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NCAR
THERMOSPHERE/ieNBSFHEKE

GENERAL CIRCULATION MODEL
(TICCM)

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



LONG RANGE MODEL DEVELOPMENT
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THERMODYNAMIC EQUATION p_ (3
Pv "C

dT _ ge' ±_ .
at PqC, dz

Kj. dT ^ P
Pr

+
1 arl
H dz

Molecular thermal
conduction

- V •VT - W
dT RT
dz Cp m

horizontal
advection

vertical advection
and adiabatic
expansion

Iipppr Rnnndarv Conditions

No heat source or heat

sink at upper boundary

dT

dz
= 0

Eddy thermal
conduction

+
(Q-L)

heat sources and
radiative losses

TiOwer Boundary Conditions
Temperature specified r = r, (2 = - 7)
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THE EASTWARD MOMENTUM EQUATION

du _ gg ^ d
dt "" Pq dz

fL du
H dz

+ / + — tan (^ - Xxy
V

-X u - V•Vu - w4^ T —I- (^X + Ky ^A„ u V VU

THE NORTHWARD MOMENTUM EQUATION
y \

du ^ je' d ^ _ / 4- Ji tan - X„ u
-^-T7 l/_ 1

-x,y" -V-V.; li - 7

THE CONTINUITY EQUATION

1 +e^ 4-(«-'«')
rcos 4> d<t> + rcos ^ dX 5z

THE HYDROSTATIC EQUATION

a<j> RT

Jpper Boundary Conditions

No sources of momemtuni

at upper boundary

imKCT Boiinflarv Conditions

Specified U — U,(z
V = v,(z

(z

dz m

du _ ^ _ 0
dz dz dz

a

= 0



T 400 km

Magnetic
Field Line

Thermospheric
Wind

I

IONOSPHERE

J- 2(X)km

400 km

J- 200 km

Ions and electrons
spiral up

IONOSPHERE

Ions and electrons
down

High atmospheric density
results in increased electron-
ion chemical recombination

LoMtf atmospheric density
results in decreosed
electron-ion chemical
recombination

Thermospheric
Wind



ION DRAG PARAMETERS

= Xj (1 - sin^ S cos- I)

Xyy = Xi (1 - cos^ Scos^ /)

Xjpy = + Xj sin Scos Scos^ / + Xg sin I

Xyj = + X^ sin Scos 6 cos- / + Xg sin I

where 6 is the magnetic declination angle, 1 is the magnetic dip angle and

(TpB' ChB-
\ = — Xo = —

where Gp and (Tjj are the Pedersen and Hall electrical conductivity, respectively. B is the
strength of the magnetic field = 0.282 y 1 + 3 • COS" <j>^ Gauss, <j>i^ is the magnetic colati-
tude, and p is the TGCM density.

JOULE HEATING

The Joule heating for displaced poles is

Qj = f + x„ (y,-y„ f + - x -u„)(v,-y„)

where and V,- are the geographic zonal and meridional ion drift velocities defined by the
Heelis c< al (1982) empirical model and and are the zonal and meridional neutral
wind components determined at a given time step in the TGCM.
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MAJOR CONSTITUENT TRANSPORT

The three major neutral constituents of the thermosphere - Oq >^ -^2 " considered
and used to define the ma<ss mgLving fatio pf rnn«gt.i|,iipnt t as

rpi = Tii m, E
y=i

-1

where n,- is the number density of the 2th species, with i = 1, 2 and 3 corresponding,
respectively, to O2^ O , and N2', rn- is the mass of the i th species. We furthermore define
mixing ratios of O 2 and 0 as the vector

V'O.

and therefore by definition the N2 mixing ratio is obtained by — 1 - V'Oo ~ •

+ e
. d

dz

^ rt=-e'r^ ^ m 00

0.25

a^L]k
dt

K{z)e

dz IUn.

OtFFu^tci)
V

+ S-R.

/TDfty f V£^.]At>V

d 1 , 1 dm
V • + w

oz

Upper Boundary Conditions

\t the upper boundary condition, diffusive equilibrium is assumed so that L ^ = 0.

Lower Boundarv Conditions

At the lower boundary, we utilize the observation that the atomic oxygen concentration
i. (0 ) peaks near 97 km and assume that dn {O )ldz =^0. This assumption and conserva-

tion of total oxyg^ atoms implies "oxygen atoms implies

d

dz ^2 — A -I- ^2 = constant

6— P}^CTcT>i56cA.iP,TlcN

^ ^ ^ m > O^. + H
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I K/V

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

nCs) + 02

sCd) + Oj

f/(^S) + li/0

N^D) + 0

NQD) + t

N(^D) + NO

NCD)

NO +lkv

NO +ky\t,.

O + 0 +M

O + 0, + M

Reaciioas

fix

03

A

07

A

Tfl

T2

NO + 0 + lAeV

NO + 0('D) + l.84«l'

N. + O + i.«SeV

NCS) + 0 +2.38eV

N(*S) + e +tMeV

N2 + O + S.63<V

N{*S) + hv

WfS)+0

m* + e .J

O n+ O

Oi + M

\iO.
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MINOR CONSTITUENT TRANSPORT

±-F
dz •" m

Molecular and Thermal Diffusion

Y ' LJ
dz

Transport Source &

Sink

5^1 dm
dz m dz

Eddy Diffusion

where

= gravitational forces + thermal diffusion -h frictional

interaction with major species

Upper Boundary Conditions

Diffusive Equilibrium:

dz "

Lower Boundary Conditions

N {^S) Photochemical Equailibrium

NO Specified Mass Mixing Ratio

V-m =<5

m
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O + EQUATION WITH HORIZONTAL AND VERTICAL TRANSPORT

dn

at
- Q + Ln = - SZ • nV 1

•where V =Y^+V^

b •^ (ff - SZ p,) +i •u
Pi1/

B
•E Xb

72?

"b

now, —V • nV0= b^ d ^ g-6
D 5 r + — n

az "

(^•u)n S. b- b.' S.{b ' u n)

IZ'v^=B X E •SZ(«/B2)

Upper Bcwimdarv Comdations

Mixed boundary condition

-b.^D
jm,-

52 ' ifc

Lower Boundary Conditions

Photochemical equilibrium
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andNQ-*-

Once the O"^ distribution is determined the 0 ^ , N^ , N'^ 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

can be derived:

where

n, = n (0+) + n {O^ ) + n {N^ ) + n (iV+) + n {NO'')

Oj = a, (ttj ^ + ttj (7) - ttj Oj a, (f +(?)

O2 — EC •*" Ofj (o^2 E ^ ttj C ) ) —Q!| Of2 ^ —Qfj Qfj B —OC2 Qf3 A

<t 1^ —ot| [EO {^F ) + DC + BE —0C2 E (j4 +Z? ) —03 C +5)

Aq —EC (A + ^ )

A (0+) n (ATj) + n {N+) n (Oj) + fign [NO)

B = ,, (Oj+ ) + *1 n (0+) n (Oj) + itg n (N+) n (Oj)

C =k^n {N (*5)) + fcj n (NO)

D =.j{N2+)

=tj« (0)

F = n (0+)

G =n {N+).

The qfuartic equation can be solved exactly yielding four roots. Three of the roots are ima
ginary or not physical leaving one real and physicaJ root, for the electron density, . Once
n, is known, the ion number densities can be determined from

n (N2+) = D/iE +a^n,)

n (02+) = B/(C7 +a2nj

n [N0+) = (X + ED /{E +a^n,) + CB /{C + n, Ma^ n.)

(Ar+) = n {N+)/({ks + ifc,) n (Oj) + Ag n (O)).
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TIGCM OUTPUT

• Neutral gas temperature, Tn

• Neutral winds, U, V, W

• Height of constant pressure surface, h

• Neutral composition and density

Major - O, O2, and N2

Minor - N{^D), N(*S), NO, He, and Ar

• lom coamupositiom

0+, N0+, 0+, and N+ Enj =

loiQ temnperaiture, Ti

E}lectron temperature,

• Global dynamo TT£ —

e , J
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TIGCM INPUTS FOR MARCH/APRIL. 1979

83 64 85

DAY OF 1979
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