Calibration of the University of Wyoming 95 GHz airborne radar during CLARE’98
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INTRODUCTION

The University of Wyoming 95 GHz radar (Kestrel) during the CLARE’98 campaign was mounted on board the ARAT (Avion de Recherches Atmosphériques et de Télédétection) : a Fokker 27 operated by INSU (Institut National des Sciences de l’Univers). The radar had two beams, one at nadir and the other one about 40° fore. During the campaign Kestrel was calibrated using a corner reflector. Our main objective in this paper is to check the validity of the calibration.

Another instrument operating during this campaign is the GKSS Institute for Atmospheric Physics 95 GHz ground based radar : Miracle. The radar was at Chilbolton pointing to zenith during the whole campaign. This allows us to compare the measurements of the two radars when the ARAT flew over Miracle (only with Kestrel nadir beam). These comparisons will provide us an intercalibration of the two radars that we perform using a method very similar to the one developed by Testud et al. (1999).

The U.K. Meteorological Office C-130 made combined flights with the ARAT in order to make in situ measurements. These data will be useful for us to make an absolute calibration of the radars after the determination of relative calibration between the two radars.

METHOD

Reflectivities from both radars will first be corrected for attenuation by water vapor, using the calculations performed by Robin Hogan, from the U.K. Meteorological Office unified model over Chilbolton.

At an attenuated frequency as 95 GHz, a radar does not measure the true reflectivities Z, but apparent reflectivities Za subject to the two-way path attenuation: Za = Z – 2(Kdr     (1)

K is the specific attenuation in dB/km.

The method we developed to correct the two reflectivity profiles for along path attenuation is based on a rain profiling algorithm (Testud et al., 1999) for dual polarization measurements. In this paper we show how we adapted it to our configuration of measurements where a cloud is sampled at the same time in the two vertical opposite directions.

This method can be applied only if there is a single type of particles, which implies that there is no drizzle. Under the assumption of a powerlaw between the true reflectivity and the specific attenuation: K = aZb, the Hitschfeld and Bordan (1954) solution of equation (1) is:
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Where I(0,h) = 0.46b
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The subscripts M and K will respectively be used for Miracle and Kestrel radars. The common zone of measurements is characterized by its bottom height h1 and top height h2 and the equations are written at the altitude h of measurement. We choose a reference altitude h0 (in the middle of the layer, see Fig.1).
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Fig.1: Principle of the sampling of a cloud simultaneously by Kestrel and Miracle during CLARE’98. 

Using equation (2), the specific attenuations can be expressed for each radar measurement, as functions of a reference attenuation at the altitude h0. The determination of K is totally independent of calibration since reflectivity appears at numerator and denominator. 
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A constraint on the whole common zone will be used, instead of a point by point constraint which would be too strong:
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There is an analytical solution of the integration of both equations (3) and (4), so equation (5) can be solved by determining K(h0):
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Replacing K(h0) in equations (3) and (4), the attenuations KK(h) and KM(h) are determined along the profiles.

The last step consists in correcting reflectivities for attenuation which then allows us to find the difference between the 2 profiles.

APPLICATION TO THE DATA

Only a few profiles were selected for the whole campaign since both radars had to be operating during the overpasses, and that measured profiles had to be close enough to have a real significance. The maximal horizontal distance accepted between ARAT and Miracle is less than a 150 m. 

Three cases are left: October the 7th at 13:52:53 (a) and 14:24:42 (b), and October the 20th at 13:20:25 (c) (the thin layer at about 2 km). First we correct the profiles for attenuation by water vapor. 

Figure 2 (a), (b) and (c) display the profiles measured by Kestrel and Miracle before the correction for along-path attenuation. For each case the profile shapes are quite close, but there is an big difference between the values measured by the two radars. It clearly appears that it is necessary to correct the radar measurements with a calibration constant. 

It can also be seen that the effect of along-path attenuation is not negligible since Kestrel reflectivities really seem attenuated at the bottom of the cloud and Miracle at the top. It is important to correct for this effect before comparing the reflectivities point by point.

From these figures, one can determine the common zone of measurements for each case, and reposition each point of the profiles for a systematic comparison between the two radars. For the case (a): 7th of October at 13:52:53, the measurements between 1 and 1.5 km will not be taken into account for our algorithm.

The 3 selected cases are stratiform cases, so we use the assumption of a constant total droplet distribution NT in the cloud, such as the b coefficient is 0.5. 

(a) 7th October 1998  13:52:53
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(c) 20th October 1998  13:20:25
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Fig. 2: Reflectivity profiles corrected for water vapor attenuation of + Kestrel and + Miracle radars, for the 3 selected cases

(a)
 7th October 1998  13:52:53
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(b)
7th October 1998  14:24:42
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(c)
20th October 1998  13:20:25
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Fig. 3: True reflectivity profiles for + Kestrel and + Miracle determined from our method.
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Fig. 4: Specific attenuation profiles from + Kestrel and + Miracle determined from our method.

Figure 3 (a), (b) and (c) display the reflectivity profiles corrected for attenuation from our method. For each case the two profiles follow quite well the same curve after this correction, except for the (c) case, where the profiles are not very similar. 

Attenuation profiles are displayed in Fig.4 (a), (b) and (c). For the 7th of October the specific attenuation profiles are quite close for the two radars. On the other hand, for the 20th, the profiles show some big discrepancies.

From these profiles, liquid water content profiles can be determined. Since this is not the main objective in this paper we will only give mean values for each case. For cases (a) and (c), LWC ( 0.57 g/m3, and for the (b) case LWC ( 0.27 g/m3. For the three cases the radars are sampling very thin stratiform clouds, so these low values seem correct.

In order to determine a value for the difference of calibration between the two radars the results for the case of the 20th will not be taken into account, since they show too large differences between the retrieved K profiles. So the difference between reflectivity profiles determined using our method is not reliable for this case.

The average for the cases (a) and (b) gives a difference between Kestrel and Miracle of 14.4 dB +/- 1 dB. With Kestrel values overestimating reflectivity.

ABSOLUTE CALIBRATION

From our algorithm, using the assumption that NT is constant, we can determine the value of NT from K(h0) and Z(h0) retrieved for each radar. So for each case we will have two values of NT: one for Kestrel and the other for Miracle. The relation for stratiform clouds is K ( (NTZ)0.5
         (7)

So it is very straightforward to obtain the values of total droplet concentration for each case (see Table 1)

NT (cm-3)
Kestrel NTK
Miracle NTM

(a) 7th Oct. 13:52:53
93
2105

(b) 7th Oct. 14:24:42
24
810

Table 1: NT determined from the results of our method, in the K-Z relation.

For the 7th UKMO C-130 in-situ measurements are available at about 2 km, which is the altitude of the common zone of sampling for the two radars. The data from 2 probes: FSSP and 2-DC were analyzed in order to get the value of NT over Chilbolton at a time very close to the one of the common radar measurements (less than 3 minutes). Again we have to take mean values since there are strong fluctuations in the value of NT from the microphysical data: NT(a) = 1000 cm-3 and NT(b) = 450 cm-3. To determine the constants of calibration CK for Kestrel and CM for Miracle: ZM = CMZ and ZK = CKZ (where Z is the true reflectivity). Using equation (7), we will determine CK = NT/NTK and CM = NT/NTM. Table 2 gives the results for the 2 cases.

These results show again that from one case to another there is a strong fluctuation of the values determined. The Kestrel calibration constant is about 11.5 dB from table 2.

C (dB)
Kestrel CK
Miracle CM

(a) 7th Oct. 13:52:53
12.7
-2.5

(b) 7th Oct. 14:24:42
10.3
-3.2

Table 2: Calibration constants determined from the C-130 microphysical data.

There are a lot of fluctuations in the value of NT computed from the microphysical data. But we need to fix a value for the calibration constant. Robin Hogan (1999) calibrated all radars from the absolute calibration of the 3 GHz ground-based radar using its polarization variables. He found an estimation of the calibration constant of 8 dB with an error bar of about 2 dB. Considering the reliability of our method compared to this method (where whole legs were compared), we assume that the value of Kestrel’s calibration constant of 9 dB is a reasonable choice.

SUMMARY

In the inter-comparison between two reflectivity profiles measured simultaneously we met several problems:

- the profiles are not perfectly along the same vertical axis due to the position of the aircraft, and its roll.

- in the 3 cases we compared, clouds were very thin, so there are only a few points along the profiles to compare the measurements.

There is a significant variability in the results, depending on the case that is studied. The case of the 20th which was not reliable was withdrawn. The estimate of the difference between the reflectivities measured by Kestrel and Miracle is quite close to the difference found by R. Hogan (1999).

For the absolute calibration, we use the C-130 microphysical data that we had to average over Chilbolton, since the aircraft was not perfectly synchronized with the ARAT.

Nevertheless, the calibration constants we find with our method are quite consistent with the values found by Robin Hogan. The compromise between these two methods is to take an absolute calibration constant of 9 dB for Kestrel.
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