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TERMOSPHERIC WINDS OVER TURKEY
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ABSTRACT

Horizonlal motion of the neuiral atmosphere in ihermosphare a1 a higher ot 300 km
over Turkey is investigaled. Wind velocities of 50-200 m/sec are found. The direction
and magnitude of the velocity of wind vary wilh locat time. During the daytime. veloci-
ty componenis U, and Uy are weslwarg and northward respestively. Al night, their di-

rections are reversed.

TURKIYE UZERINDEK! TERMOSFERIK RUZGARLAR

OZET

Turkiye izerindeki lermosferde 300 km ylkseklikie noétr aimosferin yalay hareketi
araglintdi. Rdzgar hizlarnin 50-200 m/sn arasinda degistigi bulundu. Rizgann
yonik ve Dbiyikligd yerel zamania degismektedir. Gundiiz saalierinde, htz
bilesenlerinden U,%in ytini batiya Uy'nin ise kuzeye dofrucur. Gece ise ybnler ters ol

maktadir.

INTRODUCTICON

It is well- known that the electron density (N} in F2- layer is af-
fected by production {Q), loss rate (L} and also by the transport
processes as follows[1]:

N
— =Q-L- V(N {1
ot

in which, the velocity V includes the plasma diffusion, neutral
winds, thermal expansion and contraction of the atmosphere and
the drift due to electric field generated by dynamo action in the
iocnosphere. At middle latitudes, neutral wind is more important
than the other transport mechanisms.

Al heights above about 200 km, the daily variation of temperature
amounts to 20-30 percént in middle and low latitudes. Sao, this
gives rise to high pressure on the equalor at about i4 00 Local
Time(LT), and low pressure at about 02 00 - 04 00 LT. This hori-
zontal pressure gradient provides the driving force for the horizon-
lal termospheric winds. The important almospheric winds exist at
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F-layer heights and affects on the electron density. -

The vertical diffusion velocity is about 20 m/sec at night and 4 m/
sec during the daytime over Turkey[2]. In this paper, neutral wind
velocity at height of 300 km over Turkey will be compuled.

THE EQUATION OF MOTION THE NEUTRAL ATMOSPHERE

To calculate the velocity of the neutral winds, we have to consider
the following forces:

a) The inertial force p (9U / dt + {U-V)U). Here U is the atmospheric
wind velocity, p is the atmospheric density and (U-V)U is non-

linear term. The non-linear term (U-V)U is neglected, since this
term is only significant in the equatorial region [3].

b} The viscous force pp (JU/Oh2). Here p is the kinematic coeffi-
cient of viscosity.

¢) The coriolis force 2p (wxV), w is the angular frequency of the
Earth's rotation and is taken as 7.3x10™° rad/sec.

d) Pressure gradient Vp where p is the atmospheric pressure.
e) The force due to gravity pg.

f) The ion drag force pv, (N/N_) (U-V). Here V is the ion velocity, v,
is the collision frequency of an ion with all neutral particles and N,
and N, are the concentration of ion and neutral particles respec-
tively.

If these forces are combined, the equation of the motion of the
neutral atmosphere becomes

-~ 7

al PR -+ M.y, - - 31 ~

_":|_+ ;;'Lu;,;U;_i..,vP- "(Ij—'-.,-‘}+lj j+g 2
a4t p Nn R h‘
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For the purpose of computation, this equation has 0 be resolved
into equations for the components of U at geographic latitude ¢. It
is convenient {o write the eguation for horizontal components of V
P and U. Horizontal components provide the diiving force for the
winds because, the diurnal air pressure gradient is not vertical [1],
hence, eq.(2) takes form

-

i‘!j.,- - i ﬁ Myt = =y _
W gy LT 5 20 T, sing ()
dt 2 Mg

dz '
|ﬁ, —+ "“' [N.ow, e -~ Y .. .
_j_:.é. = F.+p :}___.1_ [ f b, =¥, }' 2w i, Sihgp “4)
dt T

a1z

in which (+x), {(+y)} and {(+7) are eastward, northward and upward re-
spectively and F, = -dP/nox, Fy= -gP/pdy. In calculations we only

take inlo account the ion motion due to winds, and the velocity of
the ions in a magnetic field B is given by

-

n
i
e
]
!DJ*

=

{5)

m

[4]. The magneticdeclination over Turkey is abuot 3°E. So, the decli-
nation can be taken as zero. Then , from eq.(5), V,=0 and V»,:Uy

Cos? 1 where I is dip angle . Above a heights of 120 km, 9%U,/ 922

becomes small [1]. Therefore, many authors [5 - 7] neglected this
force, in their calculations as we will do here. For the steady-state
congition (d/dt=0}, the solutions for egs. (3) and (4) are

— 2 —
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— 2 -
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respectively. Here we use notation A= Njvi/Nj, f=2 wSing. The eqs.

(6) and (7) can be used to calculate the components of the horizon-
tal neutral winds velocity at the latitude ¢.

CALCULATION

The object of the paper is lo calculate the horizontal wind velocity
from the egs. (6) and (7) at height of 300 km over Turkey. Calcula-
tion are carried out for the latitudes of 36°N, 39°N, and 42°N at
each longitudes of 25°E, 30°E, 35°E, 40°E and 45°E. The value of vj/

N; is 5.2x10* m3/sec. [5], and the ion density is assumed to be

equal the electron density N. So, A in eqgs. (6) and (7) is taken is

5.2x10°4 N. Electron density over Turkey is produced by using in-
ternational Reference lonosphere (IRI-79) [8]. The pressure driving
forces are given by.

I?x. = 1 il = A(h)Sinwt (8)
podH
Fu:—la_l?.:A(h)Slnlpl:OSw‘. (a)
' poay

Where t is time in hour [6]. The constant A(h) is oblained from the
Fig.4 of [6], and A(h) = 2.87 for the height of 300 km. We obtained
the diurnal, latitudinal and longitudinal variations eastward (Uy)

and nortward (Uy) compenents of the wind velocity at the height of
300 km over Turkey. The azimuth (8) and the magnitude of the wind
velocity are found from the equations. tan 6=U,/Uy and U=( Uy2+

Uyz)“a respectively.
RESULTS AND DISCUSSION

Fig 1 a and Fig 1 b show the wind velocities at 300 km height over
Turkey at local noon and midnight respectively. As shown in
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figures, the velocity of the wind at night is higher than the values
at daylime. The direction of the wind is toward the north of Turkey
during daytime, and toward the south at night. It is noted that the
velocity of the wind does not vary much with longitude over Turkey.
This is expected because the longitude variaiion of the neutral
wind velocity of small {4]. So, the coordinate of (35°E, 39°N) is co-
sidered to represent Turkey. Diurnal variations of t{he global wind
pattern over Turkey is given in Fig.2. The highest velocity (.200 m/
sec) is obtained around midnight while the lowest velocities occur
around 14 00 LT. The wind blows northward during daytime and
southward at night. The wind vector changes its direction twice,
that is around 02 00 LT and 14 00 LT. Comparing our wind pattern
with others auther's results shows good agreement [3,6,7,9,10].

To show the seasonal variations of the wind velocity Uy and UY are

computed 21 June, 21 Septembher and 21 December. These results
are given in Fig.3a and 3b. From these figures, It can be concluted
that the wind velocity does not very much with seasons. The direc-
tion of Uy is northward between 04 00 - 18 00 and for the rest of

day is southward (Fig.3a). U, is eastward between 14 00 - 02 00
LT (Fig.3b). Similar results are reported by various authors {3,7,9).

1079



LATITUDE

MAYDOGDU, 0.02CAN THERMOSFHERIC WINDS OVER TU

RKEY

e '

\ :

Q

42°r

DA /\53‘\\

G
x() s \\

3l

36% R\

)

100 m/sec

) 1
30 35
EAST LONCITUDE (degree)

FIGURE la. The wind pattern at 300 km hel
for local noon .

40

ght over Turkey

- 1 1 {

25 30 35

EAST LONGITUDE (degree)
FICURE 1b,

for local midnight.

1080

The wind pattern at 300 km heipght over Turkey




MAYDOGDH, O0.0ZCAN THERMOSPHERIC WINDS QVER TURKEY

LATITUDE
] ]
o v 5]
o o [+
:‘{ T T T
%)
o oL - -
;T'JI " T —
I @ AN
B S
0 ~ ]
vyt 13
2y
[ o \
Ao
[d ]
fa 13 [ \
AN N

A T

P

-

Lt
O

+%3

A

SUT 1%

o ot
[al <k
3
e £
- wr <
® O
i - OF
oM =
0
JE ) +3 H
- rL‘j' “»—i — b
moo
= = et e b
%)
j_" ] ~
x v
o B
— O e
- };‘ » — -— -1
ot
of
bt
o b ~ ~ 1
’_' l
e .
Vo

2
T

2
\ 88 /T Q0
—

340 3UBTey UM QUf 23 UIaj

I\~

\

1081



1A AYDOBOU, 0.0ZCAN TRERMOSPHERIC WINDS OVER TURKEY

200 -
- 2 Jume
T Ty ~+ 21 Seplember
: (LR 1},9:_‘::-_::.’ A m“«.‘_ O 21 December
& T i
"
~ a\
o R
[ 5\}\
> \\
E —s00 ¥\\
Q
a
o
¥ )
-200 ¢ %
-300 T T T T T Y
[H] 4 B 12 16 20 24

LOGHL TIME (iw )

FIGURE 3a. Diurnal and seasonal veriations of U, camponents over Turkey { 350, 39ON).

{ +: rortvwerd )

200
®
Tl
100 - ig,'/w‘w\iﬁ
~ 2
s
~ T - “'4;.3""* g 2t September ——
£ i + Z1 June
- ‘ﬁr" o 21 December
r o
E P
8 P
a " S
> 200 - =
-20G - SN N .
) 4 1] 12 16 20 24

LOCAL TIME { hr)

FIGUEE 3k Diyraal and seasons! variations of H comparends ovar Turbey { 3o, 3af)

(v eazbiard )

1082



MAYDOGDU, O.0ZCAN THERMOSPHERIC WINDS OVER TURKEY

REFERENCES
[1] Rishbeth, H. and Garriott O. K., Introduclion o lonospheric
Physics, Acedemic Pres, Mew York, p.28-31, 88., 1969

2] Aydogdu., M., "Ihe verdical diffusion vejocity at the F2 peak
gver Turkey™, J.Firat Univ. 2., 11-17, 1987,

[3) Blum, P. M. and Harris, ., "Ful nen-linear of the global thermo-
spheric wind system-ll Results and comparision with observation®,

J.Atmos. Terr, Phys. 37, 213-235, 1975.

[4] Rishbeth, H., "Thermospheric winds and the F-region: A review"
J.AImes Torr, Phys,, 34, 1-47, 1872

8] Geisler, J. E., " Atmospheric winds in the middle latitude F-
region”, J fitlmos Terr. Phys. 28, 703-720, 1266.

[6] Kohl, H.and King, J. W., "Atmospheric winds between 100 and
700 km and their effects on the ionosphere”, J.Atmos.Terr. Phys.,
29, 1045- 1062, 1967.

(7] W, M., Clairemidi, J. and Falin.J. I, "Neutral winds in the F-
region”,_Planel. Space_Sci., 23,401-408,1975.

[8] Rawer, K., Lincoln, J. V., Conkright, R. O., |niernational Refer-

ence_lonosphere Bl 79, World Data Center A for Solar-Terrestrial
Physics, Boulder, Colorado, 1981.

[8] Chan, H. F. and Walker, G. O., “Computer Simulations of the ion-
ospheric equatorial anomaly in East Asia for equinoctial, solar

minumum conditions. Part |I- Results and discussion of wind ef-
fects", J.Atmos.Terr, Phys. 46, 1113- 1120, 1984,

[10] Takeda, M., "Geomagnetic field variation and the equivalent
current system generated by an ionespheric dynamo at the sol-
stice”, J,Atmes. Terr, Phys. 52, 59-67, 1990.

1083



	1.pdf
	15.pdf
	16.pdf
	17.pdf
	18.pdf
	19.pdf
	20.pdf
	21.pdf
	22.pdf

