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1. Outline Table 1. Relative errors of parameters
The model of kinetics of excited products of O, and O, photolysis, YM2011, is designed to calculate of the concentrations of where [O(*P)] is the target function, [O,(b'Zy*, v = 2)] is the information source about [O(*P)]. UEzG for [ELTEVE] Of [} /]

electronical-vibrationally excited components O(*D), O,(b'X*g, v = 0 - 2), and, also, to retrieve of the [O(3P)], [O,] and [CO,] Formula (3) includes the YM-2011 — model’s parameters each of which has its own relative error, &, Parameter Relative T = B = so% 100  150%
In the mesosphere and lower thermosphere (MLT) region from the populations of these components. In forward problem for The values of the experimental errors of all parameters presented in Tablel were taken from [1]. error, & Helaveincoraiing 1l

the all excited components under consideration, we have obtained analytical solutions for balance equations in stationary
conditions. In the inverse problem we have obtained several analytical solutions for some altitude intervals using emissions

from these excited molecules as individual proxy for each of the target component, [O(*P)], [O,] and [CO,].
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Let’s consider the effect of parameters’ relative errors on the uncertainty of retrieved [O(3P)] from (3). k(O,(b, v=2);0(°P)) 0.3 b} Retrieval [0FF)] from [0,{b,0)] {for2 =95 140 km)

We have used two approaches to estimate this effect (sections 5 and 6). k(O,(b, v=2);0,) 0.07
k(O,(b, v=2);N,) 0.4
0.1

To estimate the accuracy of solving the forward and inverse problems, we have performed a sensitivity analysis of both 5. Sensitivity study
problems to the all parameters of the YM2011 model (Fig.1): rate constants, quantum yields of reaction products, rates of
photodissociation, kinetic temperature, concentrations of atmospheric gases, etc. [1]. To determine the uncertainties of the
calculated values of the target functions, we have used the sensitivity coefficients and the experimentally measured values of
the errors of the parameters. We have carried out an alternative investigation of the uncertainties of the target function by S(x.:2) = 2, O,
Monte Carlo method, using experimentally measured error values for the standard deviations of each parameter. ™ x oz (4) / \
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The relative uncertainty of the target function, x., , connects with the sensitivity coefficients, and also 150%  -00%  50% 0% s0%  100%  150%
with the relative errors of all parameters which are included in (3), &;: | .

2. Scheme of YM-2011 model of electronic vibrational kinetics of excited products of O; and AX_ \/Zn:SZ(X 1 )E?
- m? ™I

O, photolysis in MLT region of the Earth x  \< S (5) j\
This approach is schematically presented in Fig.2 by green lines with arrows.

o o The results of using this approach are shown in Fig. 3a — 3e by a solid green line. It is important to
Fig.l. The scheme of electronical-vibrational notice that the sensitivity analysis for all of the expressions given below was firstly presented in [1].
[Schumann—Rungecontinuun Hertley band ] Kinetics of the products of O, and O4 photolysis in

Lyman-a H line the MLT region. Solid blue lines with downwards 6. Monte Carlo method —20 —o0O 0 O

arrows designate the processes of O, and O, Fia2. Two aooroaches to descriotion
photolysis. Double blue vertical lines with the There is no established point of view on the form of the error distribution for the value of the rate J.2. TWO app Pt
of the experimental errors. Sensitivity o

[ oatbrzgv-2) | . . _ R _ :
Enstey arrows pointed upwards designate the processes of constants for the most known reactions. We have tested two error distribution functions: the uniform oy byt (5Ih = reen linies  th 2. Bn. == w23 B . B

0s{b5"g v=1) iati ion i L e . . o . | .
| e « | transferand solar radiation resonance absorption in the 762 nm distribution within [, £] (Fig. 2, blue line) and the normal distribution, where the limits [-&, ] arrows, Monte Carlo method with the Reative uncetanty %)

. ) (ga), 688 nm (gB), 629 nm (gy). Short dashed black . : : : o : : .
[ 02(b'z"g, v=0) ]_ quenchm.g to inclined lines with arrows oresent energy transfer Correspond to the ||m|tS Of 20 (F|g 2’ red ||ne)_ uniform dlSt!‘IbL_]tIOfll — blue |I.ne, with d) Retrieval [O;] from [0,(b,0)] (for z =50 - 95 km)
levels: the normal distribution — red line. 100 ——

0,(aA,, v<3) from O('D) to the O,(b'E*g, v=0, 1) and from Given the errors of parameters, the formula (3) was transformed to
Ry O,(bx*g, v=0 - 2) to O,(alAg, v) and O,(X3%g, V)
- [OZ]AOZ gyA 90

0,(X32,, v<5) at collisional quenching. Long dashed black 9, (.1 _ 9. _ o)
vertical lines with downwards arrows pointed [Oz(b,V:Z)] (’Coz(b,v=2)AT +[02]A02k(02(b,v 2),02)Ak(oz(b,vzz);oz)+[N2]AN2k(02(baV 2)1N2)Ak(oz(b,v:2);N2)) (6)

denote collisional V-V transitions. Solid colored [O(3 P)]= . /3
(red, green and brown) vertical lines with arrows K(O,(b,v=2);0(P))A

[ 020CE g v=2) ] pointed down designate the processes of radiative where A = (1 + & -RandomValue), RandomValue e [-1; 1].

emissions from electronic-vibrational levels of O, N Its of th lculati d with the ref | f f : he ref | f f . N
molecule and from excited atom O(!D). The results of the calculations were compared with the reference value of target function. For the reference value of target function, we have

02065 v=0) taken the values obtained by (3) (Fig. 3a).

The similar investigation was carried out for the relative uncertainties of the [O,] and [CO,] altitude profiles retrievals at using proxies 00%  75%  -S0%  25% 0%  25%  S0% 7%  100%
O,(b'z*, v=0-2) (Fig. 3b - 3e). Relative uncertainty [%]

e) Retrieval [CO,] from [0,(b,0)] (for z =50 - 85 km)
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3. Solutions of the forward and inverse kinetic problems 7. Conclusions i
In general, the kinetic equation for the concentration of excited component, x..., looks like: Estimations of the uncertainties of retrieval of the [O(3P)], [O,], [CO,] altitude profiles have been performed with |
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If the target function x., depends on the n parameters z; then the sensitivity coefficient of the target O]
function to variation of parameter z,, S(x.,; z)), is: IN,]
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c) Retrieval [0;] from [0,(b,1)] (for z =50 - 95 km)
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olx,1/ 6t = P(x,) = [x,1Q(x,) 0 various types of proxies.
. . _ The Monte Carlo method gives values of relative uncertainties that are about 1.5 times smaller than the sensitivity
— 1 15+ — . .
vinere Pt ) = production rate of . I this study a1 OCD), 007 g V=0, 1, 2), Qlom) — the quenching factor oo study. The sensitivity study overestimates the relative uncertainty values, since it is the result of the product of the

Q(Xy) = (7)) + [0,]k(%,,:0,) + [OCP)IK(X,;OCP)) + [O;]K(%,,;0;) + [N,Ik(x,;N,) + [CO,]k(x,;CO,) (2) sensitivity coefficient by the absolute magnitude of the error of each parameter. 50

-100%  -75% -50% -25% 0% 25% 50% 75% 100%
Relative uncertainty [%]
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where 7., — the radiative lifetime of x,, component, k(x.; y;) — the rate coefficient of the quenching reaction of component x;, in The values of relative uncertainties calculated by the Monte Carlo method insignificantly depend on the error

collision with the main atmospheric components y; . In this study y; are O,, OCF), N, O3 and CO,. distribution functions (the uniform distribution or the normal distribution). Fig3. Estimations of the uncertainties of
A full system of kinetic equations for the forward problem of determining the populations of the excited levels of the oxygen retrieval of the [O(P)], [0] and [CO,] altitude
molecule is presented in [1]. profiles relative to the standard altitude profiles

In [1] we had developed the methods of retrieval of [O,] and [O(3P)] altitude profiles in the MLT region using as proxies Acknowledgments (dashed line) calculated using two approaches:

.. . : .o i -05- - 1) sensitivity stud reen line), (2) Monte
electronic-vibrationally excited levels of oxygen molecule, namely O,(b'=,*, v = 0, 1, 2). Furthermore, we had developed new The study was partly provided by RFBR, grant N 17-05-00532-a. égrlo methoé’ (10036 §8ns) for t)he (t\zvo error

method for retrieval [CO,] from emissions of the O,(b'X,*, v=0) molecule. For the certain altitudes intervals we had got the | | References o | | | distribution functions, the uniform distribution
analytical solutions of inverse problems. [1] Yankovsky V.A., K.V. Martyshenko, R.O. Manuilova, A.G. Feofilov, “Oxygen dayglow emissions as proxies for atomic oxygen and ozone in the mesosphere and (blue line), the normal distribution (red line).

lower thermosphere” , J. Molecular Spectroscopy, 327, 209—-231 (2016). doi:10.1016/j.jms.2016.




