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Marriage




Why KPP?

KPP: Kinetic PreProcessor (Damian et al, 2002, Sandu et al, 2003,
Sandu and Sander 2006)

e well documented
e well tested

» widely used




Why KPP?

« KPP reads ASCII files containing chemical equations and
automatically generates Fortran 90 code for integrating the
corresponding differential equations.

$EQUATICNE {racm-min}
{001:J01} MOZ+hw=03P+HD : J1Pj_no2)
{o02:J02} O3+hw=01D{+02} ¢ Py _e314)
{002:J03} O3+hw=03DP{+02} ¢ Py _e33p)
{004:J04} HONC+hw=HO+NZ : j(Pj_hno2)
{005:J05} HMO+hw=HO+H22 : §(Pj hno3)
{008:J06} HNCO4+hw=0.85 HO2+0.85 NOZ+0.35 HO+0.25 NO3 : j(Pj_hnod)
{007:J07} MOZ+hw=M0{+02} ¢ Py _nol2o2)
{00B:J08) MOZ+hw=NO2+02P : §(Pj nc3c)
{009:J09} H20Z+hv=HO+HZ : §(Pj_hZol)

1213} MOZ+HO=NO2 : 4.00e-12 ;
1214} HOZ+HDI=NHOZ ; 1.202-1Z2 ;
1215} IEOP+IE0P=2. MACR+HCHO+HOZ : 2.00e-12
1216} IEHP+HO=MACE+HO : 1.00e-10 ;
{240:217} ISON+HO=HACE+HALD : 1.30e-11 ;
{241:218} MACE+NO=NOZ+0 .25 HACE+0.25 C0+0.25 AOO3+0.5 M3ILY+0.75 HOHO4+0.75 HOZ:
ARR2{ Z.54=-1%, -380.0, TEMP |
{242:210} MACE+HOZ=MRHE : RRRZ( 1.82e-12 , -1300.0, TEME )
{243:220} MACP+MACP=HACE+MGLY+0.S HCHO+0.5 CO+HOZ : 2.00e-12 ;
{244:221} MACP+NOZ=MDEN : TROE( 9.702-29 , 5.6 , 9.30e-12 , 1.5 , TEMP, C_M
{245:222} MPAN=MACD4+NOZ : TROEE(1.11=28,14000.0,%.70=2-29 5.6,0.30e-12,1.5 TEMPE, C_M) ;




Why KPP?

Advantages

* much less time consuming than manual coding
 less error prone

 numerically efficient

e results in greater flexibility
e updating mechanisms by additional equations

 sensitivity studies




WRF-Chem Registry

Excerpt: chemistry array

# Chem Scalars
sgtate real
state real
state real
sgtate real
state real
state real
state real
state real

n Soz L1} lrsoz L1} Irppm“
n SULF“ L1} Sulflr Irppmlr
n Noz L1} L1} noz L1} Irppmﬂ
n NO L1} L1} o L1} Irppm“
HO'} m "OZODE n Irppm“
n HNOB L1} L1} hn03 L1} Irppm L1}
n Hzoz m lrhzoz L1} Irppmlr
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+ arrays for radicals
+ arrays for photolysis rates

+ package declaration for each mechanism




WRF-Chem/KPP Coupler

Written in C and in parts based on the Registry mechanism

Writes f90 interfaces between WRF-Chem and KPP generated code
Layout: still open for suggestions

A few modifications to KPP (switch)

not all features available

currently only Rosenbrock type solvers




WRF-Chem/KPP coupler
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Layout of the coupler

. Non-destructive”

Located in one directory: chem/KPP

o« compile_kpp script, clean_kpp script and Makefiles
 modified KPP (latest version, v2.1)

» the coupler

* mechanisms directory

* module_wkppc_constants.F

 documentation (work in progress)

» can be called from compile script




Call tree for the generated code

chem driver

mechanism driver

mechanism 1

mechanism 2

mechanism n

interface 1

solver 1

Kpp mechanism driver

interface 2

solver 2

part of current WRF-Chem
generated by the coupler

KPP generated

interface n

solver n




Adding mechanisms |

1. Edit the WRF-Chem Registry (currently Registry.EM_CHEM)
e add additional species to chem array
« add a package (=a mechanism) with a name ending with _kpp




#package pasaivecl chem opt== -

package @ chem opt==1 - chem:s02,8ulf,no2, no,o3,hno? , h2oz,
ald, hcho,opl, op2,paa,cral,ora2,nh3,n2o5,no3, pan,he2 , hes,hed, eth,co,0l2,0lt,0li, to
1l,xyl,aco3, tpan, hono,hno4, ket,gly,mgly, dch,onit,csl,isc, ho, ho2

package radm2acrg chem opt== chem:s02,8ulf,no2, no,o3,hno? , h2oz,
ald, hchd,optep2+paa, oral,ora2,nh3, n2o5,no3, pan,he2  hes,hed, eth,co,0l2,0lt,0li, to
1l,xyl,aco3, tpan, hono,hno4, ket ,gly,mgly,dch,onit,cel,isc,ho,ho2, aod4aj, eo4ai,nhd4aj,
nh4ai,no3aj,no3ai, orgarol]j,orgarcli,orgaroi]j,orgaro2i,orgalkly,orgalkli,orgolel],
orgoleli,orgbal],orgbali,orgba2j,orgbaZi, orgha3ij,orgbaii, orgbad4]j, orgbad4i, orgpaj, o
rgpai,ecj,eci,p25]j,p251,antha, eeas, goila,nul,acl, corn

package Q chem opt== - chem:s02,8ulf,no2, no,o3,hno? , h2oz,
ald, hcho, dptsop2,paa,cral,ora2,nh3, n2o5,no3, pan,he2  hes,hed, eth,co,ete,0lt,0li, to
1l,xyl,aco3, tpan, hono,hno4, ket ,gly,mgly,dch,onit,cel,isc, coZ, chd4,udd, hket ,api,lim,
dien, macr, ho ho

package chem opt== - chem:s02,8ulf,no2, no,o3,hno? , h2oz,
ald, hcho,opl,op2,paa,cral,ora2,nh3,n2o5,no3, pan,he2 , hes,hed, eth,co,ete,0lt,0li, to
1l,xyl,aco3, tpan, hono,hno4, ket ,gly,mgly,dch,onit,cel,isc, coZ, chd4,udd, hket ,api,lim,
dien,macr,ho,ho2,s04aj,s04ai,nhd4aj,nhd4ai,no?aj,noai,orgarolj, orgaroli, orgaroz2j, o
rgaro2i,orgalkl],orgalkli,orgolel,orgoleli,orgbalj,orgbali, orgba2j,orghaZi, orgba
3j,orgba3i,orgba4i, orgbad4i,orgpaj,orgpai,eci,eci,p25],p251, antha, seas, 2oila,nul, a
c0, corn

#oms++

package chem opt==5 - chem:no2,no, o3 ,hno3, h2o2,hcho, opl,
n2zo5,nol, co, oo, hnod4 , ho,ho2, MeCH, Me02,ch4, ho

package chem opt== chem:=02,sulf, no2,no,o3,hno3,h2o2,
ald, hcho, dp parpaa;ofal,ora2, n2os,no3, pan, he3 , het,hed, eth, co,ete,0lt,0li, tol, xyl,

=
= T i

acol, tpan, hono, hno4, ket ,gly,mgly,dch,onit, cel, iso,co2,chd4,udd, hket,api,lim,dien, mac
r,ho,hoZ, hace, ighp, ison, mahp, mpan, nald
#oms--




Adding mechanisms |

. Edit the WRF-Chem Registry (currently Registry,EM_CHEM)
e add additional species to chem array
« add a package (=a mechanism) with a name ending with _kpp

. Provide input files (.egn, .spc, .kpp) for KPP in a subdirectory of
chem/KPP/mechanisms named after the package

. Optionally provide a file (wrfkpp.equiv) for mapping variable names
in WRF-Chem to variable names in KPP




Adding mechanisms |l (the hard part)

Possibly calculate additional photolysis rates
Emissions

Initial and boundary conditions

Dry deposition rates

Wet deposition

Deep convection




Future Perspectives/Availability

Currently under evaluation for the WRF-Chem Repository
One step towards generalizing WRF-Chem

Suggestions are welcome!
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Tasks of the coupler

» Gather information from the WRF-Chem Registry:
» chem array species names (from package lines)
» names of radicals from radical arrays
* photolysis rates

* Read KPP species files (from chem/KPP/mechanisms/*/*.spc)
* Read wrfkpp.equiv files
» Perform consistency checks and issue warnings if necessary

» Write a mechanism driver for KPP mechanisms (called from
chem/mechanism_driver.F)

* Write a solver interface module for each KPP mechanism

» Take care of running KPP (make) and later compiling the generated
code together with WRF-Chem




Preliminary benchmarks




