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Related Work

CHEMKIN (http://www.reactiondesign.com/lobby/open)
Translates symbolic chemical system in a data file that is then used by internal libraries for
simulation. Gas-phase kinetics, surface kinetics, reversible equations, transport, mixing,
deposition for different types of reactors, direct sensitivity analysis (Senkin). Database of
reaction data, graphical postprocessor for results.

KINALC (http://www.chem.leeds.ac.uk/Combustion/kinalc.htm)
Postprocessor to CHEMKIN for sensitivity and uncertainty analysis, parameter estimation, and
mechanism reduction; etc.

KINTECUS (http://www.kintecus.com)
Compiler/ chemical modeling software. Can run heterogeneous and equilibrium chemistry,
generates analytical Jacobians, fit/optimize rate constants, initial concentrations, etc. from
data; sensitivity analysis; Excel interface. Can use Chemkin models and databases.

CANTERA (http://rayleigh.cds.caltech.edu/~goodwin/cantera)
Object-oriented package for chemically-reacting flows. C++ kernel, STL, standard numerical
libraries, Interfaces for MATLAB, Python, C++, and Fortran. Capabilities: homogeneous and
heterogeneous kinetics, equilibria, reactor modeling, multicomponent transport.

LARKIN/LIMKIN (http://www.zib.de/nowak/codes/limkin_1.0/full)
Simulation of LARge systems of chemical reaktion KINetics and parameter identification.
Parser generates Fortran code for function and Jacobian, or internal data arrays.

DYNAFIT (http://www.biokin.com/dynafit)

Performs nonlinear least-squares regression of chemical kinetic, enzyme kinetic, or ligand-
receptor binding data using experimental data. Parses symbolic equations.

Virgini
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KPP in a Nutshell

= The Kinetic PreProcessor

s Purpose: automatically implement building blocks for large-scale
simulations

s Parses chemical mechanisms

= Generates Fortran and C code for simulation, and direct and adjoint
sensitivity analysis

= Function, Jacobian, Hessian, Stoichiometric matrix, derivatives of
function®Jacobian w.r.t. rate coefficients

= Treatment of sparsity

= Comprehensive library of numerical integrators

= Used in several countries by academia/research/industry

= Free! http://www.cs.vt.edu/~asandu/Software/KPP

Vireini
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Architecture

-

kinetic description files Fortran Fortran
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TS Integrator file 4 Utility file
species

equa_tlons Fortran | Fortran
options T

Driver file 1/0O file

inline code

Scanner / Parser
Error checking

Compute best sparsity

structure
Y Y
Reorder species for Substitution
best sparsity pre-processor
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Compute expression
trees for assignments

Fortran
Code generation

Fortran

prod/destr function integrator function utility functions
jacobian code : ) . _
sparsity structure driver function(main) 1/0 functions
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KPP Example

#INCLUDE atoms

#DEFVAR
O= 0;,01D=0,0 = 0+0+0;
NO = N+O;NO2 = N+0O +O;

#DEFFIX
02 = 0+0; M = ignore;

#EQUATIONS { Small Stratospherlc >

03 +hv=01D+02 :
Oolb+M =0 +M : 7.1E-11;
01D + 03 =202 . 1.2E-10;
NO +03=N0O2+02: 6.0E-15;
NO2 + O =NO + 02 : 1.0E-11;

NO2 + hv=NO +O 1.2E-02*SUN;

02 +hv =20 : 2.6E-10*SUN**3;
0O +02=03 . 8.0E-17;

03 +hv=0 +02 6.1E-04*SUN;

O + 03 =202 : 1.5E-15;

1.0E-03*SUN**2;

SUBROUTINE FunVar ( V, R, F, RCT, A_VAR)
INCLUDE 'small.h’
REAL*8 V(NVAR), R(NRAD), F(NFIX)
REAL*8 RCT(NREACT), A_VAR(NVAR)

C A — rate for each equation
REAL*8 A(NREACT)

C Computation of equation rates
A(1) = RCT(1)*F(2
A(2) = RCT(2)*V(2)*F(2)

A(3) = RCT(3)*V(3
A(4) = RCT(4)*V(2)*V(3)
A(5) = RCT(5)*V(3
A(6) = RCT(6)*V(1)*F(1
A(7) = RCT(7)*V(1)*V(3
A(8) = RCT(8)*V(3)*V(4
A(9) = RCT(9)*V(2)*V(5
A(10) = RCT(10)*V(5)
C Aggregate functzon
A VAR 3 5) -A(6)-A(7)
éA_VAAI} A(1)-A(2)+A(3) A(4)+A(6)-
+
A VAR A(3 -A(4)- A 5)-A(7)-A(8)
A _VAR(4 +A 9)+A(1
A VAR )A(9 A(10)

May 25, 2004
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IDEAS:

e Chem. interactions: sparsity pattern (off-line)
e Min. fill-in reordering

e Expand sparsity structure

e Row compressed form

e Doolitle LU factorization

e Loop-free substitution

#JACOBIAN [ ON | OFF | SPARSE ]

JacVar(...), JacVar_SP(...),
JacVar_SP_Vec(...), JacVarTR_SP_Vec(...)
KppDecomp(...)
KppSolve(...), KppSolveTR(...)

May 25, 2004

10}

201

301

401

501

60

701
74 O

Sparse Jacobians
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Linear Algebra

Stiff Integrators

w
0

Number of Accurate Digits

Computational Efficiency

(1/Lapack) Dec Sol Dec+7Sol
Harwell 0.61 0.21 0.35
KPP 0.23 0.06 0.12

[
\

2.5
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Sparse Hessians

E.g. SAPRC99. NZ = 848x2 (0.2%)

s

HessVar(...) — J 4 L

HessVar_Vec(...) J Y- ;ﬁ o

HessVarTR_Vec(...)

0o o°f. L L Ly L L
" oy jOYk , . T

e 3-tensor : S

e sparse coordinate format o Ld L i L) L LY L

e account for symmetry . 1 Jj 1) -

#HESSIAN [ ON | OFF ] J ] «fj £ u J B
,-.4 R J
I R R R

May 25, 2004 lrgl?lam’red]



Stoichiometric Form

#STOICMAT [ ON | OFF ]

STOICM (column compressed)
ReactantProd(...)
JacVarReactantProd(...)

dFunVar_dRcoeff(...)
dJacVar_dRcoeff(...)

SAPRC-99. Stoichiometric Matrix. NZ =1024 (6 %)

1F T T T :..I... ""l e T T Te o o T ..:.I "+
) * s
20| - =" . W,
(7)) - = o. °
@ - ;"' |
8 40 ° .- - - .cu' A 'a" u'l ..:..:
=1 .- - e S T
(D ossee oe ° ° o .- * haad .'-.
00 LYY 00000 "*® o Pos0 o ® o -“ “c 8
60 [ * (1] ° ° . = e = o 8o °$ 'a
® o ® o0 Bl cussmesne gug 8 o 8 , 8 -.-rﬁ- ° oomof .ooom ] }l l '4 &A
b %o 2% © goe wmnlplp o’ ®e ‘w © %0 a0 000 casse 00’ ctass ca0 cassosesse cose
8 8g058g °g o’ od3° "y a8 .
heat i do £ BLLARUES SR O S "-m...&:* ..:..mr--fma'
79 k& 1 1 1 1 1 1
1 20 40 60 80 100 120 140 160 180 200 211
Reaction
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Requirements for Numerics

= Numerical stability (stiff chemistry)

= Accuracy: medium-low (relerr~10°-10-2)
= Low Computational Time

= Mass Balance

= Positivity

Vireini
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* Stiff Integration Methods

K

BDF Doy = hniﬂi[”] f(y™)
=0

i1=0

Implicit -1
Runge-Kutta s

Virginia
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Rosenbrock Methods

4 I I
9
q 35} //
yn+1:yn_|_zmjkJ : :
j=1 3 Ros3 o0
i—1 O/@/
Y.=y"+ ) a. k. 25} B
| y JZ::]_ 1, ] J 9%
-1 é 2r ®//,I:
(ﬁ J ) k —f(Y )+Z% ka Rodas3 X ,/ 0
j=1 15F / O:’
= No Newton lterations r P
. . 7 * VODE
= Suitable for Stiff Systems O
= Mass Conservative O SEULEX
= Efficient: Low/Med Accuracy TER. 2 3 4 5 678 1

CPU time [seconds]
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‘h Direct Decoupled Sensitivity

y' = f(t, Y, p) S, =0y/op,
Problem {S; _ J(t, Y, p)-Sg +f, (t, Y, p) 1</<m

l-h)d =P"LU =

PTL 0 - 0 0 )
by —hy[(JSl)¥+Jp1]U1 P;L 0| 5
—hy|(3s,), +3, Ut 0 - PTL 0 Y

Virginia
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‘h DDM with KPP

k-1
Zyn |+hﬂfn+1
i=0

K—1
BDF | —h Jn+1 Sn+1 Sn|+h 1:n+1 1</<m
(Dunker, '84) [ d ] Z Ple

ynﬂ:yn"‘zmikio; Sgnﬂ:S;_'_zmikig’ Yl_y +Za'l j
i=1 i=1
h_lﬂ —Jn]'kio - f(Ti’Yi’ p)+ > ﬁC”k?+h7i f
Rosenbrock

(Sandu et. al. '02) I:h_lyl_‘Jn]'king<Ti1Yl )[Sn+zalj Jj (T YI p)

+z§c K430 kO +(H % SP )k +hy, 7S] +hy, £

: ij
J:

Virginia
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Problem: Stiff ODE, scalar functional.

* Adjoint Sensitivity Analysis

y'=tty) t'<t<t’, w(y@®) = v ply")
Continuous: Take adjoint of problem, then discretize.
2=-3T(y) Attt Al)=()yt)) = V=1t
Discrete: Discretize the problem, then take adjoint:

Yyt =F4(y*), k=04---,N-1

A=V, F)y ) 2 =Vp)yt) = valy)=2

Note: In both approaches the forward solution needs to be precomputed and stored.

Vireini
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* Linear Multistep Methods

K K

Method > oMy =h> B (y“‘i )
i=0 i=0
K k

Continuous Adjoint Zai[m]ﬂ,m” — hmZ:Bi[m]'J T (ym+i ) m+
i=0 i=0

K k
Discrete Adjoint Z almHAM = g7 (ym ) Z h . g
=0 i=0

Consistency: ~one-leg method, in general not consistent with continuous adj. egn.
Implementation: with KPP

Virginia
May 25, 2004 mTeCh




Runge Kutta Methods

Method y™ =y +hY b f(Y'), Y=y +hYa f(v7)
i=1 i=1
Continuous Adjoint

A=y hzs:biJT (yt"* —ch))-AT, A=2"+ hi a, J7(y(" —ch))- A
i=1 j=1

Discrete Adjoint "ol N p haT(vi), PR j
(Hager, 2000) A =4 +i2_1:9’ o' =ha"(v') {bﬂ +;aj,i9}

Consistency (Sandu, 2003) Consider a Runge-Kutta method of order p.
Its discrete adjoint is an order p numerical discretization of the continuous
adjoint equation. (Proof: use elementary differentials of transfer fcns).
Implementation: with KPP

Vireini
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Singular Perturbation

Test problem relevant for stiff systems:
y'=f(y,2), ez'=9(y,z), t°<t<t’

Distinguish between derivatives w.r.t. stiff/non-stiff variables

A=V, vyt zt")) ut)=V, vyt zt")

(Sandu, 2003)
If  RKwith invertible coefficient matrix A and R(c0) = 0;
and the cost function depends only on the non-stiff variable y
Then p= 0 and A are solved with the same accuracy as the original
method, within O(g).
A similar conclusion holds for continuous RK adjoints.

Vireini
May 25, 2004 mTech



* Rosenbrock Methods

_ i-1 _ S
A'=/1”+1+Z;ai,jzj, Y'=y(t" -he), /1”:/1”+1+Z;mjzj
i= i=

Continuous »
Adjoint L _(Jn+1)T].Zi:JT(Yi).Ai_i_Zl%Ci’j z,, 1<i<s
-
[h—lyl —(J”)T].ui = miﬂ”+1+jzsi:1(aj,ivj +%Cj,iuj)
R G

AN = /1”+1+ZS:(H " ><ki)T U +ZS:Vi
i=1 i=1

Consistency (Sandu, 2003) Similar to Runge-Kutta
Implementation: with KPP

Virginia
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‘h Computational Efficiency

u Tdiscrete adjointS 5 Tforward (Griewank, 2000)

= KPP/Rodas-3 o0rnn SAPRC-99:

May 25, 2004

Tcont-adj Tcont-g rad Tdiscr-adj Tdiscr-grad
[ Trwd /Twe [ Trwd [ Tewd
1.2 3.3 2.3 4.4
Virginia
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‘h KPP Numerical Library

s Simulation

Sparse: BDF (VODE, LSODES), Runge-Kutta
(Radau5), Rosenbrock (Ros-{1,2,3,4},Rodas-
{3,5}. QSSA. Drivers

m Direct Decoupled Sensitivity
Sparse: ODESSA, Rosenbrock, I.C. and R.C.
= Adjoint Sensitivity
Continuous Adj. with any simulation method
Discrete Adj. Rosenbrock. Drivers.

Vireini
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Swedish Meteo & Hydro Inst.

joakim.langner@smhi.se, www.smhi.se

MATCH 3D transport/chemistry/deposition model

o =~ Tl

3Dmeteomlogicaldata,HlRL R RN T S W S
ECMWF, MMS5, Aladain... SSRS L2 z adl

Emission data e.g. EMEP-2000

3D transport/chemistry model, MATCH

/

-3 8Y ¥H ¥8 §8 mE 8% 8§

=]

Chemical mechanism, KPP syntax ml

Virginia
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Max Planck Institute

MAINZ EARTH SUBMODEL SYSTEM (MESSy)

The Set

S

U MAX-PLANCK-GESELLSCHAFT
B % Surface Emissions Photolysis PEC “CO

M O > anthro + bio (OH, STE)

0 = (emis) (photo) (psc) (d14co)

D .

E Scavenging Deposition Chemistry Aerosol | |

1. (KPP-based) \ ? \

S (scav) (xtsurf) (mecca) (aero) | ¢ |
g T T e et e e e o e
O ECHAMS ECHAMS

O NCREGRID| | online statistic universal

L (average + O) runscript nc2me ncdx
s e R
P

é) netCDF » FERRET OpenDX

T

Vireini
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MISTRA-MPIC, U. Heidelberg

“Chemical reactions in the gas phase are considered in all model layers,
aerosol chemistry only in layers where the relative humidity is greater
than the crystallization humidity. [...] The set of chemical reactions is
solved using KPP.”

(http.//www.iup.uni-heidelberg. de/institut/forschung/groups/atmosphere/modell/glasow)

large scale FT
subsidence radiation
- \
00 ©° O
cloud o D imsd
| T
O o0
oo
o s &
cloud-free T
@ OOOO
° 9 oo
o o,
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User Contributions to KPP

Artenum SARL
ParisCyberVillage
101-103 Bld Mac Donald
75019 Paris 19éme
France
www.artenum.com
(Consulting company)

rtenum
.com

Our news

Scientifc Computing
News on Artenum.org

Online conference
registration on

Artenum.net

May 25, 2004

menu... Home |The Company |Oure

Kppcons

Download :

- the archive kppcons-1.1.3.tgz (166K)

- the patch kpp-1.1.patch.cons-1.1.3.1gz (3K)

- the technical documentation : CC 2001 06 01.pdf.gz (170K) or
CC 2001 06 01.ps.gz (67K)

KPP(Kinetic PreProcessor) is a software dedicated to a quick and
development of computation code for numerical simulation of !
chemical reaction systems. Applications fields are aerosols and
modeling, combustion of hydrocarbons, atmospheric chemistry, ...
It allows the definition of large set of chemical reaction systems |
types of species defined by the user. But KPP doesn't take into
the mass conservation law. From a mathematical point of view, it
a singular jacobian matrix, restricting the use of KPP for seeking o
state using Newton-Raphson algorithm.

The Kppcons module and the patch vanish this singularity to se:
fixed points by iterative Newton-Raphson method. It is used for ex:
interstelar chemistry.

Kppcons is written in Ansi C and is usable for all plateforms abil
KPP. it is available under GPL licence.

v [ Tech
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Example: Modeling Air Pollution

Less Serious More Serious
reversible 4 > irreversible
not dehilitating dehbilitating
hot life-threatening life-threatening

Global Tempesrature Thanges (1880-2000)

[ —

Departura From Long-Term Mean (°F)
bobgaooo | =
Mok b M A@m@ N

S

"‘1\
e,

L

A NA A
AVVI'WALAWTENAVACA |
ML VA V=

=08
1880 185230 1200 1910 1220 1930 1240 1830 1280 18970 1280 19920 2000
Year
Bowca: LS. Matonsl Climatic Data Coantar, 20049
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‘h The Forward Model

Mass Balance Equations. C = mole fraction. p = air density.

dC. 1

——_{-VC,+=V(pK-VC, )+—f(pc) +E,
dt P p
C,(t° x)=C?(x) ' <t<tf
C,(t,x)=c™(t,x) on T™
Ko on rour

on
K%:V_DEPC__Q_ on [ GROUND

an | | |

May 25, 2004
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* Discrete Forward Model

Operator Splitting:

= Conservative Methods for Transport
= Stiff Methods for Chemistry (KPP),

= Specific Methods for Aerosols,

= Different Time Steps.

kK+1 K
C I\l[t t+AL] C

N[t,t+At] THOR TVERT RCHEM TVERT THOR

Virginia
May 25, 2004 [ﬂﬂ]ﬂTeCh



Chemical Data Assimilation

Emission Estimates

Inverse Modeling Improved Air Quality
| - - - for Improved and Chemical
Emission Estimates weather forecasts
A v
- P s

Atmospheric Models

Meteorological Model Outputs:
Models Concentrations
provide Fluxes Budgets
Physical aspects %
ofthe atmosphere ! N
. 1
e.g. clouds, winds. \ N .
Improved repre—

sentation of
transport features

cloud fluxes

Better design
of observation networks/

measurement strategies

Better
Retrieval
Algorithms
Meteorological Observations
Winds, Temperature, Clouds

Chemical & Optical
Observations:

Sattelite, ground, aircraft

Column (integral) quantities




‘h 4D-Var Data Assimilation

N T

min y(p)=1> (H*y* —0") RA(H*y* —0*)+1(p—p°) B*(p-p")

k=1

(Note: Need the gradient of J)

FORWARD
yo @ O O O >
y’ y? y°
V=2 @« O ® O O
Al A2 A3
ADJOINT

May 25, 2004
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Continuous Adjoint Model

s

o(lj_ﬂ;:_ '(U&)—V(PK'Vﬁj—(FT(PC)%)i ¢
P,

AtFx)= 4 (x), tF >t >t

A(t,x)=0 on ™

UﬂﬁpKa(gé'O):O on IV

8(/?1/,0)_ DEP GROUND
AL ypey on T

Note: Linearized chemistry generated by KPP.

May 25, 2004
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Discrete Adjoint Model

Operator Split Tangent Linear and Adjoint Discrete Models
k+1 ' k
X = N[t,t+At] o oG
' At At At ' At At
N[t,t+At] = (THOR) © (TVERT ) © (RCHEM ) © (TVERT ) © (THOR)
A=N '*[t,t+At] o JfH

Nt aty = (THAct)R )'* © (TVAEtRT )'* © (Rélt—EM )I* © (TVAEtRT )I* ° (THAct)R )l*

Note: Chemical Model Discrete/Continuous Adjoints
automatically generated by KPP

Virginia
May 25, 2004 mTeCh



Relative Speedup
B

Adjoint STEM-III

=

10
No. Workers

i

May 25, 2004

Measurement info used to
adjust initial fields and
improve predictions;

East Asia. Grid: 80 x 80Km.
Time: [0,6] GMT, 03/01/01.

SAPRC 99 (Ros-2); 3rd order
upwind FD; LBFGS;

Parallelization with PAQMSG

Distributed Level-2
Checkpointing Scheme

v [ Tech
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‘h NASA Trace-P Experiment

Nominal Flight Tracks for the NASA Aircraft During
the TRACE-P Mission

Latitude
50
» Transport and Chemical
4 Evolution over the Pacific
30 Okinawa - H
s »March-April 2001
20 _ ]
»Quantify Asian transport
10 - 1:? FTIR M h ts
easuremen .
& Ozonesonde Stations »Understand chemistry over
—— DC-8 Flight Track e
0 S e e West Pacific
Ay
10 ‘\\»d
110 120 130 140 150 160 170

Longitude

May 25, 2004 Hgl?lawTeCh




Computational Setting

Computational domain:

* Area: 7.200 x 4.800 km

* Horizontal grid: 80 x 80 Km

* Vertical grid: 18 layers,10 km.

Model Size ~ 8,000,000 variables i = E:‘THI ik

May 25, 2004 Hgl?lawTeCh



Trace-P Simulation

March 01-04, 2001

NO,

Virginia
m May 25, 2004 [ﬂ]]]]Tech



Model vs. Observations

» Cost functional =
model-observation gap.

Modeled O, vs. Measured O,
I I I I I I Observed O3 -+ -

Flighodeling 03— * The analysis produces

12000

(o]
o

o 2 10000 an optimal state of the

n h atmosphere using:

8000

(0]
o
T

~

o
T
+

(e}
o
T
¥
e
"
"
S
VA3
+
F
1
4+
-
1

» Model information
consistent with
physics/chemistry

6000

03 (ppbv)
a
o
+
1
Altitude (m)

N
o
¥

i B ' i [ i 4000

W
o
T

R 2000 > Measurement

| L ¥ ‘ information

24 25 26 27 28 29 30 31 32 33 ConSIStent Wlth
TIME (GMT) reality

8
T
R O
%

=
o
o

Vitgini
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More Observations

NO: Observation vs. Model

DC-8 Flight #6 NO on 3/3/2001

0.2 T T T T

0.18 -

o1p Ct

NO (ppbv)

0.08 |

0.06 -

0.04 | L Fhoopou L

0.02

Obs:erved NO .

-+--
Modeling NO +T
... Flight Height (m) -------1

12000

10000

8000

6000

4000

2000

TIME (GMT)

May 25, 2004

Altitude (m)

SO2 (ppbv)

SO,: Observation vs. Model

DC-8 Flight #6 SO2 on 3/3/2001

* ' ' ' ' . 12000
Observed SO2 -~ -+---
Modeling SO2 ——
Flight Height (m) -------:
351 . Flghteg m) i
77777 4 10000
3 |
3t ‘: |
| |
1 .| 48000
25 | ; |
; ; ;“ -
‘; “ X <
I 1‘ “ 46000 S
S | 5 E
5 P ¥ e
15 ,“ . “‘ ‘
| ?\"*‘ | | 4 4000
o |
1 d ;
I
1‘ i ¥ - 2000
05 | ‘ | I
| I
s |
o st < o
24 25 26 27 28 29 20 o -
TIME (GMT)



Target: O; at Cheju Island

March 4-6, 2001:
Strong NE flow,
Beijing-Cheju

BODG-I

March 22-25, 2001:
Weaker Flow

BOE 85 90E 95 100E 105E 110E 1156 120E 1256 130E 135E 140E 145E 150E

SOOO-I

Viteini
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Cones of Influence

52.78N
~ 1338km
10.31N | — ! 0.08km
82.36E 154.36E
N
527N [ S
+ 13.38km
10.3IN = 0.08km
82.36E 154.36E
N
527ON B
Yy ¥ 13.38km
10.31N - 0.08km
82.36E 154 36E

82.36E 154.36E
82 36E 154, 35E
B2.36E 154.36E

| NIST [EVAPEP

Isosurfaces of time integrals of adjoint vars. (¢ = O, at Cheju).
March 4-6, 2001

March 22-25, 2001

52.79N
O )
10.31N
82 36E 154.36E
N
52.79N 1
N O 2 s g
10.31N ]
82.36E 154.36E
N
52.79N L
HCHO £
10.31N
82.35E 154,36E

13.38km
0.08km
82.36E 154.36E
13.38km
0.08km L1
82.36E 154.36E
13.38km
0.08km -
82.36E 154.36E
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Areas of Influence

»W = Ozone at Cheju, O0GMT, 03/04/2001

»Influence areas (adjoint isosurfaces) depend on meteo, but
cannot be determined solely by them (nonlinear chemistry).
»Boundary condition uncertainties 3 days before.

dy,/do, d y/ d HCHO dy/dNo,

Virginia
May 25, 2004 [ﬂ]]ﬂTECh



Flights on March 07, 2001

Taiwan (120E-122E, 22N-25N) P3_B

30N

29N -
28N -
27Nq -
26N -
25N -
24N -
23N -
22NA -
21N
20N 1~

18N -

19N -

:

N
114E 17E 120E 123E 126E 129E 132E 135E 138E 141E T10E 112E 114E 116E 118E 120 122 124€ 126E 12

16N -

120004 60001

[oS]
S
S
o
~
o
S
]

Altitude (m)

Altitude (m)

~
o
S
o
S
o
S
o

5 7
Time (GMT) Time (GMT)
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Assimilation of DC-8 O,

Control = Initial O
O3 anng Assim. window [0,12] GMT 03 anng

DC-8 flight P3-B flight

%0 120
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Assimilation of P3-B O;
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Assimilation of Multiple Species

P3-B Obs: 0,(8%); NO, NO,(20%); HNO,, PAN, RNO,(100%)

o} NO

NO, - HNO,

PAN _ RNO,
Virein
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Sensitivity Analysis

Averaged gradients help with choice of control variables

Sensitivity magnitude
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Assimilation of DC-8 CO

Control: Control:
Initial CO Conc. Initial Conc. of 50 spc.
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Assimilation of DC-8 CO

Control:

CO along Initial Conc. 50 spc. CO along
DC-8 flight P3-B flight
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Different Control Sets

Observed: NO, (P3-B)
NO,= NO+NO,+NO,+2*N,0,+HONO+HNO,+HNO,+RNO,+PAN+PAN,+PBZN+MA_PAN
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Effect on Unobserved Species

Observed: NO, (P3-B)
Control: Initial NO, NO,, HNO;, PAN, PAN,

NO, (unobserved) PAN (unobserved)
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* Conclusions

> KPP software tool for the simulation of
chemical kinetics

~ Code generation

~ Useful (and widely used!) to build
blocks for large-scale simulations

~ Examples of chemical data assimilation
which allows enhanced chemical
weather forecasts
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Quote of the Day

“Persons pretending to forecast the future
shall be considered disorderly under
subdivision 3, section 901 of the criminal
code and liable to a fine of $250 and/or 6

months in prison.”

Section 889, New York State Code of Criminal Procedure
(after M.D. Webster)
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