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Overview of the
Thermosphere/lonosphere General
Circulation Model (TIGCM)
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NCAR
THERMOSPHERE/FONOSPHERE
GENERAL CIRCULATION MODEL

(HGEM)

(TEamM)

* Primitive equations of dynamic meteorology adapted
to thermospheric heights

Horizontal grid 5° latitude x 5° longitude, geographic

Vertical grid -- 25 constant pressure surfaces, 2 grid
points per scale height, 95 to 500 km

* Time step 240 or 300 S
INPUT
¢ Solar EUV and UV radiation 5 to 250 nm

* Empirical ionospheric convection and auroral particle
precipitation models
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THERMODYNAMIC EQUATION
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horizontal vertical advection heat sources and
advection and adiabatic radiative losses
expansion

Upper Boundary Conditions
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Lower Boundary Conditions
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THE EASTWARD MOMENTUM EQUATION
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ION DRAG PARAMETERS

XAz = X (1 -sin? §cos® I)
Ay = N (1-cos? §cos? I)
Azy = + X\;sin 6 cos 8 cos® I + Ny sin [

Ay =+ X\ sin 6cos §cos® I + Ngsin J
where § is the magnetic declination angle, I is the magnetic dip angle and

op B? oy B?
P P

where 0p and 0y are the Pedersen and Hall electrical conductivity, respectively. B is the

strength of the magnetic field = 0.282 \/1 + 3 + cos® @, Gauss, @), is the magnetic colati-
tude, and p is the TGCM density.

JOULE HEATING

The JInule heating for displaced poles is

QJ =)‘zz(UI_Un)2+xn(Vi—Vn)g‘F()‘z - '_Un )(Vi_vn)

A y T

where U; and V; are the geographic zonal and meridional ion drift velocities defined by the
Heelis et al. (1982) empirical model and U, and V, are the zonal and meridional neutral
wind components determined at a given time step in the TGCM.



EMPIRICAL ELecTRON DENSITY MODEL (aHU, ms)
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PERTUR BATION  TEM PERATURE (4T, K)
VEAToRS OF NEUTRAL WIND (M/3)
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MAJOR CONSTITUENT TRANSPORT

The three major neutral constituents of the thermosphere - 02 ,O0,and N o - are considered

and used to define the WMW as

1=l

3 -1
Yy =nm m | ¥ n; m,‘] ,

where n; is the number density of the ¢th species, with # = 1, 2 and 3 corresponding,
respectively, to O, O, and Ng; m, is the mass of the ¢ th species. We furthermore define
mixing ratios of O, and O as the vector

Yo,
Y= ¢’0

and therefore by definition the N mixing ratio is obtained by ¢y, = 1 - Yo.- Yo -

P 5 . T 0.25
Y o= _ o241 m o -1
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Upper Boundary Conditions
At the upper boundary condition, diffusive equilibrium is assumed so that L 3 = 0.

Lower Boundary Conditions
At the lower boundary, we utilize the observation that the atomic oxygen concentration

i (0 ! peaks near 97 km and assume that On (O )/0z = 0. This assumption and conserva-

tion of total oxygen atoms implies

T%. Py = 1), ¥, + ¥, = constant

S — PHeTe DlSsoé.lATIcl\/. (éW\/ + SEQ>
E-‘ G+ 0+ M — Cq + M



M/s

LATITUDE

LATITUDE

EQuiNox — SolAR MINIMUM

EARTH

90.

30.

o

0
W
o

'
(-
o

-g0, E—T——=1 23 /

. v L4 14 v X --
-180. -150. -120. -90. -60. -30. 0. 30. 60. 80. 120. 150. 18C.

LONGITUDE

UT = 12.00 (2.0 KM

90.

g

-180. -150. -120. -90. -60. -30. O. 30. 60. 90. 120. 150. 180.
LONGITUDE



D (m/s),..

WIN

MERIDIONAL
FIELD=V

0.0

1?2

o
sECM. VinC
® Gar Gwes eaea

ZONAL. W IND

"

12

(M/5 .

FIELO=U

Ute 8. 0

[T T | e 11}

LOCAL TInE
W WS CEIGR W @

93,910 00 08

C X B X



TI&Cm CHEM|STRY




T1Ge WA

Neutral-Neutral Coastituent Reactions and Rates used in the Model.

N('s)+ 0,
N(D)+ 0,
N('S) + NO
N@®D)+ o0
N(@D)+e
N(D)+ NO
N(D)

NO + hv

NO +Avi, .,

O+0+M

O +0,+M
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NO +0 +14ev ]
NO + O('D) + 1.84¢eV
N, + O + 268V
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NO* + ¢ .
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MINOR CONSTITUENT TRANSPORT

OV, ., 0 ]
ot =€ EDm [E’—Em]‘wm

Molecular and Thermal Diffusion
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Transport Source & Eddy Diffusion

S— Sink

where

E

m = gravitational forces + thermal diffusion + frictional

interaction with major species

Upper Boundary Conditions

Diffusive Equilibrium:

Lower Boundary Conditions

N (*S) Photochemical Equilibrium
NO Specified Mass Mixing Ratio
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EULERIAN  ToNOSPHERE

O+t EQUATION WITH HORIZONTAL AND VERTICAL TRANSPORT
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02+,N2+,N+&DdNOi

Once the Ot distribution is determined the O 5" , Nyt , Nt and NO* equations are solved
simultaneously assuming photochemical equilibrium with the O distribution. From the

chemistry specified, the production and loss terms are equated and a fourth order equation for
n, can be derived:

.” a,ni+aznd3+a,n2+a;n, +ao=0__i
where

n,=n(0%)+n(0;")+n(N;)+n(N*)+ n(NO™)

as=oy (0 F +a;C)-a; a3 (F+G)

ao=0, EC -a; (s E +a3C)(F+G)-a;a,D —-a; 03B —ay0; A
6,=-0,|[EC(F+G)+DC + BE| -0, E(A+D) - a; C(A +B)
ag=-EC (A +B +D)

A=kyn (O)n (Ny)+k;n (NY)n (0Oy)+ Bygn (NO)
B=n(0g)+kn (0%)n (09)+ksn (N*)n ()
C=k,n(N(*S))+kgn (NO)

D =n (N5 )
E=k;n (O)
F=n (0%
G =n (N7).

The quartic equation can be solved exactly yielding four roots. Three of the roots are ima-
ginary or mot physical leaving one real and physical root, for the electron density, n, . Once
n, is known, the ion number densities can be determined from

n (N)=D/(E +asn,)

n (055)=B/(C +ayn,)

n (NO*)=(A + ED [(E + ayn,)+ CB/(C + ay n,))/(ey n,)
v (NT) =0 (N*)/((ks + k7) n (Og) + kgn (0)).
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TIGCM OUTPUT

o Neutral gas temperature, T,
e Neutral winds, U, V, W
e Height of constant pressure surface, h

e Neutral composition and density
Major — O, O,, and N,
Minor — N(2D), N(4S), NO, He, and Ar
o lom comyposition
o, NQ+, OF, N, and Nt In; = n,
Jon temperature, T}

Electron temperature, T,

e Global dynamo —— TI£f - Ge A

E,J
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