZB(J))/2.D0
C2(J) =AL*DT*3600.D0/2.D0/DIZC (J)
C3(J) =BE®DT#3600.D0/2.D0/DZC(J)
CONTINUE

DO 150 J=2,NZSPT1
DZAS(J) =2S(J) ~-ZS(J-1)
DZBS(J) =1S (J+1)-ZS(J) "
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DZCS(J) =(DZAS(J)*DZBS(J)) /2.DO0

C25(J) =ALS*DT®3600.D0*KHS/2.D0/DZCS (J)

C3S(J) =BES*DT®3600.D0®KHS/2.D0/D2CS (J)
150 CONTINOE

c
c
WRITE(7,7) NSTHS,NZPTS,NSTPS,NZSPTS
C
c
CALL SSTS
C.
c
C
DO 200 I=1,NSTNS
C
CALL INIT
c
FPSW=SO* ( DSIN (DEC)*DCCS (ZET(I))
2 +DCOS (DEC) * DSIN (ZET (I) ) *DCOS (HAN (I) -HATO) )
& *(1.D0-ALB)
IP(((T+TO) .LT. SST(I)).AND.
€  ((T+TO) .GT. SRT(I)))GOTO 210
IP (((T+TO) .LT. (SST(I)+24.D0)) -AND.
&  ((T*TO).GT. (SRT(I)#24.D0)))GOTC 210
PSW=0.DO0
210 CONTINUE
c
CALL DFVTY
C
CALL TSFC
c
TS (2,1,I)=THET (2,1,I)
s (1,1,I)=THET (2,1,I)
THET (1,1,I) =THET (2,1,1)
KO=1
c

WRITE(7,P) NIT2,I,KO
WRITE (6) (THET(2,J,I),Jd=1,N2PTS),
3 (TS (2,J9,I) ,J=1,NZSPTS)
FNET=PSH+PLWNV (I)-PL¥
WRITE(8) FSW,PSH,PSHS,FLH,FLWWV(I),FLW, FNET
200 CONTINUE

Cc
Cc hN
DO 900 K=2,NSTPS
C
IP( DMOD(T+TM¢TO+1.D-06,TL).LT.1.D-06 )CALL FVEL
T=T+DT
C
Cc
DC 600 I=1,NSTINS
C

CALL DFPVTY
CALL DPVTY2
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220

230

600

900
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CALL PROP

WRITE(7,P) NIT2,NITH,I,K

WRITE (6) (THET(2,J,I),J=1,02ZPTS),
¢ : (*s (2,J,I),J=1,NZSPTS)
PEET=PSU+PLUWY (I)-PLW

WRITE (8) PSW,PSH,PSHS,PLH,PLWNV (I),FLW,FNET

DO 220 J= 1,NZPTS
THET(Y,J,I) sTHET (2,J,1)
CONTINUE

DO 230 J=1,NZSPTS
18(1,3,1)s15(2,J,1)
CONTINUE

CONTINOE

CONTINUE

STOP
END



W3

SOBROUTINE SUN
INPLICIT BEAL®8(A-N,0-Z) ,INTRBGER (I-N)

LOGICAL®1 P (1) /'ety

CONNON /AV/I,J
& /A3/ALAT, ALON
& /A8/A (10) ,B(10), IDATE, IDUN?
e /AS/SST (10) ,SRT (10), ZET(10) , HAN(10) , DEC ,BOT
(3 /06 /NSTHS ,I1DUN (7)

DIR(X)=Xe, 178453292519 94329D-01
RD1(X)=X/.1745329251994329D-01
D2R (X) = (AINT(SNGL (X)) ¢ (X-AINT (SNGL (X)))*100.00/60.D0)
5 *, 1745329251994329D-01
D3R (X)=( AINT (SNGL(X))
¢( (X~AINT(SWGL(X)))*100.D0
~(X*100.D0~-AINT(SNGL (X) *100.)) ),/60.D0
¢#( X%100.D0-AINT(SMGL (X)*100.) )/36.D0 )
*.1785329251994329D0-01
H2H (X) =AINT (SNGL (X) ) ¢ (X~AINT (SNGL (X)) ) *100.D0/60.D0
H3H (X)= AINT (SMGL (X))
¢( (X-AINT(SNGL (X)))*100.D0
-(X*100.D0-AINT(SNGL(X)*100.)) )/60.D0 4
¢( X*100.DO-AINT(SNGL(X)*100.) )/36.D0

(S S I - O )

Mmoo

READ (4,P) NSTNS
READ (4,F) ALAT,ALON,DEC,EOT,IDATE,
& (A(I) ,B(I),I=1,NSTNS)

N=0 .
ALNCOR=DMOD (H2H (ALON) ,15.D00) /15.D0 \
ALAT=D2R(ALAT)
ALON=D2R(ALON)
DEC =D2R (DEC)
EOT =H3H(BOT)

DO 290 I=1,WSTNS
A(I)=DIR(A (X))
B(I)=DVR{B(I))
IP(I.GT.1)GOTO 130
IP (ALAT.EQ.D1IR(90.D0) .AND.DEC.GT.0.D0)GOTO 110
IP(ALAT.EQ.D1R (90.D0) )GOTO 100
ARG=~DT AN (ALAT) * DTAN(DEC)
IFP(ARG.GE. 1.D0)GOTO 100
IP(ARG.LT.~1.D0)GOTO 110
T=RD1(ACOS (ARG)) /15.D0
SST(I)= T¢12.D0+BOT+ALNCOR
SRT (I)=-T+12.D0¢EOT+ALNCOR
GOTO 120

100 HFRITE(5,300)
STOP

110 WRITE(5,310)



120

130

140

150
160

170
180

190
200

210

SST (I) = 50.D0 | ,
SRT (I)=-50.D0 o
CONTINUR

ZET(I) =D1R(90.D0) ~ALAT

MAN(I) =0.D0

GOTO 290

CONTINUE

BAN (I)=0.DO B

IP( (B(I).lQ.O.DO.AND.l(I).L!.(DIR(90.DO)-ALAT)) ..
(3 .OR. (B(I).BQ.D1R(180.D0)) )GOTO 160 o

IP(B(1).EQ.0.D0)GOTO 150
IP( DCOS(ALAT)®DCOS (A(I)) -EQ.

-

& DSII(ILAT)‘DCOS(B(I))‘DSII(A]I)) ) GOTO 140 ¢
BAN (I) =DATAN( DSIN(A(X)) *OSIN(B(I))

& / ( DCOS (ALAT)*DCOS (A(I))

& ~-DSIN (ALAT) ®*DCOS (B(I)) *DSIN(A(I)) )

Ir( (B(I).GT.O.DO.IND.HIN(I).GT.O.DO)

& .OR. (B(I).LT.O.DO.AID.HAI(I).LT.O.DO) ) GCTO 160

HAN (I) =D1R (180, DU) +BAN(I)
Ir(s(x).cr.o.nb)soro 160

HAM (I)=HAN(I)-D1R(360.D0)

GOTO 160

HAN (I) =DVR(90.D0)

IP(B(I).GT.0.D0)GOTO 160

HAM (I) =-HAN(I)

GOTO 160

HAM (I) =D1R(180.D0)

CCNTINUE

IP (BAN (I).BQ.0.DO0.AND.B(I).LE.DIR(90.D0))GCTO 170
I?(HAN(I).BQ.0.D0)GCTO 180 <

IP (HAW(I) . EQ.DIR(180.D0)) GOTO 190
Z!T(I)-DllSII(DSIl(l(I))‘DSII(B(I))/DSIU(HAH(I)))
GOTO 2Q0

ZBT (I) *D1R(90.D0) ~ALAT-A (I)

GOTO 200

ZET (I)=D1R (90.D0)~ALAT+A(I)

GOTO 200

ZET(I) =A(I) ~D1R(90.D0) *ALAT

CONTINUE . '
IF(ZBT(I).BQ.D1B(180.00)-llD.DBC-G!.O.DO)GOTO 210
I? (2BT(I)-BQ.D 1B (180.D0))GOTO 22V

I? (ZBT (I).2Q.0.D0.AND. DEC.GT.0.D0)GOTO 220

IP? (ZBT (I).2Q.0.D0;GOTO 210

ARG=0.DO
IP(ZBT(I).BQ.D1!(90.00).OR.ZBT(I).BQ.DIR(~90.DO))
& GOTO 239

ARG=-DTAN (DEC) /DTAN (ZET (I))

IP(ARG.GE.1.D0)GOTO 210

IP (ARG.LT.-1.D0) GOTO 220

GOTO 230

WRITE (5,320)

STOP

)
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220

230

280

250

¥

270

280
290
C
C

300

N1

320

330
340

\;‘

Y 2

YRITE(S,330)

SST(I) =50.D0

SRT(I) =-50. DO

GOTO 260

CONTINDS '

H=ACOS (ARG)

T1sRDY (NAN(I) =) /15.D0
T2eRDY (NeHAN(X)) /15.D0

SRT (I) =T 1¢12.(DO*BOT*ALNCOR
SST(I) *22¢12. N0 *BOTA LNCOR
IP (SAT(I) .GT.000) GOTO 280 :
SRT (I) =SRT (1) ¢28.00

SST (1) =SST (I) #28.D0
CONTINUE -
IP (SRT(I).L7.SST(1))GOTO 260
IP (SST (I).LE. (SRI(1)+24.D0))GOTO 250
SST (1) =SST (1) -28.D0 P
SRT (I) =SRT (1) ©28.D0

GOTO 260

WRITE(5,340) SRT(I),SST(I)
STOP

CONTINUE

IP (SST(I).LT.SST(1))GOTO 270
SST (I) =SST (1)

IP(SRT (I).GT.SRT (1)) GOTO 280
SRT (I) =SRT (1)

CONTINOR

CONTINUE

KEETORN

FORMAT (//,25H SUN NEVER ABOVE HORIZON,
(A 174 EXBCUTION HALTED,//)

PORMAT (//, 254 SUN ALUAYS ABOVE HORIZON,//)
PORMAT (//,24H SUN NEVER ABOVE SLOPE,
3 174 BXECUTION RALTERWN//)

PORMAT (//, 23H SUN ALWAYS ABOYE SLOPE,//)
FORMAT(//,26H SUN ABOVE SLOPE ONLY WHEJ
& 12H BELOW PLANE,2P10.5)
END

PR
-~ T
.o LSRG
Py B v - -~

" “"i&\:_
LAL “ P
I yf&
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100

110

120

SUBROUTING s8TS “
INPLICIT BBALS (A=5,0-8),INERGER (I-n)
LOGICAL®Y P(V) /%00y
COMNON /22/70,T7,0%,0W8 ())
s /743/88%(10) ,887 (10) ,DON2 (22)
¢ /06738798 ,1004 (7)

o
DO 120 I=i,NSTNS
K3e=99
R3=-99
K§=-99
KS=-99
I7(70.02.5R2(I)) GOTO0 %0
IVeXIPIX(SNGL( DSIGN(Y.DO, ST (X)-20) ))
Kblll!(:lcu0.1(!)-1’0)/0‘!‘“011
K3=sK2e 11
CONTINGE
IP(TP. LT. SST(X)) GOTO 110
I12=IPLIX(SNGL( DSIGN(Y.DO, SST(I)-10) ))
K&=IPIX (SNGL( (SST(I)-TO)/DT)) ¢12
KS=K4eX2

WRITE(7,P) I,KB2,K3,K8,KS

CONTINUR

\

RETORD
END

wd
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SUBROUTINE GRD ; )
IMPLICIT REAL*8(A~-H,0-Z) ,INTEGER (I-N)
LOGICAL*1 F (1) /%y
COMNON /A6/NSTNS ,NZPTS,NZPTS1,NZPTSA, NPGNO,
NPNOT 1,NZSPTS,NZSPT1 .
/A7/2N0,271,272,D22,ZN0S,ZSB
/A8/2(50) ,25(10)
/A21/DUM(2) ,JSLP,IDUM2 "

"M

READ (4,F) 2ZNO0,2T1,2T2,NPGNO,NPNOT1,DZ2,
& ZN0S,ZSB,NZSPTS

NZPTSA=NPNOT1¢NPGNO-1 5
NZPTS =IPIX(SNGL((ZT2 ZT1)/DZZ))+HZPTSA

NZPTS 1=NZPTS-1

NZSPT1=NZSPTS-1

JSLP =NPGNO+7

Z(1)=0. D0 "
D1 =(ZT1/2N0)** (1.00/DPLOAT (NPNOT1-1))
ZLI =DLQG(D1)
- DO 100 J=2,NZPTSA
7 (J) =ZHOSDEX® (DFLOAT (J- NPGNO) #ZLI)
100 CONTINUE

NZPTSB=NZPTSA+1
DO 110 J=NZPTSB,NZPTS
2(J) =2 (J-1) +D22

110 CONTINUE

ZS (1) =0.D0
D2  =(ZSB/ZNOS) ** (1. DO/DFLOAT (NZSPTS-2))
ZLSI =DLOG (D2)
DO 120 J=2,NZSPTS
2S (J) =ZNOS*DEXP (DFLOAT (J-2) *ZLSI)
120 CONTINUE

EETUORN
END
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500

100
110

120
130
140

150

160
170

180
190
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SUBROUTINE INIT
IMPLICIT REAL®8(A-H,0-Z),INTEGER (I-N)
LOGICAL®1 P (1) /tat,
DOUBLE PRECISION ZI(50),TH(50),2IS(10) ,THS (10)
COMMON /A1/1,J
/A6/NSTNS,NZPTS, NZPTS1,NZPTSA ,NPGNO,

NPNOT 1,NZSPTS, N 1 'o
/A8/Z (50) ,2S (10)
/A9/THET(2,50,10

¢10,10)

READ(4 ,F) PLAG?
IF(FLAG7.¥E.1.D0)GOTO 500 oo
READ (2) (THET(1,J,I),J=1,N2PTS), (TS (1,J,I),J=1,NZSPTS)
READ(2) (THET(2,J,I),J=1,N2PTS),(TS(2,J,I) ,J=1,NZ9PTS)
RETURN
CONTINUE
J2=NZPTS
READ(4,F) NIDP,(2I(J),TH(J),J=1,NIDP),
NIDPS, (2IS(J),THS (J),J=1,NIDPS)

DO 200 JI=2,NIDP
GAM=(TH(JI) -TH(JI-1))/(ZI(II-1)-2I(JI))

DO 100 J3=1,J2

J4=J3

IF(2I(JI).LE.Z(J3))GOTO 110

CONTINUE

IF (JI.GT.2)GOTO 140

DO 120 J5=J4,J2

J6=J5

IF (2I(JI-1) .EQ.Z(J5))GOTO 140

IF (ZI (JI-1) .LT.Z (J5)) GOTO 130

CONT INUE

J6=36-1

CCNTINUE

DO 150 J7=J4,J6

THET (1,J7,1)=TH (JI)-GAM* (2 (J7) -21 (JI))
CONTINUE

IP (JI.NE.2) GOTO 170

J6A=J6+1

DO 160 ~JB=J6A,NZPTS
'THET(1,J8,1)=TH (JI)-GAM* (Z (J8) -ZI (JI))
CONTINUE

IP (JI. NE.KIDP)GOTO 190
IF(2I(JI).EQ.Z(1))GOTO 200

DO 180 J9=1,J4 ,
THET (1,39, I)=TH (JI) -GAM* (Z (J9) - 21 (JI))
CONTINUE

J2=J4

J6=J4-1

200 CONTINUE* . .

[P U



300
310

320
330
340

350

360
370

380

. 390

a 00

400

520

530

J2=NZSPTS d
DO 400 JI=2,NIDPS
sans=1rn5(ar)-r§5(ax-1))quIS(JI-t)—zIS(JI))

pO 300 J3=1,J2

Ju=J3 .
IPZ(ZIS (JI).GE.2S (33))GOoT® 310
CONTINUE

IF (J1.GT.2) GOTO 340

DO 320 J5=J4,J2

J6=J5 )

IP (215 (JI-1)-EQ.Z§(JS))GOTO 340

IF (ZIS (JI-1).LT.ZS(JS))GOTO 330
CONTINOUE

J6=J6-1

CONTINUE .

DO 350 37=J4,J6 '

TS (1,37,1) =THS (JI) -GANS* (25(J7) - 2IS (JI))
CONTINUE

IP(JI.NE.2) GOTO 370

J6A=J6+1

DO 360 JB8=J6A,NZSPTS
T5(1,J8,1)=THS (JI) -GAMS* (Z2(J8) ~2IS(JI))
CONTINUE

IP (JI.NE.NIDPS)GOTO 390’

IF (2IS (JI).EQ.2S5(1))GOTO 400

pO 380 J9=1,J4

TS(1,39,1) =THS (JI)-GANS* (25 (J9) -2IS(JT))
CONTINUE

J2=J4
¢ J6=Ju4-1

CONTINUE

DO 520 J=1,NZPTS R

THET (2,J,I) =THET (1,3, 1)
CONTINUE . ‘

po 530 J=1,NISPTS &
Ts(2P3,1) =TS(1,3,1)

CONTINUE

RETURN
END .
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100

110

115

117

150

SUBROUTINE TSFC

N
s>

IMPLICIT REAL®8 (A-H,0~2),INTEGER(I-N)

LOGICAL®*1 P (1) /' %%/

DOUBLE PRECISION KH(10) ,KHH(50,10),
LAM, LAMS, KMOL, KHS

(-

coMNoN /A1/%,J
/A2/T0,DUMY (2) , T, DUNS (2)
/A8/2(50) ,2S (10)
/A9/TEET (2,50,10) ,TS (2,10,10)
/A10/H22,H12,HX, HS22, HS12,HSY ,
/A11/LAM, LAMS, SIGMA,CP ,DER2,NITB,NIT2
/A13/KH, KHE
/A4 /PLUNY (10) ,PSH,PSH, PSHS, FLH,FLW

OO M

NIT2=0

FLAG2=0.DO

CONTINUE

NIT2=NIT2+1

IF(?ITZ LT. NITB) GOTO 110
T2=TO+T

WRITE(5,180) NIT2,T2,I,ERR2
STOP '
CONTINOE '

FSHS=-LAMS*( HS22%TS(2,2,I)-HS12#TS(2,3,1I)
(2 - (A522- HS‘Z)‘TS(&, ) ) /BSX
FSH=LAM‘KH(I)‘( H22*THET (2,2, I) H12*THET (2,3, I)
& -(H22-B12) *THET (2,1,I) )/EX [
FLH=FSH

IFP(PSHE.LT.0.D0)GOTO 115

FLH=-.5D0*FSH,.

CONTINUE

PLU=FSW+FSH+PSHS¢FLWWV(I) +PLH

IF(PLW.LT.0.D0)GOTO 120

IP (NIT2.GT.20 .AND. DABS(PSH) .LT.20.D0 )GOTO 200

FLAG2£Y1.D0

GT=THET(2,1,I)-(PLU/SIGMA/CF) **_25D0

GTP=1.D0+. 2500‘((LIHS/( ZS(2) ) ¢2. DO*LAM* KH (I) /2 (2))
& /SIGMA) /(FPLE/SIGHA/CF) *% (.75D0)

IP(PSH.LT.0.D0) GOTO 117 ;

GTP=1.D0¢.25D0% ( (LAMS/(-2S(2) ) +.5D0% LAM*KH (I) /2(2))
& /SIGHAL/(PLH/SIGHA/C ) #* (. 75D0)

CONTINUE *

THETP=THET (2,1,I) "

ERR2=GT/GTP ‘ "

THET(2,1,I)=THET (2,2.,1I) -ERR2

IP(DABS(BRR2) LT.DER2)GOTO 160

GOTO 100

7

v o
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C

120

130

135

140

150

200

160

170

180

190

151

CONTINUE -
GT2=THET (2,1,I)
IF (FLAG2. Q. 1.D0)GOTO 150

THETP=250. DO N

CONTINUE
FSHS=LANS/ZS (2) * (THETP-15(2,2,1))
PSE=LAM®*KN(I) /Z(2) % (THRT (2,2, 1) -THETP)
PLHE=PSH

IP (PSH.LT.0.D0)GOTO 135
FLH=~.5D0*PSH

CONTINUE A
FLi=PSH4P SH¢PSHS*FLWNV (I) +FLH

IP (FLW.GT.0.DO)GOTO 140
IF(THETP. EQ. 200.D0)GOTO 170 ¢
THETP=200. DO

GOTO 130

CONTINOE

GT=THETP- (PLW/SIGMA/CF) ##.25D0

CONTINUE

ERR 2= (GT2-THETP) /(GT2-GT) *GT2

™ET(2,1,I)=GT2-ERR2
(Dllg(ERRZ).LT.DERZ)GOTO 160

-

- GOTO 100

CONTINUE

GT2=THET(2,1,I)-(PLW/SIGMA/CF)**.25D0

THET 1=THBT (2,1,I) +ERR2

ERR2=GT2* (THET (2,1,I)-THET1)/ (GT2-GT)

THET (2,1,I) =THET (2, 1,I) -ERR2

GT=GT2 :

IP(DABS(EKR2).LT.DER2)GCTO 160

GOTQ 100

CONTINUE .
RETORN -
CONTINUE M
T2=TQ+T

WRITE(S,190) PLW,T2,I

STOP ‘

FORMAT (3HO*#%,/,3H »%,I15,' 4 ITR XCD : TSFC ERR ',/,
3 3H s*,P15.3,' TIME',/,3H **,I15,' STN',/,

& 3H **,P15.6,' ERR2',/,3H *%)

FORMAT (3HO*¥,/,3H *%,G15.2,* FLW < 0 : TSFC ERR ',/,
& 34 #*,P15.3,' TIME',/,3H #*,I15,' STN',/,

& 3H e%)

END
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SUBROUTINE PROP

IMPLICIT REAL®*8 (A-H,0-2) ,INTEGER (I-N)

DOUBLE PRECISION A(50),B(50),C(50),D (50),F (50) /G (50),
AS(10) ,BS(10) ,CS (10)
DS (10) . S (10) ,G5(10) , «
KH(10) ,KHE (50, 10)

[ 0~

COMMON /A1/1,J
/A2/T0,TP,DT,T,TH, TL
/AS/SST (10) ,SRT(10) ,2RT(10) ,HAN(10) ,DEC,ROT
/A6 /USTUS ,NZPTS, NLPTS1,NZPTSA,NPGNO,
NPNOT1,NZSPTS,N2SPT1

/A8/2(50) ,25(10)
/A9/THET (2,50,10) ,TS (2,10,10)
/A10/H22,H12,HI,HS22,HS12,HSX
/A11/LAM, LAMS, SIGMA,CP,DER2,NITE, NIT2

 /A13/KH,KHH »
/A14/PLWNV (10) ,PSW,PSH,FPSHS,PLH,FLW
/A5 /DZA(50) ,DZB (50) ,DZC (50),C2(50) ,C3(50)
/A 16 /DZAS (10) , DZBS (10) ,D2CS (10) ,C2S (10) ,C35 (10)
/A17/S0,4 ,HATO,ALB, DER4, NITD, NITY

PO OO OO

TOLD=0. DO

NIT 4=1

DO 100 J=2,NZPTS1 g |

D(J)=C3(J) * ( (THET (1,J+1,I)-THET(1,J,I))
/DZB (J) *KHH(J,I)

-(THET(1,J,I)-THBT(1,J-1,I))
/DZA (J) *KHH (J=1,I) )
+THET (1,3, 1)

A (J)=KHH(J,I) /DZB(J)*C2(J)

C(J) =KHH(J-1,1)/DZA (J)*C2 (J)

B(J) =A (J) +C(J) +1.D0

100 CONTINOE

[ NI o B o)

DO- 110 J=2 ,NZSPTI
DS(J)=C3S(J) *( (TS (1,J+1,I)-TS(1,3,I)) /DZBS(J)
-(1S(1,3,I)-TS(1,3-1,1I)) /DZAS (J) )

+1s(1,3,1I)

A5 (J) =1.D0/DZBS (J) #C25 (J)

CS (J)=1.D0/DZAS (J) #C25(J)

. BS(J) =AS(J) +CS (J) +1.D0 2

110 CONTINUE

[ e

PSW=SO* ( DSIN(DEC) DCOS (ZET(I))
& +DCOS (DEC) *DSIN (ZET(I))*
£ DCOS (HAN (I) -W%3600.D0* (T) ~HATO) )
& *(1.00~ALB)
IF (((T+TO).LT. SST(I)) -AND.
& ((T+T0).GT. SRT(I) )) GOTO 120
IP(((T+TO) .LT. (SST (I) +24.D0)) -AND.
€ ((T+TO).GT.(SRT(I)+28.D0))) GOTO 120 Bhe
PSW=0. DO

120 CONTINUE
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CALL TSIKC
ERRO=THET(2,1,I) -TOLD
- IP( NITH.LT.10 ) GOTO 122
IP( WITS.LT.SO ) GOTO 125
THBT (2, 1,I)=( THRT (2, V,1I)¢TS(2,1,I) )/2.D0
GOTO 125 .
122 COQNTINUE
THR '1.1) =THERT (2,1,1)0(1'5!‘1' (2,1,1) ’TS(Z,“,I))‘Z. DO
128 uE
,1,1)=THET(2,1,1)
DABS (ERR4) .LT.DER& ) RETURN

NIT&=NIT4+Y
IP (NIT4.LT.NITD) GOTO 130
T4=TO+T
WRITE(S,180) NIT4,T4,I,ERR4
STOP

130 CONTINUR

F(NZPTS) =pHET(2,NIPTS,I)
PS(NZSPTS) =TS (2,NZSPTS,I)
G(NZPTS) =0.D0
GS (NZSPTS) =0.D0

DO 140 J=2,NZPTSH
JJ sNZPTS-J+¢1
) = B(JJ)-A(JJ) *G(JJ+1)
P(JJ) =(D(JJ) ¢4 (JJ) *F (JJ*+1)) /E
G(JJ)= C(JJ)/E
140 CONTINUE , -

DO 150 J=2,NZSPT1
JJ = NZSPTS-J+1
ES = BS(3J) =AS(JJ) *GS (JI+1)
PS(JJ) = (DS (JJ) *AS(JJ) *FS(JI*1)) /ES
GS(JJ) = CS(JJ) /BS
150 CONTINUDE

c
DO 160 J=2,NZPTS1
THET(2,J,1) =F(J) +G(J) *THET (233-1,1)
160 CONTINUE .
c

DO 170 J=2,NZSPT1
TS (2,3,I) =PS(J) +GS (J) *TS(2,3-1,1)
170 CONTINUE

c
TOLD=THET (2, 1,1I)
GOTO 120
C ) - T :
180 PORGAT (3HO®*,/,3H *#,I15,* ¢ ITR XCD : PROF EBR ',/
& 3H s Pr15.3,° TIMR®,/,3H **,I15," STN',/,
& 38 .*5060. Bllﬁ'./o-’ﬂ *3)
E¥Dp a

‘e ' e b"‘
» .
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SUBROUTINE PVEL
IMPLICIT REAL®8(A-H,0-Z),INTEGER (I-N)
. LOGICAL®1 P (1)/*9e
‘. DOUBLE paxczsxonil‘(lo).xlu(so,10),anL
CCMMON /A3/ALAT, BOa
/A6 /NSTNS ,NZPTS, NZPTS1,IDUM3, NPGNO, IDUMA (3)
/A8/2(50) ,DUN2(10)
/A12/KN, KN
/A 18/0STAR(10) ,VRC,KNOL
/A19/D0UM3 (3) ,UB

OO

READ(3,F) (USTAR(I),I=1,NSTNS),UB

DO 120 1-1,n§rns
ZT3=.“SSDO‘QS’!R(I)/2.D0/7.292D-05/DSIN(ALAT)

KN (I) =USTAR (I) *VKC/2.D0*Z (NPGNO)
¢( DEXP(-4.D0*Z (NPGNO)/2T3)
+1.00/( 1.D0+16.D0*
(Z(NPGMO) /ZT3) *%1.6D0 ) )
+KMCL

(o B T o B ]

DO 110 J=1,NZPTS1
ZK= (2 (J) +Z (J+1)) /2. DO
KNN(J,I) =OSTAR(I)*VKC/2.D0*ZK
*( DEXP(-4.D0%*ZK/ZT3)
+1.D0/( 1.D0+16.D0#
(ZK/2T3) *+1.6D0 ) )
+KNOL

[ B

110 CONTINUE
120 CONTINUE

RETURN
END
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SUBROUTINE DPVTY
IMPLICIT REAL®8(A-R,0-2) ,INTRGER (I-N)
LOGICAL®*Y P (1) /00,
DOUBLE PRECISION KN(10),KH (10),KMOL
CONNON /AV/1,3
I /A2/DUNI(6)
/A8/2(50) ,DUM2(10)
/A9/THRT(2,50,10),D0N3 (2, 19,10)
/A2 /KN, DUMS (50, 10)
/013/KB,DUNS (50, 10)
/A18/USTAR (10) ,VKC,KMOL
/A9 /RI ,PHI,BRI,UB
/A21/DUM6 ,TSLP,JSLP,IDUM2

O™

THETAV= ( TRET(1,JSLP-1,I) ¢THET (1,JSLP+1,1) )/2.00
DTH  =~THET(),JSLP+1,I)-THET (1,JSLP-1,T)

DZ =Z (JSLP+ 1) -Z (JSLP-1)

BRI  =9.806/THETAVeDTH/DZ/UB/UBZ (JSLP) $2 (J5 LP)
J=2

CALL MOFN
CALL sLopPE

KH (I) =KN(I) /PHI .
IF (KH(X).GT.KMOL)GOTO 100
KH (I) =KMOL

100 CONTINUE

RETURN
END

SUBROUTINE SLOPE o
ISPLICIT REAL®8(A-H,0-Z), INTEGER (I-N)
LOGICAL®1 P (1) /181,
CONNON /,A1/I,J
/A2/TO, DUM& (2) , T, DUNS (2)
/A18/USTAR(10) ,DUA (2)
/A19/R1,PHI,BRI,UB - ,
/1020 /K, IDON 25
/A21/DUM2,PHILIM, TSLP, JSLP,IDUM2 \

QOO M

IP(T¢TO.LT.TSLP) RETURN
IF(I.NE.2) RETORN

IF(J.GT.JSLP) RETORN .

READ (1,P) U

CP=0¢.4D0/DLOG ( (. 25D0+.8D0) /.25D0 )
PRI=PHI*USTAR(I) /CP 3

IP (PHI.LT. PHILIM) RETURN - N

PEI=PHILIN 2ol
/u.

RETURN %

END '
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120
130

]

T IO O™

SOBROUTINE DPVTY2
IMPLICIYT BREBAL®8 (A-H,0-2) ,INTEGER (I-N)
LOGICAL®Y P (1) /e,
DOUBLE PRECISION KN(10) ,KNN(50,10),
KH(10) ,KHH (50,10) ,KMOL
CcOoMNON ,AV/1,4
/A2/10,7P,07,T,TN,TL
/06 /1IDUN2 (2) ,MZPTS1,IDUNT (5)
/A8/%(50) ,3S(10)
/A9/T82R?(2,50,10) ,T78(2,10,10)
/A2/KN, KNN
/A3 /KR, KHH
/A18/USTAR(10) ,VKC,KMOL
/A19/R1,PHI, BRI, UB

FPLAG=0.DO .
KHH(V,I)=KN8(1,I)/PHI
IP(KHH(1,I).GT.KMOL)GOTO 100
KHH (1, I)=xn0L

CONTINUER

DO 130 J=2,82ZPTS1

IF( J-1T.10 .OR. I.EQ.1 )GOTO 110
I7( PLAG.EQ.1.D0)GOTO 110
PLAG=1.D0

CALL NCPN

CALL SLOPE

CONTINOE

KHA (J,I)=KNN(J, I)/PHI
IP(KBH(J,I).GT.KNOL)GOTO 120
KHE (J, I) =KMOL

COMTINUE

CONTINOUE

. RETURN

END

156



157

SUBROUTINE MOPN

IMPLICIT BREAL®8(A-H,0-Z), INTEGER (I-N)

¢ LOGICAL®Y P (1) /tet/

COMMON /A1/1,J
/A2/70,DUNYG (2) ,T,DUNS(2)
/A8/7(50) ,DUM3 (10)
/A19/RI,PHI, BRI, UB
/A21/PHILIM,TSLP,JSLP, IDUM2

oM

PHI=. 74D0

IP( (I.GE.2.AND.J.LE.JSLP) .AND. TO¢T.GT.TSLP ) RETURN |
IF(BRI.EQ.O0.DO) RETURN

IP(BRI.GT.0.D0)GOTO 150

N=0
GZL=BRI
110 CONTINUE

X =(1.D0-15.D0®GZL)**.25
PSI= 2.DO*DLOG( (1-DO ¢ X)/2.DO0 )

£ + DLOG( (1-D0+X*X)/2.D0 )

& -2.DO*DATAN(X) ¢3.141592654,2.D0
RI =( DLOG(Z(JSLP)/.01D0) -PSI )*x
RI =RI®*RI*BRI
FNZL=8.214D0*GZL®GZL*GZL-.5476D0*GZL*GZL-9.DO*RI*RI*GZL

& +RI*RI .
DRI =( PSI -X*®( 4.DO0/(V.DO+X) ¢1.D0O/ (1.D0*X*X) ) )
£ $15.D0/4.D0/(X**3.D0)

FNZL E=~9_.DO®EI*DRI*2.D0 +2.DO0*RI*DEI
FNZLP=PNZLP+24_.6U2D0*GZL*GZL~1.0952D0*GZL~-S.DOSRI*R]
IP(FPNZLP.EQ.0.D0)GOTO 140
ERR =FNZL/FNZLP ¢
ERRA=ERR/G2ZL
GZL =GZL-ERR
N=N¢1
IP(DABS (ERRM) . LT..05D0) GOTO 120
IP(M.GT.100)GOTO 130
GOTO 110

120 CONTINUE
PHI=.78D0/ ( DSQRT(1.D0-9.D0®%GZL) )
RETURN

130 WRITE(5,210) N
STOP

180 CONTINUE
WRITE(5,220)
STOP

150 CONTINUE
IF(BRI.LT..21D0) GOTO 160
BRI =.21D0

160 CONTINUER
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.2200900...1 -8, no

a 9.8 DO‘DLOG(S(JSL!)/.O!DO)0!!1-.7!00
"lI‘DLOG(Z(JSL”/.O‘DO)‘DLOG(Z(JSLP)/.O‘DO)
=pep-§.DOCAC

IP(D.LT.0.D0) GOTO 180

GZL =(-B -DSQRT(D) )/ (2.00%3)

PHI =.764D0¢&.7D0®GIL

I'(PHI-L?.PIILIH)."UIN

PHI =PHILIN

onNo»

RRTURM
o
c .
210 PORHAT(3HO®e,/,3N se,I15,' ¢ ITR XCD : #ory RRR ',/,
[ 30 &)
220 PORBAT (3H0%e¢,/,30R8 ®* DIVISION BY O : MOPN ERR ,/,
& 3R s9)
(o

4
END
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200

300

350

400

.

’
r'hw N ¢
IMPLICIT RBAL®8 (A-N,0-Z), INTRGER(I*W) PR E T
LOGICAL® 1 P (1) /' o/ .. ”Q‘J
DINBNSION Z(30),T(50),DZ(89), 9(50),zs(a)kls(01 - * .

v Iy o

RBAD(S, ) NIDP,(2(J),T(J),J=1,NIDP) -
READ(S,) WIDPS, (ISIJ).TS(J) J-l.IIDPS)

P (NIDD) =PB A
GR =9.8100/287. 04D0 . \w

COR  =T(NIDP) . s -
¥IDPY =NIDP-1 . \ - 1

READ (5,P) PB,TAV ¢, \ .

DO 100 J=1,NIDPY _ .
DZ (J) =2 (J) =L (J*1)
CONTINDR

DO 200 J=1,NIDP?

JJ=sNIDP~J

P(JJ)=P(JJ+1) *DEXP (-GR®DZ (JJ) /TAV)
CONTINOE

DO 300 J=1,NIDP
T(J)=T(J)®((PB/P (J))*¢. 286D0)
CONTINUE
1]
COR=T (NIDP) -COR
DO 350 J=1,NIDPS
TS (J) =TS (J) +COR
CONTINUE

WRITE(6,400) WIDP, (2(J),T(J),J=1,NIDP)
¥RITE (6,800) NIDPS, (£S(J),TS(J) ,J=1,NIDPS)
PORMAT (1H ,I3,(5(2r9.3)))

STOP
END



