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A MODIFIED MONTE CARLO MODEL FOR THE

IONOSPHERIC HEATING RATES

ABSTRACT

Following Cicerone and Bowhill (1970a, b, 1971) a Monte

Carlo method is adopted as a basis for the derivation of the photo-

electron heat input into the ionospheric plasma. Considering that

the size of the source elements must be small compared with the

range over which photoelectrons dissipate their energy, a great

number of Monte Carlo runs are required normally for the com-

putation of the heating rates. This approach is modified in an

attempt to minimize the computation time. The heat input dis-

tributions are computed for arbitrarily small source elements that

are spaced at distances apart corresponding to the photoelectron

dissipation range. By means of a nonlinear interpolation pro-

cedure their individual heating rate distributions are utilized to

produce synthetic ones that fill the gaps between the Monte Carlo

generated distributions. By varying these gaps and the corre-

sponding number of Monte Carlo runs the accuracy of the results

is tested to verify the validity of this procedure. It is concluded

that this model can reduce the computation time by more

than a factor of three, thus improving the feasibility of including

Monte Carlo calculations in self-consistent ionosphere models.
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A MODIFIED MONTE CARLO MODEL FOR THE

IONOSPHERIC HEATING RATES

Recently Mayr et al. (1972) have developed an iterative method to solve the

ionospheric equations for H+, O+, He+, and electrons. In this approach an

assumed temperature profile is substituted into the continuity and momentum

equations in order to calculate the composition and velocity profiles. The energy

equation is then solved for the temperature by using the calculated densities

and velocities. In the second iteration, the temperature profile from the first

iteration is substituted into the continuity and momentum equations resulting in

improved composition and velocity profiles etc. Since the electron heat input

profile is a function of the electron density, the heat input profile has to be re-

calculated in each iteration if the calculation is to be self-consistent.

Our estimates have shown that one would require about 3 - 4 iterations to

achieve convergence on a solution which is accurate to less than 10% and this

implies that the heat input calculations have to be performed several times just

to get one self-consistent solution.

The problem is therefore to adopt a heat input model which is both realistic

and reasonably efficient. To provide such a model, we have chosen a Monte

Carlo approach which was introduced into photoelectron calculations by Cicerone

and Bowhill (1970a, b; 1971). The advantages of this method are obvious: there
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are essentially no limitations on the physical processes than can be considered,

including elastic and inelastic collisions, angular scattering and so on.

In the sample calculations presented here, the photoelectron production

spectrum of Figure 1 has been used, and the altitide profile has been obtained

from this spectrum by scaling it with the scale height of atomic oxygen.

Figure 2 shows four heat input histograms due to photoelectrons that are

released at discrete altitudes indicated by the dashed lines. The calculations

are based on an ambient electron density of 2 x 106 cm-3 at 200 kmin, falling off

with a scale height of 150 km. The electron impact cross sections have been

obtained from Cicerone and Bowhill (1970a)> The neutral model atmosphere

of Jacchia (1964t with T, = 8000 °K has been used.

Figure 2 clearly shows the dominance of local heating at lower altitudes

where the range of the energy dissipation is small compared with the scale

height, At higher altitudes the histograms widen, thus indicating the importance

of non-local heating. The results shown in Figure 2 also include the effect of

conjugate heating under the assumption of symmetry about the equatorial plane.

In performing these Monte Carlo calculations one must require that the

height interval or the volume element out of which photoelectrons are released

is small compared with the dissipation range or the width of the histogram. At

higher altitudes where non-local heating dominates, this height element could be
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perhaps 20 km. But at lower altitudes, even in the transition region between

local and non-local heating, this height element shrinks to less than a kilometer.

This constitutes a serious drawback if one relies entirely on a Monte Carlo

model to calculate the complete heat input profile because a large number of

histograms would have to be generated at those altitudes where the dissipation

range is small. This, of course, would be a rather time-consuming process.

For this reason the heat-input calculations have been modified. The mod-

ification is based on the hypothesis that the shape of these histograms varies

in a continuous fashion with altitude. The peak value decreases with increasing

altitude, corresponding to the decrease in the neutral and ionospheric densities,

and the width of the histograms broadens toward higher altitudes.

By assuming continuity between histograms, the entire heat input profile

can be deduced by means of an interpolation scheme and the information con-

tent of only a few Monte Carlo histograms. Therefore, our procedure is to

generate a few histograms at discrete altitudes and then to construct the histo-

grams at all remaining altitudes with a non-linear interpolating algorithm. The

heat input profile for the entire ionosphere is then simply the sum of the con-

tributions of both the Monte Carlo and interpolated histograms.

The computation time to generate one interpolated histogram is a fraction

of the time needed for an actual Monte Carlo generated histogram.
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To demonstrate the validity of this scheme Figure 3 shows two histograms.

The one in solid lines was generated by the Monte Carlo method at 200km. The

one with dashed lines is a synthetic histogram generated through interpolation

from the adjacent Monte Carlo generated histograms at 180 and 230km. Both

are in reasonably good agreement except near the tails where the contribution

to the total heat input is insignificant. In this case conjugate heating was neg-

ligible but in examples from higher altitudes, where conjugate heating becomes

important, the agreement is similarly good.

In Figure 4 two heat input distributions are presented. The solid line is

based on 8 Monte Carlo histograms at the discrete heights indicated by the lines

on the altitude axis. The dashed heat input profile has been generated from 4

Monte Carlo histograms at heights indicated by the dashed lines on the altitude

axis. The agreement is very good except perhaps at higher altitudes which is

not too surprising considering that in the 4 histogram solution no direct corn-

tribution came from 400 km, a height which strongly contributes to non-lomal

heating.

In conclusion it can be said that this scheme seems well justified and that

in the framework of an interpolation procedure, the Monte Carlo method can

be used efficiently in computing the heat input distribution in the ionosphere.
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Figure 1. Photoelectron Production Spectrum at 200 km.

6



OC
\j

O0

So 
o

I'D

"
o 

4-

IC
.o~ 

o

.o
 

I.

ro 

_ Oi

-
0.,

O
C

lo
l 

I 
I 

e
t 

In
 

Io 
>

 
I{

T
o 

,.~ 
t-r Lf 

u 
I'.,. 

C
O

0
0
 0 

X

(D
a
S

/c
W

O
/A

a
) 

]ia
d

 
iN

d
N

I 
lT

q
h

7



.4N
 

c\j
r

c\j
z 

r 
--4

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
-4

 Z
ri 

C~~~h 
c

< ~ ~ ~ 
~ 

~ 
~ 

~ 
~ 

~ 
~ 

~ 
~

~
~

~
c
 

_j
.j 

rC
 

_ _ 
0

Z
:::J

 
C

00

(D
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

C
 

/ 
r

j

L
U

0-
Z

 
0 

Z
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

 
'-

Q

c'
N

 
o0

I~ 
Cm

Z

0

I-- 
N

 
-

-
o

-- I 
i 

0 
o

4 i
LU 

0 
0

j~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

C
j 

C

cq
o-J 

j

-
~ 
~ ~ 

-~E

.

O

0
4

 
0--c

_
.jS

J 
W

O
/ 

G
) 

3
1
H

 
in

d
I 

iV
3

L
~

~
~

~
~

~
~

~
~

~
~

~
~

~

o
L

, 
r-

, 
0,C

V
 

0E
-- 

---4 
0-O

~
I
 

o,
0 

0 
0 

0 
-

x 
x 

x 
X

 
L

L

(3
a
s/F

 W
3/^

a) 
3

iV
tl 

I'd
N

I 
I-3

H

8



1x104

lx103

1x102

lx100

1x10 - 1

150 230 310 390 470 550 630 710 790

ALTITUDE (KM)

Figure 4. Comparison of a heat input profile based on 8 Monte Carlo histograms with one based on 4
Monte Carlo histograms. The solid (dashed) lines attached to the altitude axis indicate the
altitudes at which photoelectrons are released in the case of 8 (4) Monte Carlo histograms.
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