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A reaction mechanism suggested for the description of 

the kinetics in the unpolluted troposphere was inves- 

tigated by rate sensitivity and concentration sensitiv- 

ity analyses. The study resulted in a 50-step reduced 

model and revealed the change of the importance of re- 

actions during a diurnal cycle. 

MeXaHH3M, OHHC~Bam~H~ KHHeTMKy peaKHH~ B He3aFps3HeHO~ 

Tponoc~epe, 6M~ Hcc~e~oBaH~ aHa~H3HpyH NyHCTBHTe~BHO- 

CTH Ha CKOpOCTH H Ha KOHHeHTpSHHH. B pe3y~bTaTe 6M~a 

Ho~yqeHa Mo~e~b M3 50 CTyHeHe~, KOTOpas HO~TBep~aeT 

H3MeHeHHe Ba~HOCTH OT~e~BH~X peaKHJl;~ s TeqeHHe ~HeB- 

HOFO HHKna. 

INTRODUCTION 

In Part I [I] a reaction mechanism of the photochemistry 

of unpolluted troposphere had been suggested, which consisted 

of 48 chemical reactions, including 12 photochemical steps. In 

addition, emission and deposition processes were taken into 

account, which were handled in the same way as the chemical re- 

actions. Hydrocarbons were represented by methane, the most 

abundant hydrocarbon in the unpolluted troposphere. The selec- 

ted 60-step model -- called the background model of the tropo- 

sphere -- was used in the computation of the diurnal concentra- 
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tion profiles for the trace pollutants. The calculated con- 

centrations are characteristic values for a typical summer day 

(temperature 298 K) at mid-lattitudes of 45 ~ N and at ground 

level. 

In this paper the background model is investigated by sen- 

sitivity analysis. The objective of this study is to reveal the 

reactions which play an important role in the photooxidation 

processes and to identify the redundant reactions of the model. 

SENSITIVITY ANALYSIS OF VARIABLE-PARAMETER MODELS 

The coefficients of photochemical reactions show up a di- 

urnal variation as a result of change in the intensity of sun- 

shine. Most methods of sensitivity analysis can be used only 

in the study of constant-parameter systems [2]. Variable-param- 

eter models may be investigated either by numerical calcula- 

tion of the G~teaux differentials (see e.g. [3]) or by the com- 

putation of functional derivatives (see e.g. [4, 5]). 

Calculation of functional sensitivities is definitely re- 

quired if the effect of the change of parameter functions on 

the solution is studied. Variable-parameter models may be in- 

vestigated in the same way as the constant-parameter models if 

the sensitivity method assigns kinetic information to definite 

concentration sets and not to time intervals. However, in this 

case only the importance of the parameters can be established. 

The background mechanism has been investigated previously 

by the method of quasi-stationary sensitivities [6]. This 

method is based on an approximation of the concentration sen- 

sitivities utilizing the singular perturbation theory. Here the 

method of rate sensitivities [7] will be used to gain informa- 

tion about the mechanism. 

An element of the log-normalized rate sensitivity matrix 

= {~in fi/~ in kj} expresses the percentage change of the 

rate of formation of species i caused by the percentage change 

of rate coefficient of reaction j. The matrix can be calculated 

easily [7]: 

= { ~ij fi/Rj } 
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where ~.. is an element of the stoichiometric matrix, f. is the 
z] l 

rate of formation of species i and Rj is the rate of reaction j. 

ANALYSIS OF THE BACKGROUND MODEL 

Species concentrations belonging to each hour of a diurnal 

cycle were calculated by the procedure described in [I]. With 

these concentrations, the log-normalized rate sensitivity mat- 

rices were computed according to the equation given above. The 

matrices were interpreted by using principal component analysis 

[7]. A reaction was considered important if it belonged to an 

eigenvector element greater than 0.1 and the eigenvector cor- 

responded to an eigenvalue greater then 0.0001. The results of 

the analysis are presented in Fig. I. Shaded intervals indicate 

time periods where the particular reaction proved to be impor- 

tant. Reaction numbers conform to the numbering of the mecha- 

nism published in [I]. 

The figure shows the deposition processes (steps 49-55) 

and the emission processes (steps 56-60) to be important both 

during day time and at night. The only exception is the deposi- 

tion of HONO (step 50) which is important only'at night. A 

number of the chemical reactions appear to be important either 

during daytime or at night. There are ten reaction steps which 

are never important during a diurnal cycle. These are reactions 

11, 12, 18, 19, 20, 23, 26, 41, 47 and 48. Elimination of these 

reactions results in a 50-step reduced model. The concentra- 

tions computed with the reduced model were compared with those 

derived from the full model after 24 hours simulation time, 

starting the simulations at noon with the same concentration 

set. The deviations were below I% for species NO 2, 03 , HCHO, 

CH4, CO, SO 2, SO , HONO, CH30 , O, and O*. For species NO, 

H202, HNO3, HO2NO2, CH302, HO2, N205, NO3, OH and CH 3 the 

deviation was around 2%. The agreement is the worst in case of 

CH302H , where the reduction resulted in 7% deviation. 

The results summarized in Fig. I are very similar to those 

given in Fig. I of paper [6], which represent the reaction im- 

portances derived from the quasi-stationary sensitivities. The 
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Fig. I. Diurnal changes of reaction importances 

latter method gave a 49-step reduced mechanism, which was iden- 

tical to the reduced mechanism presented here, except for one 

reaction which was step 45. Elimination of reaction 45 from the 
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50-step reduced model caused a slight increase of the concentra- 

tion of H202 (cf. Table I in article [6]). 

The results summarized in Fig. I were also compared with 

local concentration sensitivity outcomes. Local concentration 

sensitivity analysis should not be applied for the study of 

variable-parameter models. However, the photochemical parame- 

ters of the background model are zero at night and they change 

very slowly around noon. This permits us to make an approximate 

test. The local concentration sensitivity matrices were calcul- 

ated from 12 ~ to 13 ~ and from 0 ~176 to I~176 by the Decomposed 

Direct Method encoded in program ROW4S [8]. In the first cal- 

culation the rate coefficients were fixed at the noon values. 

The matrices obtained were interpreted by principal component 

analysis [9]. Threshold values were 0.0001 for the eigenvalues 

and 0.1 for the eigenvector elements. The analysis showed the 

following reactions to be important at noon: 1-10, 13-14, 16-17, 

22, 24, 27-28, 30-33, 36-40, 42-46, 49, 51-57, 60. From the 

results of the other calculation the important steps at mid- 

night are: 3, 13, 15-17, 21-22, 25, 27-35, 39, 42, 49-57, 60. 

This list is in reasonably accordance with Fig. I. The main de- 

viation is that the concentration sensitivity analysis showed 

steps 58 and 59, the emission of CH 4 and CO, respectively, to 

be negligible. Although these steps are important in the long- 

term materialbalance of the atmosphere, however, their elimina- 

tion does not cause significant concentration changes in a short 

time as ~for instance in one hour, which was the time interval 

of our concentration sensitivity calculations. 

Acknowledgement. This work was partly supported by the 

Hungarian Environmental Protection Institute under grant 

211-L-KA.01/81.-1.I.2. 

REFERENCES 

I. T. B~rces, T. Tur~nyi, L. Haszpra: Acta Chim. Acad. Sci. 

Hung., 12__~2, 147 (1986). 

2. T. Tur~nyi: J. Math. Chem., to be submitted. 

3. R.P. Dickinson, R.J. Gelinas: J. Comp. Phys., 2!I , 123 (1976). 

107 



TURANYI, BERCES: REACTIONS IN TROPOSPHERE 

4. M. Koda, A.H. Dogru, J.H. Seinfeld: J. Comp. Phys., 30, 259 

(1979). 

5. M. Demiralp, H. Rabitz: J. Chem. Phys., 7_44, 3362 (1981). 

6. T. Tur~nyi, T. B~rces, J. T6th: J. Math. Chem., 2, 401 (1988). 

7. T. Tur~nyi, T. B~rces, S. Vajda: Int. J. Chem. Kinet., 2!I, 

83 (1989). 

8. P. Valk6, S. Vajda: Comp. Chem., 8F 255 (1984). 

9. S. Vajda, P. Valk6, T. Tur~nyi: Int. J. Chem. Kinet., 17, 

55 (1985). 

108 


