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Outline

• Instruments: miraMACS, YALIS, and radiosonde;

• Relative humidity with respect to ice derived with 
radiosonde and compared with miraMACS;

• Cloud base heights compared between the
simultaneous obs. with radiosonde and YALIS;

• Statistics of cloud layers and their thicknesses with 
radiosonde data in 2018;

• Summary;
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MIRA-35 Cloud radar and YALIS CHM15kx ceilometer at MIM 

 Millimeter cloud radar (35 GHz, 30 kw)
 Range res.: 60m, max: 30 km
 1-meter antenna with 0.6 o beam width
 Linear depolarization ratio LDR.

 Single-wavelength lidar at 1064 nm
 Range res.: 5-15 m, max: 15.30 km
 Bandwidth: 0.1 nm, laser power: 50 mW
 Pulse repetition rate: 5-7 kHz.

Radiosonde at Oberschleißheim, 15 km away from Munich
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Relative humidity with respect to ice from Radiosonde
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Comparison: Reflectivity (radar) and relative humidity (ice) 
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Cloud layer comparison with cloud radar and radiosonde

 The three-layer clouds determined with radiosonde in term of relative humidity
with respect to ice are in good agreement with the miraMACS results

Cloud top

Cloud base

Cloud base
height with
ceilometer
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Cloud base height comparison with YALIS and radiosonde

 An overall agreement between the cloud base height is reached from
both instruments with a correlation coefficients of 0.73.
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 From one-year Radiosonde measurements of 2018, cloud-free cases and one
to three cloud layers are 15.7%, 26.3%, 28.1%, and 16.6%, respectively. About
13.3% of all cases with more than three cloud layers.

Distribution of cloud layers derived with radiosonde in 2018
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Daily and seasonal variations of cloud layers

 There is no significant difference for cloud layers at noon or midnight;
 For both the one-layer and two-layer clouds occurred most frequently.
 Cloud-free cases occurred mostly in summer and autumn;
 In spring and winter, clouds with more than two layers occurred more frequently.
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Four types of clouds: High clouds occurred most frequently

Low clouds: with base lower than 2 km and thickness less than 6 km;
Middle and high clouds: with base between 2-5 km and higher than 5 km, respec.;
Deep convective clouds: with base lower than 2km and thickness greater than 6km;
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Four types of clouds: Middle clouds are thickest (ex. DCC)

 Cloud layers with thickness <1.5 km occurred most frequently for all clouds;
 The average of cloud thickness for low, middle, high and deep convective

clouds are 1.31, 1.54, 1.10, and 8.10 km, respectively.
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Summary

• Cloud layers determined with radiosonde are compared
with the results of cloud radar, resulting in a good
agreement;

• Cloud base height with radiosonde are compared with
ceilometer results; 

• Based on one-year radiosonde measurements, the
statistics of cloud layer and their thickness are derived; 

• From this study, one-layer and two-layer clouds occurred
most frequently;

• High clouds occurred most frequently;
• For all clouds, the thicknesses are mostly < 1.5 km; except

for deep convective clouds, middle clouds are thickest with
average of 1.54 km.
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Thank you!
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Zhang et al., JGR 2010


