New capabilities in PLBLRTM


New spectroscopic information appears routinely. Both the quality of the data and the types of available parameters are increasing. For example, values are now available for the width and temperature dependence water vapor transitions broadened by CO2 (Brown et al., 2007) and for the temperature dependence of the width of self broadened CO2 transitions (Gamache, personal communication). It is expected that this trend will continue, and as the conditions under which these new parameters are significant occur in non-present day Earth atmospheres, it is important that a general planetary radiative transfer code have the capability to easily incorporate this information as it becomes available. 


Much of this data relates to self-broadening or to broadening by a specific molecule (hereafter referred to as foreign), rather than by “air”, which is understood to be the current Earth atmosphere. The current HITRAN format does not accommodate these new parameters. The first version of PLBLRTM resolved this problem by reading in an ASCII file that contained the parameters for water vapor transitions broadened by CO2.  These parameters were then handled by special code that was only activated for water vapor transitions. All other spectroscopic parameters were read in from a binary line file created directly from a modified version of the HITRAN database. This setup required that the user have both the binary line file and the special ASCII file and did not allow for easy inclusion of other broadening pairs (e.g., CH4 by CO2).


In the new version of PLBLRTM the binary file has been modified to include all the traditional parameters from HITRAN for each transition plus the width, temperature dependence and pressure shift for self broadening and for foreign broadening by any of the other first seven HITRAN molecules. In effect, each line of the binary file now includes twenty-one new fields, which can be filled by the code that builds the line file, using the HITRAN database and whatever other sources are available. As an illustration, the CO2 broadened width, temperature dependence and pressure shift for the H2O transitions are stored in fields 4, 5 and 6. The self  broadened parameters for H2O are stored in fields 1, 2 and 3. If no values are available the field contains a zero. 


PLBLRTM was modified to read in this new line file and to process these new parameters in an efficient manner. It handles missing values by correctly combining the new parameters with the values from the standard line file. This built-in flexibility in the line file structure and in the PLBLRTM coding implies that no future changes will be required to PLBLRTM for the code to accept any new self or foreign broadening parameters.


The impact of the new H2O-H2O and H2O-CO2 parameters for a current Martian atmosphere is illustrated in (Figure 1); the top panel shows a modeled spectrum, the middle panel shows the effect of including the broadening by CO2 on water vapor lines, and the bottom panel demonstrates the sensitivity to a change in the temperature dependence of the self broadened CO2 transitions.
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Figure 1: Model results for a Martian tropical atmosphere: modeled spectrum (top), impact of CO2 broadening of water vapor transitions (middle), impact of new temperature dependence of the self broadened CO2 transitions (bottom).
