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1. MiRaCalE 2. Calibration Techniques

The Microwave Radiometer Calibration Liquid Nitrogen Calibration (LN2cal) Tipping Curve Calibration (TCC)
Experiment (MiRaCalE) took place in fall | _N2-cooled blackbod 2(0=00") = 1
C : : : - y at 0220) i ' zen
2014. Ten "Liquid Nitrogen Calibrations” ~ 77 K as .cold* load \ Zerlmcljt‘l‘wlracjjl.ances (B) as
and 2841 “Tipping Curve Calibrations’ . Ambient temperature N i COICT0ad. |
were performed with a state-of-the-art Dlackbody at = 300 K as E‘; ’I)Opacnty-alrmgss pairs at
microwave radiometer to assess hot* | dy several elevation angles
calibration uncertainties and instrument Fig. 2: Sketch of ,cold® » ot 104 Fig. 3: Observing the 2)Linear regreSSiOn of pairS
] load observation e Internal noise source homogeneously provides zenith opacity
drifts. (green) with reflection ) 3 stratified atmosphere o
of receiver's signal added to ,cold” and ,hot at several elevation >Bze" from radiative transfer
Humidity And Temperature (red). signals angles. equation without scattering

Profiler (HATPRO)

o N The relation between the detected voltage U_ and the scene radiance B_ is determined by
- Paniiea % - */ channels between 22 and SC sc

31 GHz (humidity + liquid the instrument's gain g, the receiver's equivalent noise radiance B, and the instrument's
water) non-linearity o :
FIISERES o7 channels between 54 and Uy, =9(B,, + By (1)

Fig. 1: HATPRO 58 GHz (temperature) The three unknowns (a, g, B,) are determined by observing two calibration references both

gtﬁgf]gln?:b%_ * 1 second temporal with and without an additional, constant noise signal B, leading to four unknowns and
resolution four calibration points.

Frequent calibrations of the parameters in Date Load

eq. (1) are necessary to ensure N e 1A e T T Uncertainty sources:

measurement accuracy: s0| < Bl bl « Resonant effects [Pospichal et al. 2012]

Figure 4 shows how drifts of the calibration 79%59 gy
parameter B, influence the retrieval of

cryogenic load radiances by solving eq. (1) — 8o -
for B_ (shown in the temperature regime as 795 H*———rﬁ*ﬁhbp

* Entrainment of oxygen [Paine et al. 2014]

* Uncertainty of the refractive index of LN2
[Maschwitz et al. 2013].
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* Calibration biases can differ between ~ o | a
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* Control measurements (Fig. 6) can identify Frequency [GHz]
biased calibrations by testing for “spectral Fig. 7: Error of IWV retrieval due to Fig.I 5: Deviation of cryogenic load temperature T_(TCC)
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* Frequently updating calibration parameters ensures stable long-term-measurements.
* The spectral consistency of control measurements iIs useful to estimate calibration

directly after LN2cals and |. 04
those temperatures used = 0-2;
for calibration. Orange: %%
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o footier o0s 1004 012 o4 1ons  1on7| |® The brightness temperature of the LN2-cooled load is accurate within 0.5 K.
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