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The time integrsl in eq (26} can then be writben ac
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where H. is the flux asccording to eq (26) and Hp sccording to
srtially integrated version. We have further truncated the

involving T. can be Becu~

RS
and only involves adding

extra terms Tor esch new time step. The convergence rate is
nowever importsht in compsring the efficiency of this method
with the ordinsyy Tinite difference methods. The First resulis
have not been encouraging in this respect showing s fairly slow

convergence, both For {(29.1) and (29.2) and a dependence of the

convergence vate on the depth of the soill layer D,

11973} have recently suggestzd another form for

vitical solution which seems to be very efficient. They

edopt the lower boundary condition at infinity:

o constant, Tmz 7 > 0o
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They do not discuss, however, the effect of this other boundary

condition on the solution for H or the accuracy as compared

The two equstions (29.1) and (20.2) as well as a corrected
version of Shaffer & Longs Tormulation have been tested together

Tinite difference analogue to eq (232} with a simple ex~

a
plicit time integration. The variation of Tp(t} has been given

L
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roughness height (P 4 Taylor, 1969) and variation of windspeed

but not direction (ILvkosov, 1972).

In a1l the background temperaturenas been con—
stant. The lower and upper boundary conditions for T' have been

A very impo

houndary
law formulaticns the stress {in fact u ) and the angle

the geostrophic wind and the surface wind are computed from a

matching of an iny and an outer

Ekman laye The theory has also been generalized te include
a stability depend ting the two

constants, A as
the Monin—Obukhov length to observations. In the theory.

however, the boundary layer is agsumed to be in & st

In Me 1gorogo & Deardortf {167h}, using a formulation of the
stance law asccording to Deardorff & Zilitinkevich (197L7,

ocnstants A and B are determined from the Wangsrs data

w

C
set (Clarke et al 1071). An interesting feature in the result
is the large scatter in the values in stable region, which al-
s0 has been present 1n earlier evaluations. In the experiments
carried out in this study friction velocity., u , and the angle
Letween the background, large scale wind., and the surface wind
{deviation) have been computed. Tn addition the corresponding
steady state u and devietion with the same background winds
Y

as in the unsteady model have been computed. The differences

o

etween steady and unsteady computations are most stri
for the deviation angle as will be seen below. These tentative
results seem to indicate that the unsteadyaess in the large

scale Tlow is a contributing factor in determining the stress
and crossiscbar Tlow near the surface and a possible expl@na—

tion to the large scatter cbtained when fitting the resistance

low constants to observatiocons in the stable range.

5

The first experiment is basically the same as in [ykosov (1072},
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The background wind W is given by
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I.e, the background wind

to zero and increases |

3 and 4 show wind hodo~

procedure 1in paragraph
shape of the wind hodo-
graphs after 15 hours. The background wind is then approxi-

mately zero but there is still a momentum transport going on

in the boundary layer showing the slow response to changes

\’D
2]
0]

i~
~

in the background flow. The hodographs after and 22 hours

show a spiral form and a kink at about 300 m when the back-

o,

gron wind forces an adjiustment to an Ekman type of hodograph.

Targe variations in the cross iscbar angle are also seen., This

ground wind has started

regular behaviour being

ind. The dashed

very weak background

PR A S . P e
WADGE DUT even 10T

steady state

“ e 1

Fig 5 shows th

ree
No upper boundary
houndary layer is

apout 900 m in this

wind is about 7.5

3 -+

The second experiment deals with

th in wind direction and wind speed. This can be thought of
as for example the passage of a through line or a front. The

initial baeckground wind is westerly, 5 m/s. The wmodel 1s ini~
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steady and steady state, are shown. D
late considerably approaching asymptotically the stesdy state

values. The error

is at a paximur after 2-3 hours amounting to about 20 %.

wind which at

ground wind is described by

3
1 W - 9
({Eg 2= 05 = 3w s
‘ % i?h

"' =0 &t 2 = % and 2 = H

G corresponds to &

odel has been run

tions in the vertical.
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1, Wind profile from the
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2. Bkman profile with constsnt X
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11 and 13 show the wind hodographs rregponding

and 3. Tt 1e cbvious conditions
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renceg are found above o 50 - 100 m. OF cource the

is rather’ absurd and large differences from the other

two cases. Fig 10, 12 and 1% ghow the deviation angles as well

or
B

az u Irom the unsteady and steady cases. In the initialized
*
case in Tig 11 the differences in deviation angle is not so

pronounced &s in the former experiments while u differs

*
with about 10 -~ 15 %. Of course the differences increase in
the other two cases.

-

This shows that in stable stratification in the boundary layer
the adjustment time due to turbulence is fairly long leading
to a strong dependence in the solution on the initial wind
distribution. On the other hand this alsc means that in un-
steady conditiocns it is risky to use initialized steady state
profiles as initial conditions. HBow this is going to be solved

oL

in practice is a difficult question.

Finally, fig 15 shows two h “p]Of]JPS one after 6 hours and
another after 12 hours. The behaviour is very regular with a
maximim at 100 m after § hours which geoes down to 45 m after

21 hours when the background wind speed 1s only 5 m/s.

Concluslions and dizcussion

This gtudy, which iz the first part in an effort to develop an
operational atmospheric boundary layer model, has shown the
feasabllity of using Gutmans approach in formulating a one-
dimensional boundary layer model. It has also been demonstrated
that this formulation filters out inertial-diffusive oscilla-
tions due to unsteadyness in the pressure field. This property
gives the model certzin advantages as compared with the usual

Fkman formulation.

The use of the Crank-Nicolson scheme seemsg to be a natural and
efficient choice when dealing with diffusion problems. The
rather ad hoc introduction of a time smoothing of K is probably
possible to get rid of when bturning to the new turbulence formu-
lation using & turbulent energy equation for closing the set of

equay tions.

The first simple experiments with a stably stratified boundary
layer model with unsteady large scale background Tlow show
very blg and marked differvences as compared with steady state

solutilons.
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Wind hodographs computed from ordinery Ekman layer equationg. The eddy
coefficient is the one described in the text but the temperature has

been kept constant in time and space. The gecstrophic wind vector rotates
with one revolution in 24 h with constant magnitude, 10 m/s. 2. = 0.1 m
and the computationsal top of the model is at H = 1 500 m. The gots mark
the height 535 m.

Vindhodografer som beriknats frén Ekman-skiktsekvationer. Den turbulenta
utbyteskoefficienten &r den som beskrivits 1 texten. Temperaturen har dock
hd1llits konstant, bidde i tiden och rummet. Den geostrofiska vindvektorn
roterar ett varv pd 2L timmsr med konstant styrka, 10 m/s. Z_ = 0.1 m

och den &versta nivdn i modellen ligger pd H = 1 500 m. Punh%erna markerar
héjden 535 m. :
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Fig. 2 Summary of heat fluxes as a function of time computed from different sclutions

of the heat conduction eguation. The heavy full curve

temperature as a function of time, The thin full line shows the high acecuracy,
finite differences solution. Dashed and dashed-dotted curves show heat fluxes
obtained from the fourier solutions according to eg. (26.1) with depth 0.6U m

and 1.5 m regpectively. In both cases 50 terms are included in the series.
Finally the dotted curve shows the heat flux according tc the corrected Shaffer &
Long method.

shows the assumed surface

Sammanstillining av virmefldden som funktioner av tiden berdknade frén olika
1ésningar till virmeledningsekvationen. Den tjocka heldragna kurvan visar den
antagna variation av marktemperaturen som funktion av tiden. Den tunna heldragna
kurvan visar resultatet frédn en finit-differensldsning med stor noggrannhet. De
streckade och streck-prickade kurvorna visar vérmefldden som erh&llits frén
ekvation (29.1) med repektive djupet 0.64 m och 1.5 m. I bigge fallen har 50
termer anvints 1 serien. Slutligen visar den prickade kurvan virmeflddet enligt
den korrigerade Shaffer & Longs metod.
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fig. 3 Wind hodographs computed by the model deviopéd in this study. The backgrou

wind variation is given by

1

noand 5. 1% h.

N

L. t=0Ch, 2, 3k, 3. 6 0, 4. O h, 5. 1

Vindhodografer beridknade med den hir utvecklade modellen. Bakgrundsvinden

& . ;2T .
u = 10.0 - 10.0 cos (= (t ~ ¢

=l
L

Vindhodograferna visas efter
L . ~ g P y A — - o B
L.t =0t, 2. 3%, 3. 6 %, 4k, &%, 5. 12 t och 6. 15 ©.
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hange coefficient after

50

h. Background wind as in fig. 3

Profiler Iér den turbulenta utbyteskoefficienten efter

T,

2.

£ £ och

2

g

g

t. Samma bakgrundsvind som
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& Friction velocity and surface wind deviation angle as a Tunction of time.
Background wind as in fig. 3. Dashed curves show the corresponding steady
state u and deviation angle for the same background wind.

*

Friktionshastighet och avvikelsern mellan markvind och bakgrundsvind som

funktion av tiden. Bakgrundsvinden samma som 1 fig 3. Streckade kurvor

visar motsvarande stationdra u och vinkelavvikelse fOr samma bakgrunds-—
. *

vind.






SMHT, RMK

9Tl 30
¥
£ mfs

,3:}5
— 10
-5
D
1
; >y
-5 5 m/s
Fig. Wind hodographs. The background wind is initially u”= 5 m/s,

v¥= Q. The model is initialized and then the background wind
sEddenly changes to = O, v 15 m/s. In the run Z_ = 0.01 m,
T = 283.0- 0.005+ Z, The dots A, B, C and D correspond to the
heights 0.84% m, 4.k m, 24.4 m and 62.6 m respectively. The
hcdographs are shown after

1.t=0h, 2. t = Smin, 3. L h, 4. 2 h, 5. 3 h, 6. 4 h and
7. 5 h.

Vindhodografer. Bakgrundsvinden &r initialt u¥= 5m/s, v¥= 0.
Modellen initialiseras varefter bakgrundsvinden pldétsligt &nd-
ras till u'= 0, v¥= 15 m/s. Under denna k&rning dr Z_ = 0.0L nm,
T"= 283.0 - 0.005 Z. Punkterna A, B, C och D visar Fespektive
hdjderna 0.84% m, 4.4 m, 24.4 m och 62.6 m. Vindhodograferna &r
tagna efter 1. t = 0 t, 2. £ = 5 min, 3. 1 t, 4. 2 £, 5. 3 t,

6. 4 t och 7. 5 %.
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Friction velocity and deviation angle for the sudden change
in background wind experiment. Full curves show resulits from
the unsteady computations and dashed curves from the corre-
sponding steady state results.

Friktionshastigheten och tvirisobara vinkeln fdr experimentet
med en plétslig &ndring 1 bakgrundsvinden. De heldragna kurvor-—
na viear resultaten frén de icke-stationdra berdkningarna medan
de streckade visar de motsvarande stationdra resultaten.
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9  Wind hodographs. The background wind is given by

o= (%7 cos (at) o correponds to a period
vi= [W] - sin (at) of 2k
lw™| = 1o-i%_ » t in hours. 2, = 0.0l m and T"= 283.0 - 0.005+ 7.
The model is started from 1nitlalized wind and K profiles. The wind hodographs
are shown after 1. t = 0, 2. = 6 h and 3. 12 h.

Yindhodografer. Bakgrundsvinden dr given av

u*: f f os {at) o motsvarar en period
:;_ +
vie || - sin (at) av e t
fw”] = 10- ﬁ; , t i timmar. Z, = 0.01 m och 7= 283.0 - 0.005 - Z.

Integrationen har startats Trin initiasliserade vind— och K-profiler. Vind-
hodograferna &r tagna efter 1. t = 0, 2. t= 6 t och 3. 12 t.
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Fig. 10 Fri

tion velocity and deviation angle as & function
of time. Beckground wind as in fig. 9. Full curves
show unsteady and dashed curves steady state results.

C
;
+
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,riktionshastighet och tvirisobara vinke:n. EBakgrunds-
inden densamma som i fig 9. Heldragna kurvor visar
cke-stationfira och streckade stationdra resultat.
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Fig. 11

The same as for fig. 9 but the integration is started from and Ekman=
profile with Km = constant.

Samma som i fig O men integrationen har startats frin en Ekman-profil
med Kﬁ,: konstant.
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Fig. 12  The same as for fig. 10. Initial Ekmen-profile.

Samms, som f8r fig 10. Initial Ekman-profil.
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5 10 15 mjs

Fig. 13 The same as for fig. 11 and 9 but the initial wind is given

by u' =15-%~ 15 , v =0,

Samma som £6r fig 11 och 9 men med initiala vinden given

i

av u' = 15«= - 15 |, v' = 0,
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Fig. 1k

8 10 hours

The same as for fig. 10. Initial data as in fig. 13.

Semma som for fig 10. Initialdata som i fig 13.
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Pig. 15 Eddy exchange coefficient profiles after 6 and 12 hours.

Initial Ekman-profile.

Profiler T6r turbulenta utbyteskoefficienten efter 6
och 12 timmar. Initial Ekman-profil,
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