
Spectroscopy*Evalua0on*
274062830*cm61*

For*H2CO*this*region*provides*the*best*spectral*windows*in*the*IR*due*to*the*
presence*of*the*ν1*band*of*H2CO*(CH2*symmetric*stretch)*centered*at*2783*cm61.**
*
This*spectral*region*contains*strong*absorp0ons*of*several*gases*including:*
CH4,*HDO,*N2O,*O3,*H2O,*CO2,*HCl,*H2CO*
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PNNL*spectra*of*H2CO*

Region*studied*in*this*work*

The*274062830*cm61*region*contains*dozens*of*H2CO*absorp0on*features,*all*blended*with*
much*stronger*absorp0on*from*HDO,*CH4,*N2O*etc.*If*these*interferences*are*well*fi[ed,*
however,*it*might*be*possible,*to*nevertheless*accurately*infer*H2CO*column*amounts.*

ν2* ν1*&*ν4*

Although*ν2*band*of*H2CO*(CO*stretch)*
centered*at*1746*cm61*is*stronger,*this*
region*is*blacked*out*by*H2O*at*low*
al0tudes,*where*most*H2CO*resides.*



HITRAN*2008* HITRAN*2008*

HITRAN*2012*HITRAN*2012*

Spectral*Fits*to*Ki[*Peak*H2CO*v2*band*



HITRAN*2012*HITRAN*2012*

HITRAN*2008* HITRAN*2008*

Spectral*Fits*to*KP*H2CO*v1*&*v4*bands*



H2CO*Spectroscopy*Conclusions**
Fits*to*Ki[*Peak*laboratory*spectra*of*H2CO*reveal*HITRAN*2012*an*improvement*
over*HITRAN*2008*due*to*the*improved*width*parameters*of*Jacquemert*et*al.*
[2010].**This*is*true*both*in*the*v2*band*around*1745*cm61*and*the*v1*&*v4*bands*
around*2800*cm61**
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*
There*are*s0ll*some*obvious*deficiencies*in*the*HITRAN*2012*H2CO:*
•  The*missing*ν2*H2

13CO*band*with*its*Q6branch*at*1708*cm61*
•  Many*lines*throughout*the*bands*have*large*intensity*&*posi0on*errors.*



Examples*of*large*residuals*280063000*cm61**



Examples*of*large*residuals*280063000*cm61**



Examples*of*large*residuals*280063000*cm61**



Examples*of*large*residuals*280063000*cm61**



MkIV*ground6based:*HITRAN*2012*



H2CO*absorp0on*

H2CO*never*contributes*more*than*
20%*of*the*total*absorp0on*anywhere*
in*the*spectrum,*at*least*at*a*column*
of*2.5x1015*molec/cm2*

The*retrieved*column*amounts*will*
therefore*be*cri0cally*dependent*on*
the*modeling*of*the*strong*interfering*
absorp0ons.*

Tradi0onally*narrow*H2CO*windows*
have*been*defined*centered*on*the*
strongest*H2CO*absorp0on*features.*

But*poten0ally*much*more*H2CO*
informa0on*could*be*extracted*if**a*
very*wide*window*were*fi[ed.*

Would*require*all*interfering*gas*
absorp0ons*to*be*well*fi[ed*



MkIV*Balloon*30*km*(HITRAN*2012)*



Strategy*for*improving*spectroscopy*

1)*Fit*ground6based*and*balloon*borne*MkIV*solar*absorp0on*spectra*
*
2)*Examine*large*systema0c*residuals*and*find*out*which*gas*is*responsible*
*
3)*Fit*laboratory*spectra*of*responsible*gas*in*same*spectral*region:*
*
4)*Adjust*spectroscopic*parameters*to*improve*fits*to*laboratory*spectra*
•  From*low*pressure*spectra*adjust*posi0ons*and*intensi0es*
•  From*air6broadened*spectra*adjust*widths*and*shiks*

5)*Go*to*1*(un0l*all*large*residuals*have*been*removed)*
*
*
Although(spectroscopic(problems(are(iden4fied(from(atmospheric(spectral(fits,(the(
adjustments(are(based(solely(on(laboratory(spectra((except(for(weak(H2O,(O2,(and(N2).(



Ki[*Peak*Lab*O3*spectra*(HIT*2012)*



Ki[*Peak*lab*O3*spectra*(ATM15)*

Peak*residuals*reduced*from*3%*to*1%*by*adjus0ng*line*posi0ons.*Offending*O3*
lines*are*“in*resonance”*and*so*their*calculated*posi0ons*are*inaccurate*



Ki[*Peak*Lab*CH4*

CH4*at*24C*N26broadened*to*400*Torr*

ATM15*linelist*gives*residuals*of*0.12%*as*
compared*with*0.24%*for*HITRAN*2012.*
*
Peak*residuals*are*reduced*from*4%*to*1%*

HITRAN*2012*

ATM*2015*



Ki[*Peak*lab*HDO*

HITRAN*2012*

ATM*2015*

Aker*adjus0ng*widths*and*pressure*shiks*
Rms*residuals*reduced*from*0.21%*to*0.15%*
Peak*residuals*reduced*from*2%*to*1%*



MkIV*ground6based:*ATM*2015*

Fits*to*MkIV*ground6based*spectra*using*empirically6adjusted*ATM15*linelist*are*much*
be[er*than*using*HITRAN*2012:*0.26%*rms*versus*0.40%*
Main*remaining*problem*is*line6mixing*from*N2O*Q6branch*at*2798*cm61*



MkIV*ground6based:*HITRAN*2012*



MkIV*Balloon*(ATM*2015)*



MkIV*Balloon*(HITRAN*2012)*



MkIV*ground6based*H2CO*column*
Barcrok*(3.80*km)*

Barcrok*(3.80*km)*

JPL*(0.35*km)*

JPL*(0.35*km)*

Narrow&windows&
Wide&Window&



MkIV*ground6based*H2CO*column*
Barcrok*(3.80*km)*

Narrow&windows&
Wide&Window&

TMF*(2.26*km)* TMF*(2.26*km)*

JPL*(0.35*km)*



Summary*
H2CO*spectroscopy*was*evaluated*using*Ki[*Peak*lab*spectra.**HITRAN*2012*improved*over*
2008,*but*problem*remain.*No*adjustments*made.*

Main*inaccuracies*in*H2CO*retrievals*result*from*interfering*gases*(HDO,*CH4,*O3,*N2O)*

MkIV*solar*spectra*acquired*from*the*ground*and*balloon*were*fi[ed*over*2740*to*2830*cm61*
•  Balloon*spectra*good*for*evalua0ng*line*posi0ons*and*rela0ve*intensi0es*
•  Ground6based*spectra*good*for*evalua0ng*widths*and*pressure*shiks*

Persistent*fiong*residuals*were*seen*at*several*wavenumbers.*Most*of*these*same*residuals*
also*appeared*in*fits*to*Ki[*Peak*lab*spectra*of*the*absorbing*gases.*

Spectroscopic*parameters*were*then*adjusted*to*improve*the*fits*to*the*KP*lab*spectra.*In*the*
vast*majority*of*cases,*also*improved*fits*to*the*MkIV*spectra.**The*main*adjustments*were:*
•  O3*posi0ons*(resonance*lines)*
•  CH4*widths*&*shiks*
•  HDO*widths*&*Shiks*
[In*HITRAN*2012,*HDO*shiks*are*currently*all*0.000*in*this*region]*

The*largest*remaining*residuals*are*due*to:*
•  Incorrect*HDO*ver0cal*profile*
•  Neglect*of*Line*Mixing*in*the*N2O*Q6branch*at*2798*cm61*



Spectroscopy*Discussion*



Spectroscopy*Bug*Website*

Jim Hannigan and Eric Nussbaumer set up a Bugzilla site for reporting 
spectroscopic problems. So if a user sees persistent systematic residuals 
at a particular frequency, they should file a bug report.  
 
http://acd.ucar.edu/~ebaumer/bugzilla/index.cgi 
 
This is to be used for both NDACC and TCCON. 
 
Unfortunately this site has seen very little use. 
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