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e After A.Baklanov “Integrated systems: on-line and off-
line coupling of meteorological and air quality

models, advantages and disadvantages”
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SIHENPENTOrmance of numerlcal technlque In

500 Ivmf ofichemistiyis

MENNOSE IMportant facterin determining the
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sVEIlifcomputational cost for any integrated
m(j
SMOPErater splitting technigue Is the fundamental

= Jeomputatlonal framework of the almost all
____i =ntegrated models
~ ® Chemical transformations may be treated

separately and effective chemical solvers may be
constructed to use In the atmospheric models of

different type
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RESeanch Goal 2

SNIORSTUEY oW the different chemical
SIVErs affect the accuracy and
Oimputational cost of the box chemistry
odel pPased on comparison to benchmark
_.i' calculatlon for one spatial point
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I _f 30E 10 km altitude for November
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38 gases are calculated, but long-lived
= ,._;spe(:les (03, H20, CO, CH4 etc) are fixed
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= s Photolysis rates are precalculated for
~— every 15 min

e Repeating diurnal cycle for 1000 days




6x107°
5 >< IO
4x107°
3x10°°
2 <1058

1=<107°

o ProielVsis fetiers

C©2 = — =i

£ J
e




B aselinewun

SNEEEIAEIed Was used
> Muliisiad seilee

K K
=D o u" ALY 1 S 1)
k=0

2 Beloi ard differentiation formula (BDF)
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®" Time step and order of approximation are varied depending on

tolerance
®* Need to solve equations containing large and sparse matrices
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2R o1 BIRIGNEEIIVed species Its concentration Is calculated with
= ,__ 'e ferward Euler method
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— For very short-lived species its concentration IS
calculated using steady-state equation
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SRNIIERZed backward Eulersolution — tor estimate
orocuetgrl zpcl loggsttares
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ARSI Shimazakil Vetipa s

SNERZEed backward Eulerselution
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- Cc Sfficient is chosen based on A-stability condition
S N[icrative procedure
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SVethed CPU time (sec)
 Gear 488

=5 " ewton-Raphson 341
QSSA 37

MIE 58

Shimazaki 49
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BIBigEllyAAVeraged Difference fo/iNeEE s
(INEWIGTEREIPIISE)

-

U - oc—-U0 - oc-U0
NOY .020E-08 1.020E-08
cLY _778E-09 1.778E-09
BRY _567E-11 1.567E-11
0 .144E-13 5.134E-13
0(1D) .836E-20 2.838E-20
03 .116E-06 3.116E-06
NO _656E-11 2.641E-11
NO2 _791E-10 1.774E-10
NO3 _041E-12 2.040E-12
N205 .317E-10 1.297E-10
HNO3 _082E-09 9.089E-09
HO2NO2 _608E-11 8.365E-11
H20 .046E-06 4.046E-06
H BO7E-21"6 "S¥PE~ZL
OH _044E-14 6.063E-14
HO2 2072E-13_7-095E=13
H202 _931E-12 7.979E-12
) _.150E-07 5.150E-07
CH4 _.214E-06 1.214E-06
CH3 _297E-22 5.313E-22
CH30 _854E-19 6.874E-19
CH302 _195E-13 2.218E-13
CH300H _237E-12 3.273E-12
HCO _701E-23 1.702E-23
H2C0 _074E-12 6.089E-12
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Diligelly Averaged Difference fro/iNeErigss

(QSSA)

0 G 0 ‘ G 06
\NOY -020E-08 -020E-0Oc
CLY - 778E-09 1.778E-09
BRY .567E-11 1.567E-11
0 -144E-13 5.130E-13
0(1D) .836E-20 2.838E-20
03 -116E-06 3.116E-06
NO .656E-11 1.511E-11
NO2 -791E-10 9.959E-11
\[0X] -041E-12 1.966E-12
N205 -317E-10 6.597E-11
HNO3 -082E-09 9.319E-09
HO2N02 -608E-11 6.068E-11
H20 -046E-06 4.046E-06
H -307E-21 6.738E-21
OH -044E-14 6.542E-14
HO2 -072E-13 8.468E-13
H202 -931E-12 1.116E-11
H2 -150E-07 5.150E-07
CH4 -214E-06 1.214E-06
CH3 -297E-22 5.182E-22
CH30 -854E-19 6.699E-19
CH302 -195E-13 4.211E-13
CH300H .237E-12 6.215E-12
HCO -701E-23 1.668E-23
H2CO .074E-12 6.073E-12

OFRPWNOURFRPUNNOOPRODORLPNENWNOUEPE
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e
Diligelly Averaged Difference fro/iNeErigss
WIE) .

U . oc—-U0 = ocE-U0O
NOY -020E-08 1.020E-08
CLY -7/78E-09 1.778E-09
BRY -567E-11 1.567E-11
0 -144E-13 5.133E-13
0(1D) _836E-20 2.838E-20
03 -116E-06 3.116E-06
NO -656E-11 2.529E-11
NO2 -791E-10 1.731E-10
\[0X] -041E-12 2_.015E-12
N205 -317E-10 1.271E-10
HNO3 -082E-09 9.199E-09
HO2NO2 -.608E-11 8.265E-11
H20 -046E-06 4.046E-06
H -307E-21 5.962E-21
OH -044E-14 5.978E-14
(002 -072E-13 7.167E-13
H202 -931E-12 8.196E-12
H2 -150E-07 5.150E-07
CH4 -214E-06 1.214E-06
CH3 -297E-22 4_876E-22
CH30 -854E-19 6.299E-19
CH302 -195E-13 2.097E-13
CH300H -237E-12 3.185E-12
HCO -701E-23 1.559E-23
H2CO -074E-12 5.618E-12
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OFRPWNOURPUNNOOPRPRODORNENWNOEPEPRE
OFRPWNOPRMRPRPOOTONOUODUOPMOOEFRNENWNORRERPRE




.
Diligelly Averaged Difference fro/iNeErigss
(SiNigezak) ~

U = oc—-U0 - oc-U0
NOY -020E-08 1.020E-08
CLY -778E-09 1.778E-09
BRY -567E-11 1.567E-11
0 -144E-13 5.134E-13
0(1D) _836E-20 2.838E-20
03 -116E-06 3.116E-06
NO -656E-11 2_.653E-11
NO2 -791E-10 1.789E-10
\[0X] -041E-12 2_.040E-12
N205 -317E-10 1.314E-10
HNO3 -082E-09 9.082E-09
HO2NO2 -.608E-11 8.612E-11
H20 -046E-06 4.046E-06
H -307E-21 6.296E-21
OH -044E-14 6.049E-14
(002 -072E-13 7.078E-13
H202 -931E-12 7.942E-12
H2 -150E-07 5.150E-07
CH4 -214E-06 1.214E-06
CH3 -297E-22 5.301E-22
CH30 -854E-19 6.858E-19
CH302 -195E-13 2.212E-13
CH300H -237E-12 3.251E-12
HCO -701E-23 1.698E-23
H2CO .074E-12 6.077E-12

O©CO~NOUODWN

OFRPWNOURPUUNNOOPRPRODORPNENWOWNOEREPEPRE
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Black — Gear, Red — QSSA, Blue — MIE, Green - Shimazaki




Black — Gear, Red — QSSA, Blue — MIE, Green - Shimazaki




Black — Gear, Red — QSSA, Blue — MIE, Green - Shimazaki




B HOX gases
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Black — Gear, Red — QSSA, Blue — MIE, Green - Shimazaki




I Carbon gases
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Black — Gear, Red — QSSA, Blue — MIE, Green - Shimazaki
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INECNG FEACHI The Same accuracy. like Shimazaki method
2ieicompare CPU time

> ___QSSA method — reduced time step and Iteration
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Sechnigue

~ ®" Eor MIE method — modified criteria for convergence
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AR 10 tImes reduced tlm,e U0
(CPUNife 198 sec)

\NO'Y -0Z20E-0¢6 -0Z20E-U0o
CLY - 778E-09 1.778E-09
BRY -567E-11 1.567E-11
0 -144E-13 5.133E-13
0(1D) .836E-20 2.838E-20
03 -116E-06 3.116E-06
NO -656E-11 2_.515E-11
NO2 -791E-10 1.707E-10
\[0X] -041E-12 2_.018E-12
N205 -317E-10 1.236E-10
HNO3 -082E-09 9.103E-09
HO2NO02 -608E-11 8.311E-11
H20 -046E-06 4.046E-06
H -307E-21 6.358E-21
OH -044E-14 6.112E-14
5(0)2 -072E-13 7.188E-13
H202 -931E-12 8.164E-12
H2 -150E-07 5.150E-07
CH4 -214E-06 1.214E-06
CH3 -297E-22 5.306E-22
CH30 -854E-19 6.856E-19
CH302 -195E-13 2.341E-13
CH300H .237E-12 3.440E-12
HCO .701E-23 1.707E-23
H2CO .074E-12 6.116E-12

OFRPWNOURPUNNOOPRODORPNENWNOUEPE
OFRPWNOUIFRPUIONOOOPROORPNENWNOEPE




Iterative QSSA g
(CPUtMme 1609 sec)™

9), = oc—-U0 = oc-U0
NOY -020E-08 1.020E-08
CLY -778E-09 1.778E-09
BRY -567E-11 1.567E-11
0 -144E-13 5.134E-13
0(1D) _836E-20 2.838E-20
03 -116E-06 3.116E-06
NO -656E-11 2.636E-11
NO2 -791E-10 1.796E-10
NO3 -041E-12 2.022E-12
N205 -317E-10 1.307E-10
HNO3 -082E-09 9.073E-09
HO2NO2 -608E-11 8.492E-11
H20 -046E-06 4.046E-06
H -307E-21 6.307E-21
OH -044E-14 6.054E-14
(0)2 -072E-13 7.083E-13
H202 -931E-12 7.940E-12
H2 -150E-07 5.150E-07
CH4 -214E-06 1.214E-06
CH3 -297E-22 5.324E-22
CH30 -854E-19 6.880E-19
CH302 -195E-13 2.215E-13
CH300H -237E-12 3.267E-12
HCO -701E-23 1.712E-23
H2CO .074E-12 6.131E-12

O©CO~NOOOD_WN

OFRPWNOURPRUNNOOPRPODORPNENWNOEREPEPRE
OFRPWNOURFROONNOOPPOORNENWNOERERERPRE




Viodified MIE. 8
(CPU tifme. 103 sec)

9), = oc—-U0 = oc-U0
NOY -020E-08 1.020E-08
CLY -778E-09 1.778E-09
BRY -567E-11 1.567E-11
0 -144E-13 5.133E-13
0(1D) _836E-20 2.838E-20
03 -116E-06 3.116E-06
NO -656E-11 2.644E-11
NO2 -791E-10 1.802E-10
NO3 -041E-12 2.022E-12
N205 -317E-10 1.315E-10
HNO3 -082E-09 9.081E-09
HO2NO2 -608E-11 8.641E-11
H20 -046E-06 4.046E-06
H -307E-21 6.120E-21
OH -044E-14 6.041E-14
(0)2 -072E-13 7.081E-13
H202 -931E-12 7.922E-12
H2 -150E-07 5.150E-07
CH4 -214E-06 1.214E-06
CH3 -297E-22 5.278E-22
CH30 -854E-19 6.818E-19
CH302 -195E-13 2.194E-13
CH300H -237E-12 3.232E-12
HCO -701E-23 1.695E-23
H2CO -074E-12 6.072E-12

O©CO~NOOOD_WN

OFRPWNOURPRUNNOOPRPODORPNENWNOEREPEPRE
OFRPWNOURFROONNOOPPOORNENWNOERERERPRE




@S SA NOX Oases
1.2-10'1

1.0-1C -
8.0010°1F
6.010™ hm-mm -

4.0°10

Mixing Ratio

2.0-1:9'

Black — Gear, Red — regQSSA, Blue — iterQSSA, Green - stepQSSA
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Black — Gear, Red — regQSSA, Blue — iterQSSA, Green - stepQSSA




EROES A Carbonigases
7:10'1 h—
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Black — Gear, Red — regQSSA, Blue — iterQSSA, Green - stepQSSA




Conclusions

. F"—"

The chemical solver constructed based on
Shimazaki scheme has the best overall
performance

Newton-Raphson solver may need reduced time
step that may lead to additional computational
costs

QSSA method needs reduced time step and
Iteractive technique

MIE solver needs careful tuning




