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ABSTRACT

At present there are few models where the effect of time varying
parameters such as seasonal and diurnal changes in the solar zenith angle
have been studied in detail. 1In particular, the possible effects on
model estimated environmental impact of aerospace operations in the high
atmosphere have not been reported in the literature. Using a one-dimen~
sional model we have studied the sensitivity to the time depepdent
variations of rhese parameters and its effect on the model predicted per-
turbitions. This sensitivity seems to limit the interpretability of

steady state models,
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1. INTRODUCTION

Cne~dimensienal paramcterized models can be
particularly useful in studics concerned with the
stratospheric distributions of minor chemical con-
stituents, and the possible parturbatlon affects
to these constituents due to stratospiieric pollu-
tion gources such as the SST. The results of such
models can contribute significantly to our under-
standing of the unperturbed stratosphere and its
response to perturbations, However, when dealing
with suc: parameterized models, it is important
for us to establish the effect of any and all
parameters on the calculated results,

The purpose of this study is to analyze the
sensitivity of time varying raramerers such as
solar zenith angle on the minor chemical species
studied and rthelr perturbations in a time-dependent
one—-dimensional model of the stratosphere.

Seasonal and diuvrnal variacions are to be analyzed.

2. MODEL DLSCRIPTION

The governing equation (from Colgrove et al.,
(1965) and Shlmazaki (1967)) regarding the temporal
vorfation in the number density of the ith con-
is given by the coutinuity equation

stituent, cj,
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where P(c) = production of ¢y due to photo~
chemical interaction of the other
ej's;
L(c)ci = loss of cy due to chemical inter-
action of ¢y with other ci's;
§; = any other posslble sinks or sources
of cy;
temparature;
- acale height factor
K, = vertical eddy diffusion coefficient.
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The vertical transport is parameterized by means
of the so called eddy diffusion coefficient which
is a function of altitude. This vertical profile
of Kz has bcen presented in previous studies
{Chang (1974), and Chang and Wucbbles {1574)}.

This model extends from the ground to 55 km.
The numerical technicue used in the computations
is a variant of the basic Gear method (Hindmarsh
(1972}, Byrne ond Hindmarsh (1974)), which has
been described as used in the one-dimensional
model previously (Cheng, Hindmarsh and Madsen
(1973)).

All together fourteen minor atmospheric con-
atituents (0, Q3, NO, NO;, HNOj, N;0, OH, OH,
Hy0,, NO3, N0s, 0(!D), H, N) are solved for in
the model. Vertical distribution of N, Oi, Hy0,
and CH, are heid constant throughout the calcula-
tion. There are a total of 49 reactions in the
model. The list of reactions is shown in Table 1.
Where possible, the origival measurements are cited,
as referenced in Garvin and Hampson (1974). The
other reactlen rates are either evaluated in Carvin
and Hampson (1974) or were evaluated by previous
reviews (i.e,, Baulch et al. (1973), Wilson (1972),
Hampson (1873)),

The solar flux and absorption cross-section
data used have been described by Gellnas et al.
(1973). The quantum yleld for the photcdissocia-
tion of NOj has been changed to QA = .01 for
N0 MY MO + 0, and Qq = .1 for NO; U¥ NO, + O based
on Johnston (1974).

Most of the previous one-dimensional calcula-—
tions have utilized a constant sun condition, which
means that the solar zenith angle x is assumed to
be constant throughout the calculations. In this
type of model calculation, it is hoped that the
value of x assumed will represent the average solar
conditions at mid-latitudes in the atmosphere.
However, seasonal and diurnal variations in the
solar zenlth angle make it quite difficult to
accurately derive such an average x. Therefore it
is of luterest to exauine the sensitivity of the
model to these time variationa in solar zenlth
angle.

3.  SEASONAL MODEL RESULTS R

Seasonal varilations were included in the
model by utilizing che well-known relationship for
the cesine of the solar zenith angle:

cosy = sin® siné + cosd coss cos(%%5} 2)

where & = latitude
§ = solar angle from noontime equator
{ranges from -23,5° to +23.5" depending
on seasen)
t = time in hours.

A latitude of 45°N is use. for all cf the model
compu:ations and t 1s assumed to be noon for the
seaso1al model (§ only variable in seasonal model).

decause of the importance of horizontal
motion in determining seasonal variations in such
constituents as ozome in the stratosphere, a one-
dimensional model cannot adequately represent the
seasonal ambient distributioas or minor strato-
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spherlc conscituents. However, as a sensitivity
study, it is valid to compare the SST perturbation
effect on total ozoue for the seasonal model with
similar calculations for the constant sun model.
This cowparison is showa in Fig. 1.
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Pigure 1. Comparison of ozone reduction from SST
perturbation for scasonal solar flux
model with constant sun model calcula-
tions,

The constant sun model pives approximately
the same apount of ozone destroyew as does the

seasonal medel for che case that corresponds to

cod mechanism fitted to the high and low yressure limiting rates quokted iw Garvin and Hampson
(1973).

average seasonal zenith angle, cosy = .707., A
similar correspondance bétween the seasonal model
and the constant sun model is found for cosy =
.900, However, fer-the case of low cosine of the
solar zenith angle, cosy = .500, there is approx-
imately 2% more ozone destroyed by the seasonal
model than by che constant sun model. This differ-
ence 1s due to the fact that the seasonal model 1s
not in a quasi-steady state during the periods of
low cosy because of the continuously changing solar
zenith angle. 1In facc there 135 comparacively more
ozone in the ambient seasonal model duricg the
period around cosy .500 than is found in the
constant sun model at equilibrium. This extra
amount of ozone 1n the seasonal wodel is not sup-
ported by loca. photochemical production, and con-
sequently represents a net loss under the SST
perturbation., Therefore there 1s more ozone
teduction in a scascnal wmodel dur.ag low cosy than
would be calculated by a constant sun model.

4, DIURNAL MODEL RESULTS

Based on the sensitivity found between the
constant sun model and the seasonal model, it was
decided to analyze the effect of having diurnal
varlations in solar zenith angle in the one-dimen-
sional model.

For these calculations, § In Eq. (2) 1is assumed
to be 0 which corresponds to the equinox. The
latitude is again 45° and the time allowed to vary
diurnally. The inivial distributlons for the



awbient calculation of the diurnal model were
derived by the constant sun model.

Figure 2 depicts the time variation of total
ozone in an ambient calculation with the divrnal
model. During the first 120 days, the awount of
total ozone decrcased, reached a minimum, and then
increased to reach equilibrium after approximately
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Pigure 2. Variation of total ozone with time in

divrnal model (noontime).

four years. The increasc during the first 120 day
period ig primarlly due to chemical readjustment
above 30 km where the chemical response time for
Qa 16 very ahort (less thau a week), After (his
time, the vertical cransport siowly brings the
systew to a total chemical-transport equilibrium,
which 1s reached after 1320 days with a total
ozone column conceatrarion of 8,504 x 1013 mole-
cules/cm?, This latter iucrease is instigated by
the decrcase of net amount of KO and NO, batwecn
20 and 30 km (through conversion to N0g and NO3).

The previous Jiurnal models for che stratc-~
sphere (Wnitten and Turco (1974); Shimazaki and
Ogawa (1974)) have stopped calculations at a model
time which is less tRhan or equal to the time for
the minimum in total ozone. FWhile the change 1in
the total ozone column in Fig. 2 is only a few
percent over the tour year poriod, the changes in
the other minsr chemical species are much more
signiflcant (Figs. 5, 6, and 7). Due to the sharp
transition of scmr of the speclas at sunrise and
sunget, all model calculations must verify that
the particular computational techniques used is
sufficiently accurate so as to be able to hold onto
a diurnal steady scate once 1t is teached (1.e.,
no drifting sway due to computational error).

To ensure that the present diurnal nedel can
indeed reach a numerically accurate time dependent
equilibrium state a special test problea was cal-
culated ia which the transport coeffic’ent, X, ,
was constant at 3 x 10%cm-/scc over the entire
atratosphere. This corresponds to afs.oximately
a factor of 100 increase in K, over most of the
stratospbere, thus giving the model a wmuch shorter
transport residence time with which to reach
equilibrium, As seen in Fig. 3, equilibrium was
reached after approximately 100 days and the model
continued to maintain this cqullibrium state. The
total ozune culumn remained constant to withln
four signlficant figures In the continued calcula-~
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Figure 3. Time variation of total ozone for fast

transport diurnal modet (special run).

tions after reaching the steady state, This ~un-
firms the mumerical accuracy of cur model.

“igure 4 shows the change in the distribution
of 03 from the constant sun model resulcs to the
divrnal model equilibrium state. The increase in
ozme at the ozone peak at 25 km accounts for the
ircrease in total ozone shown in Fig. 2. The
dZgtributicn of NO has decreased by as much as a
FaLtor of 2 during this same period and is pre-

g
B
cse].
w?
CONCHITTIGH (UL - oY
Figure 4. Comparison of constant sun model ozone

profile with ambient ozone distribution
for diurnal model {noontime).

sented in Fig. 5. Tf the NO distribution for the
diurnal model at equilibriwn (day 1320) is compared
with existing measurements, it is found that the

NO profile above 20 km is now well within range of
the data by Ackerman et al. (1973). Note that after
120 days, NO has decreased by only about half of the
eventual decrease at equilibrium.

As seen in Figs. 6 and 7 NO» and HNO3 have
also, respectively, decreased in concentration in
the stratosphere from the values derived by the
constant sun model. However, both constituents
are still withia the lower limits of the measure-~
ments in the scratosphere.
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Figure S, NO distribytion for diurmal model (noon~

time) (for day 120 and day 1260) compared
with profile for constant sun model.
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Figure 6. NOp distribution for diurmal model (noon-

time) {(for davy 120 and day 1260) compared
with profile for constant sun mo .
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Figure 7. HNOj3 distribution for diurnal model {noon-

time) {for day 120 and day 1260) compared
wich profile for constant sun model,

The diuvrnal behavier of ND and NO; ar various
altitudes are indicated in Fig. B. The diurnal
pehavior of NO; indicates a monctonic increase in
concentration between sunrise and sunsecr ar all
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Pigure B. Diurnal behavior of ambient NO and O,
at various altitudes.

altitudes in the stratosphere. At 120 days this

was not found except at high altitude. This implies
downward propagation of this behavior as the model
progresses. For NO, at 30 km, the daily variation
agrees with the trend measured by Patel et al {(1%974).
However there is a difference in nagnirude of
approximately 3 between the diurnal model NO and
Patel et al (1974).

Figure 9 shows the simultaneous diurnal be-
havior of NO, at 20 km for the diurnal model
equilibrium state. As expected, at sunset, the NO
18 no longer produced by the photodissociation of
NO;. N;05 increases slowly during the night due to
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Figure 9. Simultaneous diurnal distritution of N0,
at 20 i for diurnal model equilibrium
state.

»
che reaction NOp + NO3 = N:0g and decreases slowly
during the day due to photodissociation.

At equilibrium in the diurnal model, N;Og has
increased by approximately a factor of 3 from the
value at 20 km derived by the censtant sun medel,
whereas all other NO, have decreased.



The equilibrium diurnal model distributions
were used as the inttial condition in a calculation
of the diurnal model SST perturbations, aAn SST
input of 2,5 x 10%? gm/yr of ¥0» (injected at 20 km)
was used both in the diurnal and constant sun model,
As represcated in Fig. 10, the constant sun wmodel
teached a perturbation steady state in approximacely
9-10 years with 10.14 percent reduction of ozone.
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Pigure 10. Time variation of SST reduction of

ozone for diurnal model compared with
constant sun model

The perturbed diurmal model was run 2 years with
an decrease of 6% in zotal ozone as compared to
7.2% for the constant .un wodel after 2 years.

The diurnal model results seem to follow the trerd
af che ozone column loss cerived by tne constant
aun model, but without continued calculation it 1is
difficult to conclude on the final results.

Figure 11 includes the 2 year diurnal model's
results for the SST perturbations on a graph from
Chang and Johaston (197%), which compares che
reduction of ozene column vs. increase of NO,
¢olumn rfor various wodel calculations (represented

by Diand A). The present diurnal wodel calculation
is represented by the dark triangle. This graph
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Figure 11. Diurnal model (A) reductions of verti=-

cai ozone coluru in terms of relacive
perturbation of N0, vertical column
from Chans and Jonnston (1974).
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shows that the diurnal model tends to predict
slightly less ozone destruction when compared to
other models. Most models presented on this curve
are constant sun models. On this graph the fact
that the diurnal results are only run for 2 years
is no lenger very important, since it is a direct
correlation of perturbed NOx and perturbed ozone.

5.  CONCLUS1ON

In conclusion, for the SST perturbation of
ozone studies, the correction factors due to the
effects of seasonal and diurnal variations in the
solar zenith angle are both small and in fact are
opposite fin sign, Consequently we may expect the
net global effect to be small.

However, the detailed trace constituent dis-
tributlons are seriously effected by these time-
dependent variations in solar zenith angle. This
indicates the care that way be necessary in com—
paring local measurements of trace constituents
with theoretical calculations.
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