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Abstract

We present version 13.99gmdd of the photolysis module JVAL. Taking atmospheric
conditions as input, JVAL calculates photolysis rate coefficients, i. e., the speed of dis-
sociation of atmospheric molecules in the sunlight. Computational efficiency is obtained
through the use of parameters for polynomial curve fitting and lookup tables. JVAL also5

includes the auxiliary program JVPP (JVal PreProcessor) which pre-calculates these
parameters based on the absorption cross sections and quantum yields of the atmo-
spheric molecules. It is possible to either use JVAL as a stand-alone program, or as
a module inside the Modular Earth Submodel System (MESSy). JVAL is a community
model published under the GNU General Public License.10

1 Introduction

Many important chemical reactions in the atmosphere are photolysis reactions where
molecules dissociate in the sunlight. The rate coefficients of these reactions are called
J values. They depend on the actual atmospheric shortwave radiation field and are
therefore not constant in time, but have to be reevaluated with changing solar zenith15

angle, temperature, ozone concentrations, clouds, aerosols, and other atmospheric
properties. Landgraf and Crutzen (1998) presented an efficient method for online cal-
culations of J values which has been used in several atmospheric models, e.g. MATCH
(von Kuhlmann et al., 2003) and ECHAM5/MESSy (Jöckel et al., 2006, 2010). For the
implementation into the latter, the photolysis code was adapted to the Modular Earth20

Submodel System (MESSy) interface by Jöckel et al. (2005) and called JVAL. Since
the efficiency of JVAL results from a parameterization, it is necessary to recalculate
the parameters whenever a new chemical species is added or new spectral data be-
come available. Although straightforward, this has been a tedious procedure, resulting
in a time-lag between publication of the latest spectral information and its implementa-25

tion into JVAL. To automate the generation of these parameters, the JVal PreProcessor
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(JVPP) has been written. Here we present the new version JVAL-13.99gmdd1, which
also includes JVPP.

2 JVAL model description

2.1 Original code

This section provides a brief summary of the parameterization method used in JVAL.5

For full details, the reader is referred to the original paper by Landgraf and Crutzen
(1998).

The J value for a molecule X (JX) can be calculated via the integral

JX =

λmax∫
λmin

σX(λ)ϕX(λ)F (λ)dλ (1)

where λ is the wavelength, σX the absorption cross section, ϕX the quantum yield and10

F (λ) the spectral actinic flux. The photochemically active spectral interval considered
here is λmin = 178nm ≤ λ ≤ 683nm = λmax. Numerically, this integral can be approxi-
mated as the sum

JX ≈
N∑
i=1

σX(λi )ϕX(λi )F (λi )∆λi , (2)

where the spectrum is divided into N wavelength bins. Here, σX(λi ), ϕX(λi ), and F (λi )15

are average values in the bins of size ∆λi . However, to obtain accurate results, N has

1The name of this version indicates that it is used for the interactive discussion in GMDD. If
necessary, bug fixes can still be made. We plan to release the final version JVAL-14 together
with the final paper in GMD.
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to be large, leading to excessive computing times. As an alternative, Landgraf and
Crutzen (1998) suggested a method using only the 8 spectral bands shown in Table 1.
The basic idea is to calculate the J value not with a fine spectral resolution but with
only a few spectral bands in which Eq. (1) is approximated by:

JX ≈
8∑

i=1

Ja
i ,X ×δi , (3)5

where Ja
i ,X is the J value for a purely absorbing atmosphere and δi describes the

influence of scattering by air molecules, aerosols, and cloud particles. The Ja
i ,X are

precalculated with a fine spectral resolution and are approximated during runtime from
lookup tables or polynomial fits. The advantage of this procedure is that the fine ab-
sorption structures that are present in σX and ϕX in integral (1) are considered. Only10

Rayleigh and cloud scattering, included in F (λi ), are treated with a coarse spectral
resolution.

Ja
i ,X is calculated as a function of the slant overhead column of ozone. For the

Schumann–Runge and for the Herzberg band (bands 1 and 2 in Table 1), the de-
pendence on the corresponding slant O2 column is considered as well. Absorption by15

aerosol and cloud particles and other gases play only a minor role for most chemical
applications in the determination of the actinic fluxes.

Optical properties of the aerosols are taken from lookup tables for relative humidities
of 0, 50, 70, 80, 90, 95, and 98 % by Shettle and Fenn (1979). Extinction coefficients
(variable aext in the code), adsorption coefficients (aabs ), and asymmetry parameters20

(ag) were interpolated to the 8 wavelength bands. The single scatter albedo ω̃i (wc) is
calculated using data from Table 1 from Slingo (1989) for the range 250 . . .690 nm.

2.2 Physical changes

The following physical changes have been implemented into the code since the publi-
cation of Landgraf and Crutzen (1998):25
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– In the planetary boundary layer (PBL), a mixture of rural and maritime aerosol is
used, depending on the land-sea mask.

– For the solar Lyman-alpha line, the reduction factors RO2
(r_o2 for O2) and RM

(r_m for CO2, CH4, SF6, H2SO4, and H2O) from Chabrillat and Kockarts (1997,
1998) are used.5

– In the original code by Landgraf and Crutzen (1998), the spherical geometry of
the atmosphere was taken into account by employing the air mass factor correc-
tion of Kasten and Young (1989). In the current code, the correction factors Fcorr
(fj_corr ) from Lamago et al. (2003) are used.

– Using JVPP, all photochemical reactions in JVAL have been updated to the latest10

measurements as presented in the UV/VIS Spectral Atlas by Keller-Rudek et al.
(2013).

2.3 Technical changes

The following technical changes have been implemented into the code since the publi-
cation of Landgraf and Crutzen (1998):15

– The syntax was converted from FORTRAN77 to Fortran90.

– In the past, different and incompatible ASCII input files were used for different
versions of the code. Now, these molecule-specific parameters are generated
with JVPP and included in the Fortran90 code.

– The code was modularized according to the MESSy standard. Briefly, this allows20

to use exactly the same code for calculating J values in the CAABA/MECCA box
model (R. Sander et al., 2011), the global ECHAM5/MESSy Atmospheric Chem-
istry (EMAC) model (Jöckel et al., 2010), the COSMO/MESSy limited area model
(Kerkweg and Jöckel, 2012), or any other base model that is MESSy-compatible.
For details, see Jöckel et al. (2005).25
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– A standardized interface via a Fortran90 namelist couples the JVAL module to the
base model. This namelist (CPL) comprises switches to select which calculations
are to be performed and entries to specify required input data (i.e., the channel
objects, see Jöckel et al., 2010) for ozone, the cosine of the solar zenith angle, the
distance between Earth and Sun (in AU, astronomical units), and the solar activity.5

An additional ozone climatology is required, which is used above the model top
layer. More details on the namelists are documented in Sect. 2.3 of the “JVAL and
JVPP User Manual”, which is part of the Supplement.

3 JVPP model description

As described above, JVAL uses parameters in lookup tables and polynomial fits to10

calculate the values of Ja
i ,X from Eq. (3). To provide these parameters, the JVal PrePro-

cessor (JVPP) has been written. JVPP works in three steps for each molecule X.
First, it reads a data file with absorption cross sections σX in the UV/visible range

at an arbitrary spectral resolution and converts (interpolates) them to a fixed grid of
176 wavelengths. The default method is a linear interpolation between the points of the15

original spectrum which conserves the integrated value. Alternatively, a variety of spline
based interpolation methods can be chosen. For molecules where quantum yields ϕX
and/or the temperature dependence of the cross sections σX(T ) are available, those are
interpolated as well. As an example, the spectrum of OClO is shown in Fig. 1 before
and after interpolation. Detailed plots for all molecules are available in the Supplement.20

In the second step, a range of typical atmospheric conditions is scanned to obtain ef-
fective values for all 8 bands of the spectral range (Table 1). Overhead ozone columns
of up to 7000 Dobson units are used. For bands 1 and 2 (178 to 241 nm), the con-
centration of oxygen is also varied. For molecules with temperature-dependent cross
sections, T is varied in the range from 180 to 320 K. The results are stored in temporary25

files.
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Finally, in the last step, the precalculated values are used to obtain polynomial fits
which allow to calculate the J values as a function of temperature, ozone, and oxygen.
The fitting parameters are then written into a Fortran90 include file which can be used
by JVAL.

Table 2 shows all photolysis reactions that are currently included in JVPP, as well5

as the references for the UV/VIS spectra used. More information about the JVPP code
can be found in the user manual which is in the manual/ directory of the JVAL code
in the Supplement.

4 Model evaluation and applications

Thanks to the MESSy structure, the JVAL photolysis submodel can easily be incorpo-10

rated into different models. To evaluate the new code, we used a simple column model,
an atmospheric chemistry box model, and a global 3-dimensional general circulation
model.

4.1 The simple JVAL column model for testing

The JVAL column model, which is included in the Supplement, can be used for simple15

tests. As input, the following properties of an atmospheric air column must be defined:
temperature, pressure, humidity, ozone concentration, and cloud cover. In addition,
a set of solar zenith angles and the surface albedo must be defined. The output con-
tains J values for all specified zenith angles and all altitudes of the column. Detailed
information how to run the column model can be found in the user manual which is in20

the manual/ directory of the JVAL code in the Supplement.

2507

http://www.geosci-model-dev-discuss.net
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-print.pdf
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/


GMDD
7, 2501–2523, 2014

JVAL

R. Sander et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

4.2 The CAABA box model

The new JVAL submodel has been implemented in the CAABA box model as described
by R. Sander et al. (2011). Since version 3.3, CAABA uses the updated absorption
cross sections as listed in Table 2.

4.3 The global EMAC model: J values and atmospheric implications5

JVAL has also been implemented in the latest EMAC-2.50 model, which is based on
version 2.50 of MESSy2.

Global fields of J values from the old and the new code are compared for all photoly-
sis reactions. As an example, the results for ozone are shown in Figs. 2 and 3. Detailed
plots for all molecules are available in the Supplement.10

To test the atmospheric implications of the updated J values, two model simulations
have been performed using the updated and the old J values, respectively. The simu-
lations have been carried out in T42L90MA resolution, i.e., with a triangular truncation
at wave number 42 of the spectral ECHAM5 core, which corresponds to an approxi-
mate 2.8◦×2.8◦ quadratic Gaussian grid. The vertical model setup comprised 90 layers15

from the surface up to 0.01 hPa (≈ 80 km) in the middle atmosphere (MA). The model
time step was 600 s. A Newtonian relaxation technique (“nudging”) of the prognostic
variables temperature, vorticity, divergence and the logarithm of the surface pressure
towards ERA-Interim reanalysis data from ECMWF (Dee et al., 2011) has been ap-
plied, in order to nudge the model dynamics towards the observed meteorology. The20

nudging has been applied above the boundary layer up to approximately 10 hPa. From
the comprehensive MECCA atmospheric chemistry (R. Sander et al., 2011), a mech-
anism for the troposphere, the stratosphere and the lower mesosphere was selected,
similar as in Jöckel et al. (2010). It includes ozone-related chemistry of the troposphere
and non-methane hydrocarbons (NMHCs) up to isoprene. The chemical mechanism25

2http://www.messy-interface.org
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consists of 145 gas phase species and 298 reactions. The aqueous phase chemistry
and wet deposition was calculated by the submodel SCAV (Tost et al., 2006), dry de-
position by the submodel DDEP (formerly DRYDEP, Kerkweg et al., 2006a) and the
prescribed emissions and boundary conditions have been handled by the submodels
OFFEMIS (formerly OFFLEM) and TNUDGE (Kerkweg et al., 2006b). Isoprene emis-5

sions from plants and NO emissions from soil have been calculated on-line with the
submodel ONEMIS (formerly ONLEM, Kerkweg et al., 2006b), NO from lightning with
the submodel LNOX (for the present simulations with the parameterisation of Grewe
et al., 2001), and air–sea gas exchange of isoprene, DMS and methanol with the sub-
model AIRSEA (Pozzer et al., 2006). Boundary conditions for green house gases and10

anthropogenic emissions have been used according to the definition of the REF-C1SD
simulation of the IGAC/SPARC Chemistry Climate Model Initiative (CCMI-1) project3

(Eyring et al., 2013). For the reference simulation4 spanning the years 1979 to 2012,
the updated J values have been used.

From this reference simulation, a sensitivity simulation with the old J values was15

branched in January 2000. After 5 years of simulation (August 2005), the differences
between the atmospheric compositions (old vs. updated) were already in a dynami-
cal steady state without showing continuously diverging trends. We analyse the differ-
ences between the simulations exemplarily for the monthly averages of January and
July 2005, respectively. Since the atmosphere is well buffered against small changes20

in J values, the effect of the new J values on tracer mixing ratios is in general lim-
ited. Because of relatively small changes between the old and the new J values, the
differences of O3 and related substances do not show a clear pattern. In Fig. 4, we
show absolute and relative differences between the two simulations for O3. The rela-
tive differences are well below 10 % through the entire atmosphere. For CF2ClBr (Halon25

1211), CF3Br (Halon 1301) and CH3Br, the cross section update from DeMore et al.

3http://www.met.reading.ac.uk/ccmi/
4RC1SD-base-01 within the ESCiMo project, see http://www.pa.op.dlr.de/~PatrickJoeckel/

ESCiMo/.
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(1997) to S. P. Sander et al. (2011) leads to higher J values of these substances in the
troposphere and thus to higher BrO values in this region, as shown in Fig. 5. Detailed
comparison plots for a large number of atmospherically relevant species are available
in the Supplement.

5 Summary and outlook5

We have presented the current version of the photolysis module JVAL and the JVal
PreProcessor (JVPP). Both are community models published under the GNU General
Public License5. The model code and a user manual can be found in the Supplement.
Regarding model development, our future plans include to:

– Simulate photochemistry under twilight conditions. An extension of the current10

JVAL module is under development. Using Eq. (2) to infer J values, the actinic
fluxes are calculated by a pseudo-spherical radiative transfer solver. Here, the di-
rect solar beam is calculated in spherical geometry but the transport of the diffuse
radiation fields is described for a plan parallel model atmosphere. Currently, this
JVAL extension is being verified with full-spherical reference simulations.15

– Improve the aerosol coupling: It is desirable to implement a generalised coupling
(via channel objects, see Jöckel et al., 2010) to the required aerosol properties
(extinction coefficient, adsorbtion coefficient and asymmetry parameter). This will
not only enable the usage of alternative, off-line prescribed aerosol climatologies
as replacement for the implemented climatology, but also a direct, consistent cou-20

pling to the aerosol propeties calculated on-line, if an aerosol submodel is running.

5http://www.gnu.org/copyleft/gpl.html
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– Compare J values generated by JVAL with those generated by other photolysis
models, e.g., Fast-JX6 or TUV7.

Supplementary material related to this article is available online at
http://www.geosci-model-dev-discuss.net/7/2501/2014/
gmdd-7-2501-2014-supplement.zip.5

Acknowledgements. We would like to thank R. von Glasow, A. Kerkweg, M. Kunze and R.
Ruhnke for help with the code and beta-testing. We also wish to acknowledge the use of the Fer-
ret program from NOAA’s Pacific Marine Environmental Laboratory (http://ferret.pmel.noaa.gov)
for creating graphics in this paper.

10

Author contributions. R. Sander wrote the JVPP code. J. Landgraf wrote the original code
on which JVAL is based. P. Jöckel and R. Sander integrated JVAL into the MESSy modeling
system. A. Kunert compared the J values to those before the spectra were updated. P. Jöckel,
O. Kirner, and A. Pozzer performed global simulations and evaluated the atmospheric implica-
tions.15

The service charges for this open access publication
have been covered by the Max Planck Society.

References

Chabrillat, S. and Kockarts, G.: Simple parameterization of the absorption of the solar Lyman-20

alpha line, Geophys. Res. Lett., 24, 2659–2662, 1997. 2505, 2517
Chabrillat, S. and Kockarts, G.: Correction to “Simple parameterization of the absorption of the

solar Lyman-alpha line”, Geophys. Res. Lett., 25, 79, 1998. 2505, 2517

6http://www.ess.uci.edu/researchgrp/prather/scholar_software/fast-jx
7http://cprm.acd.ucar.edu/Models/TUV

2511

http://www.geosci-model-dev-discuss.net
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-print.pdf
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-supplement.zip
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-supplement.zip
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-supplement.zip
http://ferret.pmel.noaa.gov
http://www.ess.uci.edu/researchgrp/prather/scholar_software/fast-jx
http://cprm.acd.ucar.edu/Models/TUV


GMDD
7, 2501–2523, 2014

JVAL

R. Sander et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Danielache, S. O., Eskebjerg, C., Johnson, M. S., Ueno, Y., and Yoshida, N.: High-precision
spectroscopy of 32S, 33S, and 34S sulfur dioxide: ultraviolet absorption cross sections and
isotope effects, J. Geophys. Res.-Atmos., 113, D17314, doi:10.1029/2007JD009695, 2008.
2518

Dee, D. P., Uppala, S. M., Simmons, A. J., Berrisford, P., Poli, P., Kobayashi, S., Andrae, U.,5

Balmaseda, M. A., Balsamo, G., Bauer, P., Bechtold, P., Beljaars, A. C. M., van de Berg, L.,
Bidlot, J., Bormann, N., Delsol, C., Dragani, R., Fuentes, M., Geer, A. J., Haimberger, L.,
Healy, S. B., Hersbach, H., Hólm, E. V., Isaksen, L., Kållberg, P., Köhler, M., Matricardi, M.,
McNally, A. P., Monge-Sanz, B. M., Morcrette, J.-J., Park, B.-K., Peubey, C., de Rosnay, P.,
Tavolato, C., Thépaut, J.-N., and Vitart, F.: The ERA-Interim reanalysis: configuration and10

performance of the data assimilation system, Q. J. R. Meteorol. Soc., 137, 553–597, 2011.
2508

DeMore, W. B., Sander, S. P., Golden, D. M., Hampson, R. F., Kurylo, M. J., Howard, C. J.,
Ravishankara, A. R., Kolb, C. E., and Molina, M. J.: Chemical kinetics and photochemical
data for use in stratospheric modeling, Evaluation number 12, JPL Publication 97-4, Jet15

Propulsion Laboratory, Pasadena, CA, 1997. 2509, 2517
Eyring, V., Lamarque, J.-F., Hess, P., Arfeuille, F., Bowman, K., Chipperfield, M. P., Duncan, B.,

Fiore, A. M., Gettelman, A., Giorgetta, M., Granier, C., Hegglin, M., Kinnison, D., Kunze, M.,
Langematz, U., Luo, B., Martin, R., Matthes, K., Newman, P. A., Peter, T., Robock, A.,
Ryerson, A., Saiz-Lopez, A., Salawitch, R., Schultz, M., Shepherd, T. G., Shindell, D. T.,20

Stähelin, J., Tegtmeier, S., Thomason, L. W., Tilmes, S., Vernier, J.-P., Waugh, D. W., and
Young, P. J.: Overview of IGAC/SPARC chemistry-climate model initiative (CCMI) com-
munity simulations in support of upcoming ozone and climate assessments, available at:
http://elib.dlr.de/84929/ (last access: 22 April 2014), 2013. 2509

Ghosh, B., Papanastasiou, D. K., Talukdar, R. K., Roberts, J. M., and Burkholder, J. B.: Nitryl25

chloride (ClNO2): UV/Vis absorption spectrum between 210 and 296 K and O(3P) quantum
yield at 193 and 248 nm, J. Phys. Chem. A, 116, 5796–5805, 2012. 2517

Grewe, V., Brunner, D., Dameris, M., Grenfell, J. L., Hein, R., Shindell, D., and Staehelin, J.: Ori-
gin and variability of upper tropospheric nitrogen oxides and ozone at northern mid-latitudes,
Atmos. Environ., 35, 3421–3433, 2001. 250930

Inn, E. C. Y., Watanabe, K., and Zelikoff, M.: Absorption coefficients of gases in the vacuum
ultraviolet. Part III. CO2, J. Chem. Phys., 21, 1648–1650, 1953. 2518

2512

http://www.geosci-model-dev-discuss.net
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-print.pdf
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.1029/2007JD009695
http://elib.dlr.de/84929/


GMDD
7, 2501–2523, 2014

JVAL

R. Sander et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Jöckel, P., Sander, R., Kerkweg, A., Tost, H., and Lelieveld, J.: Technical Note: The Modular
Earth Submodel System (MESSy) - a new approach towards Earth System Modeling, Atmos.
Chem. Phys., 5, 433–444, doi:10.5194/acp-5-433-2005, 2005. 2502, 2505

Jöckel, P., Tost, H., Pozzer, A., Brühl, C., Buchholz, J., Ganzeveld, L., Hoor, P., Kerk-
weg, A., Lawrence, M. G., Sander, R., Steil, B., Stiller, G., Tanarhte, M., Taraborrelli, D.,5

van Aardenne, J., and Lelieveld, J.: The atmospheric chemistry general circulation model
ECHAM5/MESSy1: consistent simulation of ozone from the surface to the mesosphere, At-
mos. Chem. Phys., 6, 5067–5104, doi:10.5194/acp-6-5067-2006, 2006. 2502

Jöckel, P., Kerkweg, A., Pozzer, A., Sander, R., Tost, H., Riede, H., Baumgaertner, A., Gro-
mov, S., and Kern, B.: Development cycle 2 of the Modular Earth Submodel System10

(MESSy2), Geosci. Model Dev., 3, 717–752, doi:10.5194/gmd-3-717-2010, 2010. 2502,
2505, 2506, 2508, 2510

Kasten, F. and Young, A. T.: Revised optical air mass tables and approximation formula, Appl.
Opt., 28, 4735–4738, 1989. 2505

Keller-Rudek, H., Moortgat, G. K., Sander, R., and Sörensen, R.: The MPI-Mainz UV/VIS Spec-15

tral Atlas of Gaseous Molecules of Atmospheric Interest, Earth Syst. Sci. Data, 5, 365–373,
doi:10.5194/essd-5-365-2013, 2013. 2505, 2518

Kerkweg, A. and Jöckel, P.: The 1-way on-line coupled atmospheric chemistry model sys-
tem MECO(n) – Part 1: Description of the limited-area atmospheric chemistry model
COSMO/MESSy, Geosci. Model Dev., 5, 87–110, doi:10.5194/gmd-5-87-2012, 2012. 250520

Kerkweg, A., Buchholz, J., Ganzeveld, L., Pozzer, A., Tost, H., and Jöckel, P.: Technical
Note: An implementation of the dry removal processes DRY DEPosition and SEDImenta-
tion in the Modular Earth Submodel System (MESSy), Atmos. Chem. Phys., 6, 4617–4632,
doi:10.5194/acp-6-4617-2006, 2006a. 2509

Kerkweg, A., Sander, R., Tost, H., and Jöckel, P.: Technical note: Implementation of prescribed25

(OFFLEM), calculated (ONLEM), and pseudo-emissions (TNUDGE) of chemical species
in the Modular Earth Submodel System (MESSy), Atmos. Chem. Phys., 6, 3603–3609,
doi:10.5194/acp-6-3603-2006, 2006b. 2509

Koppers, G. A. A. and Murtagh, D. P.: Model studies of the influence of O2 photodissociation
parameterizations in the Schumann-Runge bands on ozone related photolysis in the upper30

atmosphere, Ann. Geophys., 14, 68–79, doi:10.1007/s00585-996-0068-9, 1996. 2517
Lamago, D., Dameris, M., Schnadt, C., Eyring, V., and Brühl, C.: Impact of large solar zenith

angles on lower stratospheric dynamical and chemical processes in a coupled chemistry-

2513

http://www.geosci-model-dev-discuss.net
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-print.pdf
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.5194/acp-5-433-2005
http://dx.doi.org/10.5194/acp-6-5067-2006
http://dx.doi.org/10.5194/gmd-3-717-2010
http://dx.doi.org/10.5194/essd-5-365-2013
http://dx.doi.org/10.5194/gmd-5-87-2012
http://dx.doi.org/10.5194/acp-6-4617-2006
http://dx.doi.org/10.5194/acp-6-3603-2006
http://dx.doi.org/10.1007/s00585-996-0068-9


GMDD
7, 2501–2523, 2014

JVAL

R. Sander et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

climate model, Atmos. Chem. Phys., 3, 1981–1990, doi:10.5194/acp-3-1981-2003, 2003.
2505

Landgraf, J. and Crutzen, P. J.: An efficient method for online calculations of photolysis and
heating rates, J. Atmos. Sci., 55, 863–878, 1998. 2502, 2503, 2504, 2505

Maric, D., Burrows, J. P., and Moortgat, G. K.: A study of the UV-visible absorption spectra of5

Br2 and BrCl, J. Photochem. Photobiol. A, 83, 179–192, 1994. 2517
Pozzer, A., Jöckel, P., Sander, R., Williams, J., Ganzeveld, L., and Lelieveld, J.: Technical Note:

The MESSy-submodel AIRSEA calculating the air-sea exchange of chemical species, At-
mos. Chem. Phys., 6, 5435–5444, doi:10.5194/acp-6-5435-2006, 2006. 2509

Ravishankara, A. R., Solomon, S., Turnipseed, A. A., and Warren, R. F.: Atmospheric lifetimes10

of long-lived halogenated species, Science, 259, 194–199, 1993. 2518
Roehl, C. M., Nizkorodov, S. A., Zhang, H., Blake, G. A., and Wennberg, P. O.: Photodissocia-

tion of peroxynitric acid in the near-IR, J. Phys. Chem. A, 106, 3766–3772, 2002. 2517
Sander, R., Baumgaertner, A., Gromov, S., Harder, H., Jöckel, P., Kerkweg, A., Kubistin, D.,

Regelin, E., Riede, H., Sandu, A., Taraborrelli, D., Tost, H., and Xie, Z.-Q.: The at-15

mospheric chemistry box model CAABA/MECCA-3.0, Geosci. Model Dev., 4, 373–380,
doi:10.5194/gmd-4-373-2011, 2011. 2505, 2508

Sander, S. P., Friedl, R. R., Golden, D. M., Kurylo, M. J., Moortgat, G. K., Keller-Rudek, H.,
Wine, P. H., Ravishankara, A. R., Kolb, C. E., Molina, M. J., Finlayson-Pitts, B. J., Huie, R. E.,
and Orkin, V. L.: Chemical Kinetics and Photochemical Data for Use in Atmospheric Stud-20

ies, Evaluation Number 15, JPL Publication 06-2, Jet Propulsion Laboratory, Pasadena, CA,
available at: http://jpldataeval.jpl.nasa.gov (last access: 22 April 2014), 2006. 2518

Sander, S. P., Abbatt, J., Barker, J. R., Burkholder, J. B., Friedl, R. R., Golden, D. M., Huie, R. E.,
Kolb, C. E., Kurylo, M. J., Moortgat, G. K., Orkin, V. L., and Wine, P. H.: Chemical Kinetics
and Photochemical Data for Use in Atmospheric Studies, Evaluation No. 17, JPL Publication25

10-6, Jet Propulsion Laboratory, Pasadena, available at: http://jpldataeval.jpl.nasa.gov (last
access: 22 April 2014), 2011. 2510, 2517, 2518, 2519

Shemansky, D. E.: CO2 extinction coefficient 1700–3000 Å, J. Chem. Phys., 56, 1582–1587,
1972. 2518

Shettle, E. P. and Fenn, R. W.: Models for the aerosols of the lower atmosphere and the effects30

of the humidity variations on their optical properties, Envronmental Research Papers, No.
676 AFGL-TR-79-0114, Air Force Geophysics Laboratory, Hanscom AFB, Massachusetts
01731, 1979. 2504

2514

http://www.geosci-model-dev-discuss.net
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-print.pdf
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.5194/acp-3-1981-2003
http://dx.doi.org/10.5194/acp-6-5435-2006
http://dx.doi.org/10.5194/gmd-4-373-2011
http://jpldataeval.jpl.nasa.gov
http://jpldataeval.jpl.nasa.gov


GMDD
7, 2501–2523, 2014

JVAL

R. Sander et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Slingo, A.: A GCM parameterization for the shortwave radiative properties of water clouds, J.
Atmos. Sci., 46, 1419–1427, 1989. 2504

Tost, H., Jöckel, P., Kerkweg, A., Sander, R., and Lelieveld, J.: Technical note: A new compre-
hensive SCAVenging submodel for global atmospheric chemistry modelling, Atmos. Chem.
Phys., 6, 565–574, doi:10.5194/acp-6-565-2006, 2006. 25095

Turco, R. P.: Photodissociation rates in the atmosphere below 100 km, Geophys. Surv., 2, 153–
192, 1975. 2518

von Kuhlmann, R., Lawrence, M. G., Crutzen, P. J., and Rasch, P. J.: A model for studies of
tropospheric ozone and nonmethane hydrocarbons: Model description and ozone results, J.
Geophys. Res.-Atmos., 108, 4294, doi:10.1029/2002JD002893, 2003. 250210

2515

http://www.geosci-model-dev-discuss.net
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-print.pdf
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.5194/acp-6-565-2006
http://dx.doi.org/10.1029/2002JD002893


GMDD
7, 2501–2523, 2014

JVAL

R. Sander et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Table 1. Subdivision of the spectral range into 8 bands. λini and λfin are the initial and final
wavelength.

band name λini [nm] λfin [nm]

1 Schumann–Runge 178.555 202.030
2 Herzberg 202.030 240.970
3 Hartley 240.970 289.870
4 289.870 305.500
5 UV-B 305.500 313.500
6 313.500 337.500
7 UV-A 337.500 422.500
8 Chappuis 422.500 682.500

2516

http://www.geosci-model-dev-discuss.net
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-print.pdf
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/


GMDD
7, 2501–2523, 2014

JVAL

R. Sander et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Table 2. JVAL Photolysis reactions.

# reaction reference for spectrum and comments

J1000 O2
hν→ O+O S. P. Sander et al. (2011), Lyman-alpha from Chabrillat and Kockarts (1997) and Chabrillat and Kockarts

(1998), Schumann-Runge band parameterization from Koppers and Murtagh (1996)

J1001b O3
hν→ O(3P)+O2 S. P. Sander et al. (2011)

J1001a O3
hν→ O(1D)+O2 S. P. Sander et al. (2011)

J2101 H2O2
hν→ OH+OH S. P. Sander et al. (2011)

J3101 NO2
hν→ NO+O S. P. Sander et al. (2011)

J3103a NO3
hν→ NO2 +O S. P. Sander et al. (2011)

J3103b NO3
hν→ NO+O2 S. P. Sander et al. (2011)

J3104 N2O5
hν→ NO2 +NO3 S. P. Sander et al. (2011)

J3201 HNO3
hν→ products S. P. Sander et al. (2011)

J3202 HNO4
hν→ products S. P. Sander et al. (2011), IR overtones from Roehl et al. (2002)

J4204 PAN hν→ products S. P. Sander et al. (2011)

J3200 HONO hν→ products S. P. Sander et al. (2011)

J4100 CH3OOH hν→ products S. P. Sander et al. (2011)

J4101a HCHO hν→ CO+H2 S. P. Sander et al. (2011), quantum yields at 300 K and 1 atm

J4101b HCHO hν→ CHO+H S. P. Sander et al. (2011), quantum yields at 300 K and 1 atm

J4202 CH3CO3H hν→ products S. P. Sander et al. (2011)

J4201 CH3CHO hν→ CH3 +CHO S. P. Sander et al. (2011)

J4301 CH3COCH3
hν→ products hardcoded from old JVAL code

J4303 MGLYOX hν→ products hardcoded from old JVAL code

J6201 HOCl hν→ OH+Cl S. P. Sander et al. (2011)

J6101 OClO hν→ products S. P. Sander et al. (2011), value at 204 K

J6100 Cl2O2
hν→ Cl+ClO2 S. P. Sander et al. (2011)

J6301a ClNO3
hν→ Cl+NO3 S. P. Sander et al. (2011)

J6300 ClNO2
hν→ products Ghosh et al. (2012)

J6000 Cl2
hν→ 2Cl S. P. Sander et al. (2011)

J7100 BrO hν→ Br+O S. P. Sander et al. (2011)

J7200 HOBr hν→ OH+Br S. P. Sander et al. (2011)

J7600 BrCl hν→ Br+Cl S. P. Sander et al. (2011), based on formula by Maric et al. (1994)

J7301 BrNO3
hν→ products S. P. Sander et al. (2011)

J7300 BrNO2
hν→ products S. P. Sander et al. (2011)

J7000 Br2
hν→ products S. P. Sander et al. (2011)

J6401 CCl4
hν→ products S. P. Sander et al. (2011)

J6400 CH3Cl hν→ products S. P. Sander et al. (2011)

J6402 CH3CCl3
hν→ products S. P. Sander et al. (2011)

J6500 CFCl3
hν→ products S. P. Sander et al. (2011), formula for temperature-dependence from DeMore et al. (1997)

J6501 CF2Cl2
hν→ products S. P. Sander et al. (2011), formula for temperature-dependence from DeMore et al. (1997)

J7400 CH3Br hν→ products S. P. Sander et al. (2011)

J7601 CF2ClBr hν→ products S. P. Sander et al. (2011)
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Table 2. Continued.

# reaction reference for spectrum and comments

J7500 CF3Br hν→ products S. P. Sander et al. (2011)

J8401 CH3I hν→ products S. P. Sander et al. (2011), using data at 298 K, temperature dependence not considered

J8402 C3H7I hν→ products S. P. Sander et al. (2011)

J8403 CH2ClI hν→ products S. P. Sander et al. (2011), using data for 298 K, temperature dependence not considered

J8400 CH2I2
hν→ products S. P. Sander et al. (2011), using data for 298 K, temperature dependence not considered

J8100 IO hν→ I+O S. P. Sander et al. (2011)

J8200 HOI hν→ products S. P. Sander et al. (2011)

J8000 I2
hν→ 2I Keller-Rudek et al. (2013), based on Sander et al. (2006)

J8600 ICl hν→ products S. P. Sander et al. (2011), values shown as “< 1” in their Table 4H-10 were set to 0

J8700 IBr hν→ products S. P. Sander et al. (2011)

J8300 INO2
hν→ products S. P. Sander et al. (2011)

J8301 INO3
hν→ products S. P. Sander et al. (2011)

SO2
hν→ SO∗

2 Danielache et al. (2008), quantum yield for dissociation is unknown.

SO3
hν→ products S. P. Sander et al. (2011)

J9000 OCS hν→ products S. P. Sander et al. (2011)

J2100 H2O hν→ H+OH S. P. Sander et al. (2011)

J3100 N2O hν→ N2 +O(1D) S. P. Sander et al. (2011)

J3102 NO hν→ N+O hardcoded from old JVAL code

J4102 CO2
hν→ CO+O Shemansky (1972), Lyman-alpha from Inn et al. (1953)

J6200 HCl hν→ H+Cl S. P. Sander et al. (2011)

J7603 CHCl2Br hν→ products S. P. Sander et al. (2011)

J7604 CHClBr2
hν→ products S. P. Sander et al. (2011)

J7602 CH2ClBr hν→ products S. P. Sander et al. (2011)

J7401 CH2Br2
hν→ products S. P. Sander et al. (2011)

J7402 CHBr3
hν→ products S. P. Sander et al. (2011), formula for temperature-dependence not only used for 290-340 nm but also

for > 340 nm.

J9002 SF6
hν→ products Lyman-alpha from Ravishankara et al. (1993)

J6301b ClNO3
hν→ ClO+NO2 S. P. Sander et al. (2011)

J4411 MACR hν→ products hardcoded from old JVAL code

J4401 MVK hν→ products hardcoded from old JVAL code

J4208 CHOCHO hν→ 2CHO hardcoded from old JVAL code

J4205 HOCH2CHO hν→ products S. P. Sander et al. (2011)

J4103 CH4
hν→ products Lyman-alpha from Fig. 1 of Turco (1975)

H2SO4
hν→ SO3 +H2O hardcoded from old JVAL code
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Sander et al.: JVAL 7

Fig. 1. Absorption cross sections of OClO on a linear (left) and logarithmic (right) scale. The red line shows the original data taken from
Sander et al. (2011b) and the black line after interpolation by JVPP to a fixed grid of 176 wavelengths.

Fig. 2. Comparison of old and new J-values (in s−1) for O3 → O(1D), calculated for 2000-01-01, 02:00 UTC at the surface. The first row
is plotted on a linear scale, the second on a logarithmic scale. The left column shows the old result, the center column the new result, and the
right column the differences.

Fig. 3. Comparison of the vertical profiles of the old and new J-values (in s−1) for O3 → O(1D), calculated for 2000-01-01, 02:00 UTC at
a longitude of 138◦E and 90 model levels. The first row is plotted on a linear scale, the second on a logarithmic scale. The left column shows
the old result, the center column the new result, and the right column the differences.

Fig. 1. Absorption cross sections of OClO on a linear (left) and logarithmic (right) scale. The
red line shows the original data taken from S. P. Sander et al. (2011) and the black line after
interpolation by JVPP to a fixed grid of 176 wavelengths.
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Fig. 1. Absorption cross sections of OClO on a linear (left) and logarithmic (right) scale. The red line shows the original data taken from
Sander et al. (2011b) and the black line after interpolation by JVPP to a fixed grid of 176 wavelengths.

Fig. 2. Comparison of old and new J-values (in s−1) for O3 → O(1D), calculated for 2000-01-01, 02:00 UTC at the surface. The first row
is plotted on a linear scale, the second on a logarithmic scale. The left column shows the old result, the center column the new result, and the
right column the differences.

Fig. 3. Comparison of the vertical profiles of the old and new J-values (in s−1) for O3 → O(1D), calculated for 2000-01-01, 02:00 UTC at
a longitude of 138◦E and 90 model levels. The first row is plotted on a linear scale, the second on a logarithmic scale. The left column shows
the old result, the center column the new result, and the right column the differences.

Fig. 2. Comparison of old and new J values (in s−1) for O3 →O(1D), calculated for 1 Jan-
uary 2000, 02:00 UTC at the surface. The first row is plotted on a linear scale, the second on
a logarithmic scale. The left column shows the old result, the center column the new result, and
the right column the differences.
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Fig. 1. Absorption cross sections of OClO on a linear (left) and logarithmic (right) scale. The red line shows the original data taken from
Sander et al. (2011b) and the black line after interpolation by JVPP to a fixed grid of 176 wavelengths.

Fig. 2. Comparison of old and new J-values (in s−1) for O3 → O(1D), calculated for 2000-01-01, 02:00 UTC at the surface. The first row
is plotted on a linear scale, the second on a logarithmic scale. The left column shows the old result, the center column the new result, and the
right column the differences.

Fig. 3. Comparison of the vertical profiles of the old and new J-values (in s−1) for O3 → O(1D), calculated for 2000-01-01, 02:00 UTC at
a longitude of 138◦E and 90 model levels. The first row is plotted on a linear scale, the second on a logarithmic scale. The left column shows
the old result, the center column the new result, and the right column the differences.Fig. 3. Comparison of the vertical profiles of the old and new J values (in s−1) for O3 →O(1D),

calculated for 1 January 2000, 02:00 UTC at a longitude of 138◦ E and 90 model levels. The
first row is plotted on a linear scale, the second on a logarithmic scale. The left column shows
the old result, the center column the new result, and the right column the differences.
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Fig. 4. Effect of updated J-values on ozone. All plots refer to monthly mean values of July 2005.

Fig. 5. Effect of updated J-values on BrO. All plots refer to monthly mean values of July 2005.

Fig. 4. Effect of updated J values on ozone. All plots refer to monthly mean values of July 2005.
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Fig. 4. Effect of updated J-values on ozone. All plots refer to monthly mean values of July 2005.

Fig. 5. Effect of updated J-values on BrO. All plots refer to monthly mean values of July 2005.
Fig. 5. Effect of updated J values on BrO. All plots refer to monthly mean values of July 2005.

2523

http://www.geosci-model-dev-discuss.net
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-print.pdf
http://www.geosci-model-dev-discuss.net/7/2501/2014/gmdd-7-2501-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/

