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Presentation 
Outline

• Briefly describe the “new” TUV-x

• Show how TUV-x fits into the master plan for 
photolysis needs at NCAR

•Why do we need to move on from the LUT 
approach for global modeling?

• First results using inline TUV-x in CESM2 
(MUSICAv0), i.e., CAM-Chem

• Special needs for WACCM



Tropospheric 
Ultraviolet 

Visible  extension 
TUV-x 

(Madronich et 
al., Original TUV 

Code)

• Portable... presents a single interface that is 
usable in multiple contexts
• Builds as a software library. Build once and 

link to from any application
• Configurable (data-driven)
• Maintainable (ready for new science)
• Can include a representation aerosols and 

clouds in radiative transfer



TUV-x 
Configurability

• Moved hard-coded 
configuration details to 
JSON data files
• Reusable datatypes 

allow run-time 
addition/modification 
of:
• Cross sections
• Quantum yields
• Absorbing species
• and more!



Tropospheric 
Ultraviolet Visible  
extension TUV-x 

Access

• Try out stand-alone TUV-x
(https://github.com/NCAR/tuv-x)

• Quick-start instructions on 
the GitHub repo for running 
stand-alone TUV-x in a Docker 
containers

• Send feedback to Matthew 
Dawson: 
mattdawson@ucar.edu

https://github.com/NCAR/tuv-x
https://github.com/NCAR/tuv-x


TUV-x

XS & QY database (e.g., JPL, etc…) Radiative Transfer Choice   / 
Exo Terrestrial Flux

Web based Quick TUV 
Calculator

Standalone 
Profile

MusicBox

Aircraft Campaign Support (HARP)

Rad. Transfer 
inputs: O2, O3, 

NO2, SO2, other, 
Aerosols and 

Clouds

Inline MUSICA, CAM-
Chem, WACCM

FastJ (Prather)
Evaluation (Harvard)



TUV-Webpage
231,663 calculations since 2016-02-09 (113 photolysis rates).

https://www.acom.ucar.edu/Models/TUV/Interactive_TUV/



Cloud
enhanced

Cloud
extinction

TUV connections to HARP/CAFS airborne actinic flux measurements
TUV provides Benefits/examples

Photolysis frequency 
calculations for measured 
and modeled actinic flux 

Measurement/model consistency
• Identical absorption cross-sections 
• Identical quantum yields

Clear-sky calculations of 
up/down actinic flux and 
photolysis frequencies along 
flight track

• Project continuity (since 1996) 
• ACCLIP calibration issue 

identification and analysis

Measurement/TUV ratio 
removes SZA and altitude 
impacts

• Identification of cloud, aerosol, 
albedo and ozone column impacts

• Statistical comparisons to global 
models (Hall et al., 2018)

Cloud/aerosol, ozone 
column, albedo parameters

• ACCDAM satellite trace gas 
retrievals

• DC3 optical depths
• KORUS-AQ aerosol impacts
• CONTRAST jet stream ozone

Spectral absorption analysis Remote sensing smoke detection 
(up/down)

Contact: Sam Hall (halls@ucar.edu) and Kirk Ullmann (ullmannk@ucar.edu)

mailto:halls@ucar.edu


Global modeling 
needs for influence 

of species and 
aerosols that impact 

the radiative 
transfer / photolysis 

rates

Representation of a wide range of Science Projects, e.g.

Ø Present day atmosphere under various volcanic sulfate/soot 
loadings and possible Geoengineering studies (Tilmes).

Ø Large wildfire (pyroCb) towers where injections of soot, 
organic aerosols are included (Solomon).

Ø Early earth atmospheres where O2 and O3 are not major 
absorbers (Marsh).

Ø Asteroid impact scenarios where there is a large perturbation 
of soot, H2O, NOx, and halogens (Bardeen, Garcia).

Ø Nuclear war scenarios where soot, organic aerosols, NOx are 
elevated (Bardeen, Kinnison).



CESM2 Inline vs LUT

Wavelength range: ~310-411nmWavelength range: 175-205nm

O3 + hv => O(1D) + O2

O2 + hv => 2O

SRB / Hertzberg Cont. Issue?



CESM2 Inline vs LUT

Wavelength range: 240-650nmWavelength range: 210-365nm

Methyl Hydroperoxide

Nitrogen Dioxide
Check T-dependence



CESM2 Inline vs LUT

Wavelength range: 170-362nm

Summary: Need to check all cross 
section and quantum yield values 
and implementation in TUV-x. 

Will compare to TUV (v5.3) and 
the LUT databases.

Bromoform



Solar Heating Rate Approach in WACCM

Mlynczak and Solomon, JGR, 1993.

Solar Energy

Atomic and 
Molecular Internal 
Energy
[e.g., O(1D). O2(1S)]

Translational Energy
[Energy of Photon – BDE]

Chemical Potential 
Energy
[Exothermic Reactions]

Radiative Loss



Merge Solar Heating Approaches for WACCM

WACCM SW 
LUT/Parameterization 
121-750nm
(Thermal + CPH - AG)

CAM SW Heating, 
>200nm (O3, O2, H2O)



Next Step

Ø Finish integration of TUV-x into MUSICAv0 

Ø Test with aerosol input (e.g., Sulfate, Soot)

Ø Aim for 4-stream discrete ordnance radiative transfer (RT) 
May need to optimize wavelength grid for computational efficiency?
Could also use 2-stream RT

Ø Derive heating rates for high top (WACCM) to address chemical potential 
heating.

Ø Add cloud fraction approach to RT

Evaluate model chemical composition with LUT approach and Observations 

Evaluate with CloudJ (Prather) when available



Extra Slide



CESM2-MUSICAv0 

Inline (33 Bins) LUT (67Bins)

Photolysis: e.g., O2 + hv -> O (3P) + O(1D) 
d[O2]/dt = JO2 [O2]

JO2 (p) = S Fexo (l) x Nflux(p, l) x s (l) x f (l) 

200 nm 750 nm

Fexo: Lean (l) dependent extraterrestrial flux. 
Modified by the Earth-Sun distance (esfact).

Nflux (normalized flux) is based on TUV 
(Madronich),  4-stream radiative transfer.

LUT: Nflux (p, l) is function of (pressure, col. O3, 
SZA, Albedo)

LUT: s (l) x f (l) is function of ( T, p )

CAM4 SW Heating rates

121 nm

Inline Calculation:
• JO2 Lyman Alpha

• JO2 SRB
• JNO SRB

• s x f for all other J’s

• Nflux (p, l) is funct. of (O3, O2)

Heating and 
Photolysis rates

Cloud correction factor is applied to total J (Madronich).

<= EUV (LUT)
l


