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The transmission for NO2 will be calculated at certain wavelengths at a tangent altitude of 24 km.  The same will be calculated for ozone, at tangent altitudes 13 km (to verify the method with calculations done previously) and 24 km (to compare with the transmission of NO2).



Table 1.  Absorption Cross-Section for NO2 from [1] and for ozone from the 1976 Standard Atmosphere.



Wavelength 

[nm]�Ozone Cross-Section, (o3 [x10-19cm2]�NO2 Cross-Section, (no2

 [x10-19cm2]��429�0.000538�4.30��431�0.000643�5.70��432�0.000696�4.40��435�0.000847�6.20��438�0.000971�3.70��439�0.00100�6.20��442�0.00105�3.50��445�0.00111�5.70��447�0.00115�4.10��448�0.00118�6.10��450�0.00128�4.00��612�0.0451�0.60��617�0.0413�0.32��622�0.0380�0.20��



Table 2.	Mixing Ratios for NO2 and Pressures from [2] (N 60( lat, Figure 3(b), p.22968);  

	Air density from previous calculations.



Pressure, P

 [hPa or mb]�Mixing Ratio, R [ppbv]�Height, h

 [km]�Air Density, nair [x1018cm-3]�NO2 Density, nno2 [x109cm-3]��0.8�4�50�0.0238�0.095��1.5�6�46�0.0393�0.236��2�8�44�0.0514�0.411��4�10�39�0.102�1.02��7�10.5�35�0.182�1.91��11�10�32�0.286�2.86��18�8�28�0.531�4.25��23�6�27�0.620�3.72��30�4�25�0.856�3.43��35�2�24�1.00�2.01���Formulas for Table 2:



Height



� EMBED Equation.2  ���								(1)



This formula was generated by Excel, using pressure data from Cira for May at 60( N lat (see Fig. 2).  This height profile was plotted and a trend line was inserted in order to obtain the formula.  The trend line fit the data extremely well, and is an indication of how well this formula calculates height from pressure.



NO2 Density



� EMBED Equation.2  ���									(2)



� EMBED Excel.Chart.5 \s ���

Figure 1. NO2 Distribution at night for 60( N lat. (from contour profile ref. [2] ). 











� EMBED Excel.Chart.5 \s ���

Figure 2.  Pressure to Height conversion.



�Table 3.  For NO2 at tangent altitude of 24 km.



Height, h

 [km]�Path, Li

[x106cm]�NO2 Density, nno2 [x109cm-3]�Optical Path for 612 nm*, (612 [x10-3]�Optical Path for 622 nm*, (622

[x10-3]�Optical Path for 450 nm*, (450

[x10-3]�Optical Path for 445 nm*, (445

[x10-3]�Optical Path for 431 nm*, (431

[x10-3]�Optical Path for 429 nm*, (429

[x10-3]��50�35.8�0.095�0.204�0.0680�1.36�1.94�1.94�1.46��46�4.6�0.236�0.0646�0.0215�0.431�0.614�0.614�0.463��44�2.4�0.411�0.0602�0.0201�0.401�0.572�0.572�0.431��39�6.7�1.02�0.410�0.137�2.74�3.90�3.90�2.94��35�6.2�1.91�0.714�0.238�4.76�6.78�6.78�5.11��32�5.5�2.86�0.940�0.313�6.26�8.93�8.93�6.73��28�9.3�4.25�2.370�0.791�15.80�22.50�22.50�17.00��27�3.0�3.72�0.673�0.224�4.49�6.39�6.39�4.82��25�8.2�3.43�1.690�0.565�11.30�16.10�16.10�12.10��24�11.3�2.01�1.360�0.452�9.04�12.90�12.90�9.72������������Total Optical Path, (** (x10-3)�8.49�2.83�56.60�80.60�80.60�60.80��Total Transmission, T**�0.9915�0.9972�0.9450�0.9225�0.9225�0.9410��*   for each height as well

** for each wavelength



Formulas for Table 3:



Optical Path



� EMBED Equation.2  ���									(3)



Total Optical Path



� EMBED Equation.2  ���										(4)



Total Transmission



� EMBED Equation.2  ���� EMBED Equation.2  ���										(5)

�Table 4.  For ozone at tangent altitude of 24 km.



Height, h

 [km]�Path, Li

[x106cm]�O3 Density, no3 [x1012cm-3]�Optical Path for 612 nm*, (612 [x10-3]�Optical Path for 622 nm*, (622

[x10-3]�Optical Path for 450 nm*, (450

[x10-3]�Optical Path for 445 nm*, (445

[x10-3]�Optical Path for 431 nm*, (431

[x10-3]�Optical Path for 429 nm*, (429

[x10-3]��50�35.8�0.0972�15.69�13.22�0.445�0.386�0.224�0.187��46�4.6�0.220�4.528�3.81�0.129�0.111�0.0646�0.0540��44�2.4�0.318�3.501�2.95�0.0994�0.0862�0.0499�0.0418��39�6.7�0.665�20.13�16.96�0.571�0.496�0.287�0.240��35�6.2�0.983�27.66�23.30�0.785�0.681�0.394�0.330��32�5.5�1.24�30.64�25.82�0.870�0.754�0.437�0.366��28�9.3�2.47�103.76�87.42�2.94�2.55�1.48�1.24��27�3.0�2.47�33.58�28.29�0.953�0.826�0.479�0.401��25�8.2�3.05�113.35�95.50�3.21�2.79�1.62�1.35��24�11.3�3.24�164.57�138.66�4.67�4.05�2.35�1.96������������Total Optical Path, (** (x10-3)�435.97�517.43�14.69�12.74�7.38�6.17��Total Transmission, T**�0.6466�0.5961�0.9854�0.9873�0.9927�0.9938��*   for each height as well

** for each wavelength



Calculations for Table 4 are the same as for Table 3.

O3 densities are not calculated as for NO2; instead, they were retreived from tables.





Table 5. Verification of Method - for ozone at tangent altitude 13 km and double the path length.



Height, h

 [km]�Path, Li

[x106cm]�O3 Density, no3 [x1012cm-3]�Optical Path for 612 nm*, (612 [x10-3]�Optical Path for 622 nm*, (622

[x10-3]�Optical Path for 450 nm*, (450

[x10-3]�Optical Path for 445 nm*, (445

[x10-3]�Optical Path for 431 nm*, (431

[x10-3]�Optical Path for 429 nm*, (429

[x10-3]��50�35.8�0.0972�31.41�26.46�0.891�0.773�0.448�0.375��46�4.6�0.220�7.48�6.30�0.212�0.184�0.107�0.0892��44�2.4�0.318�7.00�5.90�0.199�0.172�0.0998�0.0835��39�6.7�0.665�31.39�26.45�0.891�0.773�0.448�0.374��35�6.2�0.983�40.51�34.13�1.15�0.997�0.578�0.483��32�5.5�1.24�41.51�34.97�1.18�1.02�0.592�0.495��28�9.3�2.47�121.32�102.22�3.44�2.986�1.73�1.45��27�3.0�2.47�32.82�27.65�0.93�0.808�0.468�0.391��25�8.2�3.05�85.71�72.22�2.43�2.11�1.22�1.02��24�11.3�3.24�1140�960.67�32.36�28.06�16.26�13.60������������Total Optical Path, (** (x10-3)�1297�1539�43.69�37.89�21.95�18.36��Total Transmission, T**�0.2734�0.2145�0.9573�0.9628�0.9783�0.9818��*   for each height as well

** for each wavelength



By comparing the results of Table 5. with those previously presented (graph from Doug showing transmission for ozone and Rayleigh scattering), this shows that the method is correct - the results match within the error expected.  The lowest transmission in Table 5. (0.2145 at 622 nm) corresponds to about 0.10 transmission on Doug’s graph.  However, the paths in this paper were calculated in 1 km shells, and then added together where required due to the uneven heights as given by the pressure profile.  I think that this introduces enough uncertainty to say that the transmissions agree within error.  

The paths were doubled in this case because Doug’s graph was for a satellite calculation where the paths are twice as long as in the NiteOwl case.





Table 6.  For ozone at tangent altitude 13 km (single path length).



Height, h

 [km]�Path, Li

[x106cm]�O3 Density, no3 [x1012cm-3]�Optical Path for 612 nm*, (612 [x10-3]�Optical Path for 622 nm*, (622

[x10-3]�Optical Path for 450 nm*, (450

[x10-3]�Optical Path for 445 nm*, (445

[x10-3]�Optical Path for 431 nm*, (431

[x10-3]�Optical Path for 429 nm*, (429

[x10-3]��50�35.8�0.0972�15.70�13.23�0.446�0.386�0.224�0.187��46�4.6�0.220�3.74�3.15�0.106�0.092�0.053�0.045��44�2.4�0.318�3.50�2.95�0.099�0.086�0.050�0.042��39�6.7�0.665�15.69�13.22�0.445�0.386�0.224�0.187��35�6.2�0.983�20.25�17.07�0.575�0.498�0.289�0.242��32�5.5�1.24�20.76�17.49�0.589�0.511�0.296�0.248��28�9.3�2.47�60.66�51.11�1.72�1.49�0.865�0.724��27�3.0�2.47�16.41�13.83�0.466�0.404�0.234�0.196��25�8.2�3.05�42.86�36.11�1.22�1.06�0.611�0.511��24�11.3�3.24�570.08�480.33�16.18�14.03�8.13�6.801������������Total Optical Path, (** (x10-3)�648.5�769.7�21.84�18.94�10.97�9.18��Total Transmission, T**�0.5228�0.4632�0.9784�0.9812�0.9891�0.9909��*   for each height as well

** for each wavelength
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