
GOALS:

Improve GMI/MAP capability to predict future atmospheric composition 
and perhaps most importantly, air quality in a changing climate..  

Remain guided by overall science problems:  
What is the right answer?  
How can we quantify errors in chemistry-climate modeling?  
When do improved algorithms pay off, 

e.g., alter the scientific conclusions?  
Which CCM components lead to the greatest uncertainty

in composition and climate forcing?  
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TASKS: 
(i)    Optimized fast-JX based photolysis & solar heating module
(ii)   Precipitation scavenging module focusing on NOy 
(iii) Acquire independent, multi-year met fields (EC/Oslo) 
(iv)   Implement optional tracer-advection code for GMI 
(v)   Strat-chem module (O3 & NOy) for long-term climate runs (Linoz)
(vi)  Resolution error analysis / correction schemes (also NSF) 
(vii)  Participate in international community projects (SPARC CCMVal, 

EU QUANTIFY) to incorporate new findings in MAP/GMI
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(i) fast-JX  &  (vii) SPARC/CCMVal PhotoComp2008 (w/ H.Bian)
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Figure. Photolysis rate of O2 (/sec /nm) as a function of wavelength (nm).  

J-O2 (per nm) is shown for a solar zenith angle of 15° at 100 hPa for clear 
sky in the tropics with 238 DU overhead O3 column.
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Figure (b). Instantaneous O3 production (ppb/day) from O2 photolysis near noon in the 
tropics (solar zenith angle = 15°, O3 column = 260 DU) is plotted vs. pressure altitude, 
z*(km) = 16 log10 1000/ p(hPa).  These noontime rates are about 6x the 24-hour averages. 
Results are shown for the recommended O2 cross sections (solid line) and a range of 
±30% (x1.3, /1.3).  

Figure (c).  Change in tropical tropospheric O3 (ppb) for increased/decreased O2 cross 
sections. Solid lines for x1.3 and /1.3 are the annual zonal tropical means; the minimum 
and maximum range for the monthly means arer shown as symbols. 
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Already identified & corrected
long-standing error in JPL  
tables for J-NO2



(i) fast-JX 

 fast-Heating (Solar term)

Accurate heating rates (directly calculated deposition of the 
direct and diffuse fluxes in a pseudo-spherical 
atmosphere!) is complete for the UV-Vis range.

Completion will be delayed, pending more direct 
collaboration with NASA MAP GCM to optimize the on 
the spectral bands for solar near IR.
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(ii) Precipitation scavenging module focusing on NOy

work of Jessica Neu

Compare GMI scavenging code
with new UCI algorithm:

UCI has more NOx in upper trop
less in boundary layer 

both within the UCI CTM
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(iii) Independent, multi-year met fields (EC/Oslo)

UCI CTM with 1° x 1° L40 ECMWF IFS forecast fields (w/ U. Oslo)

1 Jan 2005 through 31 Dec 2007

Working with Oslo to get 2004 – 2009 1° x 1° L60 

Work with GMI to implement in LR tracer algorithm
(or swap out with SOM tracer algorithm)

Examples from Aura work by Qi Tang



UCI CTM with 1° x 1° L40 ECMWF IFS forecast fields (w/ U. Oslo)



UCI CTM with 1° x 1° L40 ECMWF IFS forecast fields (w/ U. Oslo)



UCI CTM with 1° x 1° L40 ECMWF IFS forecast fields (w/ U. Oslo)



UCI CTM with 1° x 1° L40 ECMWF IFS forecast fields (w/ U. Oslo)



UCI CTM with 1° x 1° L40 ECMWF IFS forecast fields (w/ U. Oslo)



UCI CTM with 1° x 1° L40 ECMWF IFS forecast fields (w/ U. Oslo)



UCI CTM with 1° x 1° L40 ECMWF IFS forecast fields (w/ U. Oslo)



UCI CTM with 1° x 1° L40 ECMWF IFS forecast fields (w/ U. Oslo)



GMI SCIENCE TEAM MEETING
MAY 11-12, 2009, GSFC

(iv) Implement optional tracer-advection code for GMI

UCI CTM ver 5.6 delivered to GMI – SIVO a month ago
has stratospheric Linoz chemistry, e90 t-pause, …

Code is clean and optimized, but OpenMP 
uses 7 out of 8 cpus 
T42 full UCI chemistry (20 hrs/yr on 1 $4K board)

UCI CTM now uses ‘e90’ tracer to define tropopause: uniform 
surface emissions, 90-day e-fold everywhere.  Previously used O3
(e.g., 120 ppb) to define tropopause.  Can now compare with t-
pause observations AND understand seasonality of O3 at t-pause.



UCI CTM  T42 L40 ECMWF IFS forecast fields with e90 tropopause

‘Upper’ t-pause

PRESSURE

CTM evaluation:

e90 works

Considine et al, ACP 2008



UCI CTM  T42 L40 ECMWF IFS forecast fields with e90 tropopause

Logan, JGR 1999                      UCI CTM

O3 profile
across tropopause:

4 Canadian sonde stations
(Logan, JGR 1999)

CTM evaluation:

not bad



UCI CTM  T42 L40 ECMWF IFS forecast fields with e90 tropopause

t-pause 

O3

CTM evaluation:

e90 works

CTM looks good !

tropics ?? 

Considine et al, ACP 2008
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(v) Strat-chem module for long-term climate runs (Linoz based)

Completed and tested O3, N2O, & NOy (first 3-D modes calculated) 
Decadal tables for CFCs & CH4 to follow
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(vi) Resolution error analysis / correction schemes (also NSF)
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(vi) Resolution error analysis / correction schemes (also NSF)
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(vii) Participate in EU QUANTIFY, incorporate findings in MAP/GMI



TASKS: 
(i)    Optimized fast-JX based photolysis & solar heating module
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(v)   Strat-chem module (O3 & NOy) for long-term climate runs (Linoz)
(vi)  Resolution error analysis / correction schemes (also NSF) 
(vii)  Participate in international community projects (SPARC CCMVal, 

EU QUANTIFY) to incorporate new findings in MAP/GMI
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