P3 Wband and NRCS
The normalized radar cross section, nrcs, is derived from the return of the radar scatter off the ocean surface.  For the PSD system, we locate the surface return as the peak in the profile of dBZ , and assign  the value dBZe(0).  The expected peak in the profile is at the surface as estimated from the aircraft altitude and the pitch/roll of the aircraft, but the actual peak is found by searching five range gates above and below the range gate expected to correspond to the surface.
The radar cross section is computed as per Fairall et al. 2018

   	(1)
where dBZe(0) is the effective reflectivity from the surface return, δR the radar range gate thickness (30 m), 180 a factor converting mm^6/m^3, and 4 is the molecular attenuation at Wband for typical ATOMIC conditions with the aircraft at 3 km altitude.  We expect nrcs to be a function of wind speed and incidence angle, ϴ.  The standard relationship is

								(2)

Here mss is the mean-square slope of the ocean surface sampled by the radar and  at Wband.  In this form



.  Defining and , we can write (2) as

									(3)
Taking log10 and multiplying by 10 yields

					(4)
If we take the derivative with respect to x, we get the slope of the nrcs vs x relationship

							(5)
We can ignore the factor of x in the denominator of 2/(1+x) and solve for σ0

									(6)

From the P3 observations, we can do a simple linear regression to measured nrcs vs 

									(7)




[bookmark: _GoBack]Which is shown in Fig. 1.  This fit provide two estimates of σ0: one is from (6) and the other from .  Because σ0 also depends on windspeed, we are lumping all wind speeds together in Fig. 1.  Fortunately, wind speed does not vary much in the trade wind zone, so we expect our results to be applicable for a mean wind speed of about 10 m/s.  The intercept gives  while the slope gives which corresponds to .  Note that the value computed from the intercept is dependent upon the absolute calibration of the radar while the slope value is not.  Thus, the agreement between the two estimates suggests the radar calibration is very close.
Another factor must be considered in using the wband nrcs.  The signal from the surface is so strong that it causes some saturation of the receiver.  This has the effect of reducing the sensitivity and the reduction increases as the surface is approached.  We can see this by plotting nrcs as a function of the aircraft altitude (Fig. 2).  Based on this fit, we have developed a straightforward correction for nrcs using just aircraft altitude (pressure, Pr, in mb).

									(8)
This correction is small for altitudes higher than 5 km but is as large as 8 dB at 1 km.  We can compute mean square slope from values of nrcs_c restricted to precipitation-free and near-nadir pointing angles:

								(9)



[image: ]
Figure 1.  Wband nrcs vs incidence angle for ATOMIC cloud-free samples.  The roll angle is used and samples are restricted to abs(pitch)<1.5.  The red line is a linear regression with a=6.9 and b=-65.3.
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Figure 2.  Height dependence of mean nrcs from cloud-free samples. The red line is a fit.
[image: ]
Figure 3.  MSS versus longitude for near-nadir view angles and cloud-free periods.  The red symbols are bin medians.
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