1. Between 691 cm~! and 693 cm~! the HITRAN 2000 database contains the following param-
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eters for lines of the relevant gases with line strengths above 10~2! cm/molecule:

31 691.370100 1.040E-21 8. 869E-04.0761. 1003 228.7342 .76
21 691.972498 9. 167E-20 9. 167E-03. 0684. 0869 362. 7882 .78
31 692.034800 1.160E-21 9. 060E-04.0767.1009 191.7092 .76
21 692.129032 4. 010E-21 9. 500E-03. 0686. 0878 1007. 1335 .78
21 692.400132 3. 685E-21 9. 484E-03. 0684. 0869 1031.1291 .78
31 692.468700 1.240E-21 9. 110E-04.0771.1016 158.1653 .76
31 692.661600 1.070E-21 7. 898E-04.0780. 1038 78.5386 .76
31 692.696400 1.240E-21 8. 823E-04.0775.1023 128.1196 .76
31 692. 748400 1. 190E-21 8. 469E-04.0778.1030 101.5791 .76

We would like to compute the optical depth at a wavenumber of 692.000 cm~ for a 1 km
thick layer at a pressure of p = 102 mb and temperature of 7' = 217 K. The volume mixing
ratios of the radiatively active gases are qz20 = 6.55 x 107°, gco2 = 3.70 x 107%, and
gos = 2.22 x 1075, The number of air molecules per cm? in this layer is

AzNap

Ugir = T 3.40 x 10* molec/cm? .

a) Determine the single absorption line that will dominate the absorption at 692.000 cm~1.
Write down the molecule and wavenumber.

The important absorption line is the one at 691.9725 cm~! which is from the main isotope
of CO,. The other CO, lines have lower strengths and are much further in terms of line
halfwidths from 692 cm~!. The nearby ozone line is not relevant since the ozone abundance
is 167 times less than CO, and the line strength at 296 K is about 80 times less.

b) Calculate the Lorentz halfwidth for this absorption line. Self-broadening can be ignored
since the mixing ratios are so small.

The halfwidth of the Lorentz line shape scales according to

o) G

where «y is the halfwidth in the HITRAN database at pressure po = 1013.25 mb and tem-
perature T, = 296 K. The halfwidth of this line is

206 K\ "8
) (217 K) = 0.00877 cm ™!

102 mb
1013 mb

a = (.0684 cm™) <



c) Calculate the line stength for this absorption line at the temperature of this layer. The
partition functions are

Molecule/lsotope  Q(217 K) Q(296 K)
21 198.4 286.2
31 2094.4 3481.9

The line strength scales as

exp(—hcEyL;/kgT)Qr(Ty) [1 — exp(—hcvy ;i /kpT)]
exp(—hcEy ;/kTo)Qr(T) [1 — exp(—hcvy ;i /kpTh)]
where 7' is the temperature, Tj is the reference temperature (296 K), Q) is the total partition

function for the particular molecule/isotope, Ey,; is the lower state energy in cm~!, and v ;
is the transition wavenumber.

For this CO, absorption line the line strength is

exp {_ (1.4388 K cn;)l(736£.7882 cm*l)} 986.9 (1 —exp {_ (1.4388 K cmé)l(769é.9725 cm*l)D
Si(T") = Si(To) - ' -
v v (1.4388 K cm)(362.7882 cm—1) (1.4388 K cm)(691.9725 cm—1)
eXp {_ 206 K } 198.4 (1 — &Xp {_ 206 K D

0.090 0.9898
J(T) = (9.1 10720 ] (—) 1.44 (—)
Si(T) = (9.167 x 10~*° cm/molec) 0171 (1.443) 0.9654

Si(T) = (9.167 x 10~ cm/molec)(0.526)(1.443)(1.025) = 7.136 x 10~* cm/molec

d) Calculate the absorption coefficient and optical depth of this layer at 692 cm !,
Since we are considering a single Lorentz absorption line, we use the Lorentz line shape f.
The the absorption coefficient is given by
Sa/m
v—1p)?+ a?

kV:Sf(V_VO):(

For the desired wavenumber of v = 692.000 cm~! the monochromatic absorption coefficient
IS
(7.136 x 107%° cm/molec)(0.00877 cm™!) /7

k= = 2.39 % 107" cm?/mol
(692.0000 et~ — 691.9725 cm=")2 + (0.00877 cm~1)2 x 107" em” /molec

The optical depth of the layer at this wavenumber is the absorber amount of CO, times the
absorption coefficient
ThU = kVuCOZ - kVQC’OQuair

ot = (2.39 x 107" cm? /molec)(3.70 x 107*)(3.40 x 10** molec/cm™?) = 30.1



