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A Simple Method for Parameterization of Tropospheric Photochemistry Based on
" Sensitivity Amalysis.

OHREA* . hilBEE | KBz . Lk £ . &0 B
Murao Naoto. Nakayama Satomi, Ohta Satio, Yamagata Sadamu, Mizoguchi Isao

Abstract ; In order to construct useful transport-chemistry model for large-scale variations of
tropospheric trace species, accurate and low computational cost submodel for reaction is needed.
Based on sensitivity analysis, Dunker" developed a simple method for parameterization of
atmospheric chemistry. We have investigated the possibility of applying the method to the
equations of tropospheric photochemistry. Since the method was developed for urban air
chemistry, some modifications were made. One-dimensional tropospheric model was used to test its
accuracy and computational speed. The results indicated little loss of accuracy compared to
detailed model simulations of chemistry with high time resolution. In addition, the computation
time was reduced by about 2-order of magnitude.

Keywords ; Chemical modeling, Sensitivity Analysis. Tropospheric Chemistry, Parameterization
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Table 2.3 Results from the 6-hour test Simulation

Initial Gear This work error”

Conc. method(c,) (c) ¢9)
NO 7. 15E-5 2.01E-5 2. 18E-5 8. 56
NO, 3. 28E-4 1. 22E-4 1.31E-4 7.37
O, 5. 00E-2 5. 19E-2 5. 18E-2 ~0. 20
ALKAN 5. 00E-4 3. 75E-4 3. 80E-4 1.29
PAN 3. 00E-4 3.28E-4 3. 20E-4 -2.42
CcO 1. 00E-1 9. 87E-2 9. 87E-2 0.06
C.H, 1. 00E-4 4. T4E-5 4, 89E-5 3.17
CiHs 5. 00E-5 4.41E-6 4, 85B-6 9.87
HCHO 5. 00E-4 4, 80E-4 4. 64E-4 -3.21
CH;CHO 1. 00E-4 7. 56E-5 7. 69E-5 1.84
CH;0O0H 8. 00E-5 2.58E-4 2. 20E-4 -14. 77
HONO 1. O0E-6 4. 86E-7 5. 13E-7 5. 47
CH;COCH,; 1.00E-4 2. 35E-4 2. 34E-4 -0. 35
C:H:COCH,; 3.00E-5 7. 20E-5 7.06E-5 -1.94
HO:NQO: 1. 00E-5 6. 51E-6 6. 79E-6 4.25

*

error= {c—c,.} /¢,.%x100
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HBHEEZTI,
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ICEBADBRBEICL SBENENTEEVIT &R, FOT VAN ENZ I &L & > THEA SLERED
AT 2RERBOBAELTEEVI T ETH B, Table 2.2 2HAFZHLLT, ChitEERI VA
VEIBESSUPHBEREL DD W TRERBERD, KEUEBE DT VANVER/~NI. NO
K4 30; O—ROBERBICOWVWT, FETEOELELRUIER%E Table 2. 41T, SRHEDE
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Table 2.4 Normalized First-order Sensitivity coefficients
for NO to initical concenration of 0O;

Sensitivity Chage from
coefficients the base case

Base Case -0. 822 —
Case 1 (Base Case + 0('D)) -0. 822 —
Case 1 (Base Case + OH) -0. 822 —
Case 1 (Base Case + NOj3) -0. 822

Case 1 (Base Case + HO,) -0.818 0. 004
Case ! (Base Case + CHs02) -0. 820 0. 002
Case 1 (Base Case + CH3COs) -0. 822 —

Table 2.4 2R 5&. &4 LEHHEDGDE L ELbI 3, BHICHO, 3. B4 {EFEONOIK
10T 2 —ROBRERPBOBEEFENMIEEELEOIEATEETH S, LI ->T, IHhHD5 IhERPA
ERENEICMASCEPUBETHEEEL I, LML, B0k I hons Uh LB, MhoAR
ERBERECHRNBBESTRI S0, BeuREEHICHL T—EOPHBELRET 5 L0RET
55, LT, AHRTIIBE « BREHEICAZHIC, 2HMOTHBEHELTV., TOKREBE - &
1R (0L 1)) GRSl o SR ol U

2-5 HEFHOEHEICLZHERER

DEDEBET-k LT, BEREELY 75T 6BEOKIGHEETOVERELE L/, Table 2.5
I 6 BRI DRERE R, Table 2.5 kb, LILEDEEICL - T, BREZORIGEBICEII 25 VAV AR
PEHEIN, ZTOLHIC5E THBETS - RIG2EICXT 5 0 ~3000OER - B0 7 /"5 02
BHEINILEEZLZ OGNS, LA ->T, BLEOEFRTH C ETREEEAVICOHHE LSO ERETBEH
BRI ENTEBEZEL LN S,

Table 2.5 Results from the 6-hour test Simulation

Initial Gear This work error*

Conc. method(c,) (O ¢9)
NO 7.15E-5 1. 97E-5 2.01E-5 1.81
NO, 3. 28E-4 1. 21E-4 1. 22E-4 1.54
(O 5. 00E-2 5. 19E-2 5. 20E-2 g.01
ALKAN 5. 00E-4 3. TAE-4 3. 74E-4 0.08
PAN 3. 00E-4 3.29E-4 3.25E-4 -1.03
CO 1. 00E-1 9. 87E-2 9. 87E-2 0.00
C.H. 1. 00E-4 4. 70E-5 4.71E-5 0.15
CsHs 5. 00E-5 4, 31E-6 4, 33E-6 0.51
HCHO 5. 00E-4 4. 79E-4 4. 78E-4 -0.12
CH;CHO 1. 00E-4 7.52E-5 7.52E-5 0.06
CH;00H 8. 00E-5 2. 65E-4 2.62E-4 -1.04
HONO 1.00E-6 . 4.79E-7 4. 78E-7 -0.33
CH:;COCH; 1. 00E-4 2.37E-4 2. 42E-4 2.12
C:HsCOCH; 3.00E-5 7. 23E-5 7.22E-5 -0.17
HO:NO: 1. 00E-5 6. 48E-6 6. 53E-6 0.75
H:0. 2. 00E-4 4. 99E-4 5. 00E-4 0. 06

*error= {c.—c) /c,.%X100
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BREREOHBETO, BEEHERBICOVTRE L, Table 3.1 ICEFNVDBEBERY, EHEDE
B e LcEF VTR, ABEMERIC OV THDEGEEB VS Z ENB O, KEHETR, ¥7—#
EREEEDHBICHNNS 51 AHEER W, COBBRLIZ. NO: BXU0; 210%EE BN
M35, COEFNVERVT, 2 Hodb¥Rb@EiEs QLg40° ) LT, FFF7 2BV THE
BREOFPRHELTV, EREHENEOEBIC BT BRBEERE L. 08, BEZE¥7 -4 H
WT 1 4 HEOHEETT > 7,

Table 3.1 One-dimensional photochemical model used in this study

Model region Clean continental (40N)

Vertical domain 1010 ~300mb (10 Layer)

Parameters Diffusion coefficients, emission fluxes, deposition velocities
are taken from Kasting and Singh'® . Rain out rates are taken from
Isaksen and Rodhe'" . The seasonal variations of temperature, humidity
and u.v. light intensity are approximate climatological averages.

Chemical scheme taken from Stockwell et al.'?®-. The number of reaction is 156, and
the number of chemical species is 67

Integration chemisty : Gear method® or the method developed in this study
diffusion : Crank-Nicolson scheme

3—-1 FWite
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TETOBREND 2ILEEIB N 2D, ChIRHBIH I > TRELEREFEIFTDTH -1l
Zibh3, UL, BEHERHOREBRIHUFESILIE., HEBONIGKREET FVICREESEH
LTW CERTRRARETH B EEL 5N 5,
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Fig.3.1 Predicted profiles of chemical species from the one-month mode! integration
(March 1). Results from Gear method (solid lines) and from this study
(dashed lines) are compared.
HC5 : Cs,Cs alkane, HC3 : C;,C, alkane, ETH : Ethane
OLT : Termical alkene, OL2 : Ethylene '
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2= (IR, 2EEEHRE L THRELR) 26ReE LTERE (BRI, /) oftEETHIEd
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