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How active instruments work?



The radar equation

The radar equation can be formalized as follows:

R =
1018λ4

π5 |kw |2
βb m4 m2m−4m1 => mm6 m−3 (1)
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π5 |kw |2
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∫ ∞
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σb(D)n(D)dD m2m−4m1 => m−1 (3)

The unit for R (reflectivity) and Ra attenuated reflectivity are in m6 m−3 and 1018 is
used to convert the unit to mm6 m−3. This is in turn converted to dBz or decibels by
taking Re = 10log10 (R) or Rea = 10log10 (Ra). The dielectric factor (kw ) is calculated
using the complex permittivity of the liquid water, |kw |2 = 0.75 .
Transmittance (attenuation) depends on both scattering and absorption coefficients.
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ARTS DDA Database

(a) Single crystal (b) Aggregates and liquid habits

Figure 4: Single crystal, aggregate, and liquid habits included in the database generated by Eriksson et al.
(2018). Note that although habits "h" and "j" may look identical in the image, they have different aspect ratio.

cross section, the scattering cross section, the backscatter cross section, the asymmetry parameter, and the phase
function. The single scattering properties are calculated for particular frequencies, temperatures, and particle
sizes, thus the users may need to interpolate these values to meet their needs.

Eriksson et al. (2018) developed a comprehensive database for frozen hydrometeors (cloud ice, snow, hail,
etc) using the DDA technique. The database covers a wide ranges of frequencies (1-866 GHz) and temperatures
(190 K - 270 K). The frequencies were generally selected to match current and proposed passive microwave
and radar instruments, therefore little to no interpolation may be required in frequency domain for instruments
such as ATMS. The database is developed for both passive and active microwave instruments and provides
scattering information for the full Stocks vector. The first version of the database is generated for 34 randomly
oriented particle shapes shown in Figure 4. The liquid droplets are currently only represented by a sphere shape,
but including non-spherical raindrops and melting particles are planned for the future releases. Eriksson et al.
(2018) used the package developed by Yurkin and Hoekstra (2011), known as the Amsterdam DDA (ADDA), to
generate their scattering database. The dataset includes about 35-45 different sizes for single crystal data and 35
sizes for the aggregates. The Dmax can reach up to 10mm for single crystal habits and 20 mm for aggregates.
This database includes the extinction matrix, the absorption vector, and the phase matrix as well as information
on the temperature and frequency. It should be noted that some RT solvers may require these parameters in
a different format such as the single scattering albedo and the asymmetry parameter, but these parameters can
be derived from what has been provided in the database. This dataset is also currently being implemented into
RTTOV and is being evaluated in the ECMWF data assimilation system and will likely replace the Liu dataset
currently used by ECMWF.

6.1 Accuracy of DDA and Scattering Calculations

There are two possible causes for inaccuracy in the DDA calculations: i) the interdipole spacing not being
small enough and ii) lack of enough number of orientations to represent random orientations (Liu, 2008). Draine
and Flatau (1994) recommend the following criteria to minimize the error due to the interdipole spacing:
|m|ks < 0.5, where m is the refractive index, k is the wavenumber calculated as 2π/λ (λ is wavelength), and
s is the dipole size which represents the interdipole spacing as well. This recommendation for the interdipole
spacing has been followed by both Liu (2008) and Eriksson et al. (2018). Liu (2008) also reports that the
effect of reducing the dipole size by half is less than 2% on scattering and absorption cross sections as well as
asymmetry parameters when averaged over all the frequencies and particle sizes. However, the effect can be
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Phase Function for Gem Snow



Phase Function for Sector Snowflake



Backscattering Coefficients

Qλ = σλ
πr2 x = πD

λ

Extinction and backscattering efficiencies from the ARTS
database for several different habits (Temp: 260 K )



Hurricane Bill

c©CIRA/CloudSat



Hurricane Bill - Observed vs. simulated reflectivity



Hurricane Bill - Observed vs. attenuated simulated reflectivity



Hurricane Bill - Attenuation in dBz



Hurricane Bill - Atmospheric Transmittance



Tropical Cyclone Ilsa



Typhoon Choi-Wen



Altocumulus undulatus over California



Tropical Cyclone Izilda



Tangent Linear and Adjoint of Active Radar Module
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Conclusions

I CRTM radar simulator as well as its adjoint and tangent linear are
implemented and tested

I The radar module takes advantage of different CRTM atmospheric
absorption and cloud scattering modules

I The radar simulator uses the backscattering coefficients included in the new
DDA lookup tables

I The radar module can be used for the assimilation of observations from
instruments such as CloudSat CPR, GPM DPR, and EarthCare CPR.

I Work is in progress to evaluate the active module especially within the JEDI
DA system



Thank you for
your attention!
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